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Local Anesthetics
CHARLES B. BERDE • GARY R. STRICHARTZ

K e y  P o i n t s

 •  Local anesthetics block voltage-gated sodium channels thereby interrupting the 
initiation and propagation of nerve impulses in axons. Based on this mechanism of 
action, local anesthetics provide a wide variety of biologic actions, both desirable 
and unwanted, and have side effects through other mechanisms.

 •  Currently available local anesthetics are of two chemical classes: aminoesters and 
aminoamides.

 •  The low potency and lack of specificity of available local anesthetics are in part 
due to the weak structural constraints at their binding site on the sodium channel. 
Most of their features are derived from the requirement for high solubility and 
rapid diffusion in both aqueous environments and the lipid phases of biologic 
membranes.

 •  Reversible protonation of the tertiary amine group tends to make local anesthetics 
less charged at more basic pH values and more charged at neutral or acidic 
pH; the neutral base forms are more soluble in lipid environments, whereas the 
charged acid forms are more soluble in aqueous environments.

 •  Aminoesters are metabolized primarily by plasma esterases, and aminoamides are 
metabolized primarily by hepatic cytochrome P450–linked enzymes.

 •  The principal systemic toxicities of local anesthetics involve the heart (including 
atrioventricular conduction block, arrhythmias, myocardial depression, and cardiac 
arrest) and the brain (including agitation, lethargy, seizures, and generalized 
central nervous system depression). Hypoxemia and acidosis exacerbate these 
toxicities. Cardiopulmonary resuscitation (see Chapter 108) after bupivacaine 
overdose is particularly difficult. Therefore, prevention of intravascular injection 
or overdose is crucial, and major nerve blockade should involve incremental and 
fractionated delivery rather than bolus administration.

 •  Local anesthetics are directly toxic to nerve at the concentrations supplied in 
commercial solutions. Intraneural concentrations during regional anesthesia 
are generally (but not always) less than a threshold for toxicity because of local 
vascular removal, and dilutional effects due to spread of solutions through tissues 
and into nerve. Hence, injection into a constrained tissue space increases the risk 
for local toxicity.

 •  Optimal use of local anesthetics in regional anesthesia requires an understanding 
of (1) the individual patient’s clinical situation, (2) the location, intensity, and 
duration of regional anesthesia and analgesia required, (3) anatomic factors 
affecting deposition of drug near nerves, (4) proper drug selection and dosing, 
and (5) repeated assessment of clinical effects after administration of a local 
anesthetic.

 •  There are several new formulations for topical anesthesia. Single-stereoisomer 
(as opposed to a racemic mixture) formulations can reduce systemic toxicity and 
improve sensory selectivity.

 •  Local anesthetics are increasingly being used as postoperative infusions and via 
both local and systemic administration for the management of chronic pain. 
Further research and development could lead to safe, more selective local 
anesthetics that will facilitate prolonged administration in the setting of acute or 
chronic pain.



Local anesthesia results from the blockade of nerve 
impulses to abolish sensation. All currently available, 
clinically useful anesthetics are either aminoesters or 
aminoamides. These drugs, when applied in sufficient 
concentration near the site of action, prevent conduction 
of electrical impulses by the membranes of nerve and 
muscle. In addition to blockade of impulses, local anes-
thetics can inhibit various receptors, enhance release of 
glutamate, and depress the activity of certain intracellular 
signaling pathways. When local anesthetics are given sys-
temically, the functions of cardiac, skeletal, and smooth 
muscle, as well as transmission of impulses in the central 
and peripheral nervous systems and within the special-
ized conducting system of the heart, can all be altered. 
Local anesthetics can abolish sensation in various parts 
of the body by topical application, injection near periph-
eral nerve endings and major nerve trunks, or instillation 
within the epidural or subarachnoid space. Toxicity may 
be local or systemic. The central nervous and cardiovas-
cular systems are most commonly the targets for acute 
clinical toxicity caused by local anesthetics.

BASIC PHARMACOLOGY

CHEMISTRY

Local Anesthetic Molecule
The typical local anesthetic molecule, exemplified by 
lidocaine and procaine (Fig. 36-1), contains a tertiary 
amine attached to a substituted aromatic ring by an inter-
mediate chain that almost always contains either an ester

O
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Local anesthetics can therefore be classified as ami-
noester or aminoamide compounds. The aromatic ring 
system gives a lipophilic (membrane-liking) character to 
its portion of the molecule, whereas the tertiary amine 
end is relatively hydrophilic, particularly since it is par-
tially protonated and thus bears some positive charge 
in the physiologic pH range (Fig. 36-2). The structures 
of commonly administered local anesthetics are given 
in Table 36-1, and their physicochemical properties are 
given in Table 36-2.

STRUCTURE-ACTIVITY RELATIONSHIPS AND 
PHYSICOCHEMICAL PROPERTIES

The intrinsic potency and duration of action of local 
anesthetics are clearly dependent on certain features of 
the molecule.

Lipophilic-Hydrophilic Balance
The lipophilic versus hydrophilic character of a local 
anesthetic depends on the size of alkyl substituents on 
or near the tertiary amine and on the aromatic ring. 
Lipophilicity expresses the tendency of a compound to 
associate with lipids, and in this case membrane lipids 
in particular—a property usually approximated by equi-
librium partitioning into a hydrophobic solvent such 
as octanol.1 Although octanol/buffer partition coef-
ficients are comparable to membrane/buffer partition 
coefficients for the uncharged species of local anesthet-
ics, they severely underestimate membrane partition-
ing for the charged, protonated species—octanol being 
a poor model for the polar regions near the membrane 
surface where local anesthetics are concentrated.2  
O)( C

or an amide linkage.
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Figure 36-1. Structures of two local anesthetics: the aminoamide 
lidocaine and the aminoester procaine. In both drugs, a hydropho-
bic aromatic group is joined to a more hydrophilic base, the tertiary 
amine, by an intermediate amide or ester bond.
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Figure 36-2. Fraction of local anesthetic in the protonated, cationic 
form of an aqueous solution at physiologic pH (7.4) as a function of 
the pKa of the drug. Lidocaine, the drug with the lowest pKa, has the 
smallest fraction of its molecules protonated, the largest in the neu-
tral form, and vice versa for chloroprocaine, the local anesthetic with 
the highest pKa. Individual drug molecules become protonated and 
deprotonated in thousandths of a second in solution.
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TABLE 36-1 REPRESENTATIVE LOCAL ANESTHETICS IN COMMON CLINICAL USE 

Generic* and 
Common 
Proprietary Names Chemical Structure

Approximate 
Year of Initial 
Clinical Use Main Anesthetic Use

Representative 
Commercial 
Preparation

Cocaine CH2

CH2 CH2

CHCOOCH3

CHOOC6H5NCH3

CH

CH 1884 Topical 40-mg/mL solution

Benzocaine 
(Americaine)

H2N OC2H5

O

C

1900 Topical 200 mg/mL

Procaine (Novocain)

H2N COOCH2CH2N

C2H5

C2H5

1905 Topical
Infiltration

Spinal

200 mg/mL
10- and 20-mg/mL 

solutions
100-mg/mL solution

Dibucaine 
(Nupercaine)

OC4H9

CONHCH2CH2N(C2H5)2

N 1929 Spinal 0.667-, 2.5-, and 
5-mg/mL solutions

Tetracaine 
(Pontocaine)

H9C4

H

N COOCH2CH2N

CH3

CH3

1930 Spinal Niphanoid 
crystals—20- and 
10-mg/mL solutions

Lidocaine 
(Xylocaine)

NHCOCH2N

C2H5

C2H5
CH3

CH3 1948 Infiltration

Peripheral nerve 
blockade

Epidural

Spinal

Topical

Topical

5- and 10-mg/mL 
solutions

10-, 15-, and 20-mg/
mL solutions

10-, 15-, and  
20-mg/mL  
solutions

50-mg/mL  
solution

20-mg/mL jelly, 
viscous

25-, 50-mg/mL 
ointment

Chloroprocaine 
(Nesacaine)

H2N

Cl

COOCH2CH2N

C2H5

C2H5

1955 Infiltration

Peripheral nerve 
blockade

Epidural

10-mg/mL  
solution

10- and 20-mg/mL 
solutions

20- and 30-mg/mL 
solutions

Mepivacaine 
(Carbocaine)

CH3
CH3

CH3

NHCO
N

1957 Infiltration
Peripheral nerve 

blockade
Epidural

10-mg/mL solution
10- and 20-mg/mL 

solutions
10-, 15-, and 20-mg/

mL solutions

Prilocaine (Citanest) CH3

CH3

C3H7NHCOCH NH

1960 Infiltration

Peripheral nerve 
blockade

Epidural

10- and 20-mg/mL 
solutions

10-, 20-, and  
30-mg/mL  
solutions

10-, 20-, and 30-mg/
mL solutions
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TABLE 36-1 REPRESENTATIVE LOCAL ANESTHETICS IN COMMON CLINICAL USE—cont’d

Generic* and 
Common 
Proprietary Names Chemical Structure

Approximate 
Year of Initial 
Clinical Use Main Anesthetic Use

Representative 
Commercial 
Preparation

Bupivacaine 
(Marcaine)

CH3
C4H9

CH3

NHCO
N

1963 Infiltration
Peripheral nerve 

blockade
Epidural

Spinal

2.5-mg/mL solution
2.5- and 5-mg/mL 

solutions
2.5-, 5-, and 7.5-mg/

mL solutions
5- and 7.5-mg/mL 

solutions
Ropivacaine 

(Naropin)
CH3

C3H7

CH3

NHCO
N

1992 Infiltration

Peripheral nerve 
blockade

Epidural

2.5- and 5-mg/mL 
solutions

5- and 10-mg/mL 
solutions

5- and 7.5-mg/mL 
solutions

Modified from Covino B, Vassallo H: Local anesthetics: mechanisms of action and clinical use. Orlando, Fla, 1976, Grune and Stratton.
*United States Pharmacopeia nomenclature.
The term hydrophobicity, expressed as octanol/buffer 
partitioning, describes a physicochemical property of 
local anesthetics.

Compounds with a more hydrophobic nature are 
obtained by increasing the size of the alkyl substituents. 
These agents are more potent and produce longer-lasting 
blocks than their less hydrophobic congeners do.3-5 
For example, etidocaine, which has three more carbon 
atoms than lidocaine does in the amine end of the mol-
ecule, is fourfold as potent and fivefold as long lasting as 
lidocaine when compared using impulse blockade in the 
isolated sciatic nerve.

TABLE 36-2 RELATIVE IN VITRO CONDUCTION-
BLOCKING POTENCY AND PHYSICOCHEMICAL 
PROPERTIES OF LOCAL ANESTHETIC DRUGS 

Drug

Relative 
Conduction-
Blocking 
Potency*

Physiochemical 
Properties

pKa
† Hydrophobicity†

Low Potency
Procaine 1 8.9 100
Intermediate Potency
Mepivacaine 1.5 7.7 136
Prilocaine 1.8 8.0‡ 129
Chloropro-

caine
3 9.1 810

Lidocaine 2 7.8 366
High Potency
Tetracaine 8 8.4 5822
Bupivacaine 8 8.1 3420
Etidocaine 8 7.9 7320

From Strichartz GR, Sanchez V, Arthur GR, et al: Fundamental properties 
of local anesthetics. II. Measured octanol : buffer partition coefficients 
and pKa values of clinically used drugs, Anesth Analg 71:158-170, 
1990.

*Data derived from C fibers of isolated rabbit vagus and sciatic nerve.
†pKa and hydrophobicity at 36° C; hydrophobicity equals the octanol/buf-

fer partition coefficient of the base. Values are ratios of concentrations.
‡Values at 25° C.
Hydrogen Ion Concentration
Local anesthetics in solution exist in a rapid chemical 
equilibrium between the base, uncharged form (B) and 
the charged cationic form (BH+). At a certain hydrogen 
ion concentration (log10

−1 [−pH]) specific for each drug, 
the concentration of local anesthetic base in solution is 
equal to the concentration of charged cation. The loga-
rithm of this hydrogen ion concentration is called pKa. 
The relationship between the fraction of charged drug 
and the pH is defined by

 
[
BH + ]

[B]
= 10pKa − pH 

The pKa values of local anesthetic agents in aqueous solu-
tion are listed in Table 36-2. The tendency to be protonated 
also depends on environmental factors, such as tempera-
ture and ionic strength, and on the medium surrounding 
the drug. In the relatively apolar milieu of a membrane, the 
average pKa of local anesthetics is lower than in solution.6 
This is chemically equivalent to saying that the membrane 
concentrates the base form of the local anesthetic more 
than it concentrates the protonated cation form.

The pH of the medium containing the local anesthetic 
influences drug activity by altering the relative percent-
age of the base and protonated forms. For example, in 
inflamed tissues the pH is lower than normal, and local 
anesthetics are more protonated than in normal tissue 
and consequently penetrate the tissue more slowly (dis-
cussed later).

The relationship between pKa and the percentage of 
local anesthetic present in the cationic form is shown 
in Figure 36-2. As described later, there are dual effects 
of pH on clinical effectiveness, depending on where the 
local anesthetic is injected and the importance of the base 
form for tissue penetration.

ANATOMY OF THE PERIPHERAL NERVE

Each peripheral nerve axon possesses its own cell mem-
brane—the axolemma. Nonmyelinated nerves, such as 
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autonomic postganglionic efferent and nociceptive affer-
ent C fibers, contain many axons encased in a single 
Schwann cell sheath. In contrast, all large motor and sen-
sory fibers are enclosed in many layers of myelin, which 
consists of the plasma membranes of specialized Schwann 
cells that wrap themselves around the axon during axo-
nal outgrowth. Myelin markedly increases the speed of 
nerve conduction by insulating the axolemma from the 
surrounding conducting salt medium and forcing the 
“action current” generated by an impulse to flow through 
the axoplasm to the nodes of Ranvier, which are peri-
odic interruptions in the myelin sheath where the active 
impulse is regenerated (Fig. 36-3). The Na+ channels that 
serve to propagate impulses are highly concentrated at 
the nodes of Ranvier of myelinated fibers,7 but are distrib-
uted all along the axon of nonmyelinated fibers (see Fig. 
36-3). A classification of peripheral nerves according to 
fiber size and physiologic properties is presented in Table 
36-3.

A typical peripheral nerve consists of several axon bun-
dles, or fascicles. Each axon has its own connective tissue 
covering—the endoneurium. Each fascicle of many axons 
is encased by a second connective tissue layer—the epi-
thelial-like perineurium—and the entire nerve is wrapped 
in a loose outer sheath called the epineurium (Fig. 36-4). 
To reach the nerve axon, a local anesthetic molecule must 
traverse four or five layers of connective tissue or lipid 
membranous barriers, or both.

STRUCTURE OF THE AXONAL MEMBRANE

Biologic membranes consist of a molecular lipid bilayer 
containing proteins adsorbed on the surfaces, as well as 
embedded in or spanning the hydrocarbon core (Fig. 
36-5). The character of the bilayer is determined by the 
phospholipids, which have long hydrophobic fatty acyl 
tails that lie in the center of the membrane, connected 
to polar hydrophilic head groups, which are usually 
composed of zwitterionic portions (containing both 
positive and negative charges) that project into the cyto-
plasm or the extracellular fluid. Within the membrane, 
there is both lateral and rotational diffusion, which 
allows lipids and certain proteins to migrate in a fluid 
mosaic, but most membrane proteins are fixed within 
specific regions of a membrane, anchored by connec-
tions to specific proteins of the cell’s cytoskeleton.6

A dynamic interaction exists between cell membrane 
and cytoplasm. Although this chapter focuses on the 
channel-blocking actions of local anesthetics, it is note-
worthy that many other cellular activities, including both 
metabolic and signal transduction pathways, are inhib-
ited by these drugs.

PHYSIOLOGY OF NERVE CONDUCTION

The neural membrane constantly maintains a voltage dif-
ference at rest of –60 to –90 mV between the intracellular 
medium and the cell’s outside, because during rest it is 
relatively impermeable to sodium ions but selectively per-
meable to potassium ions. The Na+/K+ pump, an active, 
energy-dependent mechanism, sustains the ion gradients 
that drive this potential difference by constant extrusion 
of sodium from within the cell in exchange for a net 
uptake of potassium, with adenosine triphosphate used 
as an energy source. Although the membrane is relatively 
permeable to potassium ions, an intracellular-to-extracel-
lular potassium ratio of 150 to 5 mM, or 30:1, is main-
tained by active removal of potassium as it leaks passively 
across the plasma membrane.

The nerve at rest behaves largely as a potassium elec-
trode, according to the Nernst equation:

 Em ≈ EK =
(

− RT
F

)
ln

( [
K + ]

i[
K + ]

o

)
 

where Em is the membrane potential, EK is the potassium 
equilibrium potential, R is the gas constant, T is tempera-
ture (Kelvin), F is Faraday’s constant, and [K+] is the potas-
sium ion concentration inside (i) and outside (o) the cell. 
For potassium, therefore,

 EK = − 58 log 30, or − 85.7 mV 

An opposite situation exists for Na+, which is at higher 
concentration outside the cell and has a Nernst poten-
tial (ENa) of approximately +60 mV. During an action 
potential, the nerve membrane transiently switches its 
higher permeability from K+ to Na+, thereby changing 
the membrane potential from negative to positive and 
back again.7 The progress of this potential change and 
the underlying events are graphed in Figure 36-6. These 
events provide a basis for understanding local anesthetic 
conduction block.

Permeation of ions through membranes occurs via 
specialized proteins called ion channels.8 The conforma-
tion of these channels is typically sensitive to the mem-
brane potential; both Na+ and K+ channels in nerve 
membranes are activated to an “open” conformation by  
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Figure 36-3. Pattern of local circuit currents flowing during propaga-
tion of an impulse in a nonmyelinated C fiber’s axon (A) and a myelin-
ated axon (B). During propagation of impulses, from left to right, 
current entering the axon at the initial rising phase of the impulse 
(large vertical arrows) passes through the axoplasm (local circuit cur-
rent) and depolarizes the adjacent membrane. Plus and minus signs 
adjacent to the axon membrane indicate the polarization state of the 
axon membrane: negative inside at rest, positive inside during active 
depolarization under the action potential, and less negative in regions 
where local circuit currents flow. This ionic current passes relatively 
uniformly across the nonmyelinated axon, but it is restricted in the 
myelinated axon to entry at the nodes of Ranvier, several of which are 
simultaneously depolarized during a single action potential.
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Figure 36-4. A, Transverse sections of a 
peripheral nerve showing the outermost epi-
neurium; the inner perineurium, which collects 
nerve axons in fascicles; and the endoneurium, 
which surrounds each myelinated fiber. B, Each 
myelinated axon is encased in the multiple 
membranous wrappings of myelin formed by 
one Schwann cell, each of which stretches lon-
gitudinally more than approximately 100 times 
the diameter of the axon. The narrow span of 
axon between these myelinated segments, the 
node of Ranvier, contains the ion channels that 
support action potentials. C, Nonmyelinated 
fibers are enclosed in bundles of 5 to 10 axons 
by a chain of Schwann cells that tightly embrace 
each axon with but one layer of membrane.
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Figure 36-5. A typical plasma membrane has at its core the lipid bilayer, composed of phospholipids and cholesterol molecules (in an approxi-
mately 5:1 ratio) embedding the membrane integral proteins, which are most often glycosylated by extracellular carbohydrates and include 
receptors and ion channels essential for intercellular communication. “Peripheral proteins” regulate the functions of membrane proteins, chaper-
one them to the plasma membrane, and stabilize them in the cell through interactions with both the cytoskeleton and the extracellular matrix. 

TABLE 36-3 CLASSIFICATION OF PERIPHERAL NERVES ACCORDING TO ANATOMY, PHYSIOLOGY,  
AND FUNCTION 

Fiber 
Class Subclass Myelin

Diameter 
(μm)

Conduction 
Velocity (m/sec) Location Function

Susceptibility to 
Local Anesthetic 
Block

A alpha + 6-22 30-120 Efferent to muscles Motor ++
beta + 6-22 30-120 Afferent from skin 

and joints
Tactile, proprioception ++

gamma + 3-6 15-35 Efferent to muscle 
spindles

Muscle tone ++++

delta + 1-4 5-25 Afferent sensory 
nerves

Pain, cold 
temperature, touch

+++

B + <3 3-15 Preganglionic 
sympathetic

Various autonomic 
functions

++

C sC − 0.3-1.3 0.7-1.3 Postganglionic 
sympathetic

Various autonomic 
functions

++

dC − 0.4-1.2 0.1-2.0 Afferent sensory 
nerves

Various autonomic 
functions

Pain, warm 
temperature, touch

+

Modified From Bonica JJ: Principles and practice of obstetric anesthesia and analgesia. Philadelphia, 1967, FA Davis.
Probable membrane locations and protein sites for local anesthetics are also shown.
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membrane depolarization. Sodium channels, in addition, 
close to an “inactivated” conformation after their initial 
activation. A small membrane depolarization, extending 
along an axon from a region of excited membrane, for exam-
ple, will begin to open both Na+ and K+ channels. The Na+ 
channels open faster, however, and the inwardly directed 
Na+ current (see Fig. 36-6) depolarizes the membrane fur-
ther, thereby leading to opening of more Na+ channels and 
increasing the inward Na+ current even further (Fig. 36-7). 
This sequence of events continues during the depolarizing 
phase until some of the Na+ channels have become inacti-
vated and enough of the K+ channels have opened to change 
the balance of current and result in a net outward current 
that produces membrane repolarization (see Fig. 36-7).  
After one action potential, the concentrations of Na+ and K+ 
have changed little for the large myelinated fibers, but by as 
much as 10% for the small, nonmyelinated axons. The Na+ 
ions entering and K+ ions leaving the cell because of this 
process are restored by the Na+/K+ pump.
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Figure 36-6. Membrane potential (Em) and the voltage-gated ionic 
conductance of sodium (gNa) and potassium (gK), which determine 
the corresponding membrane currents Im (INa and IK) during a propa-
gated action potential. Modeled from the original studies of Hodgkin 
and Huxley on the squid giant axon (see Hodgkin7), these relation-
ships hold for almost all invertebrate and vertebrate nerve fibers. The 
direction of the total ionic current (It), which is the sum of INa and IK, 
is inward (negative values) for the depolarizing phase of the action 
potential and outward (positive values) for the repolarizing phase.
Depolarizations too weak to activate enough Na+ 
channels to produce a net inward current are below the 
membrane’s excitability threshold. The precise value 
of the threshold varies in different regions of the cell 
and changes with time. For example, directly after an 
impulse, when some Na+ channels are still inactivated 
and some K+ channels are still activated, the threshold 
is above its resting value and the membrane is refrac-
tory to stimulation. Over time, however, as Na+ inac-
tivation decays and K+ channels return to their closed 
conformation, the original resting threshold value is 
restored.

The action potential is a wave of depolarization that 
is propagated along the axon by continuous coupling 
between excited and nonexcited regions of membrane. 
Ionic current (the action current) enters the axon in the 
excited, depolarized region and then flows down the axo-
plasm and exits through the surrounding membrane, 
thereby passively depolarizing this adjacent region (see 
Fig. 36-3). Although this local circuit current spreads 
away from the excited zone in both directions, the region 
behind the impulse, having just been depolarized, is 
absolutely refractory, and propagation of impulses is thus 
unidirectional.

The local circuit current spreads rapidly along a length 
of insulated internode in a myelinated axon (see Fig. 
36-3), and many nodes of Ranvier in sequence are depo-
larized to threshold with little intervening delay. Single 
impulses do not jump from node to node as separate, dis-
crete events; instead, active depolarization occurs simul-
taneously along several centimeters of the largest axons 
(see Fig. 36-3). Indeed, the local circuit current is so robust 
that it can skip past two completely nonexcitable nodes 
(e.g., blocked by local anesthetic) and successfully stimu-
late a third node. If excitability is partially reduced, such 
as by inhibition of some of the Na+ channels, the ampli-
tude of impulses in successive nodes falls decrementally 
in a process that can continue for many centimeters.9 This 
situation most likely occurs during certain phases of local 
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Figure 36-7. The action potential can be understood in terms of the 
cyclic relationships between factors contributing to the regenerative, 
depolarizing phase and the passive, repolarizing phase. Positive fac-
tors (yellow arrows) increase the rate of depolarization in a positive-
feedback loop, with each element in the cycle favoring the subsequent 
one. Negative factors (gray arrows) decrease the depolarization rate 
by reducing or opposing the related positive factor, with efflux of K+ 
eventually dominating the ionic flow and repolarizing the membrane.



anesthesia, as discussed later. However, when enough of 
the Na+ channels are blocked, local circuit current fails to 
bring the adjacent resting region to threshold, and the 
impulse is fully extinguished.

MECHANISM OF ACTION OF LOCAL 
ANESTHETICS (PHARMACODYNAMICS)

ACTIVE FORM

Local anesthetic bases are poorly to sparingly soluble in 
water, but are soluble in relatively hydrophobic organic 
solvents. Therefore, as a matter of chemistry (and to 
optimize shelf life), most of these drugs are formulated 
as hydrochloride salts. The pKa of the drug and tissue pH 
determine the amount of drug that exists in solution as 
free base or as positively charged cation when injected 
into living tissue (discussed earlier). Furthermore, uptake 
of the drug by tissue, largely via lipophilic adsorption, 
will also alter its activity, both by shifting the effective 
pKa downward, thereby favoring the neutral base form, 
and by limiting diffusion of the anesthetic away from 
the site of injection. Moderately hydrophobic local anes-
thetics block faster than either hydrophilic or highly 
hydrophobic ones, delivered at the same concentration, 
for the following reasons. Moderately hydrophilic mol-
ecules, such as lidocaine, are less bound to tissues than 
highly hydrophobic drugs are (e.g., tetracaine) but are 
still more membrane permeant than highly hydrophilic 
ones (e.g., 2-chloroprocaine). The hydrophobic local 
anesthetics, having higher intrinsic potencies (see Table 
36-2), are therefore used in lower concentrations and 
their diffusion-controlled rate of onset is correspond-
ingly reduced.

Which form of the local anesthetic—charged cation 
or neutral base—is actually responsible for blockade of 
impulses? More alkaline solutions of local anesthetics 
block nerve conduction more effectively. On sheath-free 
nerves, the rate of inhibition by tertiary amine anesthetics 
is greater at alkaline than at neutral external pH because 
membrane permeation, favored by the base over the cat-
ionic species, determines the rate of access to the bind-
ing site.10 Direct control of axoplasmic pH (or internal 
perfusion with permanently charged quaternary amine 
homologues) shows that the dominant potency derives 
from the cationic species acting from the cytoplasmic sur-
face.11,12 The uncharged base also has intrinsic pharmaco-
logic activity, however, which explains the effectiveness 
of benzocaine as a topical local anesthetic.

ELECTROPHYSIOLOGIC EFFECT OF LOCAL 
ANESTHETICS

The nerve resting membrane potential is little affected by 
local anesthetics. As the concentration of local anesthetic 
applied to the nerve is increased, a decrease in the rate of 
depolarization and in the peak amplitude of the action 
potential occurs until the impulse is abolished. It is not 
possible, however, to derive data on the binding of local 
anesthetics to Na+ channels from measurement of the 
changes in nerve impulses.
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By using a “voltage-clamp” procedure, Na+ currents 
and their inhibition by local anesthetics can be directly 
assayed (Fig. 36-8, A). When the membrane of isolated 
neurons is rapidly depolarized to a constant value, the 
time course of ionic currents is observed. Sodium cur-
rents during one initial depolarization are reduced by 
subclinical doses of local anesthetic (e.g., 0.2 mM lido-
caine) and totally abolished by clinical doses (e.g., 1% 
lidocaine, ≈40 mM). If the test depolarization is applied 
repeatedly, for example, at frequencies higher than 5 Hz 
(five pulses per second), the partially depressed (tonically 
inhibited) Na+ current is further reduced incrementally 
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Figure 36-8. Use-dependent actions of local anesthetics on excitable 
membrane properties. A, Ionic Na+ currents measured by a voltage-
clamping technique are transiently activated by brief steps of depo-
larization applied infrequently (tonic test) or in a train at 10 times per 
second (phasic test, see Em pattern in parentheses). After equilibration 
with 0.2 mM (0.005%) lidocaine, the currents measured tonically are 
reduced by approximately 30% from the control currents. Application 
of the phasic train of depolarizations results in a dynamic reduction of 
currents after each depolarization, with a steady-state value of phasic 
inhibition reached during the train of 75% of control currents. Recov-
ery of currents to the tonic value occurs within a few seconds when 
phasic testing stops (not shown). B, Action potentials are also inhib-
ited in a phasic manner by local anesthetics. After equilibration with 
0.8 mM lidocaine (0.02%), the action potential is tonically reduced 
by approximately 20% from its amplitude in drug-free solution (not 
shown). Stimulation by a train at 20 stimuli per second induces a pha-
sic inhibition that further reduces the amplitude by about 70% from 
the control value. As with the ionic currents (A), phasic inhibition of 
the action potential recovers rapidly when high-frequency stimulation 
stops.
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for each pulse until a new steady-state level of inhibi-
tion is reached.13,14 This frequency-dependent inhibition, 
also called phasic inhibition, is reversed when stimulation 
is slowed or stopped, and currents return to the level of 
tonic inhibition observed in the resting nerve. Paralleling 
the phasic inhibition of Na+ currents in voltage-clamped 
membranes is a “use-dependent” blockade of action 
potentials during normal physiologic function (see Fig. 
36-8, B).

The potency of local anesthetics to produce tonic and 
phasic inhibition is similarly dependent on their structure, 
hydrophobicity, and pKa. At its simplest, there appears to 
be a single binding site for local anesthetics on the Na+ 
channel, with a tonic affinity at rest and increased phasic 
affinity occurring because of depolarization. The phasic 
blocking phenomenon can thus be used to reveal the true 
kinetics of binding of local anesthetic to the functional 
receptor, the Na+ channel itself.

Phasic actions are a manifestation of the selective 
affinity of local anesthetics for conformations of the 
Na+ channel that result from depolarization. Both 
open and inactivated states of the channel bind local 
anesthetics more avidly than the resting state does. 
Repeated depolarization thus increases the fraction 
of drug-bound channels; dissociation of these bound 
drug molecules is usually a slower process than the nor-
mal recovery from inactivation (discussed earlier) and 
results in the use-dependent accumulation of channels 
in the blocked condition and the phenomenon of pha-
sic block.

By its selective binding to a channel state, the local 
anesthetic stabilizes that state. During phasic block, 
therefore, more inactivated channels become drug 
bound, and reciprocally, less activation can occur. This 
relationship between state-dependent affinities and 
modification of transitions among states through drug 
binding is known as the modulated receptor model.15 
Overall binding of anesthetic is increased by mem-
brane depolarization for two reasons: more binding 
sites become accessible during activation (the guarded 
receptor model) and drug dissociation from inactivated 
channels is slower than from resting channels (the mod-
ulated receptor model).

The specific binding rates and affinities for the dif-
ferent conformations of the sodium channel depend on 
the particular local anesthetic drug. When the details of 
this dependence are correlated with the physicochemical 
properties of the drug and with the experimental condi-
tions, they provide insight into the molecular features of 
the local anesthetic binding site.

THE NATURE OF THE LOCAL ANESTHETIC 
BINDING SITE

Intentional mutation of specific amino acids of the Na+ 
channel has allowed definition of regions that interact 
directly with local anesthetics. The major functional 
protein of the Na+ channel (the α-subunit) is composed 
of four homologous domains (D-1 to D-4), each of which 
contains six helical regions (S1 to S6) that span the core 
of the membrane (Fig. 36-9, A). Each domain also has 
a loop, termed the P region, that links the extracellular 
ends of its S5 and S6 transmembrane segments. The P 
regions extend inward between the transmembrane 
regions such that when the α-subunit folds together, 
each P loop contributes a quarter of the cylindrical ion 
selectivity pore, the narrowest passage of an open chan-
nel (see Fig. 36-9, B). Voltage sensitivity derives from the 
positive charges located on S4 segments, which slide or 
swing outward in response to membrane depolarization. 
By linkages that are still unknown, this movement of 
S4 results in a conformational rearrangement of the S6 
segments, which form the inner, cytoplasmic entry to 
the channel. Closed-to-open channel gating results from 
movement of the S6 segments, whereas inactivation gat-
ing results from binding of the cytoplasmic loop located 
between D-3 and D-4 to the cytoplasmic opening of the 
channel.

Local anesthetics bind in the inner vestibule of the 
closed Na+ channel (see Fig. 36-9, C). Amino acid muta-
tions in the S6 segments of D-1, D-3, and D-4 all modify 
local anesthetic action, thus suggesting either that these 
regions form a pharmacophore small enough to simul-
taneously contact the drug at three surfaces or that the 
local anesthetic molecule moves rapidly among these 
three segments.

The rate constant for binding of local anesthetic to 
the closed Na+ channel is larger for the more hydro-
phobic molecules, which suggests that drug molecules 
can reach the binding site (and depart from it) through 
a hydrophobic pathway. This path could be movement 
from the membrane phase laterally, into the channel, 
or through hydrophobic amino acid residues that limit 
access through a pathway in the closed pore. The slow 
block of closed and inactivated channels appears to use 
such a hydrophobic access and thus accounts for tonic 
inhibition.

The charged species of local anesthetics dissociates 
much more slowly from closed and inactivated Na+ chan-
nels than the neutral form does, which suggests that an 
ionic bond may be involved in drug binding or that the 
charged molecule moves only slowly along the hydro-
phobic pathway.

In brief, hydrophobicity delivers the drug to the recep-
tor and charge keeps it there.

NEUROPHYSIOLOGIC ASPECTS OF PHASIC 
INHIBITION

Different fiber types in the nerve are affected differently 
during local anesthesia. At least part of this difference 
arises from pharmacokinetic factors. At the onset of 
and during recovery from clinical block, in particular, 
longitudinal and radial diffusion of drug will produce 
concentration variations within and along the nerve. 
This variation is superimposed on the dynamic use-
dependent inhibition to provide variable propagation, 
which depends on a fiber’s geometry, position within 
the nerve, and functional and electrophysiologic 
properties.

Different fiber types are also differentially sensitive 
to local anesthetic blockade. In vivo experiments in 
which continuous superperfusion of peripheral nerve 
allows equilibration with drug, and experiments in 
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which a drug bolus is delivered by percutaneous injec-
tion,16 analogous to clinical peripheral nerve block, 
show unequivocally that small myelinated axons (A 
gamma motor and A delta sensory fibers) are the most 
susceptible to impulse annihilation. Next in order of 
block are the large myelinated (A alpha and A beta) 
fibers, and the least susceptible are the small, nonmy-
elinated C fibers. In fact, in this last group, impulses in 
the slowest conducting population (conduction veloc-
ity of 0.5 to 0.8 m/sec) are the most resistant to local 
anesthetic.16 The widespread notion that local anes-
thetics block the smallest fibers first or most is thus 
clearly wrong.
Selective Susceptibility of Na+ Channel 
Isoforms
Ten different Na+ channels have been physiologically 
identified and biochemically sequenced. At least four of 
them are found in peripheral neurons, and some are asso-
ciated exclusively with nociceptive afferents. Obviously, it 
would be clinically advantageous to inhibit these channels 
selectively and thus prevent or reduce pain while sparing 
other functions. Although selective channel blockade has 
been attained with naturally occurring small peptide tox-
ins,17 relatively little selective blockade by local anesthetics 
occurs,18 probably because the local anesthetic pharmaco-
phore is too similar among the different channel isoforms 
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and the local anesthetic molecules themselves have several 
rotational axes, which makes them poor structural tem-
plates for selecting among static binding pockets.

Sodium Channel Isoforms in Human 
Diseases Characterized by Pain or Pain 
Insensitivity
Mutations in sodium channel isoform NaV1.7 can pro-
duce disease states with either spontaneous pain19,20 or 
profound and selective impairment of pain sensitivity.21 
Erythromelalgia is characterized by episodes of severe 
burning pain, predominantly in the feet and hands. In 
these subjects, pain is exacerbated by heat and relieved 
by cold. This disorder can occur as an isolated problem 
or can coexist with certain rheumatologic disorders. In a 
small subgroup of these patients, the disorder has a clear 
familial pattern with an autosomal dominant pattern 
of inheritance. A second autosomal dominant disorder 
characterized by spontaneous pain is known initially as 
familial rectal pain disorder or paroxysmal extreme pain dis-
order. Recent molecular studies have shown that these 
disorders involve several distinct types of mutations 
in NaV1.7 sodium channels.19,20 When these channels 
are inserted into cells that lack sodium channels, they 
generate spontaneous, temperature-sensitive, inward 
currents.

Perhaps even more remarkable is the recent report of 
several consanguineous families in Pakistan in which 
certain members exhibit profound insensitivity to pain 
while being neurologically normal in almost all other 
respects.21 Genetic, biochemical, and electrophysiologic 
studies have demonstrated an autosomal recessive pat-
tern of inheritance. Molecular studies have shown that 
these mutations are of the nonsense type and generate 
functionally impaired NaV1.7 sodium channels; when 
placed into cell membranes in vitro, they fail to generate 
inward currents in response to depolarizing stimuli.

Aberrant impulses, which are often considered the hall-
marks of various diseases of excitable membranes such as 
abnormal repetitive firing in neuropathic pain or in cer-
tain types of inherited skeletal myotonia, are abolished by 
systemic lidocaine in doses that do not block normal prop-
agating impulses. Conditions for the sensitivity of such 
impulses to local anesthetics, such as lidocaine, appear to 
result from the patterns of impulse spikes superimposed 
on slow membrane depolarizations caused by abnormal 
expression of Na+ channels rather than from selective sen-
sitivity of certain subtypes of channels to these drugs.22

SUMMARY OF LOCAL ANESTHETIC 
MECHANISMS

Impulse blockade by local anesthetics may be summa-
rized by the following chronology4:

 1.  Solutions of local anesthetic are deposited near the 
nerve. Removal of free drug molecules away from this 
locus is a function of tissue binding, removal by the 
circulation, and local hydrolysis of aminoester anes-
thetics. The net result is penetration of the nerve 
sheath by the remaining free drug molecules.
 2.  Local anesthetic molecules then permeate the nerve’s 
axon membranes and accumulate within the axo-
plasm. The speed and extent of these processes depend 
on a particular drug’s pKa and on the lipophilicity of 
its base and cation species.

 3.  Binding of local anesthetic to sites on voltage-gated 
Na+ channels prevents opening of the channels by 
inhibiting the conformational changes that underlie 
channel activation. Local anesthetics primarily bind to 
the channel’s pore and occlude the pore path for Na+ 
ions.

 4.  During onset of and recovery from local anesthesia, 
impulse blockade is incomplete, and partially blocked 
fibers are further inhibited by repetitive stimulation, 
which produces an additional, use-dependent binding 
to Na+ channels.

 5.  One local anesthetic binding site on the Na+ chan-
nel may be sufficient to account for the drug’s resting 
(tonic) and use-dependent (phasic) actions. Access to 
this site may potentially involve multiple pathways, 
but for clinical local anesthesia, resting block pre-
dominates and, the primary route is the hydrophobic 
approach from within the axon membrane.

 6.  The clinically observed rates of onset and recovery 
from blockade are governed by the relatively slow dif-
fusion of local anesthetic molecules into and out of 
the whole nerve, not by their much faster binding and 
dissociation from ion channels. A clinically effective 
block that may last for hours can be accomplished 
with local anesthetic drugs that dissociate from Na+ 
channels in a few seconds.

CLINICAL PHARMACOLOGY

The successful use of regional anesthesia requires knowl-
edge of the pharmacologic properties of the various local 
anesthetic drugs, as well as technical skill in performing 
the nerve block. Local anesthetic requirements vary con-
siderably, depending on factors such as the type of block, 
surgical procedure, and physiologic status of the patient.

Commonly used aminoester local anesthetics include 
procaine, chloroprocaine, tetracaine, and cocaine. The 
clinically used aminoamides include lidocaine, mepi-
vacaine, prilocaine, bupivacaine (racemic and its levo- 
enantiomer), ropivacaine, and etidocaine. The ester and 
amide local anesthetics differ in their chemical stability, 
locus of biotransformation, and allergic potential. Amides 
are extremely stable, whereas esters are relatively unstable 
in solution. Aminoesters are hydrolyzed in plasma by 
cholinesterase enzymes, but the amides undergo enzy-
matic degradation in the liver. Two exceptions to this 
trend include cocaine, an ester that is metabolized pre-
dominantly by hepatic carboxylesterase, and articaine, 
an amide local anesthetic widely used in dentistry that is 
inactivated by plasma carboxylesterase-induced cleavage 
of a methyl ester on the aromatic ring.

p-Aminobenzoic acid is one of the metabolites of ester-
type compounds that can induce allergic-type reactions 
in a small percentage of patients. The aminoamides are 
not metabolized to p-aminobenzoic acid, and reports of 
allergic reactions to these agents are extremely rare.



GENERAL CONSIDERATIONS

Clinically important properties of the various local anes-
thetics include potency, speed of onset, duration of anes-
thetic action, and differential sensory vs motor blockade. 
As previously indicated, the profile of individual drugs is 
determined by their physicochemical characteristics (see 
Table 36-2).

Anesthetic Potency
Hydrophobicity is a primary determinant of intrinsic 
anesthetic potency5 because the anesthetic molecule 
must penetrate into the nerve membrane and bind at 
a partially hydrophobic site on the Na+ channel. Clini-
cally, however, the correlation between hydrophobicity 
and anesthetic potency is not as precise as in an isolated 
nerve. Differences between in vitro and in vivo potency 
may be related to a number of factors, including local 
anesthetic charge and hydrophobicity (which influence 
partitioning into and transverse diffusion across biologic 
membranes) and vasodilator or vasoconstrictor properties 
(which influence the initial rate of vascular uptake from 
injection sites into the central circulation).

Onset of Action
The onset of conduction block in isolated nerves is 
related to the physicochemical properties of the individ-
ual agents. In vivo latency is also dependent on the dose 
or concentration of local anesthetic used. For example, 
0.75% bupivacaine has more rapid onset than 0.25%. 
Chloroprocaine demonstrates a rapid onset of action in 
humans because its low systemic toxicity permits its use 
in high concentrations (i.e., 3%).

Duration of Action
The duration of action of the various local anesthetics dif-
fers markedly. Procaine and chloroprocaine have a short 
duration of action. Lidocaine, mepivacaine, and prilo-
caine produce a moderate duration of anesthesia, whereas 
tetracaine, bupivacaine, ropivacaine, and etidocaine have 
the longest durations.

In humans, the duration of anesthesia is markedly 
influenced by the peripheral vascular effects of the local 
anesthetic drugs. Many local anesthetics have a biphasic 
effect on vascular smooth muscle. These agents tend to 
cause vasoconstriction at low concentrations, whereas 
they cause vasodilation at higher, clinically administered 
concentrations.23 There are, however, differences in the 
degree of vasodilator activity of the various drugs. The 
effects of local anesthetics on vascular tone and regional 
blood flow are complex and vary according to concentra-
tion, time, and the particular vascular bed near the site of 
application, among other factors. As a practical example, 
the topical local anesthetic formulation EMLA (a eutectic 
mixture of the local anesthetics lidocaine and prilocaine) 
vasoconstricts cutaneous vessels initially and through 
most of the first hour of application, but vasodilation is 
observed after 2 or more hours of application.

Differential Sensory and Motor Blockade
Another important clinical consideration is the ability of 
local anesthetic agents to cause differential inhibition of 
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sensory and motor activity. Bupivacaine became popular 
in the 1980s for epidural blocks because it was better than 
the previously available long-acting agents were (e.g., eti-
docaine) in producing adequate antinociception with-
out profound inhibition of motor activity, particularly 
when dilute solutions were used. Bupivacaine is widely 
used epidurally for obstetric analgesia and postoperative 
pain management because it can provide adequate anal-
gesia or pain relief with only mild muscle weakness (see 
Chapters 56, 77, and 98). Additional observations on the 
sensory selectivity of newer local anesthetics are detailed 
later in the section on chiral local anesthetics.

Small-diameter axons, such as C fibers, are often 
stated to be more susceptible to local anesthetic block 
than larger-diameter fibers are. However, when careful 
measurements are made of single-impulse annihilation 
in individual nerve fibers, exactly the opposite differen-
tial susceptibility is noted (discussed earlier).24,25 Repeti-
tive stimulation, such as occurs during propagation of 
trains of impulses, produces further, phasic inhibition 
of excitability, but it is not clear how this will affect a 
functionally selective failure of impulses. The length of 
drug-exposed nerve in the intrathecal space, imposed 
by anatomic restrictions, can perhaps explain clinically 
documented differential spinal or epidural blockade, with 
longer drug-exposed regions yielding block by lower con-
centrations of local anesthetic.26 However, this reasoning 
does not explain the functionally differential loss from 
peripheral nerve block. Other factors can include actual 
spread of the drug along the nerve or its selective ability 
to inhibit Na+ channels over K+ channels,27 which in itself 
can produce a differential block because these channels 
are present in different proportions in different types of 
nerves. Because of these confounding factors, clinicians 
should be discouraged from making conclusions about 
fiber-type involvement in chronic pain syndromes based 
on the dose or concentration requirement for pain relief 
in diagnostic nerve blockade.28

FACTORS INFLUENCING ANESTHETIC 
ACTIVITY IN HUMANS

Dosage of Local Anesthetic
As the dose of local anesthetic is increased, the probability 
and duration of satisfactory anesthesia increase, and the 
time to onset of block is shortened. The dose of local anes-
thetic can be increased by administering either a larger 
volume or a more concentrated solution. For example, 
increasing the concentration of epidurally administered 
bupivacaine from 0.125% to 0.5%, while maintaining the 
same volume of injectate (10 mL), resulted in more rapid 
onset, an improved incidence of satisfactory analgesia, 
and a longer duration of sensory analgesia.29 The volume 
of anesthetic solution probably influences the spread of 
anesthesia. For example, 30 mL of 1% lidocaine admin-
istered into the epidural space produces a level of anes-
thesia that is 4.3 dermatomes higher than that achieved 
when 10 mL of 3% lidocaine is given.

In selecting the volume and concentration for a spe-
cific block in a particular patient, clinicians must balance 
the risk of adverse effects from overdosing (e.g., systemic 
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toxicity, excessive motor or autonomic blockade) against 
the increased risk of block failure if an inadequate vol-
ume or concentration is chosen. The degree to which 
additional volume can compensate for imprecise needle 
placement varies among different blocks.

With the advent of extremely precise needle place-
ment using ultrasound-guided blockade (see Chapter 
58), the median effective volume for obtaining success-
ful blockade can be achieved with smaller volumes than 
have been recommended previously as compared with 
techniques not using ultrasound. For example, in a recent 
dose-finding randomized trial for femoral nerve blockade, 
the median volumes for 50% or 95% success in obtaining 
dense sensory and motor block at 30 minutes under ultra-
sound guidance were 57% and 54% of the corresponding 
volumes with the use of nerve stimulation.30 Confidence 
intervals (i.e., variability) were large in this study. Statisti-
cal design issues for dose-response studies involving all 
types of anesthetics are well described.31 As limited by 
toxicity considerations, the aim in most clinical situa-
tions should be to choose doses that provide frequent and 
predictable success rates; that is, a dose effective in 95% of 
patients (ED95) is generally a more relevant guide to dose 
selection than an ED50 dose. In other words, one should 
not aim for failure 50% of the time.32

Addition of Vasoconstrictors
Vasoconstrictors, usually epinephrine (5 μg/mL or 
1:200,000), are frequently included in local anesthetic 
solutions to decrease the rate of vascular absorption, 
thereby allowing more anesthetic molecules to reach 
the nerve membrane and thus improve the depth and 
duration of anesthesia, as well as to provide a marker 
for inadvertent intravascular injection.33 Test dosing 
with epinephrine can generate false negative and false 
positive results. Some of these sources of error have been 
described for specific patient groups, such as adults and 
children under general anesthesia, parturients in labor, 
and patients receiving β-adrenergic blockers. Despite 
these limitations, test dosing has utility in a wide range 
of clinical situations.34

Epinephrine in a concentration of 1:200,000 provides 
the optimal degree of vasoconstriction when used with 
lidocaine for epidural or intercostal blockade.35 Other 
vasoconstrictor drugs, such as norepinephrine and phen-
ylephrine, have been used but do not appear to be supe-
rior to epinephrine.

The extent to which epinephrine prolongs the dura-
tion of anesthesia depends on the specific local anes-
thetic used and the site of injection. Epinephrine will 
significantly extend the duration of both infiltration 
anesthesia and peripheral nerve blockade with shorter-
duration agents (e.g., lidocaine); epinephrine produces 
mild intensification of blockade, but only most modest 
prolongation of epidural or peripheral blocks with bupi-
vacaine.36 α2-Adrenergic receptors in the spinal cord are 
known to activate endogenous analgesic mechanisms, 
and the increased depth of analgesic action produced by 
epinephrine and the α2-agonist clonidine37 with both epi-
dural and intrathecal local anesthetics may arise from this 
pharmacodynamic mechanism and from the pharmaco-
kinetic (vasoconstrictive) action.
Site of Injection
The most rapid onset but the shortest duration of action 
occurs after intrathecal or subcutaneous administration 
of local anesthetics. The longest onset times and dura-
tions occur after brachial plexus blocks. For example, 
intrathecal bupivacaine will usually produce anesthesia 
with an onset time within 5 minutes that will persist for 
3 to 4 hours. However, when bupivacaine is administered 
for brachial plexus blockade, the onset time is approxi-
mately 20 to 30 minutes, and the duration of anesthesia 
(or at least analgesia) averages 10 hours.38 These differ-
ences in the onset and duration of anesthesia and analge-
sia are due in part to the particular anatomy of the area of 
injection, which will influence the rate of diffusion and 
vascular absorption and, in turn, affect the amount of 
local anesthetic used for various types of regional anes-
thesia. In the subarachnoid space, for example, the lack 
of a nerve sheath around the spinal cord and deposition 
of the local anesthetic solution in the immediate vicin-
ity of the spinal cord are responsible for the rapid onset 
of action, whereas the relatively small amount of drug 
used for spinal anesthesia probably accounts for the short 
duration of conduction block.

In contrast, the onset of brachial plexus blockade is 
slow because the anesthetic is usually deposited at some 
distance from the nerve, and it must diffuse through vari-
ous tissue barriers before reaching the nerve membrane. 
The prolonged block with brachial plexus blockade 
may be related to several factors, including compara-
tively slower rates of vascular absorption from the bra-
chial plexus sheath, larger doses of drug required for this 
regional anesthetic technique, and comparatively long 
segments of nerves exposed to local anesthetic.

Carbonation and pH Adjustment  
of Local Anesthetics
The addition of sodium bicarbonate to a solution of local 
anesthetic applied to an isolated nerve accelerates the 
onset and decreases the minimum concentration required 
for conduction blockade.39 Although the effect of carbon 
dioxide on local anesthetic activity is easily demonstrable 
in isolated nerve, controversy exists concerning the clini-
cal utility of carbonated local anesthetic solutions.40

The addition of sodium bicarbonate to local anesthetic 
solutions decreases the onset time of conduction block-
ade.40 An increase in the pH of the local anesthetic solu-
tion increases the amount of drug in the uncharged base 
form, which should enhance the rate of diffusion across 
the nerve sheath and nerve membrane and result in a 
more rapid onset of anesthesia. Alkalinization of solu-
tions of bupivacaine or lidocaine accelerated the onset of 
brachial plexus and epidural blockade in some studies40 
but not others.41

Mixtures of Local Anesthetics
Mixtures of local anesthetics for regional anesthesia are 
sometimes used in an effort to compensate for the short 
duration of action of certain rapidly acting anesthet-
ics such as chloroprocaine and lidocaine, and the long 
latency of longer-acting anesthetics such as tetracaine 
and bupivacaine. Mixtures of chloroprocaine and bupi-
vacaine theoretically offer significant clinical advantages 



because of the rapid onset and infrequent incidence of sys-
temic toxicity of chloroprocaine and the long duration of 
action of bupivacaine; however, clinical results in studies 
of combinations have been mixed.42 In addition, the use 
of catheter-based techniques for many forms of regional 
anesthesia makes it possible to begin with a rapid-onset 
local anesthetic such as lidocaine, mepivacaine, or chloro-
procaine followed by an infusion of either a shorter-acting 
or longer-acting local anesthetic thereafter. Conversely 
and even more importantly, clinicians should be cau-
tioned not to use maximum doses of two local anesthetics 
in combination in the mistaken belief that their toxicities 
are independent.43 In the absence of additional data, the 
toxicities should be presumed to be additive.

Pregnancy
The spread and depth of epidural and spinal anesthesia 
are more in pregnant than in nonpregnant women (see 
Chapter 77). The effects of pregnancy on local anesthetic 
potency may reflect a combined effect of mechanical fac-
tors associated with pregnancy (i.e., dilated epidural veins 
decrease the volume of the epidural and subarachnoid 
spaces) and direct effects of hormones, especially pro-
gesterone, on the susceptibility of nerves to conduction 
blockade by local anesthetics.44 Hormonal alterations are 
probably the more important of these two factors because 
greater spread of epidural anesthesia occurs during the 
first trimester of pregnancy,45 before any gross change in 
vascular dimensions within the epidural or subarachnoid 
spaces. The dosage of local anesthetics probably should 
be decreased in patients in all stages of pregnancy.

CHOICE OF LOCAL ANESTHETIC FOR 
VARIOUS REGIONAL ANESTHETIC 
PROCEDURES

On the basis of anatomic considerations, regional anes-
thesia can be divided into infiltration anesthesia, intra-
venous regional anesthesia, peripheral nerve blockade 
(including plexus blockade), central neural blockade, and 
topical anesthesia (see Chapters 56, 57, 58, 77, 79, 92, 
and 98). An additional method of local anesthetic injec-
tion—tumescent anesthesia—is included because it is 
widely used in office plastic surgery practice.
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INFILTRATION ANESTHESIA

Any local anesthetic can be used for infiltration anesthe-
sia. Onset of action is almost immediate for all agents after 
intradermal or subcutaneous administration; however, 
the duration of anesthesia varies (Table 36-4). Epineph-
rine will prolong the duration of infiltration anesthesia 
by all local anesthetic drugs, although this effect is most 
pronounced when epinephrine is added to lidocaine. The 
choice of a specific drug for infiltration anesthesia largely 
depends on the desired duration of action.

The dose of local anesthetic required for adequate infil-
tration anesthesia depends on the extent of the area to 
be anesthetized and the expected duration of the surgical 
procedure. When large surface areas have to be anesthe-
tized, large volumes of dilute anesthetic solutions should 
be used. These considerations are particularly important 
when performing infiltration anesthesia in infants and 
smaller children. For example, consider a 4-kg infant 
receiving infiltration anesthesia with the maximum safe 
dose of lidocaine of 5 mg/kg (see Chapter 92). Dosing to 
5 mg/kg in a 4-kg infant permits 20 mg, which is 1 mL 
of a 2% solution or 4 mL of a 0.5% solution. Lidocaine 
is effective for infiltration in concentrations as dilute as 
0.3% to 0.5%; therefore, the more dilute solution can be 
used more safely to anesthetize a larger area.

Patients frequently experience pain immediately after 
subcutaneous injection of local anesthetic solutions, in 
part because of the acidic nature of these solutions. For 
example, neutralization of lidocaine solutions by the 
addition of sodium bicarbonate immediately before injec-
tion reduces pain on skin infiltration46 and can improve 
onset (discussed earlier).

Infiltration analgesia and indwelling wound catheters 
are used increasingly as components of multimodal post-
operative analgesia.47-49

INTRAVENOUS REGIONAL ANESTHESIA

Intravenous regional anesthesia involves the intrave-
nous administration of a local anesthetic into a tourni-
quet-occluded limb (i.e., Bier block; see Chapter 79). The 
local anesthetic diffuses from the peripheral vascular bed 
to nonvascular tissue such as axons and nerve endings. 
Both the safety and the efficacy of this regional anesthetic 
TABLE 36-4 INFILTRATION ANESTHESIA

Drug

Plain Solution Epinephrine-Containing Solution

Concentration (%) Maximum Dose (mg) Duration (min) Maximum Dose (mg) Duration (min)

Short Duration
Procaine 1-2 500 20-30 600 30-45
Chloroprocaine 1-2 800 15-30 1000 30
Moderate Duration
Lidocaine 0.5-1 300 30-60 500 120
Mepivacaine 0.5-1 300 45-90 500 120
Prilocaine 0.5-1 350 30-90 550 120
Long Duration
Bupivacaine 0.25-0.5 175 120-240 200 180-240
Ropivacaine 0.2-0.5 200 120-240 250 180-240
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procedure depend on interruption of blood flow to the 
involved limb and gradual release of the occluding tour-
niquet. Intravenous regional anesthesia has been used 
primarily for surgical procedures on the upper limbs. 
Shorter surgical procedures on the foot can also be per-
formed successfully with intravenous regional anesthesia. 
If a lower-leg tourniquet is used, it should not be applied 
over the superficial peroneal nerve, which can cause 
nerve injury; in general, use of an upper-leg tourniquet is 
preferred over lower-leg tourniquets.50

Lidocaine has been the drug used most frequently for 
intravenous regional anesthesia. Prilocaine, mepivacaine, 
chloroprocaine, procaine, bupivacaine, and etidocaine 
have also been used successfully. One might suppose a 
safety advantage with the aminoester-linked compounds 
because of their hydrolysis in blood; however, thrombo-
phlebitis has been reported with chloroprocaine. Cardio-
vascular collapse has occurred after the use of bupivacaine 
for intravenous regional anesthesia, and this use of bupi-
vacaine is discouraged.51

In general, approximately 3 mg/kg (40 mL of a 0.5% 
solution) of preservative-free lidocaine without epineph-
rine is used for upper extremity procedures. For surgical 
procedures on the lower limbs, 50 to 100 mL of a 0.25% 
lidocaine solution can be used.

PERIPHERAL NERVE BLOCKADE

Regional anesthetic procedures that inhibit conduction 
in fibers of the peripheral nervous system can be classi-
fied together under the general category of peripheral 
nerve blockade (see Chapters 57 and 58). This form of 
regional anesthesia has been subdivided arbitrarily into 
minor and major nerve blocks. Minor nerve blocks are 
defined as procedures involving single nerve entities such 
as the ulnar or radial nerve, whereas major nerve blocks 
involve the blockade of two or more distinct nerves or a 
nerve plexus or the blockade of very large nerves at more 
proximal sites (i.e., the femoral and sciatic nerves).

Most local anesthetic drugs can be used for minor 
nerve blocks. The onset of blockade is rapid with most 
drugs, and the choice of drug is determined primarily by 
the required duration of anesthesia. A classification of 
the various drugs according to their duration of action is 
shown in Table 36-5. The duration of both sensory anal-
gesia and motor blockade is prolonged significantly when 
epinephrine is added to the various local anesthetic solu-
tions in some, but not all applications.52

In 1986, a technique of interpleural regional analge-
sia was described as an alternative to multiple intercostal 
nerve blocks.53 This procedure involves the administra-
tion of local anesthetic solution into the pleural space, 
either by percutaneous placement or by placement 
through the open chest by the surgeon during thoracot-
omy. The risk of pneumothorax has varied in published 
case series. Although interpleural analgesia appeared to 
be useful for unilateral postoperative analgesia after open 
cholecystectomy, mastectomy, and nephrectomy, its effi-
cacy for post-thoracotomy pain is doubtful.54 This tech-
nique has been associated with extremely high plasma 
concentrations of anesthetic, and a subsequently associ-
ated risk of convulsions. Interpleural analgesia has also 
been used to provide analgesia for chronic pain condi-
tions as diverse as upper extremity complex regional pain 
syndromes, pancreatitis, and cancer of the thorax and 
abdomen. In many centers, interpleural analgesia has 
largely been supplanted by thoracic epidural analgesia for 
the majority of thoracic and abdominal procedures.

Two related approaches for unilateral somatic block-
ade in the thorax are continuous extrapleural cath-
eters55 (placed by the surgeon through the chest dorsal 
to the parietal pleura) and continuous thoracic paraver-
tebral somatic blockade.56 One advantage of these two 
approaches over interpleural analgesia is that little of 
the administered solution leaks from the chest into chest 
tubes. The risk-benefit ratio of thoracic epidural analge-
sia versus thoracic paravertebral analgesia or extrapleural 
analgesia remains controversial.57,58

Brachial plexus blockade for upper limb surgery is the 
most common major peripheral nerve block technique. 
A significant difference exists between the onset times of 
various agents when these blocks are used (Table 36-6). 
In general, agents of intermediate potency exhibit a more 
rapid onset than the more potent compounds do. Onset 
times of approximately 14 minutes for lidocaine and 
mepivacaine have been reported, versus approximately 
23 minutes for bupivacaine. A variety of approaches to 
the brachial plexus are available; the choice among these 
approaches is dictated by several factors, including the site 
of surgery and the ability of the patient to tolerate spill-
over to other nerves, including the phrenic nerve. These 
considerations are detailed in Chapters 57, 58, and 79.  
TABLE 36-5 MINOR NERVE BLOCKS*

Drug
Usual  
Concentration (%)

Average Duration (min)

Usual Volume (mL) Dose† (mg) Plain Solutions
Epinephrine- 
Con taining Solutions

Procaine 2 5-20 100-400 15-30 30-60
Chloroprocaine 2 5-20 100-400 15-30 30-60
Lidocaine 1 5-20 50-200 60-120 120-180
Mepivacaine 1 5-20 50-200 60-120 120-180
Prilocaine 1 5-20 50-200 60-120 120-180
Bupivacaine 0.25-0.5 5-20 12.5-100 180-360 240-420
Ropivacaine 0.2-0.5 5-20 10-100 180-360 240-420

*See also Chapter 57.
†Doses are for a 70-kg adult. For pediatric doses, see Chapter 92.



Similarly, the lumbar plexus can be approached via sev-
eral routes, including a posterior approach, an anterior 
perivascular “3 in 1” approach, and an anterior fascia 
iliaca compartment approach.59

The variation in duration of anesthesia after brachial 
plexus blockade is also considerably greater than that 
observed with other types of conduction block. For exam-
ple, durations of anesthesia varying from 4 to 30 hours 
have been reported for bupivacaine. It is prudent to warn 
patients before a major nerve block about the possibility 
of prolonged sensory and motor block in the involved 
region, particularly when agents such as bupivacaine, 
levobupivacaine, and ropivacaine are used.

PERINEURAL AND PLEXUS INFUSIONS

Local anesthetics are increasingly being administered by 
continuous infusion for several days after surgery48,60 or for 
periods of weeks to months for the treatment of chronic 
malignant and nonmalignant pain (see Chapters 64 and 
98). With prolonged infusions, there is the potential for 
delayed systemic accumulation and toxicity. Continuous 
bupivacaine infusions of up to 30 mg/hr in adults for as long 
as 2 weeks produced no overt central nervous system (CNS) 
or cardiac toxicity despite total plasma bupivacaine concen-
trations in the range of 2 to 5 μg/mL in several patients.61

CENTRAL NEURAL BLOCKADE

Any of the local anesthetic drugs can be used for epi-
dural anesthesia (Table 36-7), although procaine and tet-
racaine are rarely used because of their long onset times 
(see Chapter 56). Drugs of intermediate potency produce 
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surgical anesthesia of 1 to 2 hours’ duration, whereas long-
acting drugs usually produce 3 to 4 hours of anesthesia. 
The duration of short- and intermediate-acting drugs is 
significantly prolonged by the addition of epinephrine 
(1:200,000), but the duration of long-acting drugs is only 
minimally affected by epinephrine. The onset of lumbar 
epidural anesthesia occurs within 5 to 15 minutes after the 
administration of chloroprocaine, lidocaine, mepivacaine, 
and prilocaine. Bupivacaine has a slower onset of action.

Bupivacaine epidural bolus doses at a concentration 
of 0.125% produce adequate analgesia in many clinical 
settings with only mild motor deficits.62 Continuous epi-
dural infusions of bupivacaine as dilute as 0.0625% to 
0.1% are useful for labor epidural analgesia, especially 
when administered in combination with opioids and 
other additives. Bupivacaine 0.25% can be used for more 
intense analgesia (particularly during combined epidural–
light general anesthesia cases) with moderate degrees 
of motor block. Bupivacaine at concentrations of 0.5% 
to 0.75% is associated with a more profound degree of 
motor block, which makes these solutions most suitable 
for major surgical procedures, particularly when epidural 
anesthesia is not combined with general anesthesia. It 
should be emphasized that although high concentrations 
of local anesthetics may be appropriate for episodic bolus 
dosing for surgery, these concentrations (i.e., >0.2% for 
bupivacaine) should generally be avoided for continuous 
epidural infusions. Bolus injections produce much more 
cephalocaudad spread than infusions do. When concen-
trated bupivacaine solutions are used for infusions, the 
potential exists for excessive local effect with an associ-
ated risk for unwanted and very prolonged motor block-
ade. Etidocaine produces adequate sensory analgesia and 
TABLE 36-6 MAJOR NERVE BLOCKS*

Drug
Usual 

Concentration (%) Usual Volume (mL)

Maximum Dose (mg)  
Without/With 
Epinephrine Onset (min) Duration (min)

Lidocaine 1-2 30-50 350/500 10-20 120-240
Mepivacaine 1-1.5 30-50 350/500 10-20 180-300
Prilocaine 1-2 30-50 400/600 10-20 180-300
Bupivacaine 0.25-0.5 30-50 175/225 20-30 360-720
Levobupivacaine 0.25-0.5 30-50 200/225 20-30 360-720
Ropivacaine 0.2-0.5 30-50 200/250 20-30 360-720

*See also Chapter 57. Doses are for a 70-kg adult receiving epinephrine-containing solutions. Doses should be reduced, as detailed in Chapter 92, for 
children, for patients with specific risk factors, and for blocks in specific locations (e.g., interscalene). When two or more blocks are performed together, 
the sum of the doses for each of the individual blocks should not exceed the max dose listed here.

TABLE 36-7 EPIDURAL ANESTHESIA*

Drug With Epinephrine 
(1:200,000)

Usual  
Concentration (%)

Usual  
Volume (mL)

Maximum Dose 
(mg) Without/

With Epinephrine Usual Onset (min)
Usual Duration 

(min)

Chloroprocaine 2-3 15-30 700/900 5-15 30-90
Lidocaine 1-2 15-30 350/500 5-15
Mepivacaine 1-2 15-30 350/500 5-15 60-180
Prilocaine 1-3 15-30 350/500 5-15
Bupivacaine 0.25-0.5 15-30 175/225 15-20 180-350
Levobupivacaine 0.25-0.75 15-30 200/250 15-20 180-350
Ropivacaine 0.2-0.75 15-30 200/250 15-20 180-350

*See also Chapter 56. Doses are for a 70-kg adult receiving epinephrine-containing solutions. Doses should be reduced, as detailed in Chapter 92, for 
children, for patients with specific risk factors, and for specific catheter tip locations (e.g., upper thoracic).
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TABLE 36-8 SPINAL ANESTHESIA*

Drug
Usual  

Concentration (%)
Usual Volume 

(mL)
Total Dose 

(mg) Baricity
Glucose 

Concentration (%)
Usual Duration 

(min)

Procaine 10.0 1-2 100-200 Hyperbaric 5.0 30-60
Lidocaine 1.5, 5.0 1-2 30-100 Hyperbaric 7.5 30-90
Mepivacaine 4.0 1-2 40-80 Hyperbaric 9.0 30-90
Tetracaine 0.25-1.0 1-4 5-20 Hyperbaric 5.0 90-200

0.25 2-6 5-20 Hypobaric 90-200
1.0 1-2 5-20 Isobaric 90-200

Dibucaine 0.25 1-2 2.5-5.0 Hyperbaric 5.0 90-200
0.5 1-2 5-10 Isobaric 90-200
0.06 5-20 3-12 Hypobaric 90-200

Bupivacaine 0.5 3-4 15-20 Isobaric 90-200
0.75 2-3 15-20 Hyperbaric 8.25 90-200

Levobupivacaine 0.5 3-4 15-20 Isobaric 90-200
0.75 2-3 15-20 Hyperbaric 90-200

Ropivacaine 0.5 3-4 15-20 Isobaric 90-200
0.75 2-3 15-20 Hyperbaric 90-200

*Doses are for a 70-kg adult. Dosing may be reduced during pregnancy (see Chapter 77) and with advancing age (see Chapter 80). Pediatric dosing is 
detailed in Chapter 92.
profound, long-lasting motor block. Use of etidocaine 
has decreased in recent years, and currently it is primar-
ily restricted to surgical procedures for which profound 
muscle relaxation is required.

Drugs available for subarachnoid administration are 
shown in Table 36-8.

Although lidocaine has long been used for spinal anes-
thesia as a 5% solution, recent studies of local anesthetic 
neurotoxicity have led some to question this practice. 
This issue is discussed later in the chapter in the section 
on the neurotoxicity of local anesthetics.

Tetracaine is available both as crystals and as a 1% solu-
tion, which may be diluted with 10% glucose to obtain a 
0.5% hyperbaric solution. Hypobaric solutions of tetra-
caine (tetracaine in sterile water) can be used for specific 
operative situations, such as anorectal or hip surgery. Iso-
baric tetracaine obtained by mixing 1% tetracaine with 
cerebrospinal fluid or normal saline is useful for lower 
limb surgical procedures.

Bupivacaine is widely used as a spinal anesthetic, either 
as a hyperbaric solution at a concentration of 0.75% with 
8.25% dextrose or by using the nearly isobaric 0.5% solu-
tion. Intrathecal bupivacaine possesses an anesthetic pro-
file similar to that of tetracaine.63

The addition of vasoconstrictors can prolong the dura-
tion of spinal anesthesia. For example, the addition of 0.2 
to 0.3 mg of epinephrine to lidocaine, tetracaine, or bupi-
vacaine solutions will produce a 50% or greater increase in 
duration.64,65 The duration of spinal anesthesia produced 
by tetracaine can also be increased to a similar extent by 
adding 1 to 5 mg of phenylephrine. The addition of epi-
nephrine to bupivacaine or lidocaine may be more effec-
tive in prolonging the duration of spinal anesthesia in 
lumbosacral segments than in thoracic segments.

TOPICAL ANESTHESIA

A number of local anesthetic formulations are avail-
able for topical anesthesia (Table 36-9), with lidocaine, 
dibucaine, tetracaine, and benzocaine being the drugs 
used most commonly. In general, these preparations 
provide effective but relatively short durations of anal-
gesia when applied to mucous membranes or abraded 
skin. Lidocaine and tetracaine sprays are commonly 
used for endotracheal anesthesia before endotracheal 
intubation or for mucosal analgesia for bronchoscopy 
or esophagoscopy.

Several topical local anesthetic formulations can pene-
trate intact skin. EMLA, which is a eutectic mixture of 2.5% 
lidocaine base and 2.5% prilocaine base, is widely used 
for venipuncture, intravenous cannulation, skin grafting, 
and a range of other uses, including circumcision.66 This 
preparation must be applied under an occlusive bandage 
for 45 to 60 minutes to obtain effective cutaneous anes-
thesia. Longer application times increase the depth and 
reliability of skin analgesia. EMLA is safe in neonates, and 
methemoglobinemia with the use of prilocaine is exceed-
ingly uncommon. EMLA is more effective for newborn 
circumcision than placebo is but less effective than dorsal 
penile nerve block.66,67 Several alternative topical local 
anesthetic formulations also are in use, including tetra-
caine gel68 and liposomal lidocaine.69 Physical methods 
to accelerate local anesthetic transit across skin, including 
iontophoresis, local heating, electroporation, and a vari-
ety of forms of needleless pressure injection, can lead to 
more rapid onset of cutaneous analgesia.70 Synera (orig-
inally studied as S-Caine) is a formulation of lidocaine 
and tetracaine that was developed with a heating element 
(activated by opening the package to initiate an oxygen-
dependent exothermic reaction). This formulation has a 
rapid onset and evokes vasodilatation.71

Topical anesthesia through cut skin is commonly used 
in pediatric emergency departments for liquid application 
into lacerations that require suturing. Historically, this 
had been provided by a mixture of tetracaine, epineph-
rine (adrenaline), and cocaine, known as TAC. TAC is 
usually supplied as tetracaine 0.5%, epinephrine 1:2000, 
and cocaine 10% to 11.8%, although studies suggest 
that more dilute concentrations may be almost equally 
effective and less likely to cause toxicity. The generally 
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TABLE 36-9 VARIOUS PREPARATIONS INTENDED FOR TOPICAL ANESTHESIA 

Anesthetic Ingredient Concentration (%) Pharmaceutical Application Form Intended Area of Use

Benzocaine 1-5 Cream Skin and mucous membrane
20 Ointment Skin and mucous membrane
20 Aerosol Skin and mucous membrane

Cocaine 4 Solution Ear, nose, throat
Dibucaine 0.25-1 Cream Skin

0.25-1 Ointment Skin
0.25-1 Aerosol Skin
0.25 Solution Ear
2.5 Suppositories Rectum

Cyclonine 0.5-1 Solution Skin, oropharynx, tracheobronchial tree, 
urethra, rectum

Lidocaine 2-4 Solution Oropharynx, tracheobronchial tree, nose
2 Jelly Urethra
2.5-5 Ointment Skin, mucous membrane, rectum
2 Viscous Oropharynx
10 Suppositories Rectum
10 Aerosol Gingival mucosa

Tetracaine 0.5-1 Ointment Skin, rectum, mucous membrane
0.5-1 Cream Skin, rectum, mucous membrane
0.25-1 Solution Nose, tracheobronchial tree

EMLA Lidocaine, 2.5
Prilocaine, 2.5

Cream Intact skin

TAC Tetracaine, 0.5
Epinephrine, 1:200,000
Cocaine, 11.8

Solution Cut skin

LET Lidocaine, 4%
Epinephrine, 1:20,000
Tetracaine, 0.5%

Solution Cut skin

Modified from Covino B, Vassallo H: Local anesthetics: mechanisms of action and clinical use. Orlando, Fla, 1976, Grune and Stratton.
EMLA, Eutectic mixture of lidocaine and prilocaine; LET, lidocaine-epinephrine-tetracaine; TAC, tetracaine-epinephrine-cocaine.
recommended safe maximum dose is 3 to 4 mL for adults 
or 0.05 mL/kg for children. TAC is ineffective through 
intact skin; in contrast, its rapid absorption from mucosal 
surfaces can lead to toxic, even fatal reactions.

Because of concerns regarding cocaine toxicity and the 
potential for diversion and abuse, several groups have 
investigated alternative cocaine-free topical prepara-
tions. Non–cocaine-containing formulations, especially 
lidocaine-epinephrine-tetracaine and tetracaine-phenyl-
ephrine, have largely supplanted TAC.72 Similarly, oto-
laryngologists previously administered cocaine routinely 
as a solution or aerosol into the nasal passages to pro-
vide mucosal analgesia and vasoconstriction. In recent 
years, cocaine has increasingly been replaced for nasal 
application by the combined use of an α1-adrenergic 
agonist (oxymetazoline or phenylephrine) and a local 
anesthetic such as 2% to 4% lidocaine, with more dilute 
solutions being recommended for infants and children 
(see Chapter 92). Systemic absorption of phenylephrine 
can cause severe hypertension and reflex bradycardia. 
Oxymetazoline is associated with much less systemic 
effect and has a wider margin of safety, although it can 
still produce peripheral vasoconstriction, hypertension, 
and reflex bradycardia. In the authors’ view, there is no 
clinical setting for which the benefits of cocaine clearly 
outweigh the potential risks when compared with alter-
native approaches involving combined administration 
of a local anesthetic and a topical vasoconstrictor such 
as oxymetazoline.
TUMESCENT ANESTHESIA

A technique of local anesthesia most commonly used by 
plastic surgeons during liposuction procedures involves 
the subcutaneous injection of large volumes of dilute 
local anesthetic in combination with epinephrine and 
other drugs. Total doses of lidocaine ranging from 35 to 
55 mg/kg produce safe plasma concentrations, which can 
peak more than 8 to 12 hours after infusion.73 Despite 
these seemingly huge doses, good outcomes have been 
reported in several case series.74 Conversely, there have 
been several case series of cardiac arrest and death during 
plastic surgery procedures in which multiple risk factors, 
including high local anesthetic concentrations and con-
comitant use of sedatives, may have contributed to the 
patients’ instability and deterioration.75 Factors govern-
ing uptake and clearance from this method of local anes-
thetic delivery deserve further study. Clinicians should 
exercise great caution when administering additional 
local anesthetics by infiltration or other routes for at least 
12 to 18 hours after the use of this technique.

SYSTEMIC LOCAL ANESTHETICS FOR 
NEUROPATHIC PAIN

A broad variety of local anesthetics, antiarrhythmics, anti-
convulsants, and other Na+ channel blockers are admin-
istered intravenously, orally, or both to relieve a number 
of forms of neuropathic pain (see Chapter 64).76 Clinical 
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results are unpredictable.77 Although successful responses 
from intravenous lidocaine are often taken as a positive 
indication for oral mexiletine, some patients find mexi-
letine difficult to tolerate. When the signs of neuropathic 
pain are reversed by lidocaine infusion, normal nocicep-
tion and other sensory modalities are unaffected, suggest-
ing that the neurophysiologic correlate of the disease has 
an unusually high susceptibility to these drugs, present in 
plasma at concentrations 50- to 100-fold lower than that 
required to block normal impulses in peripheral fibers. 
Laboratory studies suggest that ectopic impulse activity 
arising at a site of injury or elsewhere, such as the dorsal 
root ganglion, contributes to the neuropathic pain and 
that such impulses are particularly sensitive to use-depen-
dent Na+ channel blockers. It is noteworthy that relief of 
preexisting neuropathic pain, both clinically and in ani-
mal models,78 can in some cases persist for days, weeks, or 
months after a single intravenous infusion of drug (e.g., 
lidocaine), far beyond the lifetime of the drug in vivo or 
any nerve block that it might affect. The mechanism of 
this remarkable action remains a mystery.

PHARMACOKINETICS

The concentration of local anesthetics in blood is deter-
mined by the amount injected, the rate of absorption 
from the site of injection, the rate of tissue distribution, 
and the rate of biotransformation and excretion of the 
specific drug.79,80 Patient-related factors such as age, car-
diovascular status, and hepatic function influence the 
physiologic disposition and resultant blood concentra-
tion of local anesthetics.

ABSORPTION

The systemic absorption of local anesthetics is determined 
by the site of injection with its tissue blood perfusion, 
dosage and volume, addition of a vasoconstrictor agent, 
and the pharmacologic profile of the agent itself.79,80 
Comparison of the blood concentration of local anesthet-
ics after various routes of administration reveals that the 
anesthetic drug concentration is highest after intercostal 
nerve blockade, followed in order of decreasing concen-
tration by injection into the caudal epidural space, lumbar 
epidural space, brachial plexus, and subcutaneous tissue. 
When a local anesthetic solution is exposed to an area of 
greater vascularity, a greater rate and degree of absorp-
tion occur. This relationship is of clinical significance 
because use of a fixed dose of a local anesthetic agent can 
be potentially toxic in one area of administration but not 
in others. For example, the use of 400 mg of lidocaine 
without epinephrine for an intercostal nerve block results 
in an average peak venous plasma level of approximately 
7 μg/mL, which is sufficiently high to cause symptoms of 
CNS toxicity in some patients. By comparison, this same 
dose of lidocaine used for a brachial plexus block yields 
a mean maximum blood level of approximately 3 μg/mL, 
which is rarely associated with signs of toxicity.

The maximum blood concentration of local anesthetic 
drugs is related to the total dose of drug administered 
for any particular site of administration. For most drugs, 
there is a proportionality between the amount of drug 
administered and the resultant peak anesthetic blood 
concentration. Epinephrine decreases the rate of vascu-
lar absorption of certain local anesthetics from various 
sites of administration and thus decreases their potential 
systemic toxicity. A 5-μg/mL concentration of epineph-
rine (1:200,000) significantly reduces the peak blood lev-
els of lidocaine and mepivacaine irrespective of the site 
of administration. Peak blood levels of bupivacaine and 
etidocaine are minimally influenced by the addition of a 
vasoconstrictor after injection into the lumbar epidural 
space. However, epinephrine will significantly reduce the 
rate of vascular absorption of these drugs when they are 
used for peripheral nerve blocks such as brachial plexus 
blockade.

Differences also exist in the rate of absorption of vari-
ous local anesthetics.

DISTRIBUTION

The systemic distribution of local anesthetics in many set-
tings can be described sufficiently by a two-compartment 
model.81,82 The rapid-disappearance phase is believed to 
be related to uptake by rapidly equilibrating tissues (i.e., 
tissues that have high vascular perfusion). The slower 
phase of disappearance from blood is mainly a function 
of the particular compound.82

Local anesthetic drugs are distributed throughout all 
body tissues, but the relative concentration in different 
tissues varies. In general, more highly perfused organs 
show higher concentrations of local anesthetic drug than 
less well-perfused organs do. Because local anesthetics are 
rapidly extracted by lung tissue, the whole blood concen-
tration of local anesthetics decreases markedly as they 
pass through the pulmonary vasculature.83

BIOTRANSFORMATION AND EXCRETION

The pattern of metabolism of local anesthetic agents var-
ies according to their chemical classification. The ester, 
or procainelike, drugs undergo hydrolysis in plasma by 
the pseudocholinesterase enzymes; clearance of chloro-
procaine is especially rapid.84,85

The aminoamide drugs undergo enzymatic degra-
dation primarily in the liver. Lidocaine is metabolized 
somewhat more rapidly than mepivacaine, which in turn 
is more rapidly metabolized than bupivacaine.67,86,87

Excretion of the metabolites of amide-type local 
anesthetics occurs via the kidney. Less than 5% of the 
unchanged drug is excreted via the kidney into urine.

PHARMACOKINETIC ALTERATIONS BY 
PATIENT STATUS

Patient age can influence the physiologic disposition of 
local anesthetics (see Chapters 80 and 92). In a report 
by Nation and colleagues,88 the half-life of lidocaine 
after intravenous administration averaged 80 minutes 
in human volunteers varying in age from 22 to 26 years, 
whereas volunteers 61 to 71 years of age demonstrated a 
significantly prolonged lidocaine half-life that averaged 
138 minutes.



Newborn infants have immature hepatic enzyme sys-
tems and hence prolonged elimination of lidocaine, bupi-
vacaine, and ropivacaine.89-91 Bupivacaine, for example, 
has a terminal elimination half-life in adults that averages 
3.5 hours. In neonates and some younger infants, termi-
nal elimination half-lives can be as long as 8 to 12 hours. 
Prolonged elimination is particularly an issue for contin-
uous infusions of local anesthetics in infants, and seizures 
have been associated with high bupivacaine infusion 
rates.92 Based on analysis of these cases, a maximum infu-
sion rate of 0.4 mg/kg/hr for prolonged bupivacaine infu-
sions has been proposed for children and adults, whereas 
prolonged infusion rates for neonates and young infants 
should not exceed 0.2 mg/kg/hr.93 Even at 0.2 mg/kg/hr, 
plasma bupivacaine concentrations were found to be ris-
ing toward a toxic range in some younger infants after 
48 hours.94 Similarly, prolonged lidocaine infusions in 
neonates should not exceed 0.8 mg/kg/hr. The potential 
for toxicity with lidocaine infusions in neonates is also 
increased by the accumulation of its principal metabo-
lite, monoethylglycinexylidide, which can cause seizures. 
Chloroprocaine may offer unique advantages for epidural 
infusion in neonates in that it is rapidly cleared from 
plasma, even in preterm neonates.95

Decreased hepatic blood flow or impaired hepatic 
enzyme function can produce a substantial elevation of 
blood levels of the aminoamide local anesthetics. An aver-
age lidocaine half-life of 1.5 hours was reported in volun-
teers with normal hepatic function, whereas patients with 
liver disease demonstrated an average half-life of 5.0 hours. 
The rate of disappearance of lidocaine from blood is mark-
edly prolonged in patients with congestive heart failure.96

TOXICITY

Local anesthetic drugs are generally considered safe if 
administered in an appropriate dosage and in the correct 
anatomic location. However, systemic and localized toxic 
reactions can occur because of accidental intravascular or 
intrathecal injection or administration of an unwanted 
excessive dose. In addition, specific adverse effects are 
associated with the use of certain drugs, such as allergic 
reactions to the aminoester drugs and methemoglobin-
emia after the use of prilocaine.

SYSTEMIC TOXICITY

Systemic reactions to local anesthetics primarily involve 
the CNS and the cardiovascular system (see Chapters 56 
to 58 and 92). In general, the CNS is more susceptible to 
the actions of systemic local anesthetics than the cardio-
vascular system is, and thus the dose or blood level of 
local anesthetic required to produce CNS toxicity is usu-
ally lower than that resulting in circulatory collapse.

Central Nervous System Toxicity
The initial symptoms of local anesthetic–induced CNS 
toxicity are feelings of lightheadedness and dizziness fol-
lowed frequently by visual and auditory disturbances such 
as difficulty focusing and tinnitus. Other subjective CNS 
symptoms include disorientation and occasional feelings 
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of drowsiness. Objective signs of CNS toxicity are usually 
excitatory in nature and include shivering, muscular twitch-
ing, and tremors initially involving muscles of the face and 
distal parts of the extremities. Ultimately, generalized con-
vulsions of a tonic-clonic nature occur. If a sufficiently large 
dose or rapid intravenous injection of a local anesthetic is 
administered, the initial signs of CNS excitation are rapidly 
followed by a state of generalized CNS depression. Seizure 
activity ceases, and respiratory depression and ultimately 
respiratory arrest may occur. In some patients, CNS depres-
sion is seen without a preceding excitatory phase, particu-
larly if other CNS depressant drugs have been administered.

CNS excitation may be the result of an initial block-
ade of inhibitory pathways in the cerebral cortex by local 
anesthetic drugs,97 but it can also result from the net 
stimulation of release of glutamate, an excitatory amino 
acid neurotransmitter. Blockade of inhibitory pathways 
allows facilitatory neurons to function in an unopposed 
fashion, which results in an increase in excitatory activ-
ity leading to convulsions. Further increase in the dose 
of local anesthetic leads to inhibition of activity of both 
the inhibitory and facilitatory circuits, which results in a 
generalized state of CNS depression.

In general, the potency of the local anesthetic is corre-
lated with intravenous CNS toxicity.98 Convulsions caused 
by an inadvertent intravenous bolus of local anesthetic 
can generally be terminated by small intravenous doses of 
a benzodiazepine, such as midazolam, or by small intrave-
nous doses of thiopental. Respiratory or metabolic acidosis 
increases the risks for CNS toxicity from local anesthetics.99

Increased Paco2 enhances cerebral blood flow and thus 
the anesthetic is delivered more rapidly to the brain. In 
addition, diffusion of CO2 into neuronal cells decreases 
intracellular pH, which facilitates conversion of the base 
form of the drugs to the cationic form. The cationic form 
does not diffuse well across the nerve membrane, so that 
ion trapping will occur, which will increase the apparent 
CNS toxicity of local anesthetics.

Hypercapnia and acidosis also decrease the plasma pro-
tein binding of local anesthetic agents.100 Accordingly, an 
increase in Paco2 or a decrease in pH will increase the pro-
portion of free drug available for diffusion into the brain. 
On the other hand, acidosis increases the cationic form 
of the local anesthetic, which should decrease the rate of 
diffusion through lipid barriers.

The clinical implication of this effect of hypercapnia 
and acidosis on toxicity deserves emphasis. Seizures pro-
duce hypoventilation and a combined respiratory and 
metabolic acidosis, which further exacerbates the CNS 
toxicity. In the setting of local anesthetic toxic reactions, 
it is essential to provide prompt assisted ventilation and 
circulatory support as needed to prevent or correct hyper-
capnia and acidosis and to prevent or correct hypoxemia, 
which also exacerbates CNS toxicity.

Based on the preceding discussion and a number of 
national guidelines for safe perioperative care, it is gene-
rally agreed that clinicians performing major conduction 
blockade should make a routine practice of having the 
following ready at hand:

 1.  Routine vital sign monitoring equipment
 2.  An oxygen tank or wall oxygen outlet
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 3.  Airway equipment, including a bag-mask circuit for 
delivery of positive-pressure ventilation

 4.  Drugs to terminate convulsions, should they occur, pre-
ferably midazolam, lorazepam, diazepam, or thiopental.

Cardiovascular System Toxicity
Local anesthetics can exert direct actions on both the 
heart and peripheral blood vessels, as well as indirect 
actions on the circulation by blockade of sympathetic or 
parasympathetic efferent activity.

Direct carDiac effects. The primary cardiac electro-
physiologic effect of local anesthetics is a decrease in the 
rate of depolarization in the fast conducting tissues of 
Purkinje fibers and ventricular muscle.101 This reduction 
in rate is believed to be due to a decrease in the availabil-
ity of fast sodium channels in cardiac membranes. Action 
potential duration and the effective refractory period are 
also decreased by local anesthetics.

The electrophysiologic effects of various local anes-
thetics differ qualitatively. Bupivacaine depresses the 
rapid phase of depolarization (Vmax) in Purkinje fibers 
and ventricular muscle more than lidocaine does. In addi-
tion, the rate of recovery from a use-dependent block is 
slower in bupivacaine-treated papillary muscles than 
in lidocaine-treated muscles. This slow rate of recovery 
results in incomplete restoration of Na+ channel availabil-
ity between action potentials, particularly at high heart 
rates. These differential effects of lidocaine and bupiva-
caine have been advanced as explanations of the antiar-
rhythmic properties of lidocaine and the arrhythmogenic 
potential of bupivacaine.

Electrophysiologic studies have shown that high blood 
levels of local anesthetics will prolong conduction time 
through various parts of the heart, as indicated on the 
electrocardiogram (ECG) by an increase in the PR inter-
val and duration of the QRS complex. Extremely high 
concentrations of local anesthetics depress spontaneous 
pacemaker activity in the sinus node, thereby resulting in 
sinus bradycardia and sinus arrest.

All local anesthetics exert dose-dependent nega-
tive inotropic action on cardiac muscle102; the depres-
sion of cardiac contractility is roughly proportional 
to conduction blocking potency. Thus, bupivacaine 
and tetracaine are more potent cardiodepressants than 
lidocaine is.

Local anesthetics may depress myocardial contractility 
by affecting calcium influx and triggered release from the 
sarcoplasmic reticulum,97 as well as by inhibiting cardiac 
sarcolemmal Ca2+ currents and Na+ currents.

Direct PeriPheral Vascular effects. Local anesthetics 
exert biphasic effects on peripheral vascular smooth mus-
cle.103 Low concentrations of lidocaine and bupivacaine 
produced vasoconstriction in the cremaster muscle of 
rats, whereas high concentrations produced vasodilation 
in both isolated tissue models and in vivo.

Cocaine is the only local anesthetic that consistently 
causes vasoconstriction at all concentrations because of 
its ability to inhibit the uptake of norepinephrine by 
premotor neurons and thus to potentiate neurogenic 
vasoconstriction.
COMPARATIVE CARDIOVASCULAR 
TOXICITY

All local anesthetics, but especially bupivacaine, can 
cause rapid and profound cardiovascular depression (see 
Chapters 56 to 58 and 92). The cardiotoxicity of bupiva-
caine appears to differ from that of lidocaine in the fol-
lowing manner:

 1.  The ratio of the dosage required for irreversible car-
diovascular collapse (CC) and the dosage that will 
produce CNS toxicity (convulsions; i.e., the CC/CNS 
ratio) is lower for bupivacaine and etidocaine than for 
lidocaine.104

 2.  Ventricular arrhythmias and fatal ventricular fibrilla-
tion can occur more often after the rapid intravenous 
administration of a large dose of bupivacaine, but 
far less frequently with lidocaine. The CNS effects of 
local anesthetics may contribute to the generation of 
arrhythmias (see Chapter 68).

 3.  A pregnant animal or patient may be more sensitive to 
the cardiotoxic effects of bupivacaine than a nonpreg-
nant animal or patient105 (see Chapter 77). The 0.75% 
solution of bupivacaine is no longer recommended for 
use in obstetric anesthesia in the United States.

 4.  Cardiac resuscitation is more difficult after bupiva-
caine-induced cardiovascular collapse, and acidosis 
and hypoxia markedly potentiate the cardiotoxicity of 
bupivacaine.106

  

Many resuscitation drugs, including atropine, epi-
nephrine, bretylium, lidocaine, amrinone, and phenyt-
oin, have been used in animal studies, and occasionally 
in humans, for the treatment of bupivacaine overdose 
and cardiovascular collapse. As with other forms of car-
diovascular collapse, basic CPR should be started immedi-
ately and defibrillation should be performed as indicated 
according to advanced cardiac life support (ACLS) algo-
rithms.107 In the authors’ view—beyond the established 
uses of low-dose epinephrine and atro pine in their des-
ignated steps in ACLS protocol107 and beyond the use of 
lipid emulsions as detailed later—there is no established 
role for antiarrhythmic drugs or other traditional cardiac 
resuscita tion drugs in the setting of bupivacaine-induced 
cardiac arrest. It is not recommended to treat bupivacaine-
induced ventricular arrhythmias with lidocaine or amioda-
rone. Rapid institution of extracorporeal cardiopulmonary 
support has been lifesaving in a small number of cases 
of bupivacaine cardiotoxicity. There is a growing use of 
rapid-response extracorporeal membrane oxygenator and/
or cardiopulmonary bypass teams in some tertiary hos-
pitals. In selected cases, these teams should be activated 
even while initiating ACLS and infusing lipid emulsions.

The clinical implications for cardiac resuscitation after 
intravascular injection or overdose of local anesthetic are 
the following:

 1.  No medications are uniformly effective in facilitat-
ing resuscitation from bupivacaine-induced cardiac 
arrest or severe ventricular tachycardia (despite our 
recommendations regarding Intralipid later). Basic 
principles of cardiopulmonary resuscitation should be 



emphasized first, including attention to securing the 
airway, providing oxygenation and ventilation, and 
performing chest compressions if needed.

 2.  Because resuscitation after local anesthetic-induced 
circulatory collapse is so difficult, prevention of mas-
sive intravascular injection or excessive dosing is 
crucial.

 3.  Negative aspiration of the syringe does not always 
exclude intravascular placement. Incremental, frac-
tionated dosing should be the rule for all patients 
undergoing major conduction blockade. Although 
changes on the ECG are not always present before 
circulatory collapse, they often are, and continu-
ous attention to the ECG (including changes in QRS 
morphology, rate, rhythm, or ectopy) may be lifesav-
ing by terminating injection before a lethal dose is 
administered.

 4.  Based on animal studies108 and a growing number of 
human case reports,109-111 hospitals and clinics that 
perform major conduction blockade should keep avail-
able for emergency use a supply of lipid emulsion, such 
as Intralipid 20%.111 If a patient experiences profound 
cardiovascular depression or circulatory arrest after 
the administration of bupivacaine, ropivacaine, or by 
extrapolation, other local anesthetics, then along with 
initiation of basic life support and the ACLS protocol 
we support the recommendation for a rapid bolus of 
Intralipid 20%, 1.5 mL/kg (or approximately 100 mL 
in adults), administering without delay, followed if 
necessary by an infusion of 0.25 mL/kg/min for the 
next 10 minutes.

  

Chiral Local Anesthetics: Ropivacaine and 
Levobupivacaine
Commercial bupivacaine is a racemic mixture of (R)- and 
(S)-stereoisomers. In response to the problem of cardio-
vascular toxicity resulting from accidental intravenous 
injection of bupivacaine, single enantiomers were devel-
oped in the hope that they would be potentially safer 
local anesthetics. Ropivacaine (Naropin)112 and levo-(S)-
bupivacaine (Chirocaine)113 were formulated to exploit 
this stereoselectivity. Ropivacaine is a single (S)-stereoiso-
mer that differs from levobupivacaine in the substitution 
of a propyl for the butyl group on the piperidine ring (see 
Table 36-1). With these designed changes in molecular 
structure, it was hoped that ropivacaine and levobupiva-
caine would be less intrinsically cardiotoxic. Conversely, 
it appears that the (S)-enantiomers of mepivacaine and 
bupivacaine are metabolized by the liver more slowly 
than the corresponding (R)-enantiomers, which would 
lead to somewhat greater systemic accumulation with 
prolonged infusions.

The slow reversal of Na+ channel blockade after a 
cardiac action potential, which is a hallmark of bupiva-
caine, is considerably faster with ropivacaine. In addi-
tion to these electrical differences, the negative inotropic 
potency of ropivacaine on isolated cardiac tissue appears 
to be considerably less than that of bupivacaine. Both 
electrical and mechanical differences in the toxic profiles 
can arise from the selective inhibition of Ca2+ currents by 
bupivacaine.
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Is there a greater therapeutic index for ropivacaine 
than bupivacaine, particularly regarding cardiotoxicity? 
In clinical studies comparing potencies of ropivacaine and 
bupivacaine administered for brachial plexus114 or lumbar 
epidural block,115 the anesthetic profiles of the drugs were 
almost identical. A third study comparing lumbar epidural 
0.5% bupivacaine with 0.75% ropivacaine also found no 
significant differences in motor or sensory effects between 
the drugs at these different concentrations.116 Overall, it 
appears that ropivacaine is slightly less potent than (1:1.3 
to 1:1.5) bupivacaine for regional anesthesia. In some 
laboratory animal studies and in some human studies, 
ropivacaine also produced blocks of shorter duration than 
those induced by bupivacaine. Other studies in animals 
and humans have found equal durations of sensory and 
motor block for the two drugs.

At the projected equipotent doses for nerve block, are 
the drugs equally toxic? The overall impression is that 
ropivacaine is less cardiotoxic than bupivacaine. Studies 
in animals have generally found that bupivacaine more 
readily produces conduction disturbances, cardiac col-
lapse, or ventricular fibrillation than ropivacaine does 
and that aggressive cardiac resuscitation after an inten-
tional intravenous bolus in dogs leads to effective reversal 
of the toxic effects far more frequently with ropivacaine 
than with bupivacaine.117

The greater safety of ropivacaine than bupivacaine may 
be related both to the reduced toxicity of the single (S)-iso-
mer and to the difference between the propyl- and butyl-
N-piperidine substituent. In contrast to bupivacaine, the 
cardiotoxic profile of ropivacaine in pregnant ewes is the 
same as the corresponding profile in nonpregnant ewes.118

Levobupivacaine has been studied in a range of clini-
cal settings and sites of administration.119-121 Although 
many publications have compared levobupivacaine with 
racemic bupivacaine and ropivacaine,120,121 conclusions 
differ among studies regarding the relative potency and 
duration of block of these three drugs at different sites of 
administration with respect to sensory and motor end-
points. Levobupivacaine is formulated as a weight per-
centage in regard to its free base content, whereas the 
weight percentage of most other local anesthetics is cal-
culated on the basis of the hydrochloride salt.122

Acidosis and Hypoxia
As with CNS toxicity, hypercapnia, acidosis, and hypoxia 
potentiate the negative chronotropic and inotropic 
actions of lidocaine and bupivacaine in isolated car-
diac tissue, and the combination of hypoxia and acido-
sis markedly potentiates the cardiodepressant effects of 
bupivacaine.123 Hypoxia and acidosis also increased the 
frequency of cardiac arrhythmias and the mortality rate 
in sheep after the intravenous administration of bupiva-
caine. Hypercapnia, acidosis, and hypoxia occur very rap-
idly in some patients after seizure activity caused by the 
rapid accidental intravascular injection of local anesthetic 
agents.124 Thus, the cardiovascular depression observed 
in some patients after the accidental intravenous injec-
tion of bupivacaine may be related in part to the effect 
of seizures producing acidosis and hypoxia and thereby 
leading to an exacerbation of bupivacaine’s intrinsic 
cardiotoxicity.
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Indirect Cardiovascular Effects
High levels of spinal or epidural blockade can produce 
severe hypotension. A follow-up study of closed claims 
of patients who suffered perioperative cardiac arrest 
confirmed previous reports of a series of cardiac arrests 
involving generally healthy patients undergoing spinal or 
epidural anesthesia.125 These events frequently occurred 
in conjunction with high dermatomal levels of blockade, 
liberal use of sedatives, and progression to cardiac arrest 
after a period of hypotension accompanied by bradycar-
dia, often involving delays in recognition of the prob-
lem, delays in instituting airway support (particularly in 
sedated patients), and delays in administration of direct-
acting combined α- and β-adrenergic agonists, such as 
epinephrine. Whereas mild to moderate degrees of hypo-
tension generally respond well to indirect-acting sympa-
thomimetics, such as ephedrine or incremental dosing of 
phenylephrine, the combination of severe hypotension 
and severe bradycardia under spinal anesthesia should in 
most clinical settings be treated promptly with incremen-
tal dosing of epinephrine, initially at doses of 0.1 to 1 μg/
kg, or roughly 20- to 200-fold less than those used in the 
ACLS cardiac arrest algorithm (see Chapter 108).

METHEMOGLOBINEMIA

A unique systemic side effect associated with a specific local 
anesthetic is the development of methemoglobinemia 
after the administration of large doses of prilocaine.126 In 
general, 600-mg doses are required for the development 
of clinically significant levels of methemoglobinemia 
in adults. Hepatic metabolism of prilocaine generates 
O-toluidine, which oxidizes hemoglobin to methemoglo-
bin. Methemoglobinemia, if severe, can be treated with 
intravenous administration of methylene blue. Standard 
dosing of the topical local anesthetic EMLA (a mixture 
of lidocaine and prilocaine) in term newborns produces 
minimal amounts of methemoglobin, and EMLA when 
used in this manner should thus be regarded as safe in the 
great majority of newborns. It should be noted that risk 
is increased in newborns with rare metabolic disorders or 
after the concomitant administration of other drugs that 
impair reduction of methemoglobin.

ALLERGIES

Although patients receiving local anesthetics may experi-
ence a range of local and systemic symptoms, prospective 
studies indicate that few of these reactions are confirmed 
as allergic reactions.127 Aminoester drugs such as procaine 
produce allergic-type reactions more commonly than the 
aminoamides do, although even with aminoesters, the 
vast majority of reactions are not allergic. Aminoesters, 
unlike aminoamides, are derivatives of p-aminobenzoic 
acid, which is known to be allergenic. Some aminoamide 
solutions contain a preservative, methylparaben, whose 
chemical structure is similar to that of p-aminobenzoic 
acid, but for most aminoamides, preservative-free solu-
tions are available. Contamination of vials with latex 
antigen has been suspected in some allergic reactions, 
although it is difficult to confirm. In the rare patient 
for whom confirmed allergy to both aminoamides and 
aminoesters precludes their use for spinal anesthesia, 
meperidine can be considered as an alternative.128

LOCAL TISSUE TOXICITY

All the clinically used aminoamide and aminoester local 
anesthetics can produce direct toxicity to nerves if they 
achieve sufficiently high intraneural concentrations. 
Conversely, in most clinical applications, no damage 
to nerves occurs. Although local anesthetics are usually 
packaged and injected at concentrations well above their 
physiologically effective range, in the process of delivery 
they are generally diluted sufficiently so that no harm is 
done. If such dilution does not occur, however, long-term 
or permanent neural deficits do result. Thus, the applica-
tion of 5% (200 mM) lidocaine in viscous, dense solutions 
through narrow intrathecal catheters has been associ-
ated with a high frequency of transient or longer-term 
radicular symptoms, or even cauda equina syndrome.129 
Laboratory investigations have shown that such high 
concentrations of local anesthetics alone applied directly 
to bare nerve fibers produce an irreversible conduction 
block in less than 5 minutes.130 Clinicians should be 
aware that the concentrations of formulated local anes-
thetic solutions are neurotoxic and that their dilution, in 
situ or in tissue, is essential for safe use without local toxic 
reactions.

In the late 1970s and early 1980s, prolonged sensory 
and motor deficits were reported in some patients after 
the epidural or subarachnoid injection of large doses 
of chloroprocaine.131 Studies in animals have proved 
somewhat contradictory regarding the potential neuro-
toxicity of chloroprocaine.132,133 Some studies suggest 
that the combination of low pH, sodium bisulfite, and 
inadvertent intrathecal dosing is responsible in part for 
the neurotoxic reactions observed after the use of large 
amounts of chloroprocaine solution; other studies have 
disputed this claim and note that chloroprocaine itself 
at high concentrations can also be neurotoxic,132,133 but 
these concentrations are probably rarely achieved dur-
ing properly positioned epidural anesthesia, as opposed 
to inadvertent spinal anesthesia. The currently available 
commercial solutions of chloroprocaine do not contain 
sodium bisulfite. This was initially replaced by ethyl-
ene glycol-bis-(β-aminoethyl ether)-N,N-tetraacetic acid 
(EGTA), a preservative and high-affinity calcium chela-
tor that occasionally causes local muscle spasms after 
epidural administration. More recently, chloroprocaine 
has become available in an entirely preservative-free 
preparation. Chloroprocaine has unique utility in situa-
tions in which rapid plasma clearance is required to pre-
vent excessive systemic accumulation of local anesthetic. 
Chloroprocaine has been given by epidural infusion to 
neonates and young infants in settings in which lido-
caine and bupivacaine do not provide an effective thera-
peutic index,95 and it has also recently become popular as 
a short-duration spinal anesthetic.

Single-shot spinal anesthesia with commonly recom-
mended doses and concentrations of many different 
local anesthetics can produce more limited and transient 
neurologic symptoms (back pain, paresthesias, radicular 
pain, or hypoesthesia).134 Some studies and systematic 



reviews have found that mepivacaine and lidocaine at a 
range of dilutions cause more frequent symptoms than 
bupivacaine and prilocaine do.135 The risk of transient 
neurologic symptoms after spinal anesthesia was not 
diminished by dilution of lidocaine from 5% to 1% or 2%. 
Differences in study design, method of questioning, and 
criteria for inclusion may be partially responsible for dif-
ferences in the prevalence of radicular sequelae in vari-
ous studies. Despite these differences in study design, a 
meta-analysis concluded that the pooled relative risk for 
transient neurologic symptoms after spinal anesthesia 
with lidocaine was 6.7-fold higher than with bupivacaine 
and 5.5-fold higher than with prilocaine.135 The addition 
of vasoconstrictors to local anesthetic solutions can also 
increase risk.136 Neurotoxicity appears to be unrelated to 
conduction block, because saxitoxin, neosaxitoxin, and 
tetrodotoxin, which are highly potent blockers of sodium 
channels, can produce intense conduction blockade 
without histologic or behavioral signs of nerve injury.137

With the recent widespread use of ultrasound guidance 
of peripheral nerve blockade, there is an expectation, not 
yet fully demonstrated,138 that this approach will reduce 
the frequency of neurologic sequelae from peripheral nerve 
blockade. This issue is discussed in detail in Chapter 58.

Intraoperative positioning in association with nerve 
blockade appears to be a risk factor (see Chapter 41). For 
example, patients undergoing surgery in the lithotomy 
position appear to be at increased risk for neurologic 
symptoms after either spinal or epidural anesthesia. It 
is unknown at present why this association produces 
increased risk; nerve compression or stretch or reduced 
perfusion pressure in the vasa nervorum may possibly 
exacerbate the toxicity from local anesthetics. The lithot-
omy position can produce neurologic sequelae and lower 
extremity compartment syndrome, particularly with pro-
longed surgery and use of the Trendelenburg position.139

Skeletal muscle changes occur after the intramuscular 
injection of local anesthetics such as lidocaine, mepiva-
caine, prilocaine, bupivacaine, and etidocaine. In general, 
the more potent, longer-acting agents bupivacaine and 
etidocaine cause more localized skeletal muscle dam-
age than the less potent, shorter-acting anesthetics lido-
caine and prilocaine do. This effect on skeletal muscle is 
reversible, and muscle regeneration occurs rapidly and is 
complete within 2 weeks after the injection of local anes-
thetic agents. Local anesthetic-induced myotoxicity may 
involve actions on mitochondria.140

DEVELOPMENT OF PROLONGED-
DURATION AND SENSORY- OR 
NOCICEPTIVE-SELECTIVE LOCAL 
ANESTHETICS

Several methods for producing long-duration nerve block-
ade are under investigation. Liposomal encapsulation 
can prolong nerve blockade, depending on the dose and 
the physical properties of the liposome (surface charge, 
size, lamellar structure).141-143 Local anesthetics can be 
incorporated into biodegradable polymer microspheres 
for sustained release.144 These preparations produce 
peripheral nerve blockade in animal models and human 
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volunteers,145 ranging from 2 to 8 days, depending on 
the dose, site, and species. Because of the intrinsic neu-
rotoxicity of all aminoamide and aminoester local anes-
thetics, there is likely to be some irreducible potential for 
neurotoxicity with most of these approaches to controlled 
release of aminoamide and aminoester local anesthetics in 
proximity to major nerve trunks. Thus, these formulations 
will have the most favorable risk-benefit ratio when used 
in nonprotective locations, such as intercostal nerve block-
ade, where prolonged numbness may be a benefit rather 
than a complication of the intervention. This risk is also 
likely to be less clinically important for infiltration analge-
sia. Exparel is a lipid depot formulation that has recently 
been approved in the U.S. for infiltration analgesia, not 
for perineural administration.146 Posidur is another lipid 
depot formulation currently in clinical trials.147

Prolonged-duration local anesthesia also appears to be 
feasible with the use of site 1 sodium channel blockers 
in combination with either local anesthetics or adren-
ergics.148 The site 1 blocker neosaxitoxin has been used 
in humans in phase 1 and phase 2 clinical trials.149-151 A 
combination of site 1 toxins with either local anesthet-
ics or adrenergics results in prolongation of blockade and 
improvement in the therapeutic index.149 Theoretically, 
attractive features of site 1 toxins include their apparent 
lack of local tissue toxicity on nerves137 or muscles152 and 
their minimal cardiotoxicity.153

Other drugs have been examined for use as local anes-
thetics, including tricyclic antidepressants,154 although 
neurotoxicity may limit the clinical utility of this group 
of drugs.

Prolonged duration local anesthetics are expected to be 
useful for providing prolonged postoperative analgesia for 
a wide range of surgeries, both via wound infiltration and 
by peripheral nerve and plexus blockade. For peripheral 
nerve and plexus blocks for the extremities, clinical appli-
cation will require careful consideration of the potential 
consequences of prolonged motor blockade. For thoracic 
and abdominal surgeries, prolonged-duration paraverte-
bral and transversus abdominis plane blockades should 
be useful, and motor blockade should be a nonissue.

Sensory (or nociceptive) selectivity has been another 
long-sought goal for local anesthetics. A novel approach 
to targeting small sensory fibers involved routing a qua-
ternary lidocaine derivative, QX-314, through transient 
receptor potential (TRP) channels, which are preferen-
tially located in small sensory fibers.155,156 These chan-
nels are involved in the transduction of heat pain and are 
activated by a vanilloid, such as capsaicin.

BIOLOGIC MECHANISMS OF LOCAL 
ANESTHETIC FAILURE: INFLAMMATION, 
HYPERALGESIA, TACHYPHYLAXIS, AND 
GENETIC VARIANTS

Failure of local anesthesia is commonly ascribed to tech-
nical failure of delivery, insufficient volume or concentra-
tion of drug, or erroneous clinical decisions in selection of 
techniques. However, there are many clinical situations in 
which biologic processes contribute to failed local anes-
thesia, even with proper technique and drug selection. 
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For example, in patients going to the dentist with infec-
tions such as a tooth abscess or severe pulpitis, failure rates 
of standard doses of local anesthetic have been reported 
to be as high as 70%. Local anesthetic failure at a site of 
inflammation appears to reflect a combination of phar-
macokinetic and pharmacodynamic factors. Pharmacoki-
netic factors include (1) increased local blood flow leading 
to accelerated removal of drug from perineural injection 
compartments; (2) local tissue acidosis leading to a greater 
proportion of the drug in the hydrochloride form, which 
diffuses more poorly across biologic membranes; and  
(3) local tissue edema, which increases diffusion distances 
for drug into nerves and promotes further dilution. Phar-
macodynamic factors include the effects of inflammation 
on both peripheral sensitization of nerves and central 
sensitization.157,158 In the setting of an infected mandibu-
lar tooth, inferior alveolar nerve block (performed proxi-
mally at a site presumably remote from the infected area) 
also has an unexpectedly frequent failure rate.

Local anesthetics and regional anesthesia, in turn, 
can suppress components of inflammatory responses 
by a complex interplay of local, spinal, and systemic 
mechanisms.159,160

Apparent reductions in the effectiveness of local anes-
thetic infusions over time may be due to many causes 
unrelated to tolerance, including dislodgement of cathe-
ters and changes in the dermatomal origin or intensity of 
nociceptive input. In obstetric patients receiving epidural 
bolus injections, recurrence of pain before the next injec-
tion resulted in a reduction in the intensity and duration 
of blockade, whereas repeated injection before the return 
of pain prevented this rapidly occurring form of toler-
ance, or tachyphylaxis.161 In postoperative patients, coad-
ministration of systemic opioids prevented regression of 
segmental block in patients receiving thoracic epidural 
bupivacaine infusions.162 Studies in rats suggest that both 
pharmacokinetic and pharmacodynamic mechanisms are 
involved. In a rat model, tachyphylaxis was linked to the 
development of hyperalgesia,163 and drugs that inhibit 
hyperalgesia, including N-methyl-d-aspartate receptor 
antagonists and nitric oxide synthase inhibitors,164 also 
prevented tachyphylaxis. Conversely, repeated sciatic 
injections of lidocaine resulted in reduced intraneural 
lidocaine content and reduced duration of block.165

Occasionally, patients report “local anesthetics don’t 
work for me.” Although this claim may reflect previ-
ous technical failures or a variety of other processes and 
patient- or procedure-specific factors, it is possible that 
these failures may involve genetic variation in local 
anesthetic responsiveness in some cases. For example, a 
subgroup of patients with the connective tissue disorder 
Ehlers-Danlos syndrome appears to have a diminished 
response to topical local anesthesia.166
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Risk of Anesthesia
MARK D. NEUMAN • LEE A. FLEISHER

K e y  P o i n t s

 •  Perioperative risk is multifactorial and may occur as a result of anesthesia-, 
surgery-, and/or patient-specific factors.

 •  Anesthesia-related (and surgery-related) risk is typically defined as morbidity and 
mortality occurring within 30 days of surgery, although events that occur at later 
points may still be related to anesthesia and/or surgery.

 •  The overall risk of anesthesia relates to both specific, organ-based complications 
and the rapidity with which they are managed (i.e., rescued).

 •  In the literature on anesthesia-related risk, the rates of morbidity and mortality 
reported across studies show a substantial variability in part attributable to the 
wide variety of definitions used in these studies.

 •  Historical studies of anesthesia-related risk identified anesthesia-related respiratory 
depression as the major cause of death and coma totally attributable to anesthesia. 
This finding prompted the creation of postanesthesia care units (PACUs).

 •  Research into anesthesia-related cardiac arrest has found it to be attributable to 
medication administration, airway management, and technical problems of central 
venous access.

 •  Multivariate modeling can be used to determine specific factors associated with 
an increased likelihood of adverse postoperative events, and it has been used to 
define a range of clinical risk indices to predict postoperative outcomes.

 •  Surveys of maternal mortality suggest that although the absolute rate of 
complications attributable to anesthesia has not decreased over time, the 
increased use of regional anesthesia may have led to improvements in outcome.

 •  Medication-related and cardiovascular events were the most common causes of 
cardiac arrest in the Pediatric Perioperative Cardiac Arrest (POCA) Registry.

 •  Growth in the number and variety of surgical procedures performed in hospital 
outpatient departments, ambulatory surgery centers, and physician offices creates 
novel challenges for assessing and managing perioperative risk.

 •  Initiatives established over time by the Anesthesia Patient Safety Foundation, 
the American Society of Anesthesiologists (ASA), and others have sought to 
decrease the potential risks of anesthesia through systems-level improvements, 
standardization of care processes, human-factors engineering, and simulation-
based training.
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INTRODUCTION

Since the beginning of its modern history, the adminis-
tration of anesthesia has been recognized as a hazardous 
enterprise,1 with distinct risks to the patient and occupa-
tional risks to anesthesia providers. From the perspective 
of public health, understanding both the nature and the 
magnitude of these risks is important on multiple levels. 
For individual patients, receiving accurate information 
on the probability of specific perioperative complications 
is a prerequisite for informed decision making related 
to anesthesia and surgery. More broadly, understanding 
the extent to which rates of perioperative morbidity and 
mortality vary across patients, physicians, and hospitals 
provides an important opportunity for assessing and 
improving quality in health care.

Efforts to determine the risks of anesthesia are compli-
cated by many potential perspectives from which such 
risks can be defined. The use of alternate periods of obser-
vation for morbidity and mortality—the intraoperative 
period alone, the first 48 hours after surgery, the dura-
tion of the hospital stay, or the first 30 days or longer 
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after surgery—complicate simple conclusions about the 
risks faced by any individual patient undergoing anesthe-
sia and surgery and at what point after surgery the likeli-
hood of further adverse events has returned to baseline 
(Table 37-1). For example, patients undergoing ambula-
tory surgery have the lowest risk of death the day of sur-
gery as opposed to 1 month later.2 At the opposite end of 
the spectrum, asymptomatic release of cardiac enzymes 
in the perioperative period can have implications for 
months to years.3-5 Divergent conclusions would also be 
expected from studies that consider adverse events that 
are solely attributable to the administration of anesthesia 
versus those that examine the overall rates of morbidity 
and mortality after surgery, which anesthesia care may 
modify. Studies exclusively focusing on the intraopera-
tive period have characterized contemporary anesthesia 
care as a patient safety “success story” as a result of the 
low rates of death directly attributable to anesthesia care. 
As a result, anesthesia has been hailed by the Institute of 
Medicine as “an area in which very impressive improve-
ments have been made” in terms of patient safety.6

Nonetheless, a broader perspective on perioperative 
outcomes presents a more complicated story. For exam-
ple, in the case of a patient with established coronary 
artery disease who sustains a myocardial infarction 
after experiencing tachycardia during high-risk sur-
gery, the cause of the patient’s adverse outcome could 
arguably be attributed to both the patient’s underlying 
coronary artery disease and to the absence of intraop-
erative heart rate control. In this situation, the decision 
to view the perioperative infarction primarily as a con-
sequence of patient disease or as an event that could 
be prevented by anesthesia care carries vastly different 
implications for efforts to define and reduce the risks 
of anesthesia.

Finally, the diverse array of outcomes considered as 
hazards of anesthesia complicate the interpretation of 
the literature on the risks of anesthesia. Traditionally, 

TABLE 37-1 TIME PERSPECTIVE OF ANESTHETIC 
MORBIDITY AND MORTALITY STUDIES 

Study Study Year Time Perspective

Beecher and Todd 1954 All deaths on the surgical 
services

Dornette and Orth 1956 Deaths in the surgical 
unit or after failure to 
regain consciousness

Clifton and Hotten 1963 Any death under 
or attributable to 
anesthesia or without 
return of consciousness 
after anesthesia

Harrison 1978 Death within 24 hours
Marx et al 1973 Death within 5 days
Hovi-Viander 1980 Death within 3 days
Lunn and Mushin 1982 Death within 6 days
Tiret and Hatton 1986 Complications within  

24 hours
Mangano et al 1996 Death within 2 years
Monk et al 2005 Death within 1 year

Adapted from Derrington MC, Smith G: A review of studies of anaesthetic risk, 
morbidity and mortality, Br J Anaesth 59:827, 1987.
investigators have focused on issues of death and major 
morbidity such as myocardial infarction, pneumonia, 
and renal failure. More recently, however, this view has 
been broadened to include economic outcomes, as well 
as patient-centered outcomes such as functional indepen-
dence, quality of life, and satisfaction (Table 37-2). For 
example, unanticipated rehospitalization after ambula-
tory surgery or a delay in discharge as a result of postoper-
ative nausea and vomiting are both potentially important 
from the perspectives of the patient’s quality of life, as 
well as economics (also see chapter 89).

In this chapter, current theories regarding the underly-
ing causes of adverse events in the perioperative period 
are reviewed, and the historical and contemporary litera-
ture regarding the nature and magnitude of risk related to 
both intraoperative anesthesia care and perioperative care 
are more broadly examined in detail. Next, historical and 
recent efforts to characterize the patient-, provider-, and 
facility-level determinants of anesthetic and perioperative 
risk are reviewed through statistical risk indices and are 
clinically based approaches to patient classification, and 
available literature on the determinants of risk unique to 
the obstetric, pediatric, and geriatric populations are dis-
cussed. Finally, future directions in research and clinical 
care related to anesthetic risk are discussed, with a focus 
on the health policy implications of changing knowledge 
regarding the hazards of anesthesia.

FRAMEWORK OF PERIOPERATIVE RISK

Perioperative risk is multifactorial and depends on the 
interaction of anesthesia-, patient-, and surgery-specific 
factors (Fig. 37-1). With respect to anesthesia, the selec-
tion and effects of medications, including volatile and 
intravenous anesthetic agents, and the skills of the prac-
titioner are important. Similarly, the surgeon’s skills and 
the surgical procedure itself also affect perioperative risk. 
Further, practitioners may influence outcomes at mul-
tiple points in the postoperative course. Although the 
incidence of specific local or organ-based complications, 
such as perioperative myocardial infarction or central 
line–related bloodstream infection, may be modified by 
anesthetic or surgical care, variations in the adequacy of 

TABLE 37-2 EXAMPLES OF COMMON OUTCOME 
MEASURES

Outcome Example

Mortality
Failure-to-rescue Mortality after a postoperative complication

Morbidity
Major

Minor

Myocardial infarction
Pneumonia
Pulmonary embolism
Renal failure or insufficiency
Postoperative cognitive dysfunction
Nausea
Vomiting
Readmission

Patient satisfaction
Quality of life
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Figure 37-1. Representation of the 
influences of various components on 
poor perioperative outcomes. Surgi-
cal, anesthetic, and patient charac-
teristics all contribute to outcome. 
Anesthesia-related contributions can 
include issues of judgment and mis-
haps, as well as characteristics of the 
provider. The surgical procedure itself 
affects outcome, as does the location 
of intraoperative and postoperative 
care.

Anesthesia

Surgery Outcome

Provider
characteristics

Errors in
judgment

Mishaps

Patient 
disease

Surgical disease
Age and sex
Comorbidity

Errors in
judgment

Location of
postoperative

care

Death
Major morbidity
Minor morbidity
Readmission
Satisfaction
care delivered to patients who have already experienced 
a complication (i.e., failure to rescue) may largely explain 
hospital-to-hospital differences in surgical outcomes.7-9 
Notably, although past investigators have pointed to 
volume-outcome relationships as potentially mitigating 
these hospital-to-hospital outcome differences,10,11 more 
recent data have suggested that local quality-improvement 
efforts, rather than large-scale efforts, at regionalization 
of care for elective surgeries hold the greatest potential to 
yield meaningful improvements in operative outcomes.12

The potential for anesthetic care to influence the over-
all hazard of surgery at multiple time points highlights 
both the complexity of measuring the risks of anesthesia 
and surgery and the range of potential opportunities that 
may exist to reduce such risks. Given these challenges 
and opportunities, the goal of the next section is to sum-
marize the current state of knowledge in this area, includ-
ing the relative strengths and weaknesses of randomized 
and nonrandomized (i.e., observational) study designs 
used in efforts to understand patterns of outcomes after 
surgery and anesthesia.

ISSUES RELATED TO STUDY DESIGN

TYPES OF STUDIES

To interpret the literature related to anesthetic and peri-
operative risk, the strengths and limitations of various 
study designs must be understood. Prospective cohort 
studies involve the identification of a group of subjects 
who are monitored over time for the occurrence of an 
outcome of interest. The goal is to identify patients in 
whom the outcome develops. For studies of perioperative 
mortality, individual cases can be reviewed to determine 
the cause of mortality. Alternatively, data on all patients 
in the cohort study can be obtained, and discrete factors 
associated with the development of morbidity or mortal-
ity can be determined, often using multivariate regression 
techniques. An example of a prospective cohort study to 
identify factors associated with perioperative cardiac mor-
bidity and mortality is that of Goldman and colleagues,13 
which led to development of the Cardiac Risk Index.

Although prospective cohort studies have important 
value in identifying risk factors for perioperative out-
comes, they also have significant limitations. The range 
of patients enrolled in the cohort study, both in terms 
of baseline characteristics and the care they receive, may 
positively or negatively impact the generalizability of the 
study findings more broadly to the population. Additional 
biases may be introduced by loss of patients to follow-up 
for assessment of outcomes. Finally, failure to anticipate 
the potential impact of some variables and collect data on 
them may limit the insights gained from a cohort study. 
For example, if a cohort study focusing on predictors of 
postoperative myocardial infarction failed to collect data 
on preoperative angina, the study’s findings could be lim-
ited by the investigators’ inability to examine this factor 
as a potential predictor of postoperative outcomes. Simi-
larly, the inability to collect data on all potential con-
founders of the relationship between a putative risk factor 
and a given outcome limits the extent to which cohort 
studies can support causal inferences.

Randomized clinical trials offer stronger evidence of 
causality than do observational cohort studies. In a ran-
domized trial, subjects are assigned by random allocation 
to one of two or more treatments (potentially including a 
placebo) and are observed for the development of a par-
ticular outcome. In the context of perioperative risk, ran-
domized trials may be used to determine the efficacy of an 
intervention or anesthetic regimen intended to improve 
postoperative outcomes. For example, hypothermia in 
the perioperative period has been associated with an 
increased incidence of perioperative ischemia, a surrogate 
marker for morbidity.14 In a randomized clinical trial, the 
use of forced-air warming to maintain normothermia was 
associated with a significantly less frequent incidence of 
perioperative morbid cardiac events.15 Randomized clini-
cal trials often build on hypotheses generated in cohort 
studies regarding the determinants of outcomes by testing 
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interventions directed at a specific risk factor associated 
with adverse outcomes.

Randomized clinical trials derive their strength from 
their high degree of internal validity; the randomization 
scheme and the use of placebo (or accepted alternative 
treatments) provide strong evidence that the results are 
related to the intervention. Importantly, these trials may 
have a lower degree of external validity because the inter-
vention tested in a particular trial may not work as well or 
in the same manner as when it is diffused into a more het-
erogeneous population. Further, as a result of sample size 
limitations, clinical trials may often be unable to detect 
subtle differences in outcomes among study groups or 
differences in rare events.

Retrospective studies involve the identification of 
patients who have sustained an outcome and definition 
of risk factors associated with the outcome. An example 
of a retrospective design is a case-control study. Case-
control studies identify patients with the outcome of 
interest. Frequently, these patients are included as part of 
a prospective cohort study. The prevalence of a risk fac-
tor in patients with the outcome (i.e., cases) is compared 
with the prevalence of the risk factor in matched control 
participants to maximize the efficiency and power of the 
results. The ratio of cases to control participants can be 
varied to yield greater power with an increasing number 
of controls. An alternative retrospective design involves 
the systematic review of identifiable adverse events for 
patterns of error. For example, Cheney and colleagues16 
developed the American Society of Anesthesiologists’ 
Closed Claims Project (ASA-CCP) to assess the risks asso-
ciated with anesthesia care. By obtaining the records of 
major events that led to legal litigation, they were able to 
identify factors that contributed to bad outcomes. With 
this methodology, selected morbidities that led to litiga-
tion can be identified. The limitation of this methodol-
ogy is that the actual rates of complications in the overall 
population are not known; only the number of closed 
legal claims is identified. Cases that do not result in litiga-
tion are not included in the database.

PROBLEMS INHERENT IN STUDYING 
ANESTHESIA-RELATED RISK

Studying anesthesia-related risk involves a range of meth-
odologic challenges. On the most basic level, multiple 
definitions exist for key outcomes, such as perioperative 
mortality. In particular, the timeframe in which a death 
can be attributed to the surgery or the delivery of anesthe-
sia or both varies. Notably, many events related to surgery 
may occur after discharge when monitoring of outcomes 
becomes more challenging. For this reason, the National 
Surgical Quality Improvement Program (NSQIP), a large, 
prospectively collected United States registry of surgi-
cal care and outcomes, requires 30-day follow-up on all 
patients to allow for consistent assessments of outcomes 
for all patients.

A second major challenge in any study of postoperative 
outcomes is the low observed rate of many key outcomes 
in the population of interest. Although some recent writ-
ers have called into question the safety of contempo-
rary anesthesia care,17 anesthesia-related death remains 
relatively uncommon in absolute terms. For example, the 
rate of anesthesia-related mortality described in the Con-
fidential Enquiry into Perioperative Deaths (CEPOD) of 
1987 was 1 in 185,000 patients as opposed to the 1 in 
2680 cases reported by Beecher and Todd approximately 
30 years earlier.18,19 As a result, efforts to identify the 
range of factors that now contribute to anesthetic mortal-
ity are likely to require large patient cohort studies avail-
able either from administrative sources or collected over 
several years from multiple institutions. Several attempts 
have been made to establish large epidemiologic data-
bases to address this challenge. One example of such an 
approach has been the work of Dennis Mangano and the 
Multicenter Study of Perioperative Ischemia Research 
Group with regard to cardiac surgery. This group used its 
database to evaluate issues such as the rate and impor-
tance of atrial fibrillation after cardiac surgery and the 
association of perioperative use of aspirin with cardiac 
surgical outcomes.20,21 Other approaches include the 
development of cardiac surgery databases by the Society 
of Thoracic Surgeons, the U.S. Veterans Administration 
NSQIP, and the Northern New England Cardiovascular 
Disease Study Group.22-25 These databases are used to 
define risk factors for poor outcome, to compare local 
with national complication rates, and as educational 
tools. In the United States, the Multicenter Perioperative 
Outcomes Group has undertaken such an enterprise by 
pooling electronically collected intraoperative and post-
operative data.26 Although these databases may provide 
extremely important information to improve care, the 
ability to generalize results to centers that do not have 
sufficient infrastructure to participate in such projects 
(e.g., smaller hospitals) is unknown.

Variations in care and outcomes across institutions 
may further complicate efforts to develop meaningful 
estimates of perioperative risk for use in clinical deci-
sion making by individual patients. Beyond the impact 
of patient illness, type of surgery, or anesthetic approach, 
hospital-level differences in postoperative care may have 
a profound impact on outcome. For example, the inci-
dence of pulmonary embolism may be related to nurs-
ing care and the frequency of patient ambulation after 
surgery27; similarly, the presence of an intensivist who 
makes daily rounds and higher nurse staffing ratios may 
also affect outcome.28

Finally, issues of risk adjustment complicate efforts to 
determine changes in anesthesia risk over time. Common 
endpoints, such as mortality, are influenced by patient 
factors as well as by anesthesia and surgical care; as such, 
temporal trends in patient acuity may influence the appar-
ent adverse outcomes associated with anesthesia and sur-
gery in a given period. With appropriate risk adjustment, 
changes in mortality rates over short periods may provide 
some indication of changes in the quality of anesthesia or 
surgical care. When viewed over longer periods, however, 
it may be more difficult to reach firm conclusions regard-
ing temporal changes in the safety of anesthesia or sur-
gery based on differences in mortality rates over time. For 
example, if improvements in anesthetic technology have 
allowed for older and sicker patients to undergo surgery, 
then the safety of anesthesia may have improved without 
any apparent change in mortality rates because a sicker 
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patient population is now offered surgery that, in the 
past, would have been avoided. Similarly, the rapid adop-
tion of new but relatively high-risk procedures, such as 
coronary artery bypass grafting or liver transplantation, 
complicates simple comparisons of anesthesia-related 
complications over time.

STUDIES OF ANESTHESIA-RELATED 
MORTALITY BEFORE 1980

Efforts to understand the specific risks imposed by 
anesthesia care, above and beyond the surgical proce-
dure itself, have represented an important dimension 
of research in anesthesia since the early 20th century. 
Although more recent trends in anesthesia research 
have emphasized a broad view of perioperative out-
comes not strictly limited to events primarily caused by 
anesthesia care,30 the history of efforts to determine the 
safety of anesthesia management, per se, represents an 
important chapter in the development of modern peri-
operative medicine. This history also serves as impor-
tant background for understanding current research and 
practice.

Research performed before 1980 demonstrated wide 
variation in reported rates of anesthesia-related mor-
tality (Table 37-3). Beecher and Todd’s 1954 report of 
anesthesia-related deaths at 10 institutions represents 
the earliest published major analysis of anesthesia out-
comes.18 Their study included 599,548 anesthesia pro-
cedures and found a rate of all-cause mortality of 1 per 
75 cases (1.3%). In 1 out of every 2680 procedures, anes-
thesia represented the primary cause of mortality, and it 
was a primary or contributory cause of mortality in 1 of 
1560 procedures. Surgical error in diagnosis, judgment, 
or technique was the primary cause of death in 1 in 420 
cases, and patient disease was the primary cause in 1 in 
95 cases.

Beecher and Todd’s findings were confirmed by the 
work of Dornette and Orth,31 who reported on deaths 
occurring in the surgical department at their institu-
tion over 12 years from 1943 through 1954. The rate 
of mortality totally attributable to anesthesia was 1 in 
2427 cases, and the rate of mortality totally or partially 
attributable to anesthesia was 1 in 1343 cases. In con-
trast, Dripps and colleagues, working at the University 
of Pennsylvania, observed a higher rate of anesthetic 
mortality over a 10-year period from 1947 through 
1957.32 Whereas Beecher and Todd reported 1 incident 
of anesthesia-attributable mortality for every 2680 cases 
observed, Dripps and colleagues found the anesthesia-
attributable mortality rate to be 1 in 852. Although 
definitive conclusions were not offered concerning 
the differences between the Dripps and Beecher stud-
ies, they may have been partially explained by Dripps’ 
observation of 30-day, rather than intraoperative or 
48-hour mortality, or differences in patient severity 
across studies.

Multiple additional studies on anesthetic risk appeared 
between 1960 and 1980.33 In the United States, these 
included the Baltimore Anesthesia Study Committee,34 
which reviewed 1024 deaths occurring on the day of or 
the day after a surgical procedure; the study of Schapira 
and co-authors35 who reported on mortality occurring 
within 24 hours after surgery between the years 1952 
and 1956 at Montefiore Hospital in New York; and the 
study of Marx and colleagues36 who evaluated the inci-
dence of death within 7 days after surgery in 34,145 
consecutive patients at the Bronx Municipal Hospital 
Center between 1965 and 1969. Overall, the rate of anes-
thesia-related mortality in these studies varied widely, 
ranging from 1 in 1232 cases in the Schapira study to 1 
in 7692 cases in the Baltimore Anesthesia Study Com-
mittee report.

Internationally, Clifton and Hotten identified a total 
of 162 deaths associated with anesthesia in 205,640 sur-
gical procedures performed at the Royal Prince Alfred 
Hospital in Sydney, Australia, between 1952 and 1962.37 
In 1964, Dinnick published a report, sponsored by the 
Association of Anaesthetists in London, on 600 deaths 
associated with anesthesia,38 followed by a report on 
anesthesia-related mortality from Bodlander,39 who 
observed a progressive decrease in the contribution of 
anesthesia to operative mortality at the Royal Prince 
Alfred Hospital for the years 1963 to 1972. Finally, Har-
rison40 evaluated mortality associated with 240,483 
anesthesia procedures performed between 1967 and 
TABLE 37-3 ESTIMATES OF THE INCIDENCE OF MORTALITY RELATED TO ANESTHESIA BEFORE 1980 

Study Year Number of Anesthetics Primary Cause Primary and Associated Causes

Beecher and Todd 1954 599,548 1:2680 1:1560
Dornette and Orth 1956 63,105 1:2427 1:1343
Schapira et al 1960 22,177 1:1232 1:821
Phillips et al 1960 — 1:7692 1:2500
Dripps et al 1961 33,224 1:852 1:415
Clifton and Hotton 1963 205,640 1:6048 1:3955
Memery 1965 114,866 1:3145 1:1082
Gebbie 1966 129,336 — 1:6158
Minuck 1967 121,786 1:6766 1:3291
Marx et al 1973 34,145 — 1:1265
Bodlander 1975 211,130 1:14,075 1:1703
Harrison 1978 240,483 — 1:4537
Hovi-Viander 1980 338,934 1:5059 1:1412

From Ross AF, Tinker JH: Anesthesia risk. In Miller RD, editor: Anesthesia, ed 3. New York, 1990, Churchill Livingstone, p 722.
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1976 at Groote Schuur Hospital in Cape Town, South 
Africa. Data were prospectively collected, beginning in 
1956. Anesthesia was the cause of death or a major con-
tributory factor in 0.22 cases per 1000 procedures, as 
opposed to 0.33 per 1000 procedures in the previous 10 
years.

In summary, studies of anesthetic risk published 
before 1980 varied widely in the definitions used for 
anesthesia-related mortality and in the mortality rates 
they reported. Nonetheless, these studies did offer sev-
eral important insights for anesthesia care. First, they 
suggested that death related solely to anesthesia was a 
relatively uncommon event; moreover, an overall trend 
toward lower rates of anesthesia-related mortality across 
studies over time suggested potential improvements in 
anesthesia safety.

STUDIES OF ANESTHESIA-RELATED 
MORTALITY SINCE 1980

Whereas studies conducted before 1980 typically focused 
on one institution or a small number of institutions, 
studies since then have frequently been performed on a 
regional or national basis with a particular emphasis on 
documenting changes over time in anesthesia-related 
mortality. For example, Holland41 reported deaths occur-
ring within 24 hours after anesthesia in New South Wales, 
Australia. A committee of six anesthesiologists, three sur-
geons, an obstetrician, a general practitioner, and a medi-
cal administrator was established in 1960 and reviewed 
all such cases except those that occurred during a 3-year 
period between 1980 and 1983. Four categories were 
established to define the relationship of anesthesia to 
operative morbidity and mortality (Table 37-4). Between 
1960 and 1985, information was available on 92% to 
96% of all cases. The incidence of anesthesia-attributable 
deaths decreased from 1 in 5500 procedures performed in 
1960 to 1 in 10,250 in 1970 and then to 1 in 26,000 in 
1984. Based on these estimates, the investigators asserted 
that for all patients receiving surgery, it was more than 

TABLE 37-4 EDWARDS CLASSIFICATION OF THE 
RELATIONSHIP OF ANESTHESIA TO OPERATIVE 
MORBIDITY AND MORTALITY 

Category Definition

I Cases in which it is reasonably certain 
that the event or death was caused by 
the anesthetic agent or technique of 
administration or in other ways directly 
within the anesthetist’s province

II Similar to type I cases but ones in which 
some element of doubt exists concerning 
whether the agent or technique was 
entirely responsible for the result

III Cases in which the patient’s adverse event 
or death was caused by the anesthetic and 
the surgical technique

IV Cases in which the events were entirely 
referable to the surgical technique

From Holland R: Anaesthetic mortality in New South Wales, Br J Anaesth 
59:834, 1987.
five times safer to undergo anesthesia in 1984 than it was 
in 1960.42

Under the direction of the French Ministry of Health, 
Tiret and colleagues43 carried out a prospective survey 
of complications associated with anesthesia in France 
between 1978 and 1982 from a representative sample of 
198,103 anesthesia procedures chosen at random from 
hospitals throughout the country. The sample included a 
survey of 460 public and private hospitals. The investiga-
tors evaluated the occurrence of death or coma within 24 
hours after surgery. In the group studied, 268 patients had 
major complications, 67 patients died, and 16 patients 
suffered persistent coma. Death was solely related to 
anesthesia in 1 in 13,207 procedures and partially related 
in 1 in 3810 (Table 37-5). The French survey confirmed 
previous findings that major complications occur more 
frequently in older patients, those undergoing emer-
gency surgical procedures, and those with more extensive 
comorbid conditions as measured by ASA physical status 
classification.

A key finding of the French survey was that postan-
esthesia respiratory depression was the leading prin-
cipal cause among cases of death and coma that were 
solely attributable to anesthesia. Moreover, almost all 
the patients who had had respiratory depression lead-
ing to a major complication had received narcotics, as 
well as neuromuscular blocking drugs, but they had not 
received anticholinesterase medications for reversal of 
the agents.

Despite these observations, the low rates of anesthe-
sia-attributable mortality documented in the French 
study offered compelling evidence of improvements 
in anesthesia safety. Such findings were reinforced by 
the work of Tikkanen and Hovi-Viander,44 who studied 
deaths associa ted with anesthesia and surgery in Fin-
land and compared the results in 1986 with those col-
lected in 1975. Mortality related to anesthesia decreased 
during the 9-year period; the incidence of anesthesia-
related mortality was 0.15 per 10,000 procedures in 
1986.

The next major step forward in efforts to understand 
the risks of anesthesia came through the pioneering work 
of Lunn45 in the United Kingdom. Reporting on 197 fatali-
ties occurring within 6 days after anesthesia during 1981, 
Lunn found 43% of the deaths to have been unrelated to 
anesthesia, 41% to be partly attributable to anesthesia, 
and 16% to be totally attributable to anesthesia. Of the 

TABLE 37-5 INCIDENCE OF COMPLICATIONS 
PARTIALLY OR TOTALLY RELATED TO 
ANESTHESIA 

Complications
Partially 
Related Totally Related Total*

All complications 1:1887 1:1215 1:739
Death 1:3810 1:13,207 1:1957
Death and coma 1:3415 1:7924 1:2387

From Tiret L, Desmonts JM, Hatton F, et al: Complications associated with 
anaesthesia—a prospective survey in France, Can Anaesth Soc J 33:336-
344, 1986.

*Total number of anesthetics: 198,103.
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32 cases for which death was totally attributable to anes-
thesia, most were caused by faulty anesthesia technique 
or postoperative respiratory failure.

One important result of Lunn’s work was the devel-
opment of the United Kingdom CEPOD, which assessed 
almost 1 million anesthetics during a 1-year period 
in 1987 in three large regions of the United Kingdom. 
Unique to this study was the establishment of “crown 
privilege” by the government to protect data submitted 
to the enquiry from further subpoena.19

Beyond confirming earlier work, CEPOD’s findings 
suggested that anesthesia care may have been far safer 
than had been found in prior studies. Examining deaths 
within 30 days of surgery, CEPOD investigators observed 
4034 deaths in an estimated 485,850 surgeries for a crude 
mortality rate of 0.7% to 0.8%. CEPOD reviewers con-
cluded that surgery contributed totally or partially in 
30% of all cases. Progression of the present disease con-
tributed to death in 67.5% of the cases, and progression 
of an intercurrent disease was relevant in 44.3%. Anes-
thesia was considered the sole cause of death in only 
three individuals, for a rate of 1 in 185,000 cases, and 
anesthesia was contributory in 410 deaths, for a rate of 
7 in 10,000 cases (Table 37-6).19 The five most common 
causes of death in the CEPOD cohort study are shown in 
Table 37-7. Notably, of the 410 perioperative deaths, gas-
tric aspiration was identified in 9 cases and cardiac arrest 
in 18 cases. Further, CEPOD identified potential health-
system factors that conceivably contributed to the risk 
of surgery and anesthesia. Among patients with femoral 
neck fracture, for example, CEPOD researchers observed 
that the mortality rate was inversely related to the senior-
ity of the surgeon and to preoperative preparation. The 
surgeon was a consultant in only 19% of the orthopedic 
cases, as compared with 47% overall. Ultimately, CEPOD 

TABLE 37-6 DEATH TOTALLY ATTRIBUTABLE 
TO EACH COMPONENT OF RISK IN THE 
CONFIDENTIAL ENQUIRY INTO PERIOPERATIVE 
DEATHS 

Component Mortality Rate Contribution

Patient 1:870
Operation 1:2860
Anesthetic 1:185,056

Adapted from Buck N, Devlin HB, Lunn JL: Report of a confidential enquiry 
into perioperative deaths, Nuffield Provincial Hospitals Trust, London, 
1987, The King’s Fund Publishing House.

TABLE 37-7 MOST COMMON CLINICAL CAUSES 
OF DEATH IN THE CONFIDENTIAL ENQUIRY INTO 
PERIOPERATIVE DEATHS 

Cause of Death Percent of Total

Bronchopneumonia 13.5
Congestive heart failure 10.8
Myocardial infarction 8.4
Pulmonary embolism 7.8
Respiratory failure 6.5

Adapted from Buck N, Devlin HB, Lunn JL: Report of a confidential enquiry 
into perioperative deaths, Nuffield Provincial Hospitals Trust. London, 
1987, The King’s Fund Publishing House.
researchers concluded that avoidable factors were present  
in approximately 20% of the perioperative deaths. Con-
tributing factors for anesthesiologists and surgeons tended 
to be failure to act appropriately with existing knowledge 
(rather than a lack of knowledge), equipment malfunc-
tion, fatigue, and inadequate supervision of trainees, par-
ticularly in off-hours shifts (Table 37-8).

Large national studies performed since the 1987 
CEPOD report vary in the extent to which their findings 
agree with those of the CEPOD investigators. Pedersen 
and colleagues46 performed a series of studies in the late 
1980s in Denmark to examine anesthesia-related factors 
contributing to serious morbidity or mortality. In a pros-
pective study of 7306 anesthesia procedures, they found 
complications attributable to anesthesia in 43 patients (1 
in 170) and 3 deaths (1 in 2500), an incidence far higher 
than that documented by the CEPOD investigators. 
Complications in the 43 patients, in order of incidence, 
included cardiovascular collapse in 16 (37%), severe post-
operative headache after regional anesthesia in 9 (21%), 
and awareness under anesthesia in 8 (19%).

In the United States, Li and colleagues47 conducted 
a population-level study to estimate epidemiologic pat-
terns of anesthesia-related deaths, using International 
Classification of Diseases (ICD) codes listed in the United 
States multiple-cause-of-death data files for the years 1999 
through 2005. Although the interpretation of Li’s study is 
complicated by questions surrounding the sensitivity of 
ICD codes for anesthesia-related mortality,48 their findings 
are in accord with those of the CEPOD report in pre-
senting anesthesia-related mortality to be an extremely 
rare cause of death at the population level. In particular, 
the authors found anesthesia to be the underlying cause 
of death in 34 patients each year in the United States and 
a contributing factor in another 281 deaths annually, 
resulting in a 97% decrease in anesthesia-related death 
rates since the 1940s.

More recent studies conducted on the local and national 
level have sought to emphasize room for improvement 
in anesthesia-related mortality. Lagasse17 reviewed peri-
operative deaths (i.e., deaths occurring within 2 days 
after surgery) at a suburban university hospital network 
between 1992 and 1994 and at an urban university hospi-
tal network between 1995 and 1999. A total of 347 deaths 
occurred in 184,472 cases. Anesthesia-related mortality 
(i.e., death to which error by an anesthesia practitioner 

TABLE 37-8 GRADE OF PHYSICIAN ACCORDING 
TO TIME OF SURGERY IN THE CONFIDENTIAL 
ENQUIRY INTO PERIOPERATIVE DEATHS

Anesthetist Surgeon

Grade Day* Night† Day* Night†

Consultant 50 25 45 34
Others 50 75 55 66

Adapted from Buck N, Devlin HB, Lunn JL: Report of a confidential enquiry 
into perioperative deaths, Nuffield Provincial Hospitals Trust. London, 
1987, The King’s Fund Publishing House.

*Represents Monday through Friday, 9 am to 7 pm.
†Represents Monday through Friday, 7 Pm to 9 am, and Saturday and 

Sunday.
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contributed) occurred in 1 in every 12,641 procedures in 
the suburban setting and in 1 in 13,322 procedures in the 
urban setting. Mortality increased with increasing ASA 
physical status (Fig. 37-2). In reviewing data over the pre-
vious decade, Lagasse estimated that anesthesia-related 
mortality had remained stable at approximately 1 death 
per 13,000 procedures.

Recent European studies, including those from the 
successor to CEPOD, Britain’s National Confidential 
Enquiry into Patient Outcomes and Death (NCEPOD), 
have taken a broader focus beyond anesthesia-related 
events to examine perioperative outcomes more gener-
ally, particularly among high-risk patients who Lagasse 
and others previously observed to account for the major-
ity of postoperative deaths. In a 2011 report, NCEPOD 
investigators prospectively collected data on all patients 
undergoing inpatient surgery, excluding obstetric, car-
diac, transplant, or neurosurgery cases, in United King-
dom National Health Service facilities between March 1 
and March 7, 2010.49 In addition to prospectively col-
lected patient-level data on clinical care and outcomes, 
which were available for 13,513 surgical patients, the 
authors conducted a detailed institution-level sur-
vey of resources and practices. Although the authors 
observed an overall 30-day mortality rate of 1.6%, a 
subset of high-risk patients—approximately 20% of the 
full cohort—experienced a disproportionate share of 
adverse outcomes, accounting for 79% of all periopera-
tive deaths. Notably, the authors identified important 
gaps in the perioperative management of these patients. 
A minority of the high-risk patients were monitored 
using an arterial line, a central line, or cardiac output 
monitoring; still more concerning was their observa-
tion that 48% of all high-risk patients who died were 
never admitted to a critical care unit for postoperative 
management.

Similar findings were obtained in another study of 
surgical outcomes conducted across 28 European coun-
tries between April 4 and April 11, 2011.50 Observing 
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Figure 37-2. Relationship between the American Society of Anesthe-
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perioperative care and outcomes for 46,539 adults under-
going inpatient noncardiac surgery, the authors noted 
an overall in-hospital mortality rate of 4%. Further, the 
investigators noted severity-adjusted operative mortal-
ity rates to differ significantly by country; for example, 
relative to the United Kingdom, the risk of death after 
surgery was highest in Poland (odds ratio [OR] 6.92, P = 
0.0004) and lowest in Finland (OR 0.44, P = 0.06). Despite 
these national differences, the authors observed patterns 
of critical care use consistent with the 2011 NCEPOD 
report, noting that only 5% of all patients in the sample 
underwent a planned admission to critical care; still more 
concerning, of the patients who died, most (73%) were 
not admitted to critical care at any point. Such patterns, 
which the authors describe as a “systematic failure in the 
process of allocation of critical care resources” in Europe, 
highlight the potential importance of “rescue”—the pre-
vention of mortality among patients who experience post-
operative complications8—in determining the outcomes 
of surgical care. Further, to the extent that critical care 
use among patients who die after surgery is higher in the 
United States than in the United Kingdom,51 such differ-
ences may offer insight into potential reasons for earlier 
observations of lower risk-adjusted postoperative mortality 
among American versus British surgical patients.52

In summary, research between 1980 and the present 
on anesthesia-related mortality offers a complex and 
still incomplete picture regarding the risks of anesthesia. 
Taken from the perspective of the 1987 CEPOD report 
or the findings of Li and colleagues, modern operative 
anesthesia could be characterized as an exceedingly safe 
enterprise with bad outcomes occurring as truly rare 
events. Nonetheless, subsequent research disputed the 
quantitative findings of CEPOD’s 1987 study, making 
the argument that anesthesia-related mortality was com-
mon enough to represent an ongoing public health con-
cern. Finally, more recent work has sought to go beyond 
efforts to quantify the contribution of anesthesia per se to 
overall operative risk to explore how anesthesia provid-
ers might be able to improve outcomes among high-risk 
patients; in essence asking not “how safe is anesthesia?” 
but instead “how can anesthesia providers help make sur-
gery safer?” Ultimately, these studies’ differing messages 
emphasize not only the dynamic nature of anesthesia risk 
over time, but they also highlight important changes in 
how anesthetic risk has been defined across different peri-
ods and how alternate approaches to evaluating, describ-
ing, and mitigating such risk may be more or less relevant 
at a given moment in time.

ANALYSIS OF INTRAOPERATIVE CARDIAC 
ARREST

In an alternative approach to evaluating perioperative 
mortality specific to anesthesia, several studies have 
evaluated intraoperative fatal and nonfatal cardiac arrest 
(Table 37-9). In contrast to efforts to estimate the mortal-
ity attributable to anesthesia per se, studies of intraop-
erative cardiac arrest may offer a broader picture of the 
potential hazards of anesthesia by examining an adverse 
outcome that is far more common than mortality yet 
remains highly consequential for long-term outcomes.
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TABLE 37-9 SELECTED CARDIAC ARREST SERIES WHEN THE DENOMINATOR IS GREATER THAN  
40,000 ANESTHETICS 

Study Years Total Number of Anesthetics Rate of Arrest

Hanks and Papper 1947-1950 49,728 1:2162
Ehrenhaft et al 1942-1951 71,000 1:2840
Bonica 1945-1952 90,000 1:6000
Blades 1948-1952 42,636 1:21,318
Hewlett et al 1950-1954 56,033 1:2061
Briggs et al 1945-1954 103,777 1:1038
Keenan and Boyan 1969-1978 107,257 1:6704 (P)
Cohen et al 1975-1983 112,721 1:1427 (C)
Tiret et al 1978-1982 198,103 1:3358 (C)
Tiret et al 1978-1982 198,103 1:11,653 (P)
Keenan and Boyan 1979-1988* 134,677 1:9620 (P)
Newland et al 1989-1999 72,959 1:14,493 (P)
Newland et al 1989-1999 72,959 1:7299 (C)
Olsson et al 1967-1984 250,543 1:33,000
Biboulet et al 1989-1995 101,769 1:7828
Kawashima et al 1994-1998 2,363,038 1:10,000 (P)
Sprung et al 1990-2000 518,294 1:20,000 (P)
Braz et al 1996-2005 53,718 1.9:10,000 (P)

Adapted from Brown DL: Anesthesia risk: a historical perspective. In Brown DL, editor: Risk and outcome in anesthesia, ed 2. Philadelphia, 1992, Lippincott,  
p 14.

C, Contributory cause; P, primary cause.
*Since pulse oximetry was introduced in 1984, no preventable respiratory cardiac arrests have occurred.
These studies offer a range of perspectives on the inci-
dence of intraoperative cardiac arrest and the causes of 
such events. For example, Keenan and Boyan53 studied 
the incidence and causes of cardiac arrest related to anes-
thesia at the Medical College of Virginia between 1969 
and 1983. A total of 27 cardiac arrests occurred during 
163,240 procedures, for an incidence of 1.7 per 10,000 
cases. Fourteen patients died, for an incidence of 0.9 per 
10,000 cases. Pediatric patients had a threefold higher risk 
of arrest than did adults, and emergency cases had a 
sixfold greater risk. Importantly, specific errors in anes-
thesia management could be identified in 75% of the 
cases; most common among these were inadequate ven-
tilation and overdose of an inhaled anesthetic. Notably, 
the investigators identified progressive bradycardia prece-
ding all but 1 arrest, suggesting that early identification 
and treatment may prevent complications.

Similar findings were reported by Olsson and Hallen54 
who studied the incidence of intraoperative cardiac arrest 
at the Karolinska Hospital in Stockholm, Sweden, from 
1967 to 1984. A total of 170 arrests occurred in 250,543 
anesthesia procedures performed. Sixty patients died, 
for a mortality rate of 2.4 per 10,000 procedures. After 
eliminating cases of inevitable death (e.g., rupture of a 
cerebral aneurysm, trauma), the rate of mortality caused 
by anesthesia was 0.3 per 10,000 procedures. The most 
common causes of anesthesia-related cardiac arrest were 
inadequate ventilation (27 patients), asystole after succi-
nylcholine (23 patients), and postinduction hypotension 
(14 patients). The incidence of cardiac arrest was highest in 
the patients with significant comorbid disease, as assessed 
by the ASA physical status classification. Also of note is 
the finding that the incidence of cardiac arrest decreased 
over the study period.

Biboulet and colleagues55 studied fatal and nonfatal 
cardiac arrests encountered during anesthesia and during 
the first 12 postoperative hours in the postanesthesia care 
unit (PACU) or intensive care unit (ICU) in a single hospi-
tal in France. Eleven cardiac arrests related to anesthesia 
were identified in 101,769 anesthesia procedures (1.1 per 
10,000). The mortality rate related to anesthesia was 0.6 
per 10,000 cases. The major causes of death were anes-
thetic overdose, hypovolemia, and hypoxemia; 10 of the 
11 cases had at least one avoidable error.

Newland and associates56 reported anesthesia-related 
cardiac arrests during 72,959 procedures between 1989 
and 1999 in a teaching hospital in the United States. 
They judged that 15 of the 144 cardiac arrests were 
related to anesthesia (0.69 per 10,000 procedures); in an 
additional 10 cases, anesthesia was considered contribu-
tory, for a total rate of 1.37 per 10,000 procedures (95% 
confidence interval [CI], 0.52 to 2.22). The risk of death 
from perioperative cardiac arrest that was attributable to 
anesthesia was 0.55 per 10,000 procedures. Most of the 
arrests were related to medication administration, airway 
management, or technical problems of central venous 
access.

Kawashima and colleagues sent confidential question-
naires to all Japan Society of Anesthesiologists Certified 
Training Hospitals every year from 1994 through 1998.57 
A total of 2,363,038 cases were documented over a 5-year 
period. The average yearly incidence of cardiac arrest dur-
ing surgery that was totally attributable to anesthesia was 
1 per 10,000 cases (95% CI, 0.88 to 1.12). The average 
mortality per year in the surgical unit or within 7 postopera-
tive days that was totally attributable to anesthesia was 
0.21 (0.15 to 0.27) per 10,000 cases. The two principal 
causes of cardiac arrest solely attributable to anesthesia 
were drug overdose or selection error (15.3%) and serious 
arrhythmia (13.9%). Preventable human errors caused 
53.2% of cardiac arrests and 22.2% of deaths in the surgical 
unit that were totally attributable to anesthesia. The out-
comes of cardiac arrests totally attributable to anesthesia 
are shown in Table 37-10.
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TABLE 37-10 CARDIAC ARREST TOTALLY ATTRIBUTABLE TO ANESTHESIA DURING ANESTHESIA  
AND SURGERY AND ITS OUTCOMES, 1994-1998 

Number of 
Arrests

Outcomes

Uneventful 
Recovery

Death in Surgical 
Unit Death Within 7 Days

Vegetative 
State Others

5-year total 237 185 13 15 9 15
Incidence per 

10,000
1.00 0.78 0.05 0.08 0.04 0.06

95% CI 0.88- ≈1.12 0.66- ≈0.89 0.2- ≈0.08 0.02- ≈0.13 0.03- ≈0.05 0.02- ≈0.10
Ratio 100% 78.1% 5.5% 6.3% 3.8% 6.3%
95% CI 55.3- ≈100 1.7- ≈9.3 3.0- ≈9.7 2.5- ≈5.3 1.7- ≈11.0

Reproduced with permission from Kawashima Y, Takahashi S, Suzuki M, et al: Anesthesia-related mortality and morbidity over a 5-year period in 2,363,038 
patients in Japan, Acta Anaesthesiol Scand 47:809-817, 2003.

N = 2,363,038.
CI, Confidence interval.

Figure 37-3. Frequency of cardiac arrest by calendar year 
and type of anesthesia. MAC, Monitored anesthesia care. 
(From Sprung J, Warner ME, Contreras MG, et al: Predictors 
of survival following cardiac arrest in patients undergoing 
noncardiac surgery: a study of 518,294 patients at a tertiary 
referral center, Anesthesiology 99:259-269, 2003.)
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Between 1990 and 2000, Sprung and colleagues stud-
ied patients who experienced cardiac arrest in the surgical 
unit, during transport to the PACU or ICU, or in the PACU 
after noncardiac surgery.58 Cardiac arrest occurred in 223 
of 518,294 anesthesia procedures (4.3 per 10,000) dur-
ing the study period. The frequency of arrest in patients 
receiving general anesthesia decreased over time (7.8 per 
10,000 during 1990 to 1992; 3.2 per 10,000 during 1998 
to 2000). The frequency of arrest during regional anesthe-
sia (1.5 per 10,000) and monitored anesthesia care (0.7 
per 10,000) remained the same during the study period 
(Fig. 37-3). The hospital survival rate after cardiac arrest 
was 34.5%. Twenty-four patients (0.5 per 10,000) had car-
diac arrest primarily related to anesthesia, 19 of whom 
(79.2%) survived to hospital discharge. The in-hospital 
mortality attributable to anesthetic-related cardiac arrest 
was 0.1 per 10,000 anesthetics.

Braz and co-workers59 studied perioperative cardiac 
arrest that occurred during induction of anesthesia for 
53,718 anesthetics between 1996 and 2005 in a Brazilian 
teaching hospital.58 In this study, 186 cardiac arrests 
(34.6 per 10,000) and 118 deaths (21.97 per 10,000) 
were reported. Major risk factors for cardiac arrest were 
neonates, children younger than 1 year of age, and older 
adults; male patients with ASA III or poorer physical status; 
emergency surgery; and general anesthesia. There were 
18 anesthesia-related cardiac arrests (3.35 per 10,000), 10 
totally attributed to anesthesia (1.86 per 10,000) and 8 par-
tially related to anesthesia (1.49 per 10,000). There were 
6 anesthesia-related deaths (1.12 per 10,000), 3 totally 
attributable and 3 partially related to anesthesia (0.56 
per 10,000 in both cases). The main causes of anesthesia-
related cardiac arrest were respiratory events (55.5%) and 
medication-related events (44.5%).

More recently, Kheterpal and colleagues at the Uni-
versity of Michigan examined predictors of cardiac 
adverse events—including cardiac arrest, myocardial 
infarction, and clinically significant arrhythmia—among 
7700 patients undergoing noncardiac surgery. Eighty-
three patients (1.1%) experienced an adverse event. The 
authors identified nine independent predictors of an 
adverse event: (1) age 68 years or older, (2) body mass 
index of 30 or greater, (3) emergency surgery, (4) previ-
ous coronary intervention or cardiac surgery, (5) active 
congestive heart failure, (6) cerebrovascular disease, (7) 
hypertension, (8) operative time of 3.8 hours or longer, 
and (9) the intraoperative administration of one or more 
units of packed red blood cells.60

In summary, perioperative cardiac arrest is a rela-
tively rare event whose incidence may be decreasing 
over time. Further, research in this area has highlighted 
the role of both patient factors and intraoperative care 
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as contributing to the risk of intraoperative and post-
operative cardiac arrest and emphasized the management 
of ventilation and the selection and dosing of anesthetic 
medications as key areas of focus for the prevention of 
such events.

PERIOPERATIVE MORTALITY AND 
MORBIDITY IN OUTPATIENT SURGERY

At least in the United States, an estimated 60% of all 
surgical procedures are performed on an outpatient basis, 
and this percentage is increasing annually. The type and 
extent of surgical procedures performed in an outpatient 
setting are constantly changing, and more complicated 
procedures associated with greater perioperative risk are 
increasingly being performed on an outpatient basis (also 
see Chapter 89).

Notably, early research on the safety of two ambu-
latory surgical procedures—tonsillectomy and simple 
mastectomy—presented a negative view of the hazards 
of surgery in the outpatient setting. One of the first pro-
cedures advocated to be performed on an ambulatory 
basis was tonsillectomy (also see Chapter 85). Although 
a 1968 case series of 40,000 outpatient tonsillectomies 
reported no deaths,61 details on patient selection and 
length of postoperative monitoring were vague. Based on 
insurance company and state mandates, performance of 
tonsillectomy on an outpatient basis became routine.62 
Beginning in the mid-1980s and continuing in the 1990s, 
a number of articles evaluated outcomes with early dis-
charge after tonsillectomy. For example, Carithers and 
colleagues63 in 1987 at Ohio State University reported 
on 3000 tonsillectomies and argued that early discharge 
might be hazardous and economically unwarranted. The 
rate of readmission for active bleeding between 5 and 24 
hours after surgery was reported to be between 0.2% and 
0.5%.64-67 Notably, although these findings are important 
from a historical perspective, they may not reflect current 
practice; therefore they may or may not suggest the need 
for delayed discharge and prolonged postoperative moni-
toring for all patients undergoing tonsillectomy in the 
ambulatory setting.

Mastectomy represents a second important case study 
in the development of surgery as an outpatient proce-
dure. An analysis of Medicare claims demonstrated that 
the rate of outpatient mastectomy increased from a negli-
gible proportion of all mastectomies in 1986 to 10.8% of 
all mastectomies performed among Medicare beneficia-
ries in 1995.68 Within this population, simple mastecto-
mies performed on an outpatient basis had a significantly 
higher rate of readmission than did those undergoing a 
1-day hospital stay, with an adjusted OR of 1.84. When 
compared with the group treated on an outpatient basis, 
rates of readmission after 1-day stays were significantly 
lower for infection (4.1 versus 1.8 per 1000 cases), nausea 
and vomiting (1.1 versus 0 per 1000 cases), and pulmonary 
embolism or deep venous thrombosis (1.1 versus 0 per 
1000 cases).

In contrast to these earlier studies, the 1993 publica-
tion of Warner and colleagues69 on major morbidity and 
mortality within 1 month of ambulatory surgery strongly 
argued for the safety and feasibility of surgery in the 
outpatient setting. Among the 38,598 patients included 
in Warner’s study, 4 died. Of these 4 deaths, 2 were due to 
myocardial infarctions occurring more than 1 week after 
surgery; the other 2 deaths occurred in automobile acci-
dents (Fig. 37-4).

In part, as a result of such findings, the use of ambu-
latory surgery has dramatically grown between the early 
1990s and the present, with a concurrent increase in the 
number and type of sites for ambulatory surgery. Such 
sites now include not only freestanding ambulatory sur-
gery centers (ASCs) and physician’s offices, but they also 
include interventional radiology units and other diag-
nostic and therapeutic sites not affiliated with any other 
health care facility.

In the context of such growth, investigators have 
sought to examine the relative safety of similar procedures 
performed across different outpatient settings. For example, 
Fleisher and co-workers2 performed a claims analysis of 
patients undergoing 16 different surgical procedures 
in a nationally representative (5%) sample of Medicare 
beneficiaries for the years 1994 through 1999. A total of 
564,267 procedures were studied, with 360,780 in an out-
patient hospital, 175,288 in an ASC, and 28,199 in a physi-
cian’s office. On the day of surgery, no deaths occurred 
in the office, but four deaths occurred in the ASC (2.3 
per 100,000) and nine deaths occurred in the outpatient 
hospital (2.5 per 100,000). The 7-day mortality rate was 
35 per 100,000 in the office setting, 25 per 100,000 in the 
ASC, and 50 per 100,000 in the outpatient hospital. The 
rate of admission to an inpatient hospital within 7 days 
was 9.08 per 1000 in the office, 8.41 per 1000 in the ASC, 
and 21 per 1000 in the outpatient hospital. Notably, the 
inferences of this study are limited by an inability to dis-
tinguish fully whether these differences in outcomes are 
related to the differences in the types of patients selected 
to have surgery in each setting versus the differences in 
the care patients received in each setting.

In a related report, Fleisher’s group analyzed data from 
surgical procedures performed in hospital-based and 
freestanding ASCs in New York during 1997 that were 
obtained from the Agency for Healthcare Research and 
Quality’s Healthcare Cost and Utilization Project.70 Of 
the 783,558 patients eligible for inclusion in this study, 
4351 were discharged directly for short-term hospitaliza-
tion (1 in 180), and 19 died (1 in 41,240).

Subsequent work by Chukmaitov and colleagues com-
pared quality outcomes between ASCs and hospital-based 
outpatient departments in the state of Florida between 
the years 1997 and 2004.71 They used 7- and 30-day mor-
tality and unexpected hospitalization as the outcomes 
of interest in 12 surgical procedures. The importance 
of location of care varied by surgical procedure and the 
number of comorbid conditions included in the analysis. 
Although their conclusions were limited by differences in 
the data available for patients treated in each setting, they 
postulated that the difference in outcomes between the 
two locations may be related to variations in organiza-
tional structure, processes, and strategies.

In contrast to the growing literature on the safety of 
anesthesia and surgery in ASCs, limited information exists 
to quantify the incidence of complications in office-based 
settings. The American Association for Ambulatory Plastic 
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Figure 37-4. Timing of perioperative events in patients undergoing ambulatory surgery. Many of the events occurring within the first 48 hours 
are probably related to the stress of surgery. A subset of events occurring after this period may be related to background event rates. The overall 
rate of morbidity was lower than expected for a similar cohort of age-matched nonsurgical patients. (From Warner MA, Shields SE, Chute CG: Major 
morbidity and mortality within 1 month of ambulatory surgery and anesthesia, JAMA 270:1437, 1993.)
Surgery Facilities mailed a survey to their members to 
determine the incidence of complications occurring in 
office facilities.72 The overall response rate was 57%. The 
findings showed that 0.47% of patients had at least one 
complication, including bleeding, hypertension, infection, 
and hypotension, and 1 in 57,000 patients died. Although 
low in absolute terms, the observation of a rate of mor- 
tality after minor outpatient procedures that is three times 
the current estimate for anesthesia-related complications 
is concerning in this context.

Vila and colleagues reviewed all adverse incident 
reports to the Florida Board of Medicine for procedures 
dated April 1, 2000, to April 1, 2002.73 The numbers of 
office procedures performed during a 4-month period 
were used to estimate the total number of procedures. 
Adverse incidents occurred at a rate of 66 and 5.3 per 
100,000 procedures in offices and ASCs, respectively. The 
death rate per 100,000 procedures performed was 9.2 in 
offices and 0.78 in ASCs. The relative risk for injury and 
death for procedures performed in offices versus ASCs was 
12.4 (95% CI, 9.5 to 16.2) and 11.8 (95% CI, 5.8 to 24.1), 
respectively. As a result, the authors concluded that if all 
office procedures had been performed in ASCs, approxi-
mately 43 injuries and 6 deaths per year could have been 
prevented. In contrast, Coldiron and colleagues studied 
office-based surgeries in Florida and showed that the 
greatest danger to patients lies not with the surgical pro-
cedures in office-based settings per se but with cosmetic 
procedures that are performed in office-based settings, 
particularly when under general anesthesia.74 Several 
other groups have analyzed the Florida data and have 
been unable to document the increased risk in the office 
setting.75,76

In summary, although early research on ambulatory 
surgery placed an emphasis on the undue risks created by 
premature discharge, more recent analyses confirm that 
a range of surgeries can be safely performed in properly 
selected patients; moreover, although some variations in 
outcomes have been observed across settings (i.e., hospital 
outpatient department versus ASC), available literature 
suggests that, given proper patient selection, outpatient 
surgeries can be performed with a low rate of adverse 
events in multiple practice environments. Finally, given 
the gradual expansion of outpatient surgery over time to 
include patients with greater burdens of comorbid disease 
and more extensive procedures, ongoing evaluations will 
be essential to characterize the dynamic, evolving nature 
of anesthetic risk in the ambulatory setting.

USE OF ANESTHESIA INFORMATION 
MANAGEMENT SYSTEMS

Over the past 4 decades, the use of computerized data-
bases has enhanced the ability to assess perioperative risk 
and complications (see also Chapter 5).

In one of the earliest computer analyses of postanesthe-
sia deaths, Marx and associates36 identified 645 individuals 
who died within 7 days after surgery out of a total cohort 
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of 34,145 consecutive surgical patients. More recently, 
the growth of electronic anesthesia record systems has 
allowed for better insights into the causes of anesthesia-
related events within the surgical unit, and, when used 
in combination with other data sources, on postoperative 
outcomes. An early example of such an analysis was that of 
Sanborn and colleagues,77 who used a computer anesthe-
sia record to identify intraoperative incidents. They were 
able to demonstrate that perioperative deaths occurred 
more frequently in patients who sustained an intraopera-
tive incident of any type than in those who did not.

Similarly, Reich and colleagues used computerized 
anesthesia records to evaluate hemodynamic variables 
and their relationship to risk.78 Among 2149 patients, 
50 deaths, 51 strokes, and 85 perioperative myocardial 
infarctions occurred. By multivariate analysis, they iden-
tified pulmonary hypertension, hypotension during car-
diopulmonary bypass, and post–cardiopulmonary bypass 
pulmonary diastolic hypertension as independent predic-
tors associated with mortality, stroke, and perioperative 
myocardial infarction over and above the effects of other 
preoperative risk factors.

More recently, data from the University of Michigan 
anesthesia information management system have been 
used to identify predictors of perioperative risk. For example, 
they evaluated factors related to adequacy of mask ventila-
tion in 22,660 patients.79 Limited or severely limited man-
dibular protrusion, abnormal neck anatomy, sleep apnea, 
snoring, and a body mass index of 30 kg/m2 or greater 
were independent predictors of grade 3 or 4 mask ventila-
tion and difficult intubation. In another publication, the 
same group examined a total of 15,102 patients who had 
a normal preoperative creatinine clearance and underwent 
noncardiac surgery.80 Acute renal failure developed in 121 
patients (0.8%), and 14 patients required renal replacement 
therapy (0.1%). Seven independent preoperative predictors 
were identified: age, emergency surgery, liver disease, body 
mass index, high-risk surgery, peripheral vascular occlusive 
disease, and chronic obstructive pulmonary disease neces-
sitating chronic bronchodilator therapy. They found that 
acute renal failure was associated with increased mortality 
from any cause at 30 days, 60 days, and 1 year.

In an effort to expand upon the insights gained from 
single-institution studies, two major efforts have since 
been initiated to pool electronic data on anesthesia care 
from multiple sites as a means of more effectively comparing 
outcomes and defining risk factors related to outcomes 
after anesthesia. The first of these, the Multicenter Periop-
erative Outcomes Group, was initiated in 2008 under the 
leadership of investigators at the University of Michigan. 
This project currently collects electronic anesthesia data 
from over 30 participating anesthesia departments and 
has released initial data related to the incidence of epi-
dural hematoma across member practices.26 The second 
of these, the National Anesthesia Clinical Outcomes 
Registry, is maintained by the Anesthesia Quality Insti-
tute, a nonprofit organization established by the ASA. 
This large-scale data warehouse collects both paper and 
electronic anesthesia case data that will be used to assess 
anesthesia practices to optimize local efforts to assess 
both the risk and the quality of care and for research pur-
poses for the specialty as a whole.
OTHER APPROACHES TO DISCERN 
THE ROOT CAUSE OF MORBIDITY AND 
MORTALITY

Although mortality directly attributable to anesthesia 
appears to have declined over time, the exact causes 
of this decline remain unclear. Numerous factors have 
been implicated in the improved outcome, including 
new monitoring modalities, new anesthetic drugs, and 
changes in the anesthesia workforce. However, relating 
the reduced risk to any one factor on the basis of avail-
able epidemiologic data is difficult. Further, although the 
use of newer monitoring modalities, particularly pulse 
oximetry, would be expected to improve outcomes, no 
randomized trial has been able to document such a con-
clusion. This limitation supports the need for continued 
monitoring of complications and their root cause through 
a number of approaches.

Initiated by the Professional Liability Committee of 
the ASA, the ASA-CCP represents one important approach 
to understanding the root causes of important complica-
tions of anesthesia care (also see Chapter 11). The ASA-
CCP constitutes an ongoing, nationwide survey of closed 
insurance claims for major anesthesia-related adverse 
events. In an early publication based on data collected 
by the ASA-CCP, Caplan and colleagues reviewed both 
fatal and nonfatal outcomes resulting in claims against 
anesthesia providers. Among the fatal events, unexpected 
cardiac arrest during spinal anesthesia was observed in 14 
healthy patients from the initial 900 claims.81 These cases 
were analyzed in detail to identify patterns of care that 
might have led to the event. Two patterns were identi-
fied: oversedation leading to respiratory insufficiency and 
inappropriate resuscitation of high spinal sympathetic 
blockade.

Tinker and co-workers82 queried the ASA-CCP to deter-
mine the role of monitoring devices in the prevention 
of anesthesia mishaps. They reviewed 1097 anesthesia-
related claims and determined that 31.5% of the nega-
tive outcomes could have been prevented by the use of 
additional monitors, primarily pulse oximetry and cap-
nography. Injuries that were deemed preventable with 
additional monitoring resulted in dramatically more 
severe injury and cost of settlement than did those 
judged to be nonpreventable with additional monitor-
ing. In nearly 90% (305 of 346) of the preventable cases, 
at least one clinical sign of abnormality was identified by 
the existing monitors.

In a subsequent report, Caplan and colleagues83 
reviewed the ASA-CCP for respiratory events (Table 
37-11). These claims represented the single largest class 
of injury (34%), with death or brain damage occurring 
in 85% of cases. They identified inadequate ventilation, 
esophageal intubation, and difficult tracheal intubation 
as the primary causes of respiratory events. The investiga-
tors believed most of the outcomes to be preventable with 
better monitoring, such as pulse oximetry or capnogra-
phy (Fig. 37-5).

More recently, the ASA-CCP has focused on such topics  
as monitored anesthesia care.84 More than 40% of 
121 claims associated with monitored anesthesia care 
involved death or permanent brain damage. Respiratory 



depression, after an absolute or relative overdose of seda-
tive or opioid drugs, was the most common (21%, n = 25) 
of the complications.

A similar registry was developed by the Danish Patient 
Insurance Association.85 For the years of 1996 through 
2004, 1256 files were related to anesthesia, and 24 deaths 
were considered to be a result of the anesthetic procedure: 
4 deaths were related to airway management, 2 to venti-
lation management, 4 to central venous catheter place-
ment, 4 as a result of medication errors, 4 from infusion 
pump problems, and 4 after complications from regional 
blockade. Severe hemorrhage caused one death, and the 
cause was uncertain in one case.

Cooper and colleagues86,87 took an alternate approach 
to examining perioperative mortality through the study 
of critical incidents, which were defined as those that 
were potentially preventable and could lead to undesir-
able outcomes. This definition included events that led 
to no harm or only transient effects. The investigation 
involved collecting data on anesthesia-related human 
errors and equipment failures from anesthesiologists, resi-
dents, and certified registered nurse anesthetists (CRNAs). 
In a series of reports, the authors identified frequent inci-
dents, such as disconnections in breathing circuits, and 
causes of discovery of errors, such as intraoperative relief. 
They confirmed that equipment failure was a small cause 

TABLE 37-11 DISTRIBUTION OF ADVERSE 
RESPIRATORY EVENTS IN THE AMERICAN 
SOCIETY OF ANESTHESIOLOGISTS’ ANESTHESIA 
CLOSED CLAIMS STUDY 

Event
Number 
of Cases

Percent of 522 
Respiratory Claims

Inadequate ventilation 196 38
Esophageal intubation 94 18
Difficult tracheal intubation 87 17
Inadequate inspired oxygen 

concentration
11 2

From Caplan RA, Ward RJ, Posner K, et al: Unexpected cardiac arrest during 
spinal anesthesia: a closed claims analysis of predisposing factors, Anesthe-
siology 68:5, 1988.
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of anesthesia mishaps (4%), whereas human error was a 
predominant factor. They suggested that future studies of 
anesthesia-related mortality and morbidity should classify 
events according to a strategy for prevention rather than 
outcome alone.

The Australian Incident Monitoring Study was deve-
loped by the Australian Patient Safety Foundation and has 
been in existence since the early 1990s. It is a method of 
reporting and analyzing critical incidents so that corrective 
strategies can be implemented. Similar to the ASA-CCP, 
there is no rate of occurrence, only an analysis of reported 
cases. Numerous reports have looked at the cause of critical 
incidents, including problems with ventilation, with vas-
cular access, and in the postanesthesia care unit.88,89

Buffington and co-workers90 studied the ability of 
attendees of an anesthesia meeting to identify five faults 
intentionally created in a standard anesthesia machine. A 
survey was distributed, and the answer sheets were scored 
with respect to the number of correct answers. Only 
3.4% of the respondents found all five faults. The average 
number of faults detected was 2.2. The professional back-
ground of the participants did not influence the ability to 
find the faults; distributions were similar between physi-
cians and CRNAs. A small improvement in fault-finding 
ability was found in those with more than 10 years of 
experience. Studies such as these highlight the problem 
of the practitioner’s ability to identify conditions that 
may lead to anesthesia mishaps. Whether improved tech-
nology or education can reduce some basal level of mis-
haps is unknown.

ISSUES ASSOCIATED WITH ANESTHESIA-
RELATED MORTALITY

The studies detailed in the previous text focus on intra-
operative or inhospital deaths directly attributable to 
anesthesia care; nonetheless, perioperative complications 
may contribute to the risk of mortality beyond the imme-
diate postoperative period. For example, a perioperative 
stroke or myocardial infarction may lead to death after 
the period of analysis. Notably, recent research has sug-
gested that even small myocardial infarctions or unstable 
Figure 37-5. Relationship between 
adverse events in the American Society 
of Anesthesiologists’ Anesthesia Closed 
Claims Study and preventable com-
plications. Preventable events related 
to respiratory complications were sig-
nificantly more common than those 
related to all nonrespiratory compli-
cations. Of the respiratory complica-
tions, difficult intubation had the least 
number of preventable complications 
(*P < .05 versus nonrespiratory claims). 
(From Caplan RA, Posner KL, Ward RJ, 
et al: Adverse respiratory events in anes-
thesia: a closed claims analysis, Anesthe-
siology 72:828, 1990.)
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angina during the perioperative period have been associ-
ated with worsened long-term survival.91 Should these 
late deaths be attributed to anesthesia complications 
for the purpose of such analyses? The answer depends 
on the outcome and its relationship to anesthesia  
management.

The potential effects of anesthesia on long-term survival 
were suggested by Monk and colleagues.92 Using multi-
variate Cox proportional hazards models, these investiga-
tors identified three variables as significant independent 
predictors of mortality: patient comorbidity (relative risk 
[RR], 16.116), cumulative deep hypnotic time (bispectral 
index < 45) (RR, 1.244/hr), and intraoperative systolic 
hypotension (RR, 1.036/min). They reported that cumu-
lative deep hypnotic time and intraoperative hypoten-
sion were significant, independent predictors of increased 
mortality. Further work is required to determine whether 
these results reflect a true pathophysiologic link between 
perioperative (anesthesia) management and long-term 
outcome or a simple statistical association. This study and 
others, however, emphasize the importance of evaluating 
all aspects of anesthesia care and short- and long-term 
outcomes to try to optimize both long- and short-term 
patient outcomes.

RISKS RELATED TO PATIENT 
CHARACTERISTICS

Multiple past studies have demonstrated that periopera-
tive morbidity and mortality are increased in the presence 
of coexisting medical diseases (also see Chapter 39). The 
ASA physical status classification system, originally pro-
posed in 1941,93 represents a widely used method of clas-
sifying the severity of coexisting disease among surgical 
patients. Since its introduction, this classification system 
has introduced a standardized terminology for anesthesia 
practice and has aided in developing valid statistical 
comparisons of outcomes among sites.94

The correlation between ASA physical status and mor-
tality offers a simple illustration of the link between 
comorbidities and adverse operative outcomes. In 1961, 
Dripps and co-workers demonstrated that mortality 
increased as the severity of comorbid disease increased, as 
assessed by the ASA physical status classification.32 Several 
investigators have reevaluated the relationship between 
operative mortality and ASA physical status. Studies 
by Pedersen46 and Tiret43 and their colleagues demon-
strated such relationships. Vacanti and co-workers95 also 
demons trated the relationship between increasing mor-
tality and decreasing physical status in 68,388 cases.

In Canada, Cohen and colleagues96 analyzed 100,000 
anesthesia procedures and determined mortality within 
7 days of surgery by using governmental vital statistics 
mortality data between the years 1975 and 1984. They 
collected information for each patient on age, preopera-
tive conditions, ASA physical status, anesthetic technique, 
monitors, and other factors. The overall 7-day mortality 
rate was 71.04 deaths per 10,000 procedures. The mor-
tality rate increased with advanced age, and it showed a 
significant increase in those older than 80 years of age. 
Rates were low for normal, healthy individuals and for 
those undergoing minor procedures. The investigators 
developed a multiple logistic regression model to deter-
mine the independent predictors of mortality. Signifi-
cant risk markers for increasing mortality were advanced 
age, male gender, increasing physical status score, major 
or intermediate surgery, emergency procedure, having 
a complication in the surgical unit, narcotic anesthetic 
techniques, and having received only one or two anes-
thetic drugs (Table 37-12).

One of the limitations of the ASA physical status classi-
fication system is that the ranking is determined by indi-
vidual anesthesia providers; as such, it might differ from 
one practitioner to another. Owens and co- workers97 
evaluated this hypothesis by asking 255 anesthesiologists 
to classify 10 hypothetical patients. In six of the cases 
there was general agreement among the practitioners 
about classification of the patient; in the other four cases, 
opinion diverged.

TABLE 37-12 RISK FACTORS ASSOCIATED WITH 
INCREASED ODDS OF DYING WITHIN 7 DAYS  
FOR ALL CASES 

Variable

All Procedures: 
Relative Odds 
of Dying 
Within 7 Days

95% 
Confidence 
Limits

Patient related
Age (yr)

60-79 vs <60
80+ vs <60

2.32
3.29

1.70-3.17
2.18-4.96

Sex (female vs male) 0.77 0.59-1.00
ASA physical status 

classification (3-5 vs 1-2)
10.65 7.59-14.85

Surgery related
Major vs minor
Intermediate vs minor
Length of anesthesia (≤2 hr 

vs <2 hr)
Emergency vs elective

3.82
1.76
1.08

4.44

2.50-5.93
1.24-2.5
0.77-1.50

3.38-5.83
Other factors
Year of surgery (1975-1979 

vs 1980-1984)
Complication in the surgical 

or recovery unit (yes vs no)

1.75

1.42

1.32-2.31

1.06-1.89

Anesthesia related*

Experience of the anesthetist 
(>600 procedures for ≥8 yr 
vs <600 procedures for 
<8 yr)

Inhalation with narcotic vs 
inhalation alone

Narcotic alone vs inhalation 
alone

Narcotic with inhalation vs 
inhalation alone

Spinal vs inhalation alone
Number of anesthetic drugs 

(1-2 vs 3)

1.06

0.76

1.41

0.79

0.53
2.94

0.82-1.37

0.51-1.15

1.01-2.00

0.47-1.32

0.29-0.98
2.20-3.84

Adapted from Cohen MM, Duncan PG, Tate RB: Does anesthesia contribute 
to operative mortality? JAMA 260:2861, 1988.

*All cases performed with the five most frequently used anesthetic  
techniques.
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In contrast to the ASA physical status classification, 
which offers a general assessment of the severity and 
extent of a patient’s coexisting illnesses, other studies 
have attempted to define the specific patient characteris-
tics that are most strongly associated with perioperative 
adverse events related to a particular organ system. In 
evaluating the risk directly related to the patient’s condi-
tion, the limitations of the methodology must be under-
stood. All such studies evaluate the predictive value of a 
clinical or laboratory risk factor for a defined periopera-
tive complication. In this approach, a cohort of individu-
als of interest is defined. In the optimal state the study 
is performed prospectively, and the outcome of interest 
is assessed in a rigorous, blinded fashion. Despite this, 
many available studies of perioperative risk factors focus 
on selected patients and include a retrospective design, 
methods that greatly limit their generalizability and 
validity.

Many studies have identified a cohort of individuals, 
determining their clinical and laboratory risk factors and 
using multivariate modeling to determine the factors asso-
ciated with increased risk. A major limitation in the use 
of multivariate modeling for this purpose is the assump-
tion that the intraoperative period is a black box and that 
care is not modified by the knowledge of the risk factor 
(Fig. 37-6). However, anesthesiologists modify intraopera-
tive care of high-risk patients in an attempt to minimize 
the likelihood of complications. Changes in medical care 
over time and better knowledge about high-risk patients 
should result in a reduction of the risk related to speci-
fied clinical factors. For this reason, many of the indices 
defined in previously published studies may no longer be 
valid because of changes in clinical practice. Such consid-
erations make it difficult to design and complete formal 
investigations to validate individual management strate-
gies in the context of current practice.

p

1-p

p/2

1-p/2

Patient
with
risk factor

Operating room

Morbidity/
Mortality

Uncomplicated

Patient
with
risk factor

Operating room

Morbidity/
Mortality

Uncomplicated

Intraoperative
care modified

Figure 37-6. The concept of the black box for risk indices. In devel-
oping a risk index, patients with a specific risk factor enter the operat-
ing room and have a complication at a rate p. If the anesthesiologist 
is aware of the importance of the risk factor and can modify care to 
reduce such risk (p/2), then the risk factor may no longer be signifi-
cant. If the risk factor is ignored, then complications may again occur 
in such patients.
One common approach taken in past efforts to quan-
tify operative risk has been to examine the relationship 
between a single risk factor and a broad range of adverse 
perioperative outcomes (also see Chapter 39). For exam-
ple, numerous studies have evaluated the importance of 
hypertension on perioperative risk. Goldman and Cal-
dera98 evaluated a cohort of patients undergoing noncar-
diac surgery under general anesthesia. Hypertension was 
not associated with increased perioperative risk, although 
the number of patients with diastolic blood pressure 
greater than 110 mm Hg was too small to draw any statisti-
cally significant conclusions. In contrast, Hollenberg and 
co-workers99 identified hypertension and the presence of 
left ventricular hypertrophy as predictors of perioperative 
ischemia, but they did not consider their independent 
relationship to perioperative major morbidity.

An alternative to examining the impact of a single 
risk factor on perioperative outcomes involves a more 
general effort to identify multiple risk factors for one or 
more adverse perioperative outcomes. As such, multiple 
researchers have undertaken prospective and retrospec-
tive cohort studies with the goal of identifying patients 
at greatest risk for fatal and nonfatal myocardial infarc-
tion. One of the earliest attempts to define cardiac risk 
was performed by Goldman and colleagues at the Massa-
chusetts General Hospital.13 They studied 1001 patients 
older than 45 years of age who were undergoing noncar-
diac surgery, excluding those who underwent transure-
thral resection of the prostate under spinal anesthesia. 
Using multivariate logistic regression, they demonstrated 
nine clinical factors associated with increased morbid-
ity and mortality. Each risk factor was weighted in the 
logistic regression equation and converted into points in 
the index. An increasing number of points was associ-
ated with increasing perioperative cardiac morbidity or 
mortality.

Several attempts have been made to validate the Gold-
man Cardiac Risk Index. Zeldin100 prospectively deter-
mined the Cardiac Risk Index for 1140 surgical patients 
and reported that the overall accuracy of the index was 
as high as in the original study, although the rate of 
complications in the highest risk group was less than 
originally reported. Larsen and co-workers101 also found 
that the Cardiac Risk Index demonstrated good accu-
racy in 2609 consecutive unselected patients older than 
40 years of age. The validity of the Cardiac Risk Index 
is more controversial for patients undergoing vascular 
surgery. Domaingue and colleagues102 studied patients 
undergoing various vascular surgery procedures and 
reported a higher probability of major cardiac compli-
cations than that reported by Goldman and associates; 
however, they also demonstrated a higher rate of com-
plications with increasing cardiac risk class. Jeffrey and 
colleagues103 evaluated the rate of cardiac complications 
in 99 patients undergoing elective abdominal aortic sur-
gery and demonstrated a similar pattern of increased 
overall complication rates with increasing cardiac risk. A 
higher percentage (7%) of patients in the lowest category 
in their study sustained a cardiac complication. White 
and associates104 demonstrated the value of the Goldman 
Cardiac Risk Index for long-term survival after vascular 
surgery. Several other studies, however, were unable to 
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demonstrate any relationship between the Cardiac Risk 
Index and perioperative cardiac complications, with a 
high incidence of complications found in patients with a 
Cardiac Risk Index of I or II.105,106 When the ASA physical 
status classification system was compared with the Gold-
man Cardiac Risk Index in a cohort of 16,277 patients 
undergoing noncardiac surgery,106 both indices demon-
strated predictive value, although the objective Goldman 
Cardiac Risk Index provided little additional value over 
the more subjective ASA physical status classification.

Since the introduction of the Goldman Cardiac Risk 
Index, other investigators have put forward alternative 
risk indices for cardiac events after noncardiac surgery. 
Detsky and co-workers107 studied a cohort of individu-
als who were referred to an internal medicine service for 
preoperative evaluation. Many of the factors identified 
by Goldman were confirmed or slightly modified in the 
Detsky Modified Risk Index, and angina was added to the 
risk factors. The researchers advocated the calculation of 
a pretest probability of complications based on the type 
of surgery, after which the Detsky Modified Risk Index is 
applied with the use of a nomogram. In this manner, the 
overall probability of complications can be determined 
as a function of the surgical procedure and patient dis-
ease. The Detsky Modified Risk Index was advocated as 
the starting point for risk stratification in the American 
College of Physicians guidelines on preoperative evalu-
ation.108 In an attempt to update Goldman’s original 
index, Lee and colleagues109 at the Brigham and Women’s 
Hospital studied 4315 patients 50 years of age or older 
who were undergoing elective major noncardiac proce-
dures in a tertiary care teaching hospital. Six independent 
predictors of complications were identified and included 
in a Revised Cardiac Risk Index (RCRI): high-risk type of 
surgery, history of ischemic heart disease, history of con-
gestive heart failure, history of cerebrovascular disease, 
preoperative treatment with insulin, and preoperative 
serum creatinine level higher than 2.0 mg/dL. The rate of 
major cardiac complications increased with the number 
of risk factors. The performance of the RCRI was examined 
in a meta-analysis conducted by Ford and colleagues.110 
In a review of 24 studies including over 700,000 patients, 
they found that although the RCRI showed moderate dis-
crimination for patients at low versus high risk for cardiac 
events after noncardiac surgery, it did not perform well 
at predicting death or at predicting cardiac events after 
vascular surgery.

More recently, Gupta and colleagues111 used data col-
lected by the NSQIP to develop the risk for cardiovascular 
events after noncardiac surgery. They developed a risk-
prediction model using all 211,410 patients recorded in 
the 2007 version of the NSQIP database and subsequently 
validated this model on the 257,385 patients in the 2008 
dataset. This model, which included five variables—type 
of surgery, dependent functional status, abnormal creati-
nine level, ASA physical status, and increasing age—dem-
onstrated improved discrimination over the RCRI, which 
did not improve with the addition of the RCRI score to 
the model.

Beyond the efforts at identifying those patients most 
at risk of postoperative cardiovascular events, recent 
research has sought to develop statistical models for a 
range of other organ-based preoperative outcomes. These 
have included risk models for acute kidney injury in 
cardiac112 and noncardiac surgery patients,60 postopera-
tive respiratory failure,113,114 and stroke after cardiac sur-
gery115 and carotid endarterectomy.116

In contrast to the efforts to determine risk factors for 
specific organ-based complications, other investigators 
have sought to develop risk-prediction models to identify 
those patients at risk of death from any cause in the 
immediate postoperative period. For example, Glance 
and colleagues from the University of Rochester used 
data from the NSQIP to derive and validate a predic-
tive score for 30-day all-cause mortality for noncardiac 
surgery. Studying 298,772 patients undergoing surgery 
between 2005 and 2007, Glance and colleagues identi-
fied three factors that were highly predictive of death at 
30 days after surgery: (1) ASA physical status, (2) emer-
gency status, and (3) surgery type. Patients with ASA 
physical status I, II, III, IV or V were assigned 0, 2, 4, 5, or 
6 points, respectively; intermediate- or high-risk proce-
dures were assigned 1 or 2 points, respectively; and emer-
gency procedures were assigned 1 point. Patients with 
risk scores less than 5 had a predicted risk of mortality 
less than 0.5%, whereas patients with a risk score of 5 to 
6 had a risk of mortality between 1.5% and 4%. Patients 
with a risk score greater than 6 had risk of mortality more 
than 10%.117

Beyond their clinical applicability, such risk indices 
have become important in the context of health policy 
by allowing for comparisons of risk-adjusted mortality 
rates across hospitals and physicians providing cardiac 
surgery. For example, the state of New York annually 
publishes data on mortality rates associated with coro-
nary bypass grafting by surgeon and by hospital.118-120 
For comparison of rates across institutions, institutional 
mortality rates are typically risk-adjusted so that high-
performing institutions that treat a high percentage of 
medically complex patients are not spuriously catego-
rized as poor performers simply because of the features of 
their patient mix.

Beyond identifying clinical indicators of periopera-
tive risk, historic and current research has focused on 
the role of genetics and genomics on the outcomes 
of major surgical procedures. Notably, the impact of 
genotype on perioperative risk has been well known 
since elucidation of the inheritance pattern of malig-
nant hyperthermia. With malignant hyperthermia, a 
clear link exists between the autosomal dominant dis-
ease and an adverse outcome after administration of 
an anesthetic.121 Interest in evaluating the impact of 
genetic polymorphism on overall perioperative out-
come is increasing, even if the link to anesthesia is less 
well defined. For example, apolipoprotein E4 has been 
shown to modulate neurologic injury and recovery after 
a variety of acute ischemic insults, including coronary 
artery bypass grafting.122 Polymorphism of the glyco-
protein IIIa constituent of the platelet integrin receptor 
has also been correlated with postoperative cognitive 
decline.123,124 Further research will be required to deter-
mine specific genetic profiles that will impact anes-
thetic management strategies, drug selection, and other 
aspects of care.
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SPECIAL PATIENT GROUPS

OBSTETRICS

Anesthesia for the obstetric patient carries unique chal-
lenges, since both the mother and the fetus are poten-
tially at risk for complications. Fortunately, maternal 
mortality is rare, and the anesthesia-related component 
of maternal delivery represents only a small fraction of all 
maternal deaths. As a result, studies of peripartum com-
plications require a large number of patients from a diver-
sity of clinical settings (also see Chapter 77).

In parallel to the early efforts to determine the overall 
risk of anesthesia for surgery, a series of studies were per-
formed between 1974 and 1985 that sought to determine 
the rate of obstetric complications in the United States 
and England and to assess the contribution of anesthesia 
per se to the risk of adverse events in this group. One 
of the first reports included the period of 1974 through 
1978. Kaunitz and coauthors125 reported an anesthesia-
related death rate of 0.6 per 100,000 births with data from 
all 50 states. Endler and co-workers126 studied births in 
Michigan between 1972 and 1984 and reported 15 mater-
nal deaths in which anesthesia was the primary cause 
and 4 deaths in which anesthesia was contributory. This 
resulted in a rate of 0.82 anesthesia-related deaths per 
100,000 live births. Eleven of the 15 deaths were associ-
ated with cesarean section. Obesity and emergency sur-
gery were risk factors in many patients. Complications 
related to regional anesthesia were identified as a prob-
lem in the earlier years of the study, whereas failure to 
secure a patent airway was the primary cause of mortality 
in the later years. No anesthesia-related maternal deaths 
occurred in the final 2 years of the study. Rochat and col-
leagues127 studied 19 areas of the United States between 
1980 and 1985 and reported 0.98 anesthesia-related 
deaths per 100,000 live births. They observed that mater-
nal mortality did not decrease over the time of the study.

The Confidential Enquiry into Maternal Deaths in 
England and Wales has been assessing maternal deaths 
since 1952.128 Records of all maternal deaths are sent to a 
district medical officer, who sends an inquiry form to all 
health practitioners involved in the care of these patients. 
These forms are evaluated by a senior obstetrician and 
an anesthesia assessor. Morgan128 reported the maternal 
deaths from anesthesia between 1952 and 1981 (Table 
37-13). The total maternal mortality rate decreased over 
time, but the percentage of deaths related to anesthesia 
increased, although the absolute number of deaths associ-
ated with anesthesia decreased. During the early years of 
the study, endotracheal intubation was rarely performed 
during obstetric anesthesia. Later reports advocated the 
use of endotracheal intubation after the induction of 
thiopental and suxamethonium, and technical difficulties 
with intubation were identified. The other major finding 
of this study was that the experience of the anesthesia 
provider in obstetric anesthesia was the most important 
factor in anesthesia-related maternal mortality.

More recent investigations have confirmed ongoing 
decreases over time in the hazards of obstetric anesthesia. 
Hawkins and associates129 obtained data from the ongo-
ing National Pregnancy Mortality Surveillance System 
of the Centers for Disease Control and Prevention on 
births and fetal deaths from 1979 through 1990 to deter-
mine the possible risk related to anesthesia for obstet-
rics. They identified a total of 129 women who died of 
anesthesia-related causes during the study period, most 
(82%) of the deaths occurred during cesarean section, 
and the incidence of anesthesia-related maternal mortal-
ity decreased over time (Table 37-14), possibly the result 
of a trend toward a greater use of neuraxial techniques. 
Importantly, among maternal deaths that occurred in the 
context of general anesthesia for cesarean delivery, 73% 
were related to airway problems.

In a subsequent study, Panchal and colleagues130 con-
ducted a retrospective case-control study using patients’ 
records from a state-maintained anonymous database of 
all nonfederal Maryland hospitals that performed deliver-
ies between 1984 and 1997. Variables studied included 
patient demographics and the International Classification 
of Diseases, Clinical Modification (ICD-9 CM) diagnosis 
and procedure codes. Of the 822,591 hospital admis-
sions for delivery during the 14-year study period, 135 
maternal deaths occurred. The most common diagnoses 
associated with mortality during hospital admission for 
delivery were preeclampsia or eclampsia (22.2%), postpar-
tum hemorrhage or obstetric shock (22.2%), pulmonary 
complications (14%), blood clot or amniotic embolism 
TABLE 37-13 MATERNAL MORTALITY FIGURES OBTAINED FROM THE CONFIDENTIAL ENQUIRY INTO 
MATERNAL DEATHS IN ENGLAND AND WALES 

Years
Maternal Mortality per 1000 
Total Births

Number of Deaths From 
Anesthesia

Percent of True Maternal 
Deaths From Anesthesia

Percent With 
Avoidable Factors

1952-1954 0.53 49 4.5 —
1955-1957 0.43 31 3.6 77
1958-1960 0.33 30 4.0 80
1961-1963 0.26 28 4.0 50
1964-1966 0.20 50 8.7 48
1967-1969 0.16 50 10.9 68
1970-1972 0.13 37 10.4 76
1973-1975 0.11 31 13.2 90
1976-1978 0.11 30 13.2 93
1979-1981 0.11 22 12.2 100

From Morgan M: Anaesthetic contribution to maternal mortality, Br J Anaesth 59:842, 1987.
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or both (8.1%), and anesthesia-related complications 
(5.2%). Notably, Panchal’s study noted differences by race 
in the rate of maternal death per 100,000 live births per 
year (Fig. 37-7). Although the potential causes of this dif-
ference remain to be elucidated, Panchal’s findings also 
suggested potential improvements over time in both the 
overall risk of maternal mortality, as well as the degree to 
which such risk differed by race.

More recent studies have continued to portray mater-
nal mortality related to anesthesia as an important, 
although exceedingly rare event. Importantly, contem-
porary analyses of adverse maternal outcomes of anesthe-
sia emphasize the particular risks associated with airway 
management in this population. For example, Mhyre 
and colleagues reviewed maternal mortality in Michigan 
between 1985 and 2003.131 Of 855 pregnancy-associated 
deaths, 8 were related to anesthesia, and anesthesia was 
considered to be contributory in 7. All anesthesia-related 
deaths from airway obstruction or hypoventilation 
took place during emergence and recovery, not during 
induction of general anesthesia. Lapses in postoperative 
monitoring and inadequate supervision by an anesthe-
siologist seemed to contribute to more than one half of 
the deaths. In a similar study, Bloom and associates stud-
ied anesthesia-related morbidity and mortality as part of 
a prospective observational study conducted in women  
(N = 37,142) with singleton gestations undergoing 
cesarean delivery in the clinical centers comprising the 
National Institute of Child Health and Human Develop-
ment Maternal-Fetal Medicine Units Network.132 One 
maternal death was caused by failed intubation in which 
the anesthetic procedure was directly implicated.

In summary, extensive past research has indicated that 
the risks of major morbidity and mortality attributable 
to obstetric anesthesia care have decreased over time; 
nonetheless, recent research indicates that adverse out-
comes continue to occur and may be of particular con-
cern for patients receiving general anesthesia for cesarean 
delivery. Looking forward, further research is needed, 
potentially using national and international databases, 
to define more clearly the current risks of anesthesia for 
obstetrics, as well as the variability in the care delivered 
(including the use of differing anesthetic techniques) and 
the maternal outcomes across institutions and practice 
environments.

PEDIATRICS

There are few studies of anesthesia-related risk in the 
pediatric population (also see Chapters 92 to 95). Two 
themes emerge from these studies: very young infants 
are at increased risk, and anesthesia-related risk is 
reduced in centers with specialized pediatric anesthesia 
facilities.
TABLE 37-14 NUMBERS, CASE FATALITY RATES, AND RISK RATIOS OF ANESTHESIA-RELATED DEATHS DURING 
CESAREAN SECTION DELIVERY BY TYPE OF ANESTHESIA IN THE UNITED STATES, 1979-1984  
AND 1985-1990 

Population

Number of Deaths Case-Fatality Rate Risk Ratio

1979-1984 1985-1990 1979-1984 1985-1990 1979-1984 1985-1990

General 33 32 20.0* (95% CI, 
17.7-22.7)

32.3* (95% CI, 
25.9-49.3)

2.3 (95% CI,  
1.9-2.9)

16.7 (95% CI, 
12.9-21.8)

Regional 19 9 8.6† (95% CI,  
1.8-9.4)

1.9† (95% CI, 
1.8-2)

Referent Referent

Adapted from Hawkins JL, Gibbs CP, Orleans M, et al: Obstetric anesthesia work force survey, 1981 versus 1992, Anesthesiology 87:135, 1997.
CI, Confidence interval.
*Per million general anesthetics for cesarean section.
†Per million regional anesthetics for cesarean section.

Figure 37-7. Delivery mortality ratios 
by race in Maryland, from 1984 to 
1997, according to discharge sum-
maries. (From Panchal S, Arria AM, Lab-
hsetwar SA: Maternal mortality during 
hospital admission for delivery: a retro-
spective analysis using a state-maintained 
database, Anesth Analg 93:134, 2001.)

60

70

50

40

30

20

10

0

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

M
at

er
na

l d
ea

th
s/

10
0,

00
0 

liv
e 

bi
rt

hs
/y

ea
r

African American
White



Chapter 37: Risk of Anesthesia 1075
In Beecher and Todd’s classic 1954 study on anesthe-
sia outcomes,18 a “disproportionate number” of anes-
thesia-related deaths occurred in children younger than 
10 years of age. Similarly, Graff and colleagues133 from 
the Baltimore Anesthesia Study Committee reported 
335 operative deaths in the pediatric age group. Of 
these, 58 were thought to be primarily or partially 
attributable to anesthesia. The percentage of operative 
deaths attributable to anesthesia was relatively constant 
among age groups at 16.6% to 21.7%. The estimated 
anesthesia-associated mortality rate was 3.3 deaths per 
10,000 surgeries for those younger than 15 years of age 
versus 0.6 for those between 15 and 24 years of age and 
11.7 for those older than 64 years. Notably, the major-
ity of pediatric anesthetic deaths occurred in children 
with low anesthesia risk and among those undergoing 
tonsillectomy, a common surgical procedure in this age 
group. In an effort to understand the causes of pedi-
atric anesthetic mortality, the authors noted errors in 
anesthesia management as accounting for approxi-
mately one half of the cases. Respiratory complications 
(e.g., underventilation, aspiration of vomitus or blood) 
were apparent in 82% of the anesthesia-related deaths. 
Notably, since this study was completed at a time when 
anesthetic management and monitoring techniques 
were quite different, its applicability to modern practice 
remains limited.

The studies that followed those of Beecher and Todd 
and the Baltimore Anesthesia Study Committee provided 
further detail on the risks associated with pediatric anes-
thesia over time. Tiret and coauthors134 prospectively 
studied major anesthesia-related complications in pedi-
atric patients in 440 hospitals in France between 1978 
and 1982. There were 27 major complications in 40,240 
cases, which included 12 cardiac arrests and 1 death. 
The incidence of major complications and cardiac arrest 
was significantly higher in infants than in older chil-
dren. The rate of cardiac arrest related to anesthesia was 
highest in infants (19 per 10,000) and lowest in chil-
dren (2.1 per 10,000). Most complications in infants 
involved the respiratory system and predominantly 
consisted of airway problems and aspiration. Older chil-
dren experienced respiratory and cardiac complications, 
which occurred most frequently during induction and 
recovery.

Cohen and colleagues135 studied 29,220 anesthesia 
procedures at the Winnipeg Children’s Hospital. Data 
were collected from mid-1982 through 1987 and stored 
in a databank. Data on patients’ coexisting medical con-
ditions and postoperative follow-up were obtained within 
72 hours. Complications included death, cardiac arrest, 
drug reactions, airway obstruction, and minor compli-
cations such as nausea and vomiting, arrhythmias, and 
sore throat. Neonates underwent a higher percentage of 
major vascular or cardiac and intraabdominal procedures, 
and older children had a higher incidence of extremity 
procedures. Intraoperative cardiac arrest occurred most 
frequently in patients younger than 1 year of age (4 in 
2901 procedures). Postoperatively, minor events such as 
nausea and vomiting were more common in older chil-
dren, whereas respiratory events were more common in 
infants and younger children (Table 37-15). When com-
pared with adult patients, children experienced different 
complications, which frequently extended well into the 
postoperative period. In a comparison of 2-year periods 
between 1982 and 1987, rates of intraoperative events 
were found to be stable, and the rate of postoperative 
complications decreased.

More recently, van der Griend and colleagues reported 
on 24-hour and 30-day mortality associated with 101,885 
anesthetics administered to 56,263 children at the Royal 
Children’s Hospital in Melbourne, Australia. They noted 
a rate of all-cause 24-hour mortality of 13.4 per 10,000 
anesthetics and a 30-day all-cause mortality of 34.5 
per 10,000 anesthetics. The incidence of deaths related 
to anesthesia was far lower, occurring at a rate of 1 in 
10,188 or 0.98 cases per 10,000 anesthetics performed. 
In all of the 10 anesthetic-related deaths that the authors 
observed, preexisting medical conditions were assessed to 
have been a significant contributing factor.136

In contrast to efforts to determine the incidence and 
predictors of mortality among pediatric surgical patients, 
a number of investigators have focused on cardiac arrest 
in the context of pediatric anesthesia. For example, Flick 
and associates137 studied patients younger than 18 years 
of age who underwent surgery at the Mayo Clinic and 
TABLE 37-15 SUMMARY OF PERIOPERATIVE EVENTS BY AGE GROUP* 

<1 Month  
(n = 361)

1-12 Months  
(n = 2544)

1-5 Years  
(n = 13,484)

6-10 Years  
(n = 7184)

11+ Years  
(n = 5647)

Any intraoperative event 14.96 7.31 7.10 12.22 9.69
Any recovery room event 16.61 7.23 12.20 14.88 15.23
Any postoperative event
Minor event†

Major event‡
13.57
23.82

10.30
7.51

20.32
3.26

31.49
3.37

32.44
3.33

Any event§

Among patients seen
Among all patients

48.89
41.55

25.92
23.47

37.50
33.16

50.52
45.04

51.33
45.78

Adapted from Cohen MM, Cameron CB, Duncan PG: Pediatric anesthesia morbidity and mortality in the perioperative period, Anesth Analg 70:160, 1990.
*All figures are given as the percentage of events per total anesthetics.
†Includes nausea and vomiting, sore throat, muscle pain, headache, dental conditions, positional conditions, conditions involving extremities, eye condi-

tions, croup, temperature, behavioral problems, thrombophlebitis, arterial line problem, awareness, and “other” problems.
‡Includes “other respiratory” conditions, cardiovascular disorders, nerve palsy, hepatic disorders, renal disorders, seizures, surgical complications, and 

death.
§Percentage of total anesthetics in which at least one event occurred in the intraoperative unit, recovery unit, or later during the postoperative period.
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experienced perioperative cardiac arrest between Novem-
ber 1, 1988, and June 30, 2005. A total of 92,881 anes-
thetics were administered during the study period, 4242 
(5%) of which were for the repair of congenital heart mal-
formations. The incidence of perioperative cardiac arrest 
during noncardiac procedures was 2.9 per 10,000, and the 
incidence during cardiac procedures was 127 per 10,000. 
The incidence of perioperative cardiac arrest attributable 
to anesthesia was 0.65 per 10,000 anesthetics. The inci-
dence of cardiac arrest and mortality was highest in neo-
nates (0 to 30 days of life) undergoing cardiac procedures 
(incidence, 435 per 10,000; mortality, 389 per 10,000).

Investigators at the Children’s Hospital of Boston 
used an established data registry that included all cardiac 
arrests from January 2000 through December 2005 related 
to surgery for congenital heart disease.138 Over this time 
period, 41 cardiac arrests occurred in 40 patients dur-
ing 5213 anesthetics for an overall frequency of 0.79%. 
Eleven cardiac arrests (26.8%) were classified as either 
likely (n = 6) or possibly related (n = 5) to anesthesia (21.1 
per 10,000 anesthetics) but with no mortality; 30 cardiac 
arrests were categorized as being related to the procedure.

Efforts to understand the causes and outcomes of 
cardiac arrest in pediatric anesthesia patients have been 
aided by the development of large-scale clinical registries 
for research and quality improvement. In 1994, the Pedi-
atric Perioperative Cardiac Arrest (POCA) Registry139 was 
formed to determine the clinical factors and outcomes 
associated with cardiac arrest in anesthetized children. 
Institutions included in the registry submitted standard-
ized data from each cardiac arrest occurring in an anes-
thetized child 18 years of age or younger. A total of 289 
cardiac arrests occurred in the 63 institutions in the data-
base during the first 4 years of the registry, 150 of which 
were judged to be related to anesthesia (1.4 per 10,000 
anesthesia procedures), with a 26% mortality rate. Medi-
cation-related causes and cardiovascular causes of cardiac 
arrest were most common. Anesthesia-related cardiac 
arrest occurred most often in patients younger than age 1 
year and in patients with severe underlying disease. The 
goal of the registry is similar to that of the closed claims 
studies—to identify the causes in this unique population 
and thereby formulate preventive strategies.

An update from the POCA Registry was published 
in 2007.140 From 1998 through 2004, 193 arrests (49%) 
were related to anesthesia. Medication-related arrests 
accounted for 18% of all arrests. Cardiovascular causes of 
cardiac arrest (41%) were the most common, with hypo-
volemia from blood loss and hyperkalemia from transfu-
sion of stored blood being the most common identifiable 
cardiovascular causes (Fig. 37-8). Among respiratory 
causes of arrest (27%), airway obstruction from laryngo-
spasm was the most common. Vascular injury incurred 
during placement of central venous catheters was the 
most frequent equipment-related cause of arrest. Cardio-
vascular and respiratory causes occurred most commonly 
in the surgical and postsurgical phases, respectively.

In 2010, POCA investigators reported on anesthesia-
related cardiac arrest in children with preexisting cardiac 
disease, comparing 245 cardiac arrests in children with-
out heart disease with 127 cardiac arrests in children with 
cardiac conditions. Compared with children without 
cardiac disease, children with cardiac conditions were 
more often ASA physical status III, IV, or V and more 
often arrested from cardiovascular causes. Mortality was 
higher in children with heart disease than among chil-
dren without heart disease (33% vs 23%) but did not dif-
fer when adjusted for ASA physical status classification.141

GERIATRICS

The relationship of age to operative risk has been a sub-
ject of scientific and clinical debate since the early days 
of modern surgery (also see Chapter 80). As the propor-
tion of United States adults aged 65 years and older is 
anticipated to increase rapidly over the next 3 decades as 
a result of the aging of the post–World War II baby boomer 
generation, the nature of operative and anesthetic risk in 
older patients remains a vital area of inquiry.

A key issue in research on the safety of surgery and 
anesthesia among older adults is the determination of 
what constitutes old age from the perspective of peri-
operative risk. Multiple definitions have been used for 
advanced age, including age older than 65, 70, 80, or 90 
years. For example, Denney and Denson142 evaluated risk 
associated with surgery in patients older than 90 years of 
age. They reported 272 patients undergoing 301 opera-
tions at the University of Southern California Medical 
Center, finding a high perioperative mortality rate among 
older patients with serious bowel obstruction (63%). Tak-
ing a slightly different approach, Djokovic and Hedley-
Whyte143 studied outcome after surgery in 500 patients 
older than 80 years of age. They found that mortality 
was predicted by ASA physical status classification, with 
greater comorbid conditions associated with increasing 
risk. Myocardial infarction was the leading cause of post-
operative death. Patients without significant comorbid 
diseases (ASA I classification) had a mortality rate of less 
than 1%.

Del Guercio and Cohn144 investigated the value of 
preoperative invasive monitoring in obtaining hemo-
dynamic and cardiopulmonary variables for predicting 
operative risk in the older adult. Among 148 consecutive 
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Figure 37-8. Causes of anesthesia-related cardiac arrest in the Pedi-
atric Perioperative Cardiac Arrest (POCA) Registry from 1998 to 2004 
versus 1994 to 1997. (**P < .01 1998-2004 vs 1994-1997 by Z test). 
(From Bhananker SM, Ramamoorthy C, Geiduschek JM, et al: Anesthesia-
related cardiac arrest in children: update from the Pediatric Perioperative 
Cardiac Arrest Registry, Anesth Analg 105:344-350, 2007.)
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patients older than 65 years of age who were treated in a 
surgical ICU, only 13.5% had normal physiologic mea-
surements. Advanced and uncorrectable functional defi-
cits were found in 63% of patients, and all in this group 
who underwent the planned surgery died.

Del Guerico and Cohn’s work represented one of sev-
eral studies that emphasized coexisting diseases, rather 
than aging itself, as the cause of apparently increased 
perioperative mortality among older adults. More 
recently, a growing body of literature has focused on the 
importance of functional disability and chronic geriatric 
syndromes, such as frailty and dementia, as determinants 
of postoperative outcomes among older individuals. Rob-
inson and colleagues examined a cohort of 110 surgi-
cal patients with a mean age of 74 years, finding a 15% 
6-month rate of mortality. Statistically significant predic-
tors of 6-month mortality included impaired cognition, a 
recent fall, hypoalbuminemia, anemia, functional depen-
dence, and comorbidity. Notably, functional dependence 
was the strongest predictor of 6-month mortality. Four 
or more markers in any one patient effectively predicted 
6-month mortality (sensitivity, 81%; specificity, 86%).145 
Similarly, Finlayson and colleagues observed high rates 
of mortality after major gastrointestinal surgery among 
older nursing home residents versus the overall Medicare 
population; the high rates of mortality were likely attrib-
utable to high rates of comorbidity and functional dis-
ability within this population.146

In this context, research on the risks of surgery and 
anesthesia in the older adult now focuses on broader 
definitions of risk that include functional outcomes and 
quality of life, in addition to traditional morbidity and 
mortality outcomes. Most recently, Finlayson and col-
leagues examined 6822 older nursing home residents 
undergoing intestinal resections for colon cancer, not-
ing a 53% 1-year mortality rate and a 24% rate of sus-
tained decline in functional independence in activities of 
daily living among survivors. In multivariate regression, 
age older than 80 years, hospital readmission after sur-
gical discharge, surgical complications, and functional 
decline before surgery all predicted functional decline 
at 1 year.147 As this population continues to grow, these 
measures of outcome relative to patient goals of care will 
become increasingly important in determining optimal 
strategies for perioperative management.

RISKS DIRECTLY RELATED TO THE 
ANESTHETIC DRUG

Numerous studies have evaluated the influence of the 
choice of anesthetic on outcome, a question that is dis-
cussed throughout this book. From a global perspec-
tive, there does not appear to be a single best anesthesia 
technique for a particular surgery or group of surgeries. 
In a multivariate analysis by Cohen and co-workers96 of 
100,000 anesthesia procedures performed in Canada, the 
choice of drug did not provide any additional prognos-
tic information for predicting mortality beyond that of 
patient disease and the surgical procedure. In univariate 
analysis, monitored anesthesia care appeared to be associ-
ated with worse outcomes; however, this association was 
attributable to the use of monitored anesthesia in sicker 
patients (see Table 37-12).

One question that has persisted within the anesthe-
sia literature is the issue of whether anesthetic medica-
tions carry inherent toxicity (also see Chapter 26). For 
example, numerous recent discussions have focused on 
the potential toxicity of halothane and sevoflurane. In 
the case of halothane, concern focused on the potential 
for fulminant, potentially fatal, hepatic necrosis with this 
medication. After several case reports of hepatic necro-
sis after halothane anesthesia, a large retrospective study 
of 856,500 anesthesia procedures at 34 institutions was 
undertaken.148-150 In all but nine cases, hepatic necrosis 
could be explained by other causes. Of the remaining 
nine cases, only seven received halothane. Halothane 
could be associated with hepatitis and hepatic failure, but 
the incidence was very low.

In the case of sevoflurane, concern has centered on 
the potential nephrotoxicity of its metabolite compound 
A. Although some laboratory studies have supported 
the contention that sevoflurane reacts with soda lime to 
form compound A and that this metabolite can lead to 
renal toxicity,151,152 clinical studies have been unable to 
confirm this potentially detrimental effect153,154 in the 
United States (also see Chapter 26) .

Numerous studies have attempted to define the safest 
anesthetic for high-risk patients. In the late 1980s, there 
was particular concern that isoflurane caused coronary 
steal in patients with coronary stenosis and collaterals 
and that this could result in myocardial ischemia.155,156 
A series of studies were conducted to evaluate the rate 
of perioperative cardiac morbidity and mortality in 
patients undergoing coronary artery bypass grafting to 
determine the importance of the agent used for general 
anesthesia.157-160 Taken together, these studies demon-
strated negligible differences in outcome, thus support-
ing the contention that multiple safe approaches to 
general anesthesia may exist for an individual context. 
Other studies have focused on the relative safety of gen-
eral anesthesia versus neuraxial or regional techniques. 
Notably, multiple randomized trials and observational 
studies demonstrated improved outcome with regional 
rather than general anesthesia.161,162 For lower extrem-
ity and pelvic surgery, regional anesthesia was associ-
ated with a lower incidence of graft thrombosis and deep 
venous thrombosis, as well as decreased bleeding. For 
patients undergoing vascular surgery, the primary find-
ing was a lower incidence of graft thrombosis and the 
need for reoperation in patients undergoing infraingui-
nal bypass surgery; however, the largest of these studies 
was unable to demonstrate any difference in outcome 
based on anesthesia technique.163-165 The rate of this 
complication was low in the total cohort in the largest 
trial, which made it impossible to detect any difference 
based on technique. Summarizing findings from several 
of these studies, Rodgers and co-workers162 published an 
influential meta-analysis of regional versus general anes-
thesia. Neuraxial blockade was found to reduce postop-
erative mortality and other serious complications. The 
magnitude of some of these benefits remained uncertain. 
Discussion of regional versus general anesthesia is pre-
sented in Chapters 56 and 57.



PART IV: Anesthesia Management1078
RISKS RELATED TO SURGERY

The surgical procedure itself significantly influences 
perioperative risk. In virtually every study performed, 
emergency surgery is associated with additional risk. For 
example, in the study of Goldman and Caldera,98 emer-
gency surgery was associated with the second highest 
weight (i.e., number of points) after active signs of con-
gestive heart failure. In this same study, intrathoracic and 
abdominal procedures were determined to have higher 
risk.

In some cases, the risk related to surgery is a func-
tion of the underlying disease processes and the stress 
related to the surgical procedure. As a category of surgi-
cal procedures, cardiovascular surgery has historically 
been associated with the highest risk of mortality and 
major morbidity. (The risks related to cardiac surgery are 
reviewed in Chapter 67.) Vascular surgery is among the 
highest-risk group of noncardiac procedures. Although 
aortic reconstructive surgery has traditionally been con-
sidered the procedure with the highest risk, infrainguinal 
procedures have shown a similar rate of cardiac morbidity 
in several studies.166,167 In an attempt to analyze the cause 
of the high complication rate with a relatively peripheral 
procedure, L’Italien and associates167 demonstrated that 
the extent of coronary artery disease is higher in patients 
undergoing infrainguinal procedures and most likely 
accounts for the excess morbidity and mortality.

Ashton and colleagues168 evaluated perioperative mor-
bidity and mortality in a cohort of patients at a Veter-
ans hospital. Although vascular surgery was among the 
highest risk procedures, amputation was associated with 
the highest inhospital cardiac complication rate within 
this subgroup. This finding most likely represents the 
more severe nature of the cardiovascular disease in these 
patients and the prolonged hospitalization needed to 
facilitate recuperation. As in the study by Goldman and 
co-workers,13 intraabdominal, thoracic, and orthopedic 
procedures were associated with increased risk. In another 
report, Ashton and colleagues169 evaluated the rate of 
perioperative myocardial infarction in patients undergo-
ing transurethral resection of the prostate. Despite the 
high frequency of coronary artery disease in this popula-
tion, the incidence of perioperative myocardial infarction 
was only 1%.

Numerous studies have evaluated the perioperative 
complication rate related to superficial procedures. Backer 
and associates170 evaluated the rate of perioperative myo-
cardial reinfarction in patients who had histories of 
preexisting coronary artery disease and who underwent 
ophthalmologic surgery. They demonstrated that the rate 
of perioperative cardiac morbidity after ophthalmologic 
surgery was extremely low, even in patients with a recent 
myocardial infarction. Similar findings of the safety of 
ophthalmologic surgery have been reported by multiple 
other investigators.69,171

Eagle and associates172 evaluated perioperative car-
diac morbidity and mortality among patients who had 
been treated for coronary artery disease and subsequently 
underwent major noncardiac surgery. Among these 
patients, major vascular surgery was associated with the 
highest risk of myocardial infarction or death, with a 
combined incidence of morbidity and mortality greater 
than 5%. Procedures associated with a combined compli-
cation rate of 1% to 5% included intraabdominal, tho-
racic, and head and neck surgical procedures. Low-risk 
procedures included breast, skin, urologic, and ortho-
pedic surgeries. Ultimately, these groupings of surgical 
procedures came to form the basis for the definitions of 
surgical risk published in the American College of Car-
diology/American Heart Association joint guidelines on 
perioperative cardiovascular evaluation for noncardiac 
surgery.173

More recent statistical modeling efforts aimed at pre-
dicting postoperative outcomes have recognized the 
important contribution of the type of surgical procedure 
to the overall operative risk. Gupta and colleagues,111 who 
reported on efforts to model the risk of cardiac events 
after noncardiac surgery, identified the type of surgical 
procedure as one of five key predictors of postoperative 
cardiac events. Glance and colleagues117developed a risk-
prediction model for 30-day mortality after noncardiac 
surgery incorporating three key risk factors, one of which 
was an indicator of the risk associated specifically with 
the surgical procedure. Although these groups each used 
different methods of grouping procedures into categories 
of higher and lower risks, their common incorporation of 
information on procedure type into risk models to pre-
dict operative outcomes highlights the important contri-
bution of the surgical procedure itself to overall operative 
risk.

RISKS RELATED TO THE LOCATION 
OF SURGERY AND POSTOPERATIVE 
MONITORING

Perioperative risk varies among hospitals for major proce-
dures such as coronary artery bypass grafting and abdom-
inal aortic aneurysm repair9,10,174 (also see Chapters 67 
and 69). Multiple studies have documented a relationship 
between surgical volume and mortality. Although surgi-
cal skill most certainly plays a role in the rate of com-
plications and mortality, local factors may also play an 
important role. For example, low surgical volume may 
lead to less skilled anesthesia and postoperative care. The 
influence of each of these factors on overall morbidity 
and mortality is unknown.

Although the value of postoperative monitoring and 
care in an ICU has never been documented in a random-
ized clinical trial, many investigators have suggested that 
such care is one of the primary reasons for the improved 
morbidity and mortality in recent years. For patients 
undergoing major vascular surgery, several investigators 
have suggested that more intense postoperative monitor-
ing could obviate the need for preoperative cardiac test-
ing and revascularization.173 One potential value of risk 
assessment is the identification of patients who could 
benefit from referral to clinical centers with more exten-
sive perioperative resources. Patients with a low probabil-
ity of perioperative morbidity and mortality could have 
surgery performed locally, and individuals at higher risk 
could receive benefit from transfer to a center with high 
surgical volume.
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RISKS RELATED TO THE ANESTHESIA 
PROVIDER

Over the past decade a great deal of attention has been 
paid to the role and skill of the anesthesia provider on 
patient outcome. Since the initial introduction of ether, 
anesthesia has been administered by a diverse group of 
providers with variable levels of supervision including 
anesthesiologists, general medical officers, residents, 
CRNAs, and anesthesia assistants. The extent to which the 
skills and training of the individual anesthesia provider 
may affect outcomes has been assessed in a number of 
studies. In a now-classic paper, Slogoff and Keats175 stud-
ied the association of perioperative myocardial ischemia 
and cardiac morbidity in patients undergoing coronary 
artery bypass grafting across multiple anesthesiologists 
working in a single practice. Notably, the rate of perioper-
ative ischemia and infarction varied by anesthesiologist; 
for example, the care delivered by the seventh anesthesi-
ologist in their sample was associated with a significantly 
higher rate of complications than the average for the rest 
of the group. The authors concluded that operator tech-
nique and experience may affect risk. Subsequent work 
has moved beyond efforts to demonstrate variability in 
anesthesia outcomes at the level of the individual prac-
titioner to examine whether outcomes might vary across 
different models of anesthesia care. Arbous and coauthors 
reported a case-control study of major morbidity (coma) 
and mortality affecting a total of 869,463 procedures over 
a 1-year period in the Netherlands.176 In this study, 807 
cases of coma or death within 24 hours of anesthesia 
were identified and matched by age and sex to randomly 
selected control participants who underwent anesthesia 
temporally in close proximity to the matched case. The 
Hospital Characteristics Questionnaire, Procedure Ques-
tionnaire, and anesthesia and recovery records were used 
to examine the intraoperative and postoperative charac-
teristics of cases and controls. Anesthesia practice in the 
Netherlands is described as a flexible system with one-
on-one anesthesiologist coverage of induction and emer-
gence, assisted by a nurse anesthetist or resident, and a 
two-on-one system during maintenance anesthesia, with 
a nurse or resident present in the room and an anesthesi-
ologist in the vicinity. The authors elected to use multi-
variate analysis on data sets rather than match cases and 
controls for the anesthesia and physical risk categories or 
the type of surgical procedure (or both).

Included in the analysis were 807 cases and 883 con-
trol participants. Cases and controls, however, were not 
comparable for ASA classification, and controls were 
more likely than cases to have undergone minor elec-
tive procedures during regular working hours. Cases 
more frequently underwent cardiac and major vascular 
procedures, and controls more often underwent ortho-
pedic, urologic, and ophthalmologic procedures. Of the 
807 cases, 95% died within 24 hours, and 5% remained 
comatose, all of whom eventually died in the hospital. 
Postoperative mortality was 8.8% per 10,000 anesthetics, 
and postoperative coma occurred in 0.5% of 10,000 anes-
thetics. Confounding factors were, expectedly, ASA phys-
ical status, type of procedure, anesthetic technique, and 
hospital. Practice-level independent variables that were 
associated with a decreased risk for coma and death in 
24 hours were (1) anesthesia equipment check performed 
with a checklist; (2) direct availability of an anesthesiolo-
gist during maintenance anesthesia by telephone, beeper, 
or walkie-talkie; (3) no change of anesthesiologist during 
the case (OR, 0.46); (4) presence of a full-time nurse anes-
thetist versus a part-time anesthetist during maintenance 
anesthesia; and (5) presence of two persons (anesthesiolo-
gist plus resident or nurse anesthetist) versus one person 
during emergence.

This study is one of very few that attempts to iden-
tify practice characteristics rather than specific drugs or 
techniques that have an impact on anesthesia outcomes. 
The size of this study and the nonambiguity of outcomes 
followed are important characteristics. The study suffers 
from several significant problems, however. Study groups 
were not comparable in important ways. The estimated 
incidence of underreporting of coma and death was 
13% to 47%, and selective underreporting could have 
occurred. The finding that a change of anesthesiologist 
during maintenance anesthesia adversely affected patient 
outcomes contradicts findings in previous studies and 
requires further explanation. Confounding variables asso-
ciated with a change of anesthesiologist during mainte-
nance anesthesia could include case length and the time 
of day in which cases are performed. An intriguing find-
ing is that practitioner characteristics affect outcomes; for 
example outcomes are better with more availability of an 
anesthesiologist and when nurse anesthetists practice full 
time rather than part time. This finding warrants further 
follow-up.

Several studies have attempted to evaluate the com-
plication rates and risks associated with various care pro-
vider models. Bechtoldt,177 as a member of the North 
Carolina Anesthesia Study Committee, evaluated 900 
perioperative deaths that occurred in an estimated 2 mil-
lion anesthesia procedures performed in North Carolina 
between 1969 and 1976. Data were obtained from the 
medical examiner’s report, routine death certificates, and 
a questionnaire completed by the person who adminis-
tered the anesthetic. The committee concluded that 90 of 
these deaths were related to anesthesia. Approximately 
one half of the anesthesia-related deaths took place in 
the surgical unit, including 19 that occurred on induc-
tion. With information obtained from a survey of hos-
pitals, the committee then determined the relationship 
between mortality and anesthesia provider, based on the 
total number of procedures administered by each group. 
The lowest rate of anesthesia-related deaths (1 per 28,166 
procedures) occurred in patients who received anesthesia 
from an anesthesia care team (physician anesthesiologist 
and CRNA), and the highest rate (1 per 11,432 proce-
dures) was associated with anesthesia administered by 
a dentist; the rate for the nurse anesthetist–only cohort 
was intermediate (1 per 20,723). The large number of 
cases in which the care provider was unknown and reli-
ance on hospital estimates of the number of cases per-
formed by each group made interpretation of this study 
difficult.

The Stanford Center for Health Care Research178 
also evaluated the impact of the provider on the out-
come of care. This group prospectively collected data 
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from 8593 patients undergoing 15 surgical procedures 
over a 10-month period (May 1973 through February 
1974). Using a risk adjustment methodology, the actual 
patient outcome was compared with that predicted by 
the patient’s health status and surgical procedure. The 
investigators reported that death plus severe morbidity 
was 11% higher than predicted in patients who received 
their care in a nurse anesthetist–only setting, 3% lower 
than predicted for physician-only care, and 20% lower 
than predicted for an anesthesia care team environment. 
Because of the small sample size, these findings did not 
reach statistical significance between groups.

The differences in outcome among anesthesia provid-
ers are extremely difficult to study from a methodologic 
standpoint. The impact of specific provider types may be 
greatest in specific situations. For example, there may be 
no difference in outcome for healthy individuals, particu-
larly if no complications occur. In contrast, patients with 
significant comorbid diseases and those who sustain peri-
operative complications may benefit from having provid-
ers with specific skill sets. One way to study such issues is 
to evaluate the rate of survival after complications. Silber 
and colleagues7 at the University of Pennsylvania studied 
the medical records of 5972 surgical patients randomly 
selected from 531 hospitals. They evaluated patient and 
hospital characteristics, including the number and type 
of physicians, board certification status, and ratio of 
care providers. The 30-day mortality rate correlated with 
patient characteristics. Failure to rescue (i.e., failure to 
prevent death) after an adverse event was inversely asso-
ciated with the proportion of board-certified anesthesi-
ologists on staff in each facility. Improved perioperative 
survival was significantly associated with the presence of 
an increased number of board-certified anesthesiologists.

As a follow-up to this study, Silber179 used an admin-
istrative data set to compare the outcomes of surgical 
patients for whom anesthesia care was or was not person-
ally performed or medically directed by an anesthesiolo-
gist. All older patients in Pennsylvania who underwent 
general surgical or orthopedic procedures between 1991 
and 1994 were analyzed. The 30-day mortality rate and 
the mortality rate after complications (e.g., failure to res-
cue) were lower when anesthesiologists directed anesthe-
sia care, even after adjustment for patient and hospital 
characteristics. Interpretation of the study was limited 
because the undirected group was small and included a 
large percentage of procedures in which no bill was sub-
mitted for anesthesia services. Administrative data sets, 
such as Medicare claims, allow the investigator to study a 
large number of patients, but significant limitations exist, 
related to the robustness of the data and the potential 
uncontrolled confounding factors. Therefore most inves-
tigators suggest that such studies are best at generating 
hypotheses rather than defining best practices.180

Silber and colleagues181 used similar methodology to 
determine the importance of board certification on peri-
operative risk. Adjusted ORs for death (1.13; 95% CI, 1.00 
to 1.26; P < .04) and for failure to rescue (1.13; 95% CI, 
1.01 to 1.27; P < .04) were greater when care was delivered 
by noncertified, midcareer anesthesiologists.

Pine and co-workers evaluated mortality after eight 
specific surgical procedures.182 Procedure-specific risk 
adjustment models (including institutional and geo-
graphic factors) were derived by stepwise logistic regres-
sion. Observed and predicted values by type of provider 
were not statistically significantly different. Hospitals 
without anesthesiologists had results similar to those 
facilities in which anesthesiologists provided or directed 
anesthesia care. The authors did not evaluate failure to 
rescue or cause of mortality.

More recently, work by Needleman and Minnick has 
appeared in the health services research literature com-
paring obstetric outcomes in facilities with different 
obstetric anesthesia staffing patterns183; although the 
authors observed consistent differences in maternal mor-
tality or other quality indicators at facilities where nurse 
anesthetists practiced with minimal or no supervision by 
anesthesiologists versus anesthesiologist-only facilities, 
questions regarding risk adjustment and study design 
limit definitive interpretations of this work for policy mak-
ing.184 Similarly, a 2010 study by Dulisse and Cromwell 
suggested no changes in overall surgical patient outcomes 
in states that had enacted laws allowing nurse anesthe-
tists to practice independently versus states that required 
anesthesiologist supervision.185 However, as such new 
legislation was not associated with major changes in the 
number or types of surgery conducted without anesthe-
siologist supervision, Dulisse and Cromwell’s work does 
not speak directly to the question of the gains or losses 
in safety associated with any specific provider type for a 
given type of surgery.

Ultimately, as concluded by Smith and associates186 
in a review of available published studies through 2004 
on the influence of anesthesia providers, the relationship 
of patient outcomes to the type of anesthesia provider 
has not yet been conclusively demonstrated. Nurse anes-
thetists and other nonphysician providers are vital to 
the delivery of anesthesia care in the United States and 
elsewhere, and determining the optimal scope of practice 
for such providers remains an ongoing area of academic 
research and political debate.

RISKS TO THE ANESTHESIOLOGIST

Several potential risks to the anesthesiologist are related 
to the provision of care (also see Chapter 110), including 
medicolegal risk, the risk of an allergic reaction, and the 
risk of a needlestick injury and transmission of disease 
from the patient to the practitioner. (Medicolegal risks 
are described in Chapter 11.)

The risk for latex allergy, which can lead to a life-threat-
ening reaction, is becoming increasingly apparent for 
anesthesiologists. Many anesthesiologists are sensitized 
to latex and need to apply appropriate precautions. The 
problem is that many sensitized individuals are asymp-
tomatic. Brown and co-workers187 studied 168 eligible 
anesthesiologists and nurse anesthetists working in the 
anesthesia department of The Johns Hopkins Hospital. 
The prevalence of latex allergy with clinical symptoms 
was 2.4% and that of latex sensitization without clinical 
symptoms was 10.1%. The prevalence of irritant or con-
tact dermatitis was 24%. These data suggest that latex is 
an important problem to the anesthesiologist and that 
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transforming the hospital to a latex-free environment is 
needed.

The fact that anesthesiologists are at risk for contract-
ing a disease from a patient has always been a concern. 
In a review of the literature, Berry and Greene188 reported 
that at least 20 different pathogens have been transmit-
ted through accidental needlestick injuries. In the past 
the risk was primarily hepatitis, but human immunode-
ficiency virus (HIV) is now also a great concern. Among 
anesthesia personnel in several studies conducted in 
the United States, hepatitis B seropositivity ranged from 
12.7% to 48.6%, a rate at least four times greater than 
that in the general population.189-191 The development 
of the hepatitis B vaccine has substantially reduced this 
risk. Hepatitis C virus has been identified as a major 
cause of posttransfusion hepatitis. Several cases of occu-
pationally acquired hepatitis in health care workers have 
been reported.192 Because signs of chronic liver infection 
develop in up to 50% of infected individuals, this repre-
sents a potentially serious problem.

Among the greatest fears of health care workers is the 
HIV infection. The risk of acquiring HIV is approximately 
0.4% from a single percutaneous exposure to blood or 
bloody fluid from an HIV-infected patient.193 At least one 
case of an anesthesiologist who was infected with HIV 
from a needlestick injury during the insertion of a cen-
tral venous catheter into an HIV-positive patient has been 
reported.194

Several strategies have been developed to reduce the 
transmission of communicable diseases (also see Chapter 
110). Although anesthesiologists traditionally think of 
the risk to the patient, they must now be aware of the 
risk to themselves. Widespread adoption of Universal 
Precautions should reduce the rate of infection; however, 
anesthesiologists have not widely accepted these recom-
mendations. In a study of nine hospitals, 59% of the con-
taminated percutaneous injuries were preventable.195 In a 
theoretic model of the risk for HIV infection, the 30-year 
occupational risk was estimated at 0.10% to 0.22% in low-
prevalence areas and 8.26% to 13% in high-prevalence 
areas.196 The researchers suggested that double-gloving 
practices may lead to reduced risk.

IMPROVING ANESTHESIA SAFETY

Over the past several decades, major improvements to the 
safety of anesthesia have been initiated. In 1984, Cooper, 
Kitz, and Pierce hosted a landmark International Sympo-
sium on Preventable Anesthesia Mortality and Morbid-
ity in Boston. Approximately 50 anesthesiologists from 
around the world attended the meeting and, after much 
debate, established a series of definitions of outcome, 
morbidity, and mortality (Box 37-1). Beyond its specific 
conclusions, however, the symposium remains an event 
of major historical importance as a seminal early event 
in the movement to improve patient safety and as the 
context out of which the Anesthesia Patient Safety Foun-
dation (APSF) was established. After its formal incor-
poration in October 1985, the APSF has since actively 
promoted a range of initiatives focused on fulfilling its 
mission to improve continually the safety of patients 
during anesthesia care by encouraging and conducting: 
(1) safety research and education, (2) patient safety pro-
grams and campaigns, and (3) national and international 
exchange of information and ideas. To this end, the APSF 
has focused on promoting research, practice improve-
ment, and knowledge dissemination across a range of pri-
ority areas (Box 37-2). Overall, these efforts have stressed 
the potential for systems-level improvements, standard-
ization of care processes, human-factors engineering, and 
simulation-based training to limit harms caused by pre-
ventable adverse events and errors in crisis management 
in the context of anesthesia care. Through this work, the 
APSF has come to serve as a leader in patient safety, not 
only in the context of anesthesia and perioperative care, 
but also more generally within medicine by establishing 
patient safety as a formal concept and discipline in medi-
cal care and serving as a model for other organizations 
such as the U.S. National Patient Safety Foundation.197

Alongside the efforts of the APSF, other prominent 
organizations, such as the ASA, have sought to improve 
the safety of anesthesia care through the creation and 
dissemination of standards and guidelines for clinical 
practice. In general, both standards and guidelines repre-
sent summations by clinicians of the available evidence 
about the benefits and risks of particular approaches to 
treatment. Typically, a practice standard implies that a 
therapy or practice should be performed for patients with 
a particular condition. Standards are approved only if an 
assessment of the probabilities and utilities of the group 
indicate that the decision to choose the treatment or a 
strategy would be virtually unanimous. At present, the 
ASA has established one set of practice standards for anes-
thesia care, which outline basic requirements for intraop-
erative monitoring.198

In contrast to practice standards, guidelines are 
intended to be more flexible than standards, but they 
should be followed in most cases. Depending on the 
patient, setting, and other factors, guidelines can and 
should be tailored to fit individual needs. Similar to stan-
dards, guidelines should be cost-effective methods. Spe-
cific guidelines have been created by the ASA for diverse 

Outcome
Normal
Abandoned procedure
Morbidity
Death

Morbidity
Unplanned, unwanted, undesirable consequence of anesthesia

Mortality
Death that occurs before recovery from the effects of a drug or 

drugs given to facilitate a procedure
Death that occurs during an attempt to relieve the pain of a 

condition
Death that results from an incident that occurs while the drugs 

are effective

BOX 37-1 Proposed Definitions From the 
1984 International Symposium on Preventable 
Anesthesia Morbidity and Mortality

Adapted from Pierce EC Jr: The 34th Rovenstine Lecture. 40 years behind the 
mask: safety revisited, Anesthesiology 84:965, 1996.
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issues such as a difficult airway,199 the use of the pul-
monary artery catheter,200 and the use of blood compo-
nents201 with the goal of defining the evidence on which 
optimal practice can be based. In a similar vein, the World 
Health Organization has recently placed an emphasis on 
the potential for a simple preoperative checklist, mod-
eled on the processes used in other high-risk industries 
such as aviation, to reduce the rates of adverse events in 
the perioperative period.202 Driven in part by the find-
ings of improved outcomes with checklist use in a multi-
center, international study by Haynes and co-authors,203 
such expanding interest in the use of standardized safety 
checks offers new potential opportunities to decrease the 
risk of anesthesia further.

Applying further insights gained from the aviation 
industry to anesthesia care, the APSF and other organi-
zations have focused on developing simulation-based 

 •  Use of anesthesia simulators for training and evaluation
 •  Improvement of standards for intraoperative monitoring
 •  Application of patient safety checklists to intraoperative care
 •  Promotion of standardized approaches to difficult airway 

management
 •  Prevention of medication-related adverse events
 •  Reuse and attempted resterilization of disposable anesthesia 

equipment
 •  Risks of outdated anesthesia machines without modern safety 

features
 •  Aiding the development of practice standards by the World 

Federated Societies of Anesthesiologists
 •  Surgery department crisis management, including teamwork, 

team training, and resource management
 •  Production pressure, causing dangerous omissions and cutting 

corners
 •  Intravenous procedural sedation by nonanesthesia personnel
 •  Contamination of medical gases and disruption of pipeline 

flow
 •  Contamination of intravenous medications
 •  Special risks of office-based anesthesia
 •  Patients with obstructive sleep apnea and their postoperative 

care
 •  Postoperative cognitive dysfunction (particularly in older 

adults)
 •  Possible long-term increase in morbidity and mortality after 

extensive general anesthesia
 •  Postoperative vision loss, especially in extensive prone spine 

surgery
 •  Wrong-site surgery
 •  Residual neuromuscular blockade and postoperative 

complications
 •  Protocols for assessing and managing adverse events
 •  Persistence of deaths from malignant hyperthermia
 •  Dangers and challenges in patients with coronary artery stents
 •  Maintenance of current protocols for the anesthesia machine 

checkout
 •  Possible impact of anesthesia management on cancer 

recurrence
 •  Persistence of surgical unit fires

BOX 37-2 Selected Areas of Focus of the 
Anesthesia Patient Safety Foundation, 
1985-2012

Adapted from Eichhorn JH: The Anesthesia Patient Safety Foundation at 25: a 
pioneering success in safety, 25th anniversary provokes reflection, anticipa-
tion, Anesth Analg 114: 791-800, 2012.
approaches to train anesthesia providers and to evalu-
ate their decision-making capabilities in crisis situa-
tions.204-208 To date, an extensive array of standardized 
scenarios have been developed for making comparisons 
among individuals, and research is ongoing to examine 
how best to use this technology in anesthesia training 
and recertification. Ultimately, such efforts, combined 
with improved monitoring of adverse outcomes through 
large outcomes databases and those now being assem-
bled by the Multicenter Perioperative Outcomes Group 
and the Anesthesia Quality Institute, hold potential to 
improve the safety of anesthesia care continually on both 
a national and an international level.

SUMMARY

The risks related to anesthesia appear to have dramatically 
decreased over the past several decades. Clearly, death 
solely attributable to anesthesia is rare; rather, underlying 
patient disease and the nature and extent of surgery have 
a greater effect on overall outcome than do risks attrib-
utable to the anesthetic per se. Although these changes 
in the risk attributable to anesthesia could justifiably be 
considered a major achievement on the part of anesthesia 
providers over time, they also present a novel challenge 
to anesthesia providers to identify new opportunities to 
aid in more broadly decreasing both the morbidity and 
the mortality of surgical procedures and to aid in align-
ing the results of surgical interventions with individual 
patients’ goals of care. At the same time, vigilance must 
be continued to maintain high standards of basic anes-
thesia care across both hospital- and nonhospital-based 
settings. Finally, anesthesia providers should play a role 
in systems-based thinking to improve perioperative care 
and the short- and long-term outcomes of patients under-
going surgery and anesthesia.
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Preoperative Evaluation
DUMINDA N. WIJEYSUNDERA • BOBBIE-JEAN SWEITZER

K e y  P o i n t s

 •  The anesthesia preoperative evaluation, which is the clinical foundation for 
guiding perioperative patient management, reduces perioperative morbidity and 
enhances patient outcome.

 •  The fundamental purpose of preoperative evaluation is to obtain pertinent 
information regarding the patient’s medical history, formulate an assessment 
of the patient’s perioperative risk, and develop a plan for any requisite clinical 
optimization.

 •  The preanesthesia evaluation should include a focused clinical examination, 
documentation of comorbid illness, reduction of patients’ anxiety through 
education, assurance that preexisting medical conditions are optimally 
managed, selective referrals to medical specialists, ordering of preoperative 
investigations, initiation of interventions intended to decrease risk, discussion of 
aspects of perioperative care, arrangements for appropriate postoperative care, 
and recommendations to delay or cancel the surgical procedure, if deemed 
appropriate.

 •  Basic and complex medical diseases and syndromes that can influence anesthetic 
perioperative management require the anesthesiologist to be clinically 
knowledgeable and current in many aspects of internal medicine.

 •  Patients require appropriate preoperative diagnostic and laboratory studies 
consistent with their medical history, the proposed surgical procedure, and 
possible intraoperative blood loss. Routine preoperative testing is costly, is often 
clinically inappropriate, and cannot be justified.

 •  The anesthetic preoperative evaluation clinic can enhance operating room 
efficiency, decrease day-of-surgery cancellations or delays, reduce hospital costs, 
and enhance the quality of patient care.

 •  New and updated preoperative evaluation consensus and evidence-based 
guidelines published by multiple medical specialties have important influences on 
the preparation of patients for anesthesia and surgery.

 •  Anesthesiologists must be aware of, and be compliant with, increasing regulatory 
and reporting requirements involving preoperative issues by agencies such as The 
Joint Commission.

 •  The anesthesiologist is the perioperative medical specialist and thus is uniquely 
positioned to evaluate the risks associated with anesthesia or surgery, discuss these 
risks with the patient, and manage them perioperatively in collaboration with the 
surgical team and sometimes the referring physician.

Acknowledgment: The editors and publisher would like to thank Drs. Stephen P. Fischer, and Angela M. Bader for 
contributing a chapter on this topic to the prior edition of this work. It has served as the foundation for the current chapter.
Preoperative evaluation is a requisite component to 
administering any anesthetic. The practice and scope 
of preanesthesia evaluation have changed dramatically, 
largely because of a rapid transformation in hospital prac-
tice from admission of patients to the hospital the night 
before surgical procedures to admission on the morning 
1085

of surgery. This practice led to a new approach to preop-
erative evaluation, which is a vital role of the periopera-
tive physician. Accordingly, many anesthesiologists have 
expanded their responsibilities from providers of intra-
operative anesthesia care to perioperative medical special-
ists who use their unique knowledge and experience to 
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manage medical complexities related to surgery.1 Within 
the context of preoperative evaluation, this expanded 
role entails that anesthesiologists assume the leadership 
role in the assessment and optimization of patients who 
are being prepared for surgery.2 This chapter provides a 
comprehensive discussion of the fundamental practice 
of preoperative assessment, as well as a review of related 
concepts, regulatory requirements, consensus-based 
guidelines, and clinical options.

EVOLUTION OF PREANESTHESIA 
EVALUATION

All patients requiring anesthesia for surgery undergo a 
preoperative evaluation by their anesthesia provider. 
Clinical practice with regard to this evaluation has 
changed substantially. Historically, anesthesiologists 
assessed their patients for the first time either just before 
the surgical procedure or on the day before it, whereas 
the remainder of preoperative evaluation and preparation 
was the responsibility of surgeons, primary care provid-
ers, or other medical specialists. In some countries, this 
approach remains the standard model of preanesthesia 
evaluation. Once the surgical procedure has been con-
templated or actually decided, the trend has been for 
anesthesiologists increasingly to take on a leadership 
role in preoperative evaluation and preparation, well in 
advance of the scheduled surgical procedure.

Several factors have contributed to this change. First, 
few patients are admitted to the hospital before surgical 
procedures. Currently, most surgical procedures in the 
United States are performed on an outpatient or same-day 
admission basis, including major neurosurgical, cardiac, 
and radical cancer procedures. Little financial justifica-
tion exists for the previous model of admitting patients 
to the hospital at least 1 day before surgery. Second, the 
increasing burden of medical comorbidity among surgi-
cal patients entails sufficient time between the preanes-
thesia evaluation and the planned surgical procedure 
to facilitate required testing, interventions, and medical 
optimization. Third, anesthesia care is no longer limited 
to the operating room. Indeed, many departments of 
anesthesiology have changed their official departmental 
titles to include anesthesia and perioperative care. The 
leadership role of anesthesiologists in preoperative evalu-
ation is a logical extension of their role in perioperative 
medicine, especially given their unique expertise in the 
management of medical complexities related to anesthe-
sia and surgery.

The development of the outpatient preoperative 
assessment clinic has been instrumental in facilitating 
increasing involvement of anesthesiologists in preopera-
tive evaluation. These clinics also impose new clinical 
and organizational challenges. In an institution where 
most surgical patients are evaluated in the preoperative 
assessment clinic, anesthesiologists may have less time 
to evaluate often medically complex patients. Conse-
quently, anesthesiologists must achieve a high level of 
efficiency and accuracy in the assessment of a patient’s 
history, physical examination, and differential diagnosis, 
as well as in the planning of perioperative management. 
Conversely, in a hospital where only the highest-risk 
patients are referred for consultation at a preoperative 
assessment clinic, the anesthesia department must inter-
act with surgical departments to establish general pro-
tocols that ensure capture of the information needed to 
perform anesthesia safely, as well as the appropriate selec-
tion of individuals who require preoperative anesthesia 
consultation.

In addition to changes in the scope and timing of the 
preanesthesia evaluation, this assessment has increas-
ingly been influenced and governed by practice guide-
lines. For example, The Joint Commission mandates 
documentation of a history and physical examination for 
any surgical patient within 30 days before the planned 
procedure, as well as reassessment within the 48-hour 
period immediately preceding the surgical procedure. The 
American Society of Anesthesiologists (ASA) published 
specific standards for the conduct of preoperative anes-
thesia evaluation.3 In addition, several other specialty 
societies published practice guidelines specifically relat-
ing to the preoperative management of medical issues in 
surgical patients.4-7

GOALS AND BENEFITS OF PREANESTHESIA 
EVALUATION

The preoperative evaluation can help influence and 
thereby improve perioperative care (Fig. 38-1). Con-
versely, inadequate preoperative evaluation was identi-
fied as a clear contributing factor for 3% of perioperative 
adverse events captured by the Australian Incident Moni-
toring Study (AIMS) database.8

The goals of the preanesthesia evaluation are twofold: 
first, to ensure that patients can safely tolerate anesthe-
sia for planned surgical procedures; and second, to miti-
gate risks associated with the overall perioperative period, 
such as postoperative pulmonary or cardiac complica-
tions. In pursuit of these goals, the preanesthesia evalu-
ation offers opportunities to perform focused clinical 
examinations, better document comorbid illness, reduce 
the patient’s (and family’s) anxiety through education, 
optimize preexisting medical conditions, make selective 
referrals to medical specialists (e.g., pulmonologists, car-
diologists), order specialized preoperative investigations 
(e.g., cardiac stress tests), initiate interventions intended 
to decrease perioperative risk (e.g., β-adrenergic block-
ers), discuss aspects of perioperative care (e.g., anticipated 
risks, fasting guidelines, regional anesthesia), and arrange 
appropriate levels of postoperative care (e.g., admission 
to a critical care unit). When the patient is at very high 
risk for adverse perioperative outcomes, the anesthesi-
ologist may recommend an alternative nonoperative or 
less invasive treatment. The preanesthesia evaluation 
may sometimes identify previously unrecognized medi-
cal conditions (e.g., hypertension) that may not sig-
nificantly affect immediate perioperative risks, but that 
warrant subsequent follow-up by appropriate health care 
professionals.5

Preanesthesia evaluation has measurable benefits. 
Anesthesiologist-led preoperative evaluation is associ-
ated with more selective ordering of laboratory tests and 
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specialist referrals than is evaluation led by surgeons 
or primary care physicians, thereby leading to reduced 
health care costs.9-12 Additional benefits have been shown 
when patients are assessed in an outpatient preoperative 
assessment clinic, including reduced levels of patients’ 
anxiety,13 improved acceptance by patients of regional 
anesthesia,14 fewer case cancellations on the day of sur-
gery,9,15-17 shorter duration of hospitalization,14,16,17 and 
lower hospital costs.16

ROLE OF THE MEDICAL CONSULTANT IN 
PREOPERATIVE EVALUATION

The use of preoperative medical consultation for surgical 
patients varies across institutions, likely depending on the 
expertise in perioperative medicine among clinicians per-
forming preanesthesia assessments. Given the inadequate 
degree of exposure to preoperative assessment at many anes-
thesia residency programs,18 some anesthesiology depart-
ments may prefer that medical specialists and hospitalists 
take primary responsibility for most preoperative evalua-
tions at their centers. When anesthesiologists who perform 
preoperative evaluations do have improved comfort levels 
with respect to the ordering and interpretation of electrocar-
diograms (ECGs), special tests, or stress ECGs, rates of pre-
operative medical consultations are substantially reduced.12
Medical consultants have a clear role in the preopera-
tive care of selected surgical patients. Potential reasons for 
medical consultations include management of unstable 
medical conditions before elective surgery (e.g., unstable 
angina), preoperative optimization of poorly controlled 
medical diseases (e.g., treatment of asthma exacerbation), 
facilitation of clinically relevant preoperative diagnostic 
workups (e.g., coronary angiography following high-risk 
stress test results), or guidance regarding the perioperative 
management of an uncommon medical disorder (e.g., 
severe hyponatremia). Preoperative consultation by med-
ical specialists or hospitalists can also help facilitate post-
operative comanagement by these same individuals.19 
The comanagement model for postoperative care of surgi-
cal patients is increasingly common,20 although its bene-
fits for patients’ outcomes and costs remains unclear.21-24

The effects of preoperative medical consultation on 
patients’ outcomes are also mixed. A randomized trial of 
outpatient preoperative evaluation demonstrated fewer 
last-minute cancellations of surgical procedures but no 
difference in hospital length of stay, as well as an increase 
in consultations.25 In addition, medical consultation was 
associated with increases in specialized testing,26 costs,27 
hospital length of stay,26,27 and mortality.26 Conversely, 
a transition from an anesthesiologist-led to a hospital-
ist-led preoperative assessment clinic reduced hospital 
length of stay in high-risk patients.28 Potential reasons 
Figure 38-1. Mechanisms by which 
preoperative evaluation can help influ-
ence and improve perioperative care.
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for this variable effect may be the absence of actual rec-
ommendations in many medical consultations,29 as well 
as disagreements among medical specialists, anesthesi-
ologists, and surgeons on the intended purpose of these 
consultations.30 In addition, increased burden of comor-
bidity is a very small determinant of whether patients are 
referred for preoperative medical consultations,31 a find-
ing suggesting that most consultations are not sought for 
higher-risk patients who most warrant the involvement 
of medical specialists.

DETECTING DISEASE IN PREOPERATIVE 
EVALUATION

The clinical examination, consisting of the history and 
physical examination, is often all that is required to 
make a diagnosis or eliminate alternative hypotheses. 
In a study of patients in a general medical clinic, 56% 
of correct diagnoses were made on the basis of the his-
tory alone; this percentage increased to 73% with the 
physical examination. In patients with cardiovascular 
disease, the history established the diagnosis two thirds 
of the time, with physical examination contributing 
to one fourth of diagnoses.32 Diagnostic tests, such as 
chest radiographs (x-ray studies) and ECGs, helped with 
only 3% of diagnoses, whereas special tests (e.g., cardiac 
stress tests) assisted with 6%. In respiratory, urinary, 
and neurologic conditions, history taking is the most 
important diagnostic method. The skill of performing 
a clinical examination derives from pattern recogni-
tion acquired by seeing patients and assimilating their 
stories and outcomes. The diagnostic acumen of physi-
cians reflects their ability to integrate and develop an 
overall impression, rather than just reviewing a compi-
lation of facts.

IMPORTANCE OF THE MEDICAL HISTORY

The variability in the words that patients and physi-
cians use to describe symptoms is a common problem. 
The use of lay language and the recording of symptoms 
in ordinary words lead to greater interobserver agree-
ment among practitioners and can prevent communica-
tion errors that are common in medical care. Common 
errors occur when diagnostic labels such as “angina” are 
written in the medical record when the patient actually 
complained of “chest pain.” Conversely, patients rarely 
describe true angina or myocardial infarction (MI) as 
chest pain. More likely, they present with complaints 
of tightness or squeezing, often in their upper abdo-
men, shoulder, or neck. Medical interviewers should 
therefore not be surprised that patients may deny ever 
having chest pain when this is the only noun used 
when inquiring about symptoms of angina. Obtaining 
the patient’s history is not simply asking questions but 
asking the right questions, often in a variety of ways, 
and interpreting and carefully recording the answers. 
Thorough histories assist in planning appropriate safe 
anesthesia care and are more accurate and cost effective 
in establishing diagnoses than are screening laboratory 
tests.
COMPONENTS OF THE MEDICAL HISTORY

The important components of the anesthesia history are 
shown in Figure 38-2. The form can be completed by anes-
thesia staff during an in-person or telephone interview 
with the patient. Alternatively, the patient can complete 
the form, either in person (paper or electronic version) or 
remotely through a Web-based program.

The classic history of present illness, or HPI, as it relates 
to preanesthesia evaluation starts with the indication for 
surgery and the planned procedure. The development 
of the surgical condition and any prior related therapies 
need to be clear. Current and past medical problems, pre-
vious surgical procedures, types of anesthesia, and any 
anesthesia-related complications must be noted. A simple 
notation of diseases or symptoms such as hypertension, 
diabetes mellitus, coronary artery disease (CAD), short-
ness of breath, or chest pain is rarely sufficient. Rather, 
the severity, stability, exacerbations (current or recent), 
prior treatments, and planned interventions should be 
clear. The extent, degree of control, and the activity-lim-
iting nature of the problems are equally of interest. The 
patient’s responses to these initial questions elicit further 
inquiry to establish a complete history.

Prescription and over-the-counter medications 
(including supplements and herbal medications) should 
be carefully recorded, along with their dosages and sched-
ules. This includes any recent but currently interrupted 
medications because this could lead to the recognition of 
important issues (e.g., recent corticosteroid therapy). It is 
necessary to inquire about allergies to medications and 
other substances (e.g., latex, radiographic dye), with spe-
cial emphasis on the patient’s response to the exposure. 
Patients often claim an “allergy” to a substance when, 
in reality, the reaction was an expected side effect (e.g., 
nausea or vomiting with narcotics). The patient’s use of 
tobacco, alcohol, or illicit drugs must be documented. 
Quantitative documentation of tobacco exposure using 
pack-years (number of packs of cigarettes smoked per day, 
multiplied by the number of years of smoking) is best. For 
example, if an individual has smoked 2 packs of cigarettes 
daily for the last 10 years, this is recorded as 20 pack-years 
of tobacco use.

A personal or family history of pseudocholinesterase 
deficiency, malignant hyperthermia (MH), or a suggestion 
of MH (hyperthermia or rigidity during anesthesia) in a 
patient or family member must be clearly documented 
to allow appropriate arrangements to be made before 
the day of surgery (see also Chapter 43). Records from 
previous anesthetic experiences may clarify an uncertain 
history.

A screening review of systems may identify symptoms 
that could lead to the establishment of previously undi-
agnosed conditions. Prime emphasis is on airway abnor-
malities; a personal or family history of adverse events 
related to anesthesia; and symptoms of cardiovascular, 
pulmonary, hepatic, renal, endocrine, or neurologic dis-
ease. A report of a patient who has experienced excessive 
sore throat, dental injuries, or “the need to have a small 
tube” with previous anesthetic cases may be an indica-
tion of previous difficulty with airway management. 
Questioning the patient about snoring and daytime 
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somnolence may suggest undiagnosed sleep apnea, 
which has implications for anesthesia management (see 
the later section on obstructive sleep apnea [OSA] and 
also Chapter 14). The presence of any two of the follow-
ing findings increases the chance that a patient has sleep 
apnea: snoring, daytime somnolence, sleepiness, hyper-
tension, and obesity. The presence of chest discomfort 
(pain, pressure, tightness), as well as its duration, pre-
cipitating factors, associated symptoms, and relieving 
factors, could be important. All diagnoses, diagnostic 
tests, therapies, and names of treating physicians should 
be documented. Any history of shortness of breath, 
both with exertion or when lying flat (i.e., orthopnea), 
and peripheral edema could signal potential postopera-
tive problems. Does the patient have a history of heart 
murmurs? Were diagnostic studies performed to evalu-
ate the murmur? The cardinal symptoms of severe aortic 
stenosis are angina, heart failure, and syncope, although 
decreased exercise tolerance and exertional dyspnea are 
more likely. A history of significant heartburn or reflux, 
especially after a fasting duration comparable to preop-
erative fasting, is important. Women of childbearing age 
need to recall their last menstrual period and their likeli-
hood of being pregnant. This history is more reliable if 
the female patient, especially if a minor child, is ques-
tioned in privacy.
Patient’s name_________________________________________________Age__________Sex__________Date of surgery__________

Planned operation ___________________________________________________Surgeon_____________________________________

Primary care doctor/phone #___________________________  Other physicians/phone #s______________________________________

1. Please list all operations (and approximate dates)  

 a. __________________________________________________ d.  __________________________________________________ 

 b. __________________________________________________ e.  __________________________________________________

 c. __________________________________________________ f.  __________________________________________________

2. Please list any allergies to medicines, latex, or other (and your reactions to them) 

 a. __________________________________________________ c. __________________________________________________ 

 b. __________________________________________________ d. __________________________________________________

3. Please list all medications you have taken in the last month (include over-the-counter drugs, inhalers, herbals, dietary supplements, and 

aspirin) 

netfOwoHdnaesoDgurDfoemaNnetfOwoHdnaesoDgurDfoemaN

a. __________________________________________________ f.  __________________________________________________ 

b. __________________________________________________    g. __________________________________________________ 

c. __________________________________________________ h. __________________________________________________ 

 d. __________________________________________________ i.  __________________________________________________ 

 e. __________________________________________________ j.  __________________________________________________

ONSEY)smelborpcificepselcricdnaONroSEYkcehcesaelP(

 4. Have you taken steroids (prednisone or cortisone) in the last year? 

 5. Have you ever smoked? (Quantify in _______ packs/day for _______ years) 

  Do you still smoke? 

  Do you drink alcohol? (If so, how much?) ________________________________

  Do you use or have you ever used any illegal drugs? (we need to know for your safety) 

 6. Can you walk up one flight of stairs without stopping? 

 7. Have you had any problems with your heart? (circle) (chest pain or pressure, heart attack, 

  abnormal ECG, skipped beats, heart murmur, palpitation, heart failure [fluid in the lungs], 

  require antibiotics before routine dental care) 

 8. Do you have high blood pressure? 

 9. Have you had any problems with your lungs or your chest? (circle) (shortness of breath, 

  emphysema, bronchitis, asthma, TB, abnormal chest x-ray) 

 10. Are you ill now or were you recently ill with a cold, fever, chills, flu or productive cough? 

  Describe recent changes ________________________________________________      

A
Figure 38-2. A and B, Sample patient preoperative history form. ECG, Electrocardiogram; TB, tuberculosis; TMJ, temporomandibular joint.
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11. Have you or anyone in your family had serious bleeding problems? (circle) (prolonged bleeding 

 from nosebleed, gums, tooth extractions, or surgery) 

12. Have you had any problems with your blood (anemia, leukemia, sickle cell disease, 

 blood clots, transfusions)? 

13. Have you ever had problems with your: (circle)

 Liver (cirrhosis, hepatitis, jaundice)? 

 Kidney (stones, failure, dialysis)? 

 Digestive system (frequent heartburn, hiatus hernia, stomach ulcer)? 

 Back, neck or jaws (TMJ, rheumatoid arthritis)? 

 Thyroid gland (underactive or overactive)? 

14. Have you ever had: (circle)

 Seizures, epilepsy, or fits? 

 Stroke, facial, leg or arm weakness, difficulty speaking? 

 Cramping pain in your legs with walking? 

 Problems with hearing, vision or memory? 

15. Have you ever been treated for cancer with chemotherapy or radiation therapy? (circle)

16. Women: Could you be pregnant? 

 Last menstrual period began: ______________________

17. Have you ever had problems with anesthesia or surgery? (circle) (severe nausea or vomiting, 

 malignant hyperthermia [in blood relatives or self], prolonged drowsiness, anxiety, 

 breathing difficulties, or problems during placement of a breathing tube) 

18. Do you have any chipped or loose teeth, dentures, caps, bridgework, braces, 

 problems opening your mouth, swallowing or choking? (circle)

19. Do your physical abilities limit your daily activities? 

20. Do you snore? 

21. Please list any medical illnesses not noted above: 

 ___________________________________________________________________________

 ___________________________________________________________________________

 ___________________________________________________________________________

 ___________________________________________________________________________

22. Additional comments or questions for nurse or anesthesiologist? 

 ___________________________________________________________________________

 ___________________________________________________________________________

B
Figure 38-2, cont’d
The status of the patient’s cardiorespiratory fitness or 
functional capacity helps determine whether additional 
preanesthetic evaluation should be performed and may 
predict perioperative outcomes. Exercise or work activity 
can be quantified in metabolic equivalents of the task 
(METs), which is a measure of the volume of oxygen 
consumed during an activity. A proposed scheme for 
estimating METs is presented in Table 38-1. Poor exer-
cise capacity may be the cause or result of cardiopulmo-
nary disease. Although lack of exercise may increase the 
risk of developing cardiac disease, preexisting cardio-
pulmonary disease can also prevent an individual from 
exercising. For example, patients with peripheral arterial 
disease (PAD) are limited by intermittent claudication, 
and patients with ischemic heart disease may complain 
of chest discomfort with exertion. Patients may not 
volunteer this information until asked why they can-
not walk more than a certain distance or climb stairs. A 
patient’s self-reported inability to perform average levels 
of exercise (i.e., 4 to 5 METs) increases the risk of periop-
erative complications.33,34 Nonetheless, the magnitude 
of the association is relatively weak.

A general review of all organ systems should also be 
done. For example, asking patients whether they ever 
had problems with their heart, lungs, kidneys, liver, ner-
vous system or whether they have had cancer, anemia, 
bleeding problems or have ever been hospitalized for 
any reason often prompts recall of medical problems. 
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Similarly, obtaining a complete list of previous surgi-
cal procedures can help complete the medical history. 
Finally, a review of records from primary care physi-
cians, specialists, or the hospital can reveal any issues 
the patient may not recall.

PHYSICAL EXAMINATION

At a minimum, the preanesthetic examination includes 
vital signs (i.e., arterial blood pressure [BP], heart rate 
[HR], respiratory rate, oxygen saturation), height, and 
weight. Body mass index (BMI) is calculated from the 
height and weight and is more accurate than weight in 
establishing obesity. Online BMI calculators are found 
at http://www.cdc.gov/nccdphp/dnpa/bmi/index.htm 
or http://www.nhlbi.nih.gov/guidelines/obesity/BMI/b
micalc.htm. The formulas for calculating the BMI are as 
follows:

English formula:

 BMI =

(
Weight in pounds

(Height in inches) × (Height in inches)

)
× 703 

Metric formula:

 
BMI =

(
Weight in kilograms

(Height in meters) × (Height in meters)

)

 

or:

 

BMI =(
Weight in kilograms

(Height in centimeters)×(Height in centimeters)

)
× 104

A BMI of 40 or more defines extreme obesity, a BMI of 
30 to less than 40 defines obesity, and a BMI of 25 to less 
than 30 defines an overweight person. A scheme for clas-
sifying children and adults based on BMI is presented in 
Table 38-2. An increased BMI is predictive of difficulties 
with airway management, both bag-mask ventilation 

TABLE 38-1 METABOLIC EQUIVALENTS OF 
FUNCTIONAL CAPACITY 

METs Equivalent Level of Exercise

1 Eating, working at computer, or dressing
2 Walking down stairs, walking in your house, or cooking
3 Walking one or two blocks on level ground
4 Raking leaves or gardening
5 Climbing one flight of stairs, dancing, or bicycling
6 Playing golf or carrying clubs
7 Playing singles tennis
8 Rapidly climbing stairs or slowly jogging
9 Jumping rope slowly or cycling moderately

10 Swimming quickly, running, or jogging briskly
11 Skiing cross country or playing full court basketball
12 Running rapidly for moderate to long distances

Modified from Jette M, Sidney K, Blumchen G: Metabolic equivalents (METS) 
in exercise testing, exercise prescription, and evaluation of functional capac-
ity, Clin Cardiol 13:555-565, 1990.

MET, Metabolic equivalent (1 MET is equivalent to oxygen consumption 
of 3.5 mL/minute/kg body weight).
and endotracheal intubation. In addition, obesity is 
associated with development of chronic diseases such as 
heart disease, cancer, or diabetes35 (see also Chapter 71).

Patients often have increased arterial BP during 
the preoperative visit, even without a prior history of 
hypertension. This finding may be caused by anxiety, or 
the patient may have forgotten to take his or her usual 
dose of antihypertensive medication before an appoint-
ment or procedure. Thus, this single reading may not 
reflect the patient’s usual BP control. Repeating the BP 
measurement or obtaining previous readings, either 
from medical records or asking the patient what his or 
her “usual” BP measurements are, can be informative.

From the anesthesiologist’s perspective, inspection 
of the airway may be the single most important com-
ponent of the physical examination (see Chapter 55). 
Without specialized training in airway evaluation and 
management, it is challenging for nonanesthesiologists 
to perform an adequate assessment. The components of 
the airway examination are presented in Box 38-1. Doc-
umentation of an airway examination includes the Mal-
lampati score (Fig. 38-3), status of teeth, degree of neck 
mobility (especially extension), neck circumference 
(increased size predicts difficulty with laryngoscopy), 
thyromental distance, body habitus, and pertinent 
deformities.36 Because of the potential for occasional 
dental injuries during anesthesia, a thorough documen-
tation of preexisting tooth abnormalities is useful (Fig. 
38-4). Patients with the following characteristics have 
potential difficulty with ventilation through a bag-mask 
apparatus.

 •  Age of 55 years or more
 •  BMI exceeding 26
 •  Lack of teeth
 •  Beard
 •  History of snoring
  

Patients with the following characteristics may pose a 
challenge to ventilate by any mechanism:

 •  OSA (see also Chapter 14)
 •  History of snoring
 •  Obesity (see also Chapter 71)

TABLE 38-2 CLASSIFICATION SCHEME FOR BODY 
MASS INDEX 

Body Mass Index Weight Status

Adults >20 Yr Old
BMI <18.5 Underweight
BMI 18.5-24.9 Normal
BMI 25.0-29.9 Overweight
BMI ≥30.0 Obese
For Children and Teens
BMI for age <5th percentile Underweight
BMI for
age 5th-<85th percentile

Normal

BMI for age 85th-<95th percentile At risk of overweight
BMI-for-age ≥95th percentile Overweight

From Centers for Disease Control and Prevention: <http://www.cdc.gov/> 
(Accessed 26.02.14.)

BMI, Body mass index.

http://www.cdc.gov/nccdphp/dnpa/bmi/index.htm
http://www.nhlbi.nih.gov/guidelines/obesity/BMI/bmicalc.htm
http://www.nhlbi.nih.gov/guidelines/obesity/BMI/bmicalc.htm
http://www.cdc.gov/
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 •  Increased neck circumference (>17 inches in men or 
>16 inches in women)

 •  Thyromental distance less than 7 cm with head in 
maximum extension

 •  Higher Mallampati scores (see Fig. 38-3)
 •  Large tongue
 •  Inability to protrude the mandible or lower teeth in 

front of the upper teeth
 •  Facial and neck deformities from previous surgery
 •  Previous head and neck radiation
 •  Head and neck trauma
 •  Congenital abnormalities of the head and neck
 •  Rheumatoid arthritis
 •  Down syndrome
 •  Scleroderma
 •  Cervical spine disease or previous cervical spine surgery
  

Examination of previous anesthetic records is criti-
cal, and extensive effort should be expended to obtain 
these records. Patients with documented difficult airways 
should be urged to obtain proper medical alert identifica-
tion. When challenging airways are identified, advance 
planning ensures that necessary equipment and skilled 
personnel are available on the day of surgery.

An evaluation of the heart, lungs, and skin is nec-
essary, as well as further focus on the organ systems 
involved with disease as reported by the patient. Auscul-
tation of the heart and inspection of arterial pulses, veins 
(peripheral and central), and any edema in the extremi-
ties help establish diagnoses and predict perioperative 

Length of the upper incisors
Condition of the teeth
Relationship of the upper (maxillary) incisors to the lower 

(mandibular) incisors
Ability to advance the lower (mandibular) incisors in front of 

the upper (maxillary) incisors
Interincisor or intergum (if edentulous) distance
Visibility of the uvula
Presence of heavy facial hair
Compliance of the mandibular space
Thyromental distance
Length of the neck
Thickness or circumference of the neck
Range of motion of the head and neck  

BOX 38-1 Components of the Airway 
Examination
risk. In addition, inspection of peripheral veins can 
help assess the ease of intravenous access. If intravenous 
access sites are limited, possible central line placement 
can be discussed with the patient, or arrangements can 
be made for assistance from the interventional radiol-
ogy department. The auscultatory examination should 
assess for murmurs, rhythm disturbances, and evidence 
of volume overload. Important physical findings include 
third or fourth heart sounds, rales, jugular venous disten-
tion, ascites, hepatomegaly, and dependent edema. As 
opposed to patients’ self-reporting of exercise tolerance, 
direct observation of a patient climbing flights of stairs 
can provide very useful prognostic information. The 
observed inability to climb one to two flights of stairs 
predicts a significantly increased risk of postoperative 
morbidity or mortality,37 and it may help guide the need 
for further specialized testing, such as pulmonary func-
tion tests (PFTs) or cardiac stress testing. Examination of 
the pulmonary system should include auscultation for 
wheezing and for decreased or abnormal breath sounds, 
as well as inspection for cyanosis, clubbing, accessory 
muscle use, and respiratory effort. Obesity, hyperten-
sion, and large neck circumference are associated with an 
increased risk of OSA.38

A basic neurologic examination includes document-
ing deficits in mental status, speech, cranial nerves, gait, 
and motor and sensory function. For selected patients 
(e.g., those with deficits or disease or patients undergo-
ing neurosurgery), a more extensive or focused neuro-
logic examination should document specific preexisting 
abnormalities that may aid in diagnosis or interfere 
with positioning. In addition, definition of a baseline 
state can be compared with the postoperative state for 
identification of new deficits and to aid in defense of 
any future legal claims. Auscultation for carotid bruits is 
also important, especially in patients with a history of 
head or neck irradiation, strokes, or transient ischemic 
attacks.

PREOPERATIVE EVALUATION OF 
PATIENTS WITH COEXISTING DISEASE

For some conditions commonly seen in the preanes-
thetic assessment clinic, preoperative intervention may 
be important (see also Chapter 39). Identification of these 
comorbid conditions often presents an opportunity for 
the anesthesiologist to intervene to decrease risk. These 
conditions are best managed before the day of surgery, 
Figure 38-3. Mallampati classification: class I, soft palate, 
fauces, entire uvula, pillars; class II, soft palate, fauces, por-
tion of uvula; class III, soft palate, base of uvula; class IV, hard 
palate only. (Redrawn from Bair AE, Caravelli R, Tyler K, et al: 
Feasibility of the preoperative Mallampati airway assessment in 
emergency department patients, J Emerg Med 38:677-680, 
2010.)

Class I Class II Class III Class IV
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thus allowing ample time for thoughtful evaluation, con-
sultation, and planning.

CARDIOVASCULAR DISEASE

Cardiovascular complications are very common serious 
perioperative adverse events (see Chapter 37), and they 
account for almost half of all perioperative deaths.39 In 
addition, serious myocardial injury occurs in approxi-
mately 8% of patients who undergo major surgery.39 
Some perioperative interventions may modify risks for 
cardiovascular morbidity and mortality.5,40,41

Hypertension
Hypertension, which is defined by two or more arterial 
BP measurements greater than 140/90 mm Hg, affects  
1 billion individuals worldwide and increases with age. 
In the United States, 25% of adults and 70% of patients 
more than 70 years old have hypertension; of these indi-
viduals, less than 30% are adequately treated. The dura-
tion and severity of hypertension are highly correlated 
with subsequent end-organ damage, morbidity, and mor-
tality. Ischemic heart disease is the most common form of 
organ damage associated with hypertension. Each incre-
mental increase of systolic BP of 20 mm Hg or diastolic 
BP of 10 mm Hg above 115/75 doubles the lifetime risk 
for cardiovascular disease in individuals 40 to 70 years 
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of age. Although the degree of preoperative hyperten-
sion is associated with increased risks of postoperative 
death and MI,42 hypertension is associated only with a 
relatively small 1.3-fold increase in perioperative cardiac 
risk.43 Other end-organ manifestations of hypertension 
are heart failure, renal insufficiency, and cerebrovascular 
disease.

Preoperative evaluation can help identify causes of 
hypertension, other cardiovascular risk factors, and end-
organ damage. Paroxysmal hypertension or hypertension 
in young individuals should prompt a search for coarc-
tation, hyperthyroidism, pheochromocytoma, or illicit 
drug use (e.g., cocaine, anabolic steroids). The physical 
examination focuses on the cardiovascular system, pulses, 
vital signs (BP measurement must be repeated and previ-
ous records obtained to establish long-term values), thy-
roid gland, and signs of excessive intravascular volume. 
Other than essential hypertension, the patient should 
be asked about episodic tachycardia, palpitations, and 
syncope. In addition, the physical examination should 
include BP measurements in both arms, auscultation 
of bruits, and examination of pulses in both upper and 
lower extremities. Additional testing should be directed 
by history and physical examination. Patients with long-
standing, severe, or poorly controlled hypertension need 
an ECG and determinations of blood urea nitrogen (BUN) 
and creatinine, depending on the surgical procedure. 
Individuals receiving diuretics may require evaluation 
of electrolytes. Patients with significant left ventricular 
hypertrophy (LVH) on their ECG, especially with strain 
pattern, should be assessed for associated CAD. Patients 
suspected of hyperthyroidism require thyroid function 
tests (see also Chapter 39).

Elective surgery should be delayed for severe hyperten-
sion (diastolic BP >115 mm Hg or systolic BP >200 mm 
Hg) until BP is less than 180/110 mm Hg. Nonetheless, 
current guidelines from the American College of Cardi-
ology Foundation (ACCF) and American Heart Associa-
tion (AHA) instead suggest that the potential benefits of 
delaying surgery to optimize antihypertensive treatment 
should be weighed against the risks of delaying the sur-
gical procedure.5 Specifically, the literature is generally 
unclear on whether such delays help improve periopera-
tive outcomes.43 For example, a randomized trial of 898 
patients with inadequately treated chronic hypertension 
without acute symptoms demonstrated no advantage of 
delaying surgery to optimize long-term BP control, when 
compared with simply proceeding to surgery with short-
term BP treatment.44

The perioperative period should also be viewed as an 
excellent opportunity to alter both long-term and short-
term consequences of diseases.5 Thus, although surgery 
may not have to be delayed to optimize BP control, appro-
priate referrals should be made so that patients will have 
future appropriate postoperative management of inad-
equately managed hypertension. In general, all long-term 
antihypertensive treatment should be continued preop-
eratively. The only potential exceptions are angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin 
receptor blockers (ARBs). Preoperative administration of 
these medications is associated with increased risks for 
intraoperative hypotension.45
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Step 1: Emergency Surgery

Step 2: Active Cardiac Conditions
 • Unstable coronary syndromes (unstable or severe angina, recent Ml)
  • Decompensated HF (new onset, NYHA class IV)

• Significant arrhythmias (Mobitz II or third-degree heart block, SVT or AF with rapid
  ventricular rate, symptomatic ventricular arrhythmia or bradycardia, new VT)

 • Severe valvular disease (severe AS or MS)

Step 3: Low-Risk Surgery (risk<1%)
  • Superficial or endoscopic
  • Cataract or breast
  • Ambulatory 

Step 4: Functional Capacity
  • Good: ≥4 METs (can walk flight 
  of stairs without symptoms)

Step 5: Clinical Predictors
  • Ischemic heart disease
  • Compensated or prior HF
  • Cerebrovascular disease (stroke, TIA)
  • Diabetes mellitus
  • Renal insufficiency

No clinical predictors Proceed to surgery

Proceed to surgery

Proceed to surgery

Postpone surgery until
stabilized or corrected

Proceed to surgery with
medical risk reduction and
perioperative surveillance

Consider testing if it will 
change management

Proceed to surgery with
HR control or consider
noninvasive testing if it

will change management

Vascular surgery

Vascular surgery

Intermediate-risk surgery

1-2 clinical predictors 

≥3 clinical predictors

Figure 38-5. Simplified cardiac evaluation for noncardiac surgery. AF, Atrial fibrillation; AS, aortic stenosis; HF, heart failure; HR, heart rate; METs, 
metabolic equivalents of the task; MI, myocardial infarction; MS, mitral stenosis; NYHA, New York Heart Association; SVT, supraventricular tachycardia; 
TIA, transient ischemic attack; VT, ventricular tachycardia. (From Fleisher LA, Beckman JA, Brown KA, et al: 2009 ACCF/AHA focused update on perioperative 
beta blockade incorporated into the ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation and care for noncardiac surgery: a report of the 
American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines, Circulation 120:e169-e276, 2009.)
Ischemic Heart Disease
The goals in the preanesthetic evaluation of patients with 
ischemic heart disease are as follows:

 •  Identify the risk of heart disease based on risk factors 
(Fig. 38-5 and Table 38-3).

 •  Identify the presence and severity of heart disease based 
on symptoms, physical findings, or diagnostic tests.

 •  Determine the need for preoperative interventions.
 •  Modify the risk of perioperative adverse events.
  

The primary basis of cardiac assessment comprises 
the history, physical examination, and ECG. Evalua-
tion of risk factors for CAD is important because 40% 
of men and 65% of women are not diagnosed before 
their first acute coronary syndrome (unstable angina, 
acute MI, or sudden death). The traditional risk fac-
tors for CAD (i.e., smoking, hypertension, increased 
age, male sex, hypercholesterolemia, family history) 
are not the same risk factors that increase periopera-
tive cardiac events (see Fig. 38-5 and Table 38-3). How-
ever, traditional risk factors are important in assessing 
the significance of chest pain, dyspnea, or an abnor-
mal ECG identified during the preoperative evalua-
tion. The Revised Cardiac Risk Index (RCRI) has been 
extensively validated for predicting perioperative car-
diac risk in noncardiac surgery (see Table 38-3).46,47 
TABLE 38-3 REVISED CARDIAC RISK INDEX 
COMPONENTS AND EXPECTED CARDIAC RISK

Components of Revised Cardiac Risk 
Index* Points Assigned

High-risk surgery (intraperitoneal, 
intrathoracic, or suprainguinal 
vascular procedure)

1

Ischemic heart disease (by any 
diagnostic criteria)

1

History of congestive heart failure 1
History of cerebrovascular disease 1
Diabetes mellitus requiring insulin 1
Creatinine >2.0 mg/dL (176 μmol/L) 1
Revised Cardiac Risk Index Score Risk of Major Cardiac 

Events†‡

0 0.4%
1 1.0%
2 2.4%
≥3 5.4%

*Data from Lee TH, Marcantonio ER, Mangione CM, et al: Derivation and 
prospective validation of a simple index for prediction of cardiac risk of 
major noncardiac surgery, Circulation 100:1043-1049, 1999.

†Data from Devereaux OJ, Goldman L, Cook DJ, et al: Perioperative 
cardiac events in patients undergoing noncardiac surgery: a review of 
the magnitude of the problem, the pathophysiology of the events and 
methods to estimate and communicate risk, CMAJ 173:627-634, 2005.

‡Defined as cardiac death, nonfatal myocardial infarction, or nonfatal 
cardiac arrest.
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The components of the RCRI, all of which are assigned 
equal weights, are a history of ischemic heart disease, 
heart failure, diabetes, cerebrovascular disease, renal 
insufficiency (creatinine concentration >2.0 mg/dL), 
and high-risk surgery (intraperitoneal, intrathoracic, 
and suprainguinal  vascular procedures).

The presence of chest discomfort (pain, pressure, 
tightness) and its duration, precipitating factors, asso-
ciated symptoms, and relieving factors should be 
determined. The reporting of shortness of breath with 
exertion may represent an angina equivalent; nonethe-
less, dyspnea with exertion is nonspecific and can be the 
result of physical deconditioning, pulmonary disease, or 
heart failure. Even in the absence of angina symptoms, 
patients should be assessed for known risk factors for 
clinically silent ischemic heart disease. Thus, dyspnea 
in patients with risk factors for CAD may necessitate an 
investigation for ischemic heart disease. Women are par-
ticularly likely to have atypical symptoms of ischemic 
heart disease.

Preoperative laboratory tests for patients with known 
or suspected CAD include determination of the blood 
creatinine and hemoglobin concentrations. Renal insuf-
ficiency is a component of the RCRI and a risk factor for 
perioperative cardiac complications.47 Preoperative ane-
mia is associated with increased perioperative cardiac 
risk.48,49 Anemia can decrease the effects of β-adrenergic 
blocker therapy in patients undergoing noncardiac sur-
gery, with evidence of increased harm when this therapy 
is used in patients with perioperative anemia or signifi-
cant bleeding.50,51 However, increasing the blood transfu-
sion rate in anemic surgical patients does not decrease 
perioperative cardiac risk.52

Patients with risk factors for CAD or symptoms (typical 
or atypical) suggestive of ischemia may require an ECG, 
especially for intermediate- to high-risk surgical proce-
dures. Routine preoperative ECGs are not indicated (Box 
38-2), particularly in patients without known cardiovas-
cular disease or risk factors.53 Specific abnormalities that 
are associated with increased perioperative cardiac risk 
include Q waves, right bundle branch blocks (RBBBs), 
and left bundle branch blocks (LBBBs).47,54 Nonetheless, 
when considered in combination with known clinical 
risk factors, such as the components of the RCRI, these 
ECG abnormalities do not enable clinicians to identify 
patients with increased perioperative cardiac risk more 
accurately.54 A preoperative ECG should not be ordered 
simply because of a patient’s advanced age. Although 
ECG abnormalities are more common with advanced 
age, such as a 34% prevalence of Q waves in surgical 
patients 70 years old or older,55 these abnormalities 
themselves provide minimal additional prognostic infor-
mation (see also Chapter 80). Establishing a baseline for 
postoperative comparison is often the most important 
reason to obtain a preoperative ECG; however, this deci-
sion should be based on the patient’s likely risk of post-
operative adverse effects. Specifically, a baseline ECG is 
unlikely to be helpful in an individual who is already at 
very low risk for postoperative cardiac events. In addi-
tion, if a previous ECG is available and no intervening 
change in clinical status has occurred, a repeat ECG is 
unlikely to be useful.
The preoperative evaluation should include a review 
of medical records and previous diagnostic studies, 
especially stress tests and coronary angiography results. 
It is important not to rely on a patient’s history of a 
“normal” test result because many patients are unaware 
of mild abnormalities not requiring revascularization. 
In many cases, a phone call to the primary care physi-
cian or cardiologist yields important information and 
obviates the need for further testing or consultation. 
Any further consultation initiated by the preoperative 
physician should seek specific advice regarding the 
diagnosis and status of the patient’s condition. Ask-
ing specific questions such as “Does this patient have 
CAD?” or “Is this patient optimized for planned radical 
nephrectomy?” is the first step. Specialist consultations 
that simply state that a patient is “cleared for surgery” 
are not sufficient to design a safe anesthetic plan. The 
specialist’s consultation report should summarize the 
medical problems, therapies, and results of any neces-
sary diagnostic tests.

The goal of the preoperative evaluation is to identify 
patients who have a high perioperative cardiac risk or 
those who have modifiable risk. The ACCF/AHA prac-
tice guidelines for cardiac evaluation before noncardiac 
surgery have become the national standard of care.5 
In general, the guidelines emphasize the use of func-
tional capacity, surgical risk, and clinical predictors for 

BOX 38-2 Recommendations for Preoperative 
Resting 12-Lead Electrocardiogram

Class I ReCommendatIon: PRoCeduRe Should Be PeRfoRmed

Preoperative resting 12-lead ECG is recommended for patients 
with one or more clinical risk factors* who are undergoing 
vascular surgical procedures.

Preoperative resting 12-lead ECG is recommended for patients 
with known CAD, PAD, or CVD who are undergoing interme-
diate-risk surgical procedures.

Class IIa ReCommendatIon: It Is ReasonaBle to PeRfoRm the 
PRoCeduRe

Preoperative resting 12-lead ECG is reasonable in persons with 
no clinical risk factors who are undergoing vascular surgical 
procedures.

Class IIB ReCommendatIon: the PRoCeduRe may Be ConsIdeRed

Preoperative resting 12-lead ECG may be reasonable in patients 
with one or more clinical risk factors who are undergoing 
intermediate-risk operative procedures.

Class III ReCommendatIon: the PRoCeduRe should not Be PeR-
foRmed BeCause It Is not helPful

Preoperative and postoperative resting 12-lead ECGs are not 
indicated in asymptomatic persons undergoing low-risk surgi-
cal procedures.

From Fleisher LA, Beckman JA, Brown KA, et al: 2009 ACCF/AHA focused up-
date on perioperative beta blockade incorporated into the ACC/AHA 2007 
guidelines on perioperative cardiovascular evaluation and care for noncar-
diac surgery: a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines, Circulation 
120:e169-e276, 2009.

CAD, Coronary artery disease; CVD, cerebrovascular disease; ECG, electrocar-
diogram; PAD, peripheral arterial disease.

*Risk factors are history of ischemic heart disease, a history of heart failure, 
a history of cerebrovascular disease, diabetes mellitus, and renal insuf-
ficiency.
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preoperative diagnostic and therapeutic interventions. 
At the time of this writing, new guidelines are in devel-
opment and should be published after mid 2014.

The 2009 guidelines propose an algorithm for preop-
erative cardiac risk evaluation that is followed in stepwise 
fashion and stops at the first point that applies to the 
patient (see Fig. 38-5).

Step 1 in this guideline algorithm considers the urgency 
of surgery. For emergency surgery, the focus is on periop-
erative surveillance (e.g., serial ECGs, cardiac enzymes, 
monitoring) and risk reduction (e.g., β-adrenergic block-
ers, statins, pain management).

Step 2 focuses on active cardiac conditions such as 
acute MI, unstable or severe angina, decompensated heart 
failure, severe valvular disease (e.g., critical aortic steno-
sis), or significant arrhythmias (e.g., atrial fibrillation with 
rapid ventricular rate, sustained ventricular tachycardia). 
Active cardiac conditions warrant postponement of sur-
gery for all except lifesaving emergency procedures. After 
identification and treatment of these conditions, surgery 
can be reconsidered if the benefit is substantial and the 
risk acceptable. Traditionally, patients who experienced 
an MI within the previous 3 to 6 months were consid-
ered high risk and necessitated delay of surgery in step 
2. Instead, the ACCF/AHA guidelines now suggest post-
ponement of surgery if a patient had an acute MI, defined 
as occurring within the past 7 days. Patients who had a 
recent MI, defined as occurring within 7 to 30 days before 
surgery, are also considered at high risk if they have evi-
dence of myocardium at risk, based on persistent symptoms 
or stress testing results. Such individuals should also delay 
any nonemergency surgery.

Step 3 considers the surgical risk or severity (Table 
38-4). Patients without active cardiac conditions who 
undergo low-risk surgery can proceed without further 
cardiac testing. All ambulatory surgery is in the low-risk 
category.

Step 4 assesses the patient’s functional capacity based 
on METs (see Table 38-1). Asymptomatic patients with 
average functional capacity, defined as the ability to walk 
one to two flights of stairs or four blocks on a level sur-
face, can proceed directly to surgery.

Step 5 considers patients who have poor or indeter-
minate functional capacity and need intermediate-risk or 
vascular surgery (see Table 38-4). The number of patient-
level clinical predictors from the RCRI (CAD, heart fail-
ure, cerebrovascular disease, diabetes, renal insufficiency) 
determines the likely benefit of further cardiac testing 
among individuals who reach step 5. Patients with no 
clinical predictors proceed to surgery. Those with risk 
predictors may benefit from further testing, but only if 
the results alter management. Selective testing in individu-
als with risk factors may also help improve postoperative 
survival. Data suggest that preoperative stress testing in 
patients with RCRI scores of 3 or more is associated with 
a moderate reduction in 1-year mortality.267

Preoperative cardiac stress testing can help identify 
the presence and severity of preexisting CAD. These tests 
also provide some prognostic information with respect to 
predicting risks of perioperative cardiac complications. 
Given the relatively infrequent incidence of postopera-
tive cardiac events, the prognostic performance of these 
tests should not be evaluated on the basis of positive or 
negative predictive values. Rather, the prognostic perfor-
mance of these tests is better assessed based on positive 
likelihood ratio, negative likelihood ratio, sensitivity, or 
specificity. For context, positive test results must have 
likelihood ratios exceeding 2 to provide clinically mean-
ingful information, whereas negative test results should 
have associated likelihood ratios of 0.5 or less.56 Exercise 
ECG testing has a sensitivity of 74% and a specificity of 
69% for predicting postoperative cardiac events.57 These 
values correspond to a positive likelihood ratio of 2.4 and 
a negative likelihood ratio of 0.4. In contrast, dobutamine 
stress echocardiography has a positive likelihood ratio of 
4.1 and a negative likelihood ratio of 0.2, whereas myo-
cardial perfusion scintigraphy has a positive likelihood 
ratio of 1.8 and a negative likelihood ratio of 0.4.58 Thus, 
overall, dobutamine stress echocardiography provides the 
most accurate prognostic information (for both positive 
and negative test results), whereas myocardial perfusion 
scintigraphy may be predisposed to more false-positive 
results. The prognostic value of myocardial perfusion 
scintigraphy may be improved by considering the extent 
of reversible ischemia found on these tests. Significant 
increases in perioperative cardiac risk are associated with 
reversibility affecting more than 20% of the myocar-
dium.59 The presence of fixed defects alone on perfusion 
imaging is not associated with increased perioperative car-
diac risk. Coronary angiography, which is considered the 
gold standard for diagnosing CAD, may not absolutely 
risk stratify patients either. Specifically, many periopera-
tive cardiac events may be related to noncritical coronary 
lesions rupturing within the context of the hypercoagula-
ble perioperative state.60 Nonetheless, a randomized trial 

TABLE 38-4 STRATIFICATION OF PERIOPERATIVE 
CARDIAC RISK FOR NONCARDIAC SURGICAL 
PROCEDURES 

Risk 
Stratification

Estimated Risk of 
Cardiac Death or 
Nonfatal MI Examples of Procedures

Vascular >5% Aortic and other major 
vascular surgery

Peripheral vascular surgery
Intermediate 1-5% Intraperitoneal and 

intrathoracic surgery
Carotid endarterectomy
Head and neck surgery
Orthopedic surgery
Prostate surgery

Low* <1% Endoscopic procedures
Superficial procedure
Cataract surgery
Breast surgery
Ambulatory surgery

From Fleisher LA, Beckman JA, Brown KA, et al: 2009 ACCF/AHA focused 
update on perioperative beta blockade incorporated into the ACC/AHA 2007 
guidelines on perioperative cardiovascular evaluation and care for noncar-
diac surgery: a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines, Circulation 
120:e169-e276, 2009.

MI, Myocardial infarction.
*These procedures do not require further preoperative cardiac testing 

unless the patient has an unstable cardiac condition.
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of 208 intermediate- to high-risk patients undergoing vas-
cular surgery found that a strategy of routine preoperative 
coronary angiography led to superior long-term survival 
when compared with the selective use of angiography in 
individuals with high-risk stress test results.61

When considering the choice of cardiac stress test, 
exercise ECG testing can be ordered for patients with 
normal ECGs who can exercise and are likely to achieve 
an adequate HR response (see also Chapter 47). An ade-
quate test result is obtained when patients can exercise 
to at least 85% of their target HR (target HR is defined 
as 220 minus age). Pharmacologic stress tests, such as 
dobutamine echocardiography or dipyridamole myocar-
dial perfusion scintigraphy, are indicated for individu-
als who cannot exercise, have pacemakers or significant 
bradycardia, or receive high-dose β-adrenergic blockers. A 
combination of exercise and imaging (e.g., exercise stress 
echocardiography) can be used in patients who can exer-
cise but have significant ECG abnormalities (e.g., LVH 
with a strain pattern or LBBB) that may interfere with 
ECG interpretation for ischemia. Exercise echocardiog-
raphy can lead to many false-positive results in patients 
with LBBB because of associated septal abnormalities5 (see 
also Chapter 46). For most patients, the choice of phar-
macologic stress test is immaterial. Because dobutamine 
uncovers ischemia by increasing contractility, HR, and 
BP, it may not be the best choice in patients with pace-
makers, significant bradycardia, aortic or cerebral aneu-
rysms, or poorly controlled hypertension. Adenosine or 
dipyridamole myocardial scintigraphy relies on the vaso-
dilatory properties of adenosine or dipyridamole (stenotic 
vessels are maximally vasodilated at rest) and uptake of 
the radioisotope by viable myocardium. Although these 
tests do not depend on HR response, they may exacerbate 
bronchospasm in patients taking theophylline or may 
cause dangerous reductions in preload for patients with 
severe aortic valve disease or hypertrophic cardiomyopa-
thy (HCM).

Echocardiography, combined with exercise or a phar-
macologic agent, is used to look for wall motion abnor-
malities (see also Chapter 46). Abnormalities present at 
rest (baseline) indicate scar tissue from previous infarc-
tion. Areas of myocardium that are normal at rest but 
show abnormalities with increased inotropy and chro-
notropy (i.e., inducible wall motion abnormalities) 
indicate stenotic coronary lesions and limited blood 
flow. Similarly, nuclear imaging perfusion abnormali-
ties at rest are consistent with prior infarction. Normal 
coronary arteries vasodilate with adenosine or exercise, 
and uptake of isotope is normal. Myocardium with flow 
limiting lesions is normal at rest, but it shows decreased 
uptake of isotope with exercise or adenosine administra-
tion. If a patient had a specific test in the past, it is most 
useful to obtain the same test for comparison. The ACCF/
AHA guidelines also state that a patient who had a favor-
able stress test result within the previous 2 years does not 
require repeat testing if no subsequent change in symp-
toms has occurred.

By applying the ACCF/AHA recommendations and 
using the predictive value of the RCRI, practitioners in 
preanesthetic clinics are well positioned to initiate pre-
operative cardiac evaluation with stress tests. Results may 
obviate the need for subsequent cardiology consultation 
or ensure that relevant test results will be available at 
the time of the consultation. The preoperative period 
is also an opportunity to identify patients with CAD 
who will benefit from long-term risk modification with 
statins, aspirin, exercise, and diet adjustment. Patients 
with symptoms consistent with ischemia or significant 
risk factors without medical management may benefit 
from evaluation by a cardiologist, regardless of whether 
they are having surgery. Preoperative evaluation should 
therefore not simply focus on the immediate periopera-
tive risk.

However, concerns exist over the predictive value, 
costs, risks, and benefits of the ACC/AHA guidelines for 
cardiac evaluation for noncardiac surgery. An impor-
tant controversy pertains to the benefits versus risks of 
coronary revascularization before noncardiac surgery. 
Two randomized trials of preoperative coronary revas-
cularization versus medical management in intermedi-
ate- to high-risk patients undergoing vascular surgery 
found no benefit to a strategy of revascularization.62,63 
The revascularization strategies employed in these stud-
ies included both coronary artery bypass grafting and 
percutaneous coronary intervention (PCI) with stenting. 
The larger of the two trials excluded individuals found to 
have left main coronary artery stenosis on preoperative 
coronary angiography, a finding present in 5% to 15% of 
intermediate- to high-risk patients undergoing vascular 
surgery.61,62,64 Such patients with unprotected left main 
coronary artery stenosis may be the only subgroup of 
patients deriving a perioperative benefit from preopera-
tive coronary revascularization.64 These patients would 
usually require revascularization by coronary artery 
bypass graft.65

Patients already receiving statins and β-adrenergic 
blockers must continue taking these drugs without inter-
ruption throughout the perioperative period (Boxes 38-3 
and 38-4). Patients already taking β-adrenergic blockers 
need their dosages adjusted to achieve an HR of less than 
70 beats/minute, if at all possible. The role of initiating 
β-adrenergic blockers de novo in patients at increased peri-
operative cardiac risk is unclear, especially given the results 
of the Perioperative Ischemic Evaluation Study-1 (POISE-1) 
trial.40 The patients most likely to benefit are individuals 
undergoing vascular surgery with evidence of inducible 
ischemia on preoperative testing.5,41 β-Adrenergic blockers 
should be initiated at least several days before surgery,66,67 
and they should be titrated to achieve HR control without 
precipitating hypotension. Caution should be exercised in 
individuals with known cerebrovascular disease because of 
the potential for β-adrenergic blockers to increase rates of 
perioperative acute stroke.40,68 In intermediate- to high-
risk surgical patients, consideration should also be given 
to initiating statins, which reduce perioperative cardiac 
risk with few safety concerns.69,70 Randomized trials to 
date have not clearly shown benefits from routinely con-
tinuing aspirin before noncardiac surgery.71-73 The larg-
est trial to-date, the Perioperative Ischemic Evaluation 
Study-2 (POISE-2), found that continuing low-dose aspi-
rin (100 mg/day) did not prevent cardiac events but also 
increased rates of major bleeding.71 Since only one-third 
of these participants had known vascular disease, it may 



PART IV: ANESTHESIA MANAGEMENT1098
Instruct patients to take these medications with a small sip of 
water, even if fasting.

 1.  Antihypertensive medications
    Continue on the day of surgery.
 •  Possible exception: For patients undergoing procedures 

with major fluid shifts, or for patients who have medical 
conditions in which hypotension is particularly dangerous, 
it may be prudent to discontinue ACEIs or ARBs before 
surgery.

 2.  Cardiac medications (e.g., β-blockers, digoxin)
    Continue on the day of surgery.
 3.  Antidepressants, anxiolytics, and other psychiatric 

medications
    Continue on the day of surgery.
 4.  Thyroid medications
    Continue on the day of surgery.
 5.  Birth control pills
    Continue on the day of surgery.
 6.  Eye drops
    Continue on the day of surgery.
 7.  Heartburn or reflux medications
    Continue on the day of surgery.
 8.  Narcotic medications
    Continue on the day of surgery.
 9.  Anticonvulsant medications
    Continue on the day of surgery.
 10.  Asthma medications
    Continue on the day of surgery.
 11.  Steroids (oral and inhaled)
    Continue on the day of surgery.
 12.  Statins
    Continue on the day of surgery.
 13.  Aspirin
    Consider selectively continuing aspirin in patients where the 

risks of cardiac events is felt to exceed the risk of major bleed-
ing. Examples would be patients high-grade CAD or CVD. 
If reversal of platelet inhibition is necessary, aspirin must be 
stopped at least 3 days before surgery. Do not discontinue 
aspirin in patients who have drug-eluting coronary stents until 
they have completed 12 months of dual antiplatelet therapy, 
unless patients, surgeons, and cardiologists have discussed 
the risks of discontinuation. The same applies to patients with 
bare metal stents until they have completed 1 month of dual 
antiplatelet therapy. In general, aspirin should be continued in 

any patient with a coronary stent, regardless of the time since 
stent implantation.

 14.  Thienopyridines (e.g., clopidogrel, ticlopidine)
    Patients having cataract surgery with topical or general anes-

thesia do not need to stop taking thienopyridines. If reversal 
of platelet inhibition is necessary, then clopidogrel must be 
stopped 7 days before surgery (14 days for ticlopidine). Do not 
discontinue thienopyridines in patients who have drug-eluting 
stents until they have completed 12 months of dual antiplate-
let therapy, unless patients, surgeons, and cardiologists have 
discussed the risks of discontinuation. The same applies to 
patients with bare metal stents until they have completed 1 
month of dual antiplatelet therapy.

 15.  Insulin
    For all patients, discontinue all short-acting (e.g., regular) 

insulin on the day of surgery (unless insulin is administered 
by continuous pump). Patients with type 2 diabetes should 
take none, or up to one half of their dose of long-acting or 
combination (e.g., 70/30 preparations) insulin, on the day 
of surgery. Patients with type 1 diabetes should take a small 
amount (usually one third) of their usual morning long-acting 
insulin dose on the day of surgery. Patients with an insulin 
pump should continue their basal rate only.

 16.  Topical medications (e.g., creams and ointments)
    Discontinue on the day of surgery.
 17.  Oral hypoglycemic agents
    Discontinue on the day of surgery.
 18.  Diuretics
    Discontinue on the day of surgery (exception: thiazide diuret-

ics taken for hypertension, which should be continued on the 
day of surgery).

 19.  Sildenafil (Viagra) or similar drugs
    Discontinue 24 hours before surgery.
 20.  COX-2 inhibitors
    Continue on the day of surgery unless the surgeon is con-

cerned about bone healing.
 21.  Nonsteroidal antiinflammatory drugs
    Discontinue 48 hours before the day of surgery.
 22.  Warfarin (Coumadin)
    Discontinue 4 days before surgery, except for patients having 

cataract surgery without a bulbar block.
 23.  Monoamine oxidase inhibitors
    Continue these medications and adjust the anesthesia plan 

accordingly.

BOX 38-3 Preoperative Management of Medications

ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker; CAD, coronary artery disease; COX-2, Cyclooxygenase-2; 
CVD, cerebrovascular disease.
still be reasonable to continue aspirin in select patients 
where the risk of cardiac events is felt to exceed the risk 
of major bleeding. Examples would be patients with high-
grade CAD (including coronary stents) or cerebrovascular 
disease. (see Box 38-3).

Coronary Stents
Patients who have undergone PCI, especially those with 
drug-eluting stents, require several months, if not a life-
time, of antiplatelet therapy to avoid restenosis or acute 
in-stent thrombosis. The presence and type (drug-eluting 
or bare metal) of any coronary stent must be identified 
in the preanesthetic clinic, and subsequent management 
must be performed in collaboration with a cardiologist. 
A scientific advisory from major national medical and 
dental associations, including the ACCF and the AHA, 
provides recommendations for managing patients with 
coronary stents.74 Patients with a recent bare metal stent 
implantation, defined as occurring within the previous 
30 days, should absolutely not undergo elective surgery. If 
urgent surgery is needed, strong consideration is given to 
continuing dual antiplatelet therapy (i.e., thienopyridine 
and aspirin) throughout the perioperative period (see Box 
38-3),5 as well as close monitoring for postoperative myo-
cardial injury (i.e., serial troponin measurement).

Current guidelines also clearly recommend against 
elective surgery within 1 year after drug-eluting stent 
implantation.74 Conversely, perioperative cardiac risk is 
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relatively low if elective surgery is performed more than  
6 months after drug-eluting stent implantation.75-78 None-
theless, surgery within 1 year must involve consultation 
with a cardiologist who is familiar with the implanted 
stent type and the details of the patient’s coronary artery 
anatomy. In general, elective surgery should not be per-
formed until at least 1 year following drug-eluting stent 
implantation. If urgent surgery is needed, strong consid-
eration is given to continuing dual antiplatelet drug ther-
apy throughout the perioperative period (see Box 38-3).

Antiplatelet drugs should not be interrupted in patients 
with coronary stents without consultation with a cardiolo-
gist familiar with coronary stents, as well as an in-depth 
discussion with the surgeon and the patient regarding the 
risks of stopping these drugs. The major concern with pre-
mature discontinuation of dual antiplatelet therapy, espe-
cially during critical time windows following bare metal 
stent implantation (30 days) or drug-eluting stent implan-
tation (1 year), is the risk of precipitating catastrophic stent 
thrombosis, MI, or death. Every effort should be made to 
ensure that surgical procedures are performed following 
these critical time windows, aspirin is continued through-
out the perioperative period, and thienopyridine (typically 

BOX 38-4 Recommendations for Use of 
Perioperative β-Blockers From the American 
College of Cardiology Foundation and 
American Heart Association

Class I IndICatIons*

 •  β-Blockers should be continued in patients undergoing surgery 
who are already receiving β-blockers for treatment of condi-
tions with ACCF/AHA class I guideline indications for the 
drugs.

Class IIa IndICatIons†

 •  β-Blockers titrated to heart rate and blood pressure are prob-
ably recommended for patients undergoing vascular surgery 
who are at high cardiac risk as a result of coronary artery dis-
ease or the finding of cardiac ischemia on preoperative stress 
testing.

 •  β-Blockers titrated to heart rate and blood pressure are reason-
able for patients in whom preoperative assessment for vascular 
surgery identifies high cardiac risk, as defined by the presence 
of more than one clinical risk factor.

 •  β-Blockers titrated to heart rate and blood pressure are reason-
able for patients in whom preoperative assessment identifies 
coronary artery disease or high cardiac risk, as defined by the 
presence of two or more clinical risk factors, who are undergo-
ing intermediate-risk surgery.

*Class I indication: Conditions for evidence and general agreement 
indicate that a given procedure or treatment is beneficial, useful, and 
effective.

†Class IIa indication: Conditions for conflicting evidence and a divergence 
of opinion exist about the usefulness and efficacy of a procedure or 
treatment, but the weight of evidence or opinion is in favor of useful-
ness and efficacy

ACCF/AHA, American College of Cardiology Foundation and American 
Heart Association.

Modified from Fleisher LA, Beckman JA, Brown KA, et al: 2009 ACCF/AHA 
focused update on perioperative beta blockade incorporated into the ACC/
AHA 2007 guidelines on perioperative cardiovascular evaluation and care 
for noncardiac surgery: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice Guidelines, 
Circulation 120:e169-e276, 2009.
clopidogrel) therapy is restarted as soon as possible post-
operatively. Unfractionated heparin and low-molecular-
weight heparin (LMWH) are not appropriate for “bridging” 
patients with coronary stents who have been withdrawn 
from all antiplatelet therapy. Specifically, heparin adminis-
tration can paradoxically increase platelet aggregation and 
thereby may actually increase risk.79 Stent thrombosis is 
best treated with PCI, which can be performed safely even 
in the immediate postoperative period.80 High-risk patients 
are thus likely best managed in facilities with immediate 
access to interventional cardiology.

Heart Failure
Heart failure affects 4 to 5 million people in the United 
States and is a significant risk factor for postoperative 
mortality and adverse events.39,81,82 Decompensated heart 
failure is also a high-risk characteristic that warrants post-
ponement of surgery for all except lifesaving emergency 
procedures.5 Heart failure may result from systolic dysfunc-
tion (decreased ejection fraction from abnormal contractil-
ity), diastolic dysfunction (increased filling pressures from 
abnormal relaxation but normal contractility and ejection 
fraction), or a combination. Diastolic failure accounts for 
almost half of all cases, but little science guides the periop-
erative care of these individuals. Hypertension is a cause 
of diastolic dysfunction, and LVH on an ECG raises sus-
picion. Ischemic heart disease is the most common cause 
of systolic dysfunction in developed countries (50% to 
75% of cases). Cardiomyopathies have a variety of causes 
including infections (human immunodeficiency virus 
[HIV], coxsackievirus, influenza virus, adenovirus, Chagas 
or Lyme disease), toxins, alcohol, sarcoidosis, peripartum 
cardiomyopathy, drugs (e.g., doxorubicin [Adriamycin], 
cocaine), muscular dystrophy, and idiopathic causes. Car-
diac magnetic resonance imaging (MRI) or endomyocar-
dial biopsy may be used to establish a diagnosis.

The goal in the preoperative evaluation is to identify 
and minimize the effects of heart failure. Recent weight 
gain, complaints of shortness of breath, fatigue, orthop-
nea, paroxysmal nocturnal dyspnea, nocturnal cough, 
peripheral edema, hospitalizations, and recent changes 
in management are all significant. Patients with decom-
pensated heart failure feel like they are “suffocating” or 
have “air hunger.”

The physical examination focuses on finding third or 
fourth heart sounds, tachycardia, a laterally displaced api-
cal pulse, rales, jugular venous distention, ascites, hepa-
tomegaly, and peripheral edema. Classifying the patient’s 
medical status according to the New York Heart Associa-
tion (NYHA) categories is also useful:

 •  NYHA class I: no limitation of physical activity; 
ordinary activity not a cause of fatigue, palpitations, or 
syncope

 •  NYHA class II: slight limitation of physical activity; 
ordinary activity resulting in fatigue, palpitations, or 
syncope

 •  NYHA class III: marked limitation of physical activity; 
less than ordinary activity resulting in fatigue, 
palpitations, or syncope; comfort at rest

 •  NYHA class IV: inability to do any physical activity 
without discomfort; symptoms at rest
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Brain natriuretic peptide (BNP), which is released 
from the atria and ventricles in response to ischemia or 
strain, is useful in evaluating patients suspected of hav-
ing decompensated heart failure. 83 The plasma concen-
tration of BNP is a powerful marker of cardiovascular 
risk in nonsurgical patients, including individuals who 
are at risk for CAD, have CAD, or have heart failure.83 
In patients undergoing noncardiac surgery, preopera-
tive BNP levels predict risk for cardiac complications and 
death.84,85 A particular use for BNP is screening individu-
als whose functional capacity is difficult to estimate.86,87 
Specifically, a low BNP concentration is very reassuring 
with respect to predicting a low perioperative cardiac risk. 
Among patients undergoing vascular surgery, a BNP level 
less than 30 pg/mL has a negative likelihood ratio of 0.11 
with respect to predicting postoperative MI or death; the 
negative likelihood ratio associated with a level less than 
116 pg/mL is 0.41.87

An ECG and determination of electrolytes, BUN, cre-
atinine, and possibly BNP are indicated in patients with 
or suspected of having heart failure. Digoxin levels are 
not routinely determined unless toxicity, undertreat-
ment, or noncompliance is suspected. One must deter-
mine trough levels of digoxin, and this is not always 
possible in a preoperative evaluation setting. Paroxysmal 
atrial tachycardia with a 2:1 atrioventricular (AV) block 
is pathognomonic of digoxin toxicity. Junctional tachy-
cardia, ventricular ectopic beats, bigeminy, second-degree 
AV block, nausea, lethargy, altered color perception, 
and mental status changes or agitation are symptoms of 
digoxin toxicity. Chest radiography is useful in patients 
suspected of having pulmonary edema. The use of echo-
cardiography to obtain objective measures of left ven-
tricular ejection fraction, ventricular performance, and 
diastolic function may be helpful, especially in patients 
with NYHA class III or IV heart failure (Box 38-5). Nor-
mal left ventricular ejection fraction is greater than 50%; 
mildly diminished is 41% to 49%, moderately diminished 
is 26% to 40%, and severely diminished is 25% or less. The 
current ACCF/AHA guidelines recommend preoperative 
echocardiography (or other noninvasive measure of ven-
tricular function) to assess dyspnea of unknown origin or 
recent altered clinical status in an individual with known 
heart failure.5 Conversely, routine preoperative assess-
ment of ventricular function is discouraged. Patients with 
class III or IV heart failure should be evaluated in con-
junction with a cardiologist before they undergo general 
anesthesia or any intermediate- or high-risk procedure. 
In addition, severely affected individuals or those with 
decompensated heart failure may need the help of a heart 
failure specialist. Very minor procedures performed using 
monitored anesthesia care may proceed as long as the 
patient’s condition is stable.

Medical therapy, including β-adrenergic block-
ers, hydralazine, nitrates, and digoxin, must be opti-
mized and continued preoperatively. ACEIs, ARBs, 
and diuretics (including aldosterone antagonists such 
as spironolactone) may be beneficial, even on the day 
of surgery. Continuation of loop diuretics on the day 
of surgery does not increase the risk of intraoperative 
hypotension or adverse cardiac events.88 Conversely, 
preoperative administration of ACEIs or ARBs is a risk 
for intraoperative hypotension.45 Thus, selective con-
tinuation or discontinuation of these drugs depends 
on the intravascular volume and hemodynamic sta-
tus of the patient, the degree of cardiac dysfunction, 
and the anticipated surgical procedure and intravascu-
lar volume challenges (see Box 38-3). Continuing all 
medications for patients with severe dysfunction who 
are scheduled for minor procedures is probably best. 
The other extreme occurs when patients with well-
compensated NYHA class I heart failure are scheduled 
for lengthy high-risk procedures with projected signifi-
cant blood loss or fluid requirements. In these cases, 
potent diuretics should be discontinued on the morn-
ing of surgery. Patients with pacemakers or implantable 
cardioverter-defibrillators (ICDs) have their own special 
perioperative considerations (see the later section on 
cardiovascular implantable electronic devices [CIEDs]: 
pacemakers, and ICDs; see also Chapter 48).

As indicated previously, surgery should be postponed 
in patients with decompensated or untreated heart fail-
ure, unless the situation is truly an emergency. No con-
sensus exists on how long such patients remain at risk 
after resolution of an acute exacerbation of heart failure.

Murmurs and Valvular Abnormalities
Clinical goals in preoperative assessment include deter-
mining the cause of cardiac murmurs and distinguishing 
between significant murmurs and those that are clinically 
unimportant89 (see Chapter 67). Functional murmurs 
occur from turbulent flow across the aortic or pulmonic 
outflow tracts. These benign murmurs occur with high-
flow states such as hyperthyroidism, pregnancy, or 
anemia. It is often not easy for noncardiologists to distin-
guish benign from pathologic murmurs. Indications for 
echocardiography to assess a murmur include increased 

Class IIa: ReasonaBle to PeRfoRm

 •  It is reasonable for patients with dyspnea of unknown origin to 
undergo preoperative evaluation of LV function.

 •  It is reasonable for patients with current or prior heart failure 
with worsening dyspnea or other change in clinical status to 
undergo preoperative evaluation of LV function if such evalua-
tion was not performed within 12 months.

Class IIB: may Be ConsIdeRed

 •  Reassessment of LV function in clinically stable patients 
with previously documented cardiomyopathy is not well 
established.

Class III: should not Be PeRfoRmed BeCause It Is not helPful

 •  Routine perioperative evaluation of LV function in patients is 
not recommended.

BOX 38-5 Recommendations for Preoperative 
Noninvasive Evaluation of Left Ventricular 
Function

Modified from Fleisher LA, Beckman JA, Brown KA, et al: 2009 ACCF/AHA 
focused update on perioperative beta blockade incorporated into the ACC/
AHA 2007 guidelines on perioperative cardiovascular evaluation and care 
for noncardiac surgery: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice Guidelines, 
Circulation 120:e169-e276, 2009.

LV, Left ventricle.
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age, risk factors for heart disease, other abnormal heart 
sounds, history of rheumatic fever, anorectic drug use, 
evidence of excessive intravascular volume, pulmonary 
disease, cardiomegaly, or abnormal ECG (Box 38-6). Dia-
stolic murmurs are always pathologic and require fur-
ther evaluation. In general, regurgitant valvular lesions 
are better tolerated perioperatively than is stenotic dis-
ease. Murmurs can be graded according to loudness, as 
shown in Table 38-5. Nonetheless, the usefulness of this 
approach is debatable because severe lesions can be asso-
ciated with soft murmurs and vice versa. The location of 
the murmur, as well as changes in intensity associated 
with maneuvers, can guide diagnosis (Table 38-6). A Val-
salva maneuver decreases filling of the right and left heart 
chambers and reduces the intensity of most murmurs, 
except those associated with mitral valve prolapse (MVP) 
and HCM. Standing also decreases preload and thereby 
increases the intensity of murmurs of MVP and HCM. 
Conversely, squatting increases venous return and after-
load and therefore increases most murmurs, except those 
of MVP and HCM. Having the patient repeatedly perform 
a hand grip increases HR and arterial BP and thereby 
augments murmurs of mitral regurgitation, mitral ste-
nosis, and aortic insufficiency; however, this maneuver 
decreases murmurs of aortic stenosis and HCM. Signifi-
cant abnormalities found by history, physical examina-
tion, or ECG may require a preoperative echocardiogram 
or cardiology consultation.

Class I: Evidence and general agreement indicate that echocar-
diography is useful in asymptomatic patients with the following 
cardiac murmurs:

 •  Diastolic murmurs
 •  Continuous murmurs
 •  Late systolic murmurs
 •  Murmurs associated with ejection clicks
 •  Murmurs that radiate to the neck or back
 •  Grade 3 or louder systolic murmurs

Class IIa: The weight of evidence or opinion is in favor of 
usefulness of echocardiography in asymptomatic patients with 
the following cardiac murmurs:

 •  Murmurs associated with other abnormal physical findings on 
cardiac examination

 •  Murmurs associated with an abnormal electrocardiogram or 
chest radiograph

Class III: Evidence and general agreement indicate that echo-
cardiography is not useful in asymptomatic patients with the 
following murmurs:

 •  Grade 2 or softer midsystolic murmurs considered innocent or 
functional by an experienced observer  

BOX 38-6 American College of Cardiology 
and American Heart Association Guidelines 
Recommendations for Echocardiography in 
Asymptomatic Patients With Cardiac Murmurs

Modified from Bonow, RO, Carabello, BA, Chatterjee, K, et al: ACC/AHA 2006 
guidelines for the management of patients with valvular heart disease: a 
report of the American College of Cardiology/American Heart Association 
Task Force on Practice Guidelines, Circulation 114:e84-e231, 2006.
Aortic StenoSiS. Severe aortic stenosis is associated with 
increased perioperative cardiac risk, especially in combi-
nation with other risk factors for perioperative cardiac 
complications.90 Patients with bicuspid valves typi-
cally develop stenosis at a younger age (fourth and fifth 
decades of life), whereas patients with stenosis of non-
bicuspid valves are usually 60 years old or older. Aortic 
sclerosis, which also causes a systolic ejection murmur 
similar to that of aortic stenosis, is present in 25% of 
people 65 to 74 years old and in almost half of those 84 
years old or older. Aortic sclerosis is associated with a 
40% increase in the risk of MI and a 50% increase in the 
risk of cardiovascular death in patients without a prior 
history of CAD.91 No hemodynamic compromise occurs 
in aortic sclerosis.

The cardinal symptoms of severe aortic stenosis are 
angina, heart failure, and syncope, although patients are 
much more likely to complain of a decrease in exercise 
tolerance and exertional dyspnea. Aortic stenosis causes 
a systolic ejection murmur, best heard in the right upper 
sternal border and often radiating to the neck. A delayed 
carotid upstroke and a paradoxically split S2 (second heart 
sound) are noted. Exercise increases HR and decreases an 
aortic stenosis murmur. The pattern of radiation of the 
murmur can help rule out aortic stenosis; specifically, the 
absence of murmur radiation to the right clavicle is asso-
ciated with a negative likelihood ratio of 0.1 for aortic 
stenosis.92 Any patient with a previously undiagnosed 
suspicious murmur needs an ECG, and any ECG abnor-
mality warrants an echocardiogram (see Box 38-6). ECG 
abnormalities may consist of LVH, often with a strain pat-
tern, left axis deviation, or LBBB. Because of the difficul-
ties noncardiologists have in distinguishing murmurs of 
aortic stenosis from those of aortic sclerosis, an echocar-
diogram is often useful, even without ECG abnormalities. 
This is especially true if general anesthesia or an interme-
diate- or high-risk procedure is planned.

Aortic stenosis severity is based on the valve area and 
mean transvalvular pressure gradient (Table 38-7). A limi-
tation of using the pressure gradient alone to assess sever-
ity is that the gradient may decrease if the left ventricle 
begins to fail. Echocardiography is recommended annu-
ally for patients with severe aortic stenosis, every 2 years 
for moderate stenosis, and every 5 years for mild stenosis. 
Patients with aortic stenosis are at risk for sudden death, 
arrhythmias, heart failure, ischemia, and MI; ischemia 
may result from concomitant CAD or a supply-demand 
mismatch. Aortic sclerosis or stenosis is an indicator of 
CAD, regardless of other risk factors. Severe or critical ste-
nosis should preclude noncardiac surgery (unless it is an 

TABLE 38-5 GRADING THE INTENSITY OF 
CARDIAC MURMURS

Grade Description

I Faintest that can be heard with difficulty
II Faint but easily heard
III Moderately loud without a thrill
IV Loud with a palpable thrill
V Very loud but still need stethoscope (thrill present)
VI Heard without a stethoscope
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TABLE 38-6 DESCRIPTIONS OF MURMURS ASSOCIATED WITH CARDIAC ABNORMALITIES

Lesion Location Timing Description

Aortic stenosis Second parasternal interspace Midsystolic Crescendo-decrescendo, radiates to the carotid 
arteries; with or without S3, S4; Valsalva maneuver 
and sustained hand grip exercise decrease intensity

Aortic insufficiency Third and fourth parasternal 
interspaces

Holodiastolic Decrescendo, blowing, high pitched, radiates to the 
carotid arteries; Austin-Flint rumble at the apex; 
squatting, hand grip exercise, and leaning forward 
increase intensity

Mitral stenosis Apex Middiastolic Opening snap; low-pitched rumble radiates to the 
axilla; squatting and hand grip exercise increase 
intensity

Mitral regurgitation Apex Holosystolic High pitched, blowing, radiates to the axilla; loud S3; 
standing decreases intensity; squatting and hand 
grip exercise increase intensity

Mitral valve prolapse Apex Late systolic Crescendo, midsystolic click; Valsalva maneuver and 
standing increase intensity; squatting decreases 
intensity

Hypertrophic cardiomyopathy Apex, lower left sternal border Midsystolic S4, single S2; Valsalva maneuver and standing increase 
intensity; squatting, passive leg raising, and hand 
grip exercise decrease intensity
emergency and lifesaving procedure) without cardiology 
evaluation, careful consideration of risks, or valve replace-
ment. Patients with moderate to severe aortic stenosis 
have an increased risk of bleeding. The cause appears 
to be acquired von Willebrand syndrome, resulting from 
mechanical disruption of von Willebrand multimers dur-
ing turbulent blood flow through a narrowed valve.93 An 
activated partial thromboplastin time (aPTT) is indicated. 
Prophylaxis for infective endocarditis in patients with 
aortic stenosis is no longer recommended.94

Aortic inSufficiency. Insufficiency of the aortic valve 
occurs with true valvular disease affecting the leaflets, 
aortic root dilation, or both. Rheumatic heart disease, 
bicuspid valves, collagen vascular diseases, and endo-
carditis can all lead to valvular disease. Aortic root dila-
tion can complicate ankylosing spondylitis, osteogenesis 
imperfecta, syphilis, hypertension, age-related degenera-
tion, Marfan syndrome, and collagen vascular diseases. 
Acute aortic insufficiency can also result from trauma, 
infections, or aortic dissection; this is an emergency. 
The murmur of aortic insufficiency is described in Table 
38-6. The intensity of the murmur does not correlate with 
the severity of regurgitation.95 Patients typically have a 
widened pulse pressure, which manifests as Corrigan or 
water-hammer pulses (bounding carotid pulse with a 
rapid downstroke). Other signs include de Musset sign 

TABLE 38-7 GRADING SEVERITY OF AORTIC 
STENOSIS

Grade

Velocity of 
Aortic  
Jet (m/sec)

Mean Pressure 
Gradient  
(mm Hg)

Valve Area 
(cm2)

Mild <3 <25 ≥1.5
Moderate 3-4 2-40 1.0-1.5
Severe 4-4.5 40-50 0.7-1.0
Critical >4.5 50 <0.7
(head bob with each heart beat), Duroziez sign (systolic 
and diastolic bruit heard over the femoral artery when it 
is partially compressed), Quincke pulses (capillary pulsa-
tions in the fingertips or lips), and Mueller sign (systolic 
pulsations of the uvula).

An ECG is needed and an echocardiogram may be 
useful (see Box 38-6). LVH with ST-segment and T-wave 
changes as a result of excessive intravascular volume, or 
underlying chronic ischemia, may be present. Left atrial 
hypertrophy and left axis deviation along with premature 
atrial and ventricular contractions are not uncommon. 
Generally, chronic aortic insufficiency is well tolerated in 
the perioperative period. Patients with good functional 
status and preserved left ventricular systolic function have 
a low risk of complications of anesthesia. Prophylaxis for 
infective endocarditis is no longer recommended.94

MitrAl StenoSiS. Mitral stenosis is much less common 
than aortic stenosis and is usually associated with a his-
tory of rheumatic heart disease. Mitral stenosis causes a 
diastolic murmur and is always evaluated with an ECG 
and an echocardiogram (see Box 38-6). This disorder can 
occur with aortic valvular disease or mitral regurgitation. 
A normal mitral valve has an area of 4 to 6 cm2; stenosis 
is mild when the area is 1.5 to 2.5 cm2, moderate with 
an area of 1.1 to 1.5 cm2, and critical when the area is 
0.6 to 1.0 cm2. A resting mean transvalvular gradient of 
10 mm Hg or more also denotes severe stenosis. Symp-
toms typically occur 10 to 20 years after acute rheumatic 
fever and often are precipitated by pregnancy or illness. 
Unrecognized mitral stenosis should be included in the 
differential diagnosis of pulmonary edema.

Dyspnea, fatigue, orthopnea, pulmonary edema, and 
hemoptysis result from increased left atrial pressures and 
decreased cardiac output. Atrial fibrillation can result 
from a dilated left atrium, which can precipitate heart 
failure in the short term and cause thrombosis in the long 
term. Patients with atrial fibrillation also require anti-
coagulation to avoid a left atrial thrombus. Pulmonary 
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hypertension (suggested by a loud S2 heart sound) and 
right-sided heart failure may occur in patients with sig-
nificant stenosis. The characteristics of the murmur are 
described in Table 38-6. Sustained hand grip exercise 
increases HR and arterial BP, thereby increasing the inten-
sity of the murmur. Physical examination involves look-
ing for rales and for signs of right-sided heart failure such 
as jugular venous distention, peripheral edema, hepato-
megaly, right ventricular heave, and ascites.

An ECG and an echocardiogram are necessary (see 
Box 38-6). β-Adrenergic blockers are used to control 
HR, and antiarrhythmic agents prevent or control atrial 
fibrillation. These medications should be continued pre-
operatively. HR must be controlled preoperatively. Anti-
coagulation is managed in conjunction with the treating 
cardiologist and surgeon. Prophylaxis for infective endo-
carditis is no longer recommended.94

MitrAl regurgitAtion. Mitral regurgitation can be acute 
in the setting of ischemia and infarction or chronic and 
associated with mitral stenosis, MVP, collagen vascu-
lar diseases, and cardiomyopathies. The course is typi-
cally very gradual, with symptoms developing late and 
only after left ventricular dysfunction occurs. The symp-
toms are vague and are often attributed to other causes. 
Fatigue, dyspnea, and atrial fibrillation can be present. A 
description of the murmur is presented in Table 38-6. A 
loud murmur associated with a thrill (grade 4 murmur 
or higher) has a specificity of 91% for severe regurgita-
tion, but a sensitivity of 24%.95 Severe regurgitation is 
rarely present with a grade 1 to 2 murmur; however, the 
range of severity is wide with a grade 3 murmur. An ECG 
and an echocardiogram may be necessary (see Box 38-6). 
Chronic mitral regurgitation is generally well tolerated 
perioperatively, unless other valvular lesions (e.g., mitral 
or aortic stenosis) or left ventricular dysfunction coexist. 
Prophylaxis for infective endocarditis is no longer recom-
mended.94

MitrAl VAlVe ProlAPSe. Also known as click-murmur or 
floppy valve syndrome, MVP is commonly diagnosed in 
young women during evaluation for atypical chest pain, 
palpitations, or syncope. Whether these symptoms are 
truly related is questionable. Men who are more than 
55 years old and who have MVP are more likely to have 
regurgitation and complications, and they are at greatest 
risk for infective endocarditis. The important preopera-
tive issue is to differentiate patients with clinically signifi-
cant mitral valve degeneration and regurgitation from 
those with an incidental finding of prolapse that does 
not warrant further evaluation or management. Patients 
taking β-adrenergic blockers for control of palpitations or 
atypical chest pain should continue taking these drugs 
perioperatively. Prophylaxis for infective endocarditis is 
no longer recommended.94

tricuSPid regurgitAtion. Tricuspid regurgitation is a 
relatively common abnormality; however, because it is 
usually asymptomatic and not audible on physical exam-
ination, it is most commonly noted by echocardiography 
performed for other reasons. A small degree of tricuspid 
regurgitation is present in approximately 70% of normal 
adults. Tricuspid regurgitation is most commonly caused 
by dilatation of the right ventricle and the tricuspid 
annulus. Right ventricular dilatation results from condi-
tions that directly involve the right ventricle (ischemia, 
cardiomyopathy) or from pulmonary hypertension and 
resulting elevations in right ventricular systolic pressure. 
Tricuspid regurgitation and mitral regurgitation often 
occur together. Tricuspid regurgitation is less often caused 
by processes that directly affect the tricuspid valve, such 
as Ebstein anomaly (congenital malformation), infective 
endocarditis (typically in intravenous drug users), rheu-
matic fever, carcinoid syndrome, connective tissue dis-
orders (Marfan syndrome), myxomatous degeneration, 
or injury (e.g., pacemaker lead, central venous line, ICD 
lead). Drugs such as anorectics (i.e., fenfluramine, phen-
termine) and pergolide (dopamine agonist) may cause 
tricuspid regurgitation by a mechanism similar to carci-
noid syndrome. These drugs are no longer available in 
the United States.

Tricuspid regurgitation is classically associated with 
a holosystolic murmur that is best heard at the right or 
left midsternal border or at the subxiphoid area. When 
the right ventricle is greatly enlarged, the murmur may 
even be appreciated at the apex. Usually, little radiation 
of the murmur occurs, and a thrill is not palpable. The 
murmur of tricuspid insufficiency is often soft or absent, 
even when regurgitation is severe. Interventions that 
result in an increase in venous return (e.g., leg raising, 
exercise, hepatic compression) augment the murmur of 
tricuspid regurgitation. The murmur may also become 
louder after a premature beat and prolonged diastole 
(secondary to augmented preload). In contrast, reduc-
ing venous return (e.g., standing, amyl nitrate) dimin-
ishes the intensity of the murmur. In patients with 
pulmonary hypertension, the intensity of the murmur 
may change with changes in pressure in the pulmonary 
artery and therefore the right ventricle. Patients with, 
or suspected of having, pulmonary hypertension must 
be managed by a pulmonary hypertension specialist (see 
the later section on pulmonary hypertension). An ECG, 
echocardiogram, and often a chest radiograph may be 
indicated. Prophylaxis for infective endocarditis is no 
longer recommended.94

HyPertroPHic cArdioMyoPAtHy. Previously known as 
hypertrophic obstructive cardiomyopathy or idiopathic 
hypertrophic subaortic stenosis, HCM can have either 
a familial or a nonfamilial basis. Patients with HCM are 
often young male patients who may be asymptomatic 
and without murmurs. An ECG and an echocardiogram 
should be obtained if the patient has a personal or fam-
ily history of syncope with exertion or sudden death or 
when a murmur consistent with this disorder is detected. 
Characteristics of the murmur are described in Table 38-6. 
A maneuver that decreases diastolic volume or increases 
contractility increases the intensity of the murmur. Thus, 
passive leg raising and squatting decrease the intensity, 
whereas the Valsalva maneuver increases it. Other indica-
tors may be LVH and ST-segment and T-wave abnormali-
ties on an ECG in an otherwise healthy nonhypertensive 
patient, and further evaluation with echocardiography is 
warranted. These patients are at risk for sudden cardiac 
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death, likely from arrhythmias. An ECG and an echocar-
diogram are indicated (see Box 38-6). Holter monitoring 
may be useful in some patients. Many patients are treated 
with β-adrenergic blockers to decrease contractility; these 
medications should be continued perioperatively. An ICD 
may be in place to prevent sudden death. Prophylaxis for 
infective endocarditis is no longer recommended.94

ProStHetic HeArt VAlVeS. The most important preop-
erative issues in patients with prosthetic heart valves are 
determinations of the underlying condition requiring 
replacement, the type of prosthesis, the need for antico-
agulation, and the planned anticoagulation management 
of such patients in the perioperative period. Patients 
may also have valve-related hemolysis. In descending 
order of risk, the risk of thrombosis is greatest with mul-
tiple valves, mitral valve replacements, and aortic valve 
replacements. Caged-ball valves (e.g., Starr-Edwards) have 
the highest risk, single tilting-disk valves (e.g., Björk-Shi-
ley, Medtronic-Hall, Omnicarbon) have an intermediate 
risk, and the lowest risk is with bileaflet tilting-disk pros-
theses (e.g., St. Jude, CarboMedics, Edwards Duromed-
ics). Bioprosthetic valves such as Carpentier-Edwards or 
Hancock brands generally do not require long-term anti-
coagulation. Decisions about stopping anticoagulants, 
the duration of anticoagulant discontinuance, the use 
of “bridging” with a shorter-acting drug, and the type 
of bridging agent (intravenous heparin or LMWH) are 
made in conjunction with the treating cardiologist and 
surgeon. Prophylaxis for infective endocarditis is recom-
mended for specific procedures and is discussed in the 
next section.94

Infective Endocarditis Prophylaxis
Patients at risk for infective endocarditis (e.g., valve 
replacements, complex congenital heart disease, previ-
ous endocarditis) and scheduled for procedures with 
the potential for transient bacteremia must be identi-
fied preoperatively. Current guidelines have dramati-
cally scaled back the range of conditions and procedures 
warranting prophylaxis.94 Prophylaxis is now recom-
mended only for patients with cardiac conditions with 
the highest risk of major adverse outcomes (Box 38-7), 
not necessarily the highest risk of acquiring endocardi-
tis. For example, MVP is the most common underlying 
condition predisposing to endocarditis in industrialized 
countries, yet infection in the setting of MVP is rarely 
associated with severe complications. The absolute risk 
rate for infective endocarditis with MVP is thought 
to be 1 in 1.1 million procedures. Prophylaxis to pre-
vent endocarditis is also no longer recommended for 
patients with valvular abnormalities (other than trans-
plant recipients). Prophylaxis is recommended only for 
a limited number of “dirty” procedures. Patients who are 
having procedures on infected skin or musculoskeletal 
tissues and who also have one of the conditions listed in 
Box 38-7 receive prophylaxis. Many procedures involv-
ing the gastrointestinal and genitourinary tracts may 
cause transient bacteremia; however, reports of endo-
carditis associated with these procedures are anecdotal. 
The current guidelines recommend prophylaxis only for 
at-risk patients (see Box 38-7) undergoing urinary tract 
procedural manipulation (e.g., cystoscopy) in the pres-
ence of enterococcal urinary infection or colonization. If 
the procedure is elective, infection should be eradicated 
before the procedure is performed. No prophylaxis is 
recommended for upper and lower gastrointestinal diag-
nostic endoscopic procedures.

Rhythm Disturbances on the Preoperative 
Electrocardiogram
Arrhythmias and conduction disturbances are common 
in the perioperative period. Supraventricular and ven-
tricular arrhythmias are associated with a higher risk of 
perioperative adverse events, both because of the arrhyth-
mias themselves and because they are markers for cardio-
pulmonary disease. Uncontrolled atrial fibrillation and 
ventricular tachycardia are high-risk clinical predictors, 
and elective surgery is postponed until evaluation and 
stabilization are complete. New-onset atrial fibrillation, 
uncontrolled atrial fibrillation (rates >100 beats/min-
ute), symptomatic bradycardia, or high-grade heart block 
(second- or third-degree heart block), warrants postpone-
ment of elective procedures and referral to cardiology for 
further evaluation.

First-degree AV block is defined as a PR interval exceed-
ing 0.20 msec with an HR of 50 to 100 beats/minute, and 
it is generally benign. Second-degree heart block occurs 
when the PR interval exceeds 0.20 msec and some atrial 
beats are blocked, resulting in a dropped or missing QRS 
complex after a P wave. Two types of second-degree block 
exist. Mobitz type I, or Wenckebach block, is more benign, 
rarely progresses to complete heart block, and is easily 
responsive to atropine. Because of AV nodal delay, it is 
characterized by progressive lengthening of the PR interval 
until the dropped beat occurs. Mobitz type II block results 

Previous infective endocarditis
Congenital heart disease*

Unrepaired cyanotic congenital heart disease, including pallia-
tive shunts and conduits

Completely repaired congenital heart defects with prosthetic 
material or device, whether placed by surgery or by catheter 
intervention, during the first 6 months after the procedure†

Repaired congenital heart disease with residual defects at the 
site or adjacent to the site of a prosthetic patch or prosthetic 
device (which inhibited endothelialization)

Cardiac valvulopathy that develops in cardiac transplantation 
recipients  

BOX 38-7 Cardiac Conditions Associated 
With the Highest Risk of Adverse Outcome 
From Endocarditis, for Which Prophylaxis Is 
Recommended

Modified from Wilson W, Taubert K, Gewitz M, et al: Prevention of infective 
endocarditis: guidelines from the American Heart Association. A Guideline 
from the American Heart Association Rheumatic Fever, Endocarditis, and 
Kawasaki Disease Committee, Council on Cardiovascular Disease in the 
Young, and the Council on Clinical Cardiology, Council on Cardiovascular 
Surgery and Anesthesia, and the Quality of Care and Outcomes Research 
Interdisciplinary Working Group, Circulation 16:1736-1754, 2007.

*Antibiotic prophylaxis is no longer recommended for forms of congenital 
heart disease not listed in this table.

†Prophylaxis is recommended because prosthetic material is endothelial-
ized within 6 months after the procedure.
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from an infranodal block, can progress to complete heart 
block, and is generally treated with a pacemaker unless the 
condition is secondary to a reversible cause such as isch-
emia or drugs. Mobitz type II block is characterized by a 
fixed, prolonged PR interval that does not change before 
the dropped QRS complex. Third-degree or complete 
heart block is complete dissociation between the atrial 
and ventricular beats and requires a pacemaker unless a 
reversible source is identified. Two general factors are con-
sidered when determining the need for a pacemaker: an 
arrhythmia associated with symptoms and the location 
of the conduction abnormality. Syncope or near syncope 
associated with bradycardia or conduction delays is gener-
ally an indication for pacemaker placement. Disease below 
the AV node, in the His-Purkinje system, is also ominous. 
Such conduction disease is suggested by a normal or min-
imally prolonged PR interval, Mobitz type II block, and 
QRS abnormalities (BBB, fascicular block, or both). Dis-
ease in the His-Purkinje system is generally less stable and 
likely benefits from permanent pacemaker placement. 
Indications for perioperative pacemaker placement are the 
same as those in nonsurgical patients (Box 38-8).96

BBBs are complete or incomplete, and they manifest 
as either RBBB or LBBB. They can be normal variants, 
or they can result from aging or fibrosis of the conduct-
ing system, ischemia, pulmonary disease, radiation, and 
cardiomyopathies. A recent onset (or no previous evalu-
ation) of BBB prompts a more extensive consideration 
of cardiac risk. A previous ECG for comparison helps 
differentiate a long-standing abnormality from a new 
development. Nonetheless, even if the LBBB was present 
in a previous ECG, the patient should be appropriately 
assessed if no prior cardiac evaluation was performed. 
An LBBB on an ECG necessitates a detailed history and 
examination to ascertain the presence of cardiac disease 
and associated risk factors. Traditionally, LBBB has been 
considered more ominous and is associated with CAD 
and heart failure.97,98 RBBB is more likely than LBBB to 
be related to congenital causes, pulmonary disease, or 
degeneration of the conduction system. Brugada syn-
drome is a congenital disease characterized by RBBB with 
ST-segment elevation in the right precordial leads and is 
associated with sudden death and lethal arrhythmias. If 
the history and physical examination do not suggest sig-
nificant pulmonary, congenital, or ischemic heart disease 
or Brugada syndrome, no further evaluation of an iso-
lated RBBB is warranted. An RBBB in a patient with pul-
monary symptoms (including pulmonary hypertension) 
may suggest severe respiratory or vascular compromise; 
consideration should be given to pulmonary evaluation 
and echocardiography if intermediate- or high-risk sur-
gery is planned. If congenital heart disease, pulmonary 
hypertension, or Brugada syndrome is suspected, a cardi-
ology consultation is indicated.

A prolonged QT interval should prompt an evalua-
tion of electrolytes, magnesium, and calcium, as well as 
a search for potentiating drugs. Syncope, presyncope, or 
a family history of sudden death in a patient with a pro-
longed QT interval mandates cardiology consultation.

AtriAl fibrillAtion. Atrial fibrillation can occur in the 
setting of increased age, thyrotoxicosis, and valvular 
heart disease. It also occurs in the perioperative setting. 
Atrial fibrillation can be intermittent (i.e., paroxysmal), 
persistent (i.e., capable of being cardioverted), or perma-
nent (i.e., cannot be converted). In general, HR control 
is more important than rhythm control.99,100 Patients 
with rapid ventricular rates, exceeding 100 beats/minute, 
require rate control before elective surgical procedures.5 
Patients with slow ventricular rates without any rate-con-
trolling medications may have sick sinus syndrome; these 
individuals should be questioned carefully regarding any 
previous syncopal or presyncopal episodes. In addition, 
Holter monitor testing may be warranted. Most patients 
with atrial fibrillation require long-term anticoagulation, 
which entails perioperative management. The require-
ment for bridging anticoagulation therapy during the 
perioperative period is based on a patient’s expected risk 
for stroke related to the atrial fibrillation. Patients with 
atrial or ventricular thrombi, mechanical heart valves, or 
a history of previous thromboembolic events are at higher 
risk for stroke. In addition, the CHADS2 (congestive heart 
failure, hypertension, age, diabetes, stroke) index can 
more accurately estimate the risk of stroke in individu-
als with nonrheumatic atrial fibrillation.101 This index 
consists of five components: congestive heart failure, 
hypertension (BP >140/90 mm Hg), age 75 years or older, 
diabetes, and prior thromboembolism (including stroke 
or transient ischemic attack). Each risk factor is assigned 

BOX 38-8 Indications for a Pacemaker

Class I IndICatIons*

 •  Sinus bradycardia with symptoms clearly related to the brady-
cardia (usually with a heart rate <40 beats/minute or frequent 
sinus pauses)

 •  Symptomatic chronotropic incompetence
 •  Complete (third-degree) AV block†

 •  Advanced second-degree AV block (block of >2 consecutive P 
waves)

 •  Symptomatic Mobitz I or II second-degree AV block
 •  Mobitz II second-degree AV block with a widened QRS com-

plex or chronic bifascicular block, regardless of symptoms

Class 2 IndICatIons‡

 •  Sinus bradycardia (heart rate <40 beats/minute) with symp-
toms suggestive of bradycardia but without a clear association 
between bradycardia and symptoms

 •  Sinus node dysfunction with unexplained syncope
 •  Chronic heart rates <30 beats/minute in an awake patient

*Class I indications: Conditions in which permanent pacing is definitely 
beneficial and effective, provided the condition does not have a tran-
sient cause.

†Controversy exists concerning complete AV block without symptoms. The 
current American College of Cardiology Foundation and American Heart 
Association guidelines classify asymptomatic third-degree AV block with 
average awake ventricular rates ≥40 beats/minute as a class 2a indica-
tion, although others recommend definite pacemaker placement.

‡Class II indications: Conditions in which permanent pacing may be indi-
cated but conflicting evidence and a divergence of opinon exist.

AV, Atrioventricular.

Modified from Gregoratos, G, Abrams, J, Epstein, AE, et al: ACC/AHA/NASPE 
2002 Guideline update for implantation of cardiac pacemakers and antiar-
rhythmia devices: summary article: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines 
(ACC/AHA/NASPE Committee to Update the 1998 Pacemaker Guidelines), 
Circulation 106:2145-2161, 2002.
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one point except for prior thromboembolism, which is 
assigned two points. Guidelines from the American Col-
lege of Chest Physicians recommend consideration of 
bridging therapy for patients who have CHADS2 scores of 
3 or more.102 In general, the perioperative management 
of a patient’s long-term anticoagulant therapy is made 
in concert with the treating physician. Any β-adrenergic 
blockers, digoxin, calcium channel blockers, or antiar-
rhythmic medications used for atrial fibrillation should 
be continued perioperatively.

SuPrAVentriculAr ArrHytHMiAS. Supraventricular tachy-
cardia results from rapidly firing ectopic atrial foci with 
rapid conduction through the AV node or from a reentry 
mechanism through accessory pathways. In a reentry 
mechanism, the cycle self-perpetuates because conduc-
tion occurs down one pathway and up the other, involv-
ing both the AV node-Purkinje system and the accessory 
pathway. Various degrees of AV block may slow the ven-
tricular rate. Wolff-Parkinson-White (WPW) syndrome 
is characterized by the presence of an accessory pathway 
(called bundle of Kent) that permits both retrograde and 
antegrade conduction. Antegrade conduction over the 
accessory pathway results in a short PR interval (<0.12 
msec) and a slurring of the upstroke of the QRS complex 
(termed a delta wave). Individuals with WPW syndrome 
are predisposed to supraventricular tachycardia. In 
individuals with WPW syndrome, treatment of supra-
ventricular tachycardia with AV nodal blocking drugs 
(e.g., β-adrenergic blockers, calcium channel blockers, 
digoxin) can paradoxically increase conduction over 
the accessory pathway, thus potentially causing ven-
tricular fibrillation. Lidocaine and procainamide are the 
preferred drugs for treating supraventricular tachycardia 
in patients with WPW syndrome. Patients with WPW 
syndrome typically undergo ablation for long-term 
management of their conduction before any elective 
surgery.

VentriculAr ArrHytHMiAS. Ventricular ectopic beats can 
be differentiated from atrial ectopic beats by a wide QRS 
complex (>0.12 msec) and lack of a P wave. Classifying 
ventricular arrhythmias according to the type of rhythm 
disturbance and the presence of coexisting heart disease 
helps predict the risk of sudden death, as follows:

 •  Benign: isolated ventricular premature beats (VPBs) 
without associated heart disease

 •  No need for further evaluation
 •  No risk of sudden cardiac arrest
 •  Potentially lethal: more than 30 VPBs/hour or 

nonsustained ventricular tachycardia with underlying 
heart disease

 •  Requires cardiology evaluation with echocardiogra-
phy, as well as possible stress testing, coronary angi-
ography, and electrophysiology testing

 •  Moderately high risk of sudden cardiac arrest; pos-
sible benefit from an ICD

 •  Lethal: sustained ventricular tachycardia, ventricular 
fibrillation, syncope, or hemodynamic compromise 
associated with VPBs with underlying heart disease and 
depressed cardiac function
 •  Requires cardiology evaluation with echocardiogra-
phy, as well as possible stress testing, coronary angi-
ography, and electrophysiology testing

 •  High risk of sudden cardiac arrest; likelihood of ben-
efiting from an ICD

  

Reversible causes such as hypokalemia, ischemia, aci-
dosis, hypomagnesemia, drug toxicity, and endocrine 
dysfunction must be sought out and treated. Antiarrhyth-
mic medication must be continued perioperatively.

Prolonged Qt SyndroMe. The long QT syndrome (LQTS) 
is a disorder of myocardial repolarization that can be 
either genetic or acquired. It is associated with torsades de 
pointes, a polymorphic ventricular tachycardia with fre-
quent variations of the QRS axis or morphology. Symp-
toms include palpitations, syncope, seizures, and sudden 
cardiac death. The ECG in individuals with LQTS shows 
a prolonged QT interval. The QT interval is measured in 
lead II of a 12-lead ECG from the onset of the QRS com-
plex to the end of the T wave. Because the QT interval 
varies inversely with HR, the QTc (corrected for HR) can 
be calculated (QTc = QT interval + square root of the RR 
interval). In children 1 to 15 years old, a QTc exceeding 
0.46 seconds is considered prolonged. Otherwise, a QTc is 
prolonged if exceeding 0.47 seconds in women and 0.45 
seconds in men.

Acquired LQTS results from hypokalemia, hypomagne-
semia, and eating disorders, as well as specific drugs such 
as antiarrhythmic drugs (quinidine) and psychotropic 
drugs (haloperidol, droperidol, methadone). Concerns 
over methadone prompted a safety alert by the U.S. Food 
and Drug Administration in 2006, and reports of adverse 
events with droperidol resulted in a black box warn-
ing and subsequent removal of the drug from the U.S. 
market. Amiodarone markedly prolongs the QT interval 
but is rarely associated with torsades de pointes, except in 
association with hypokalemia. The ACCF/AHA scientific 
statement on the prevention of torsades de pointes sug-
gests that QTc be documented before initiation of QT-
prolonging drugs and thereafter at least every 8 to 12 
hours.103 Other components of treating individuals with 
LQTS include β-adrenergic blockers (congenital LQTS), 
ICD implantation, and correction of underlying meta-
bolic disorders.

brugAdA SyndroMe. Brugada syndrome is a rare cause of 
sudden cardiac arrest that occurs without structural heart 
disease. Most affected individuals are of Asian ethnicity. 
Brugada syndrome is an autosomal dominant disorder 
that is much more common in men and rarely diagnosed 
in children. It is associated with a peculiar ECG consisting 
of a pseudo-RBBB and persistent ST-segment elevation in 
V1 to V3 (Fig. 38-6). The widened S wave in the left lat-
eral leads, as is typical of usual RBBB, is absent in most 
patients with Brugada syndrome. In some patients, these 
ECG changes are transient and provoked by medications. 
The website www.brugadadrugs.org lists drugs that are 
associated with adverse events in Brugada syndrome. 
Some are commonly used anesthetic drugs, including 
propofol and bupivacaine. Findings on echocardiogra-
phy, stress testing, and cardiac MRI in these individuals 

http://www.brugadadrugs.org
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Figure 38-6. Typical 12-lead electro-
cardiogram in a patient with Brugada 
syndrome.
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TABLE 38-8 PACEMAKER NOMENCLATURE 

Position I Position II Position III Position IV Position V

Chamber(s) paced Chamber(s) sensed Response to sensing Rate modulation Multisite pacing
O = None O = None O = None O = None O = None
A = Atrium A = Atrium I = Inhibited R = Rate modulation A = Atrium
V = Ventricle V = Ventricle T = Triggered V = Ventricle
D = Dual (A+V) D = Dual (A+V) D = Dual (T+I) D = Dual

(A+V)

From Bernstein AD, Daubert JC, Fletcher RD, et al: The revised NASPE/BPEG generic code for antibradycardia, adaptive-rate, and multisite pacing: North American 
Society of Pacing and Electrophysiology/British Pacing and Electrophysiology Group, Pacing Clin Electrophysiol 25:260-264, 2002.
are usually normal. The most significant clinical mani-
festations are ventricular arrhythmias, syncope, and sud-
den death. These patients may also be at increased risk of 
atrial arrhythmias, especially atrial fibrillation. The syn-
drome has no proven pharmacologic treatment; indeed, 
class I antiarrhythmic medications (e.g., flecainide, pro-
cainamide) and β-adrenergic blockers can worsen the risk 
of lethal arrhythmias. ICD implantation is the standard 
of care.

Cardiovascular Implantable Electronic 
Device: Pacemakers and Implantable 
Cardioverter-Defibrillators
More than 100,000 new CIEDs are implanted yearly in 
the United States (see also Chapters 48 and 68). The pre-
operative evaluation should determine the type of device, 
as well as features (e.g., rate modulation) likely to mal-
function with perioperative electromagnetic interference. 
Patients frequently carry a wallet card with important des-
ignations and phone numbers. Equally important is the 
need to evaluate the coexisting cardiac disease because 
these patients invariably have conditions such as heart 
failure, ischemic heart disease, valvular heart disease, or 
potentially lethal arrhythmias.

Pacemakers are designated with a five-letter code (Table 
38-8),104 and consultation with the device manufacturer, 
cardiologist, or the electrophysiology or CIED service may 
be needed (Box 38-9). Ideally, patients with CIEDs have 
these devices interrogated preoperatively. Special features 
such as rate-adaptive mechanisms and antitachyarrhyth-
mia functions must be disabled, or the device must be 
reprogrammed to an asynchronous pacing mode before 
surgical procedures where interference may occur.105 
Electromagnetic interference is likely to occur with elec-
trocautery, radiofrequency ablation, MRI, and radiation 
therapy; it can result in malfunction or adverse events.105 
Patient monitors, ventilators, vibrations, or chest prepa-
ration can be misinterpreted by the sensors such that the 
pacing rate is increased, with the possibility of tachycar-
dia, ischemia, or inappropriate shocks. An ICD can also 
misinterpret electrocautery as an arrhythmia and can 
inappropriately shock a patient. During delicate surgical 
procedures (e.g., intracranial, spinal, ocular), an unex-
pected discharge with movement of the patient can have 
catastrophic results. Central line placement can also trig-
ger cardioversion.

Given the complexity of newer-generation CIEDs, reli-
ance on a magnet without specific information about the 
CIED is not recommended, except in emergency situa-
tions. In fact, some CIEDs from certain manufacturers are 
programmed to ignore magnet placement or have antit-
achyarrhythmia therapy permanently disabled by magnet 
placement. Depending on the available resources, it may 
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not be appropriate to care for these patients in some facil-
ities. These individuals require a preoperative ECG, while 
a chest radiograph can reveal the manufacturer’s code. 
Communication and guidance with an electrophysiology 
specialist comprise the preferred approach for managing 
these patients. Preoperative recommendations for CIEDs 
are presented in Box 38-10.

Peripheral Arterial Disease
Formerly called peripheral vascular disease, PAD refers to 
aneurysmal or occlusive arterial disease of the extremities, 
visceral organs, head, neck, and brain. In many patients, 
PAD is secondary to tobacco use, diabetes, hyperlipid-
emia, and hypertension. Patients with Marfan syndrome 
or Ehlers-Danlos syndrome may have aneurysmal disease 
without other risk factors. Renal insufficiency and cere-
brovascular disease are also common in these patients. 
Patients with PAD frequently have concomitant CAD. 
For example, in a study of 1000 consecutive patients 
scheduled for major vascular surgery, almost 60% had 
critical stenosis in at least one major coronary vessel.106 
Although the high perioperative cardiac risk of vascu-
lar surgery is well appreciated, patients with PAD have 
a high cardiac risk even when undergoing nonvascular 
surgery. For example, a reduced ankle-to-arm BP index, 
which indicates PAD, is independently associated with an 
increased perioperative cardiac risk following noncardiac 
surgery.107 In addition, claudication related to PAD gen-
erally limits functional capacity and thereby masks the 
symptoms of underlying ischemic heart disease. If signifi-
cant vascular disease is diagnosed during an examination 
for nonvascular surgery, referral to a vascular specialist is 
needed.

The perioperative management of CIEDs must be individualized 
to the patient, the type of CIED, and the procedure being per-
formed. A single recommendation for all patients with CIEDs is 
not appropriate.

The CIED team is defined as the physicians and physician extend-
ers who monitor the CIED function of the patient.

The surgical or procedural team should communicate with the 
CIED team to identify the type of procedure and the likely risk 
of EMI.

The CIED team should communicate with the procedure team 
to deliver a prescription for the perioperative management of 
patients with CIEDs.

For most patients, the prescription can be made from a review 
of the records of the CIED clinic. A few patients may require 
consultation with CIED specialists if the information is not 
available.

It is inappropriate to have industry-employed allied health pro-
fessionals independently develop this prescription.

BOX 38-9 Proposed Principles for 
Cardiovascular Implantable Electronic Device 
Management

From Crossley GH, Poole JE, Rozner MA, et al: The Heart Rhythm Society 
(HRS)/American Society of Anesthesiologists (ASA) expert consensus 
statement on the perioperative management of patients with implantable 
defibrillators, pacemakers and implantable monitors: facilities and patient 
management: executive summary, Heart Rhythm 8:e1-e18, 2011.

CIED, Cardiovascular implantable electronic device; EMI, electromagnetic 
interference.
Arterial BPs should be measured in both upper extrem-
ities, and the presence of peripheral pulses in these 
patients should be assessed. Auscultation for bruits over 
the abdomen and femoral arteries, as well as palpation for 
abdominal masses, should be part of the vascular exami-
nation. A creatinine concentration should be determined 
before procedures involving injection of radiocontrast 
dye. These dyes can damage an already compromised 
kidney. Many patients take aspirin or dipyridamole, 

 •  Inactivation of ICDs is not absolutely necessary for all 
procedures.

 •  Not all pacemakers need to be altered to pace asynchronously 
in all patients or for all procedures.

 •  Pacemakers can be reprogrammed or magnets can be used 
to force pacemakers to pace asynchronously to prevent 
inhibition.

 •  ICDs can be reprogrammed or magnets can be used to inhibit 
ICD arrhythmia detection and tachyarrhythmia functions.

 •  Magnets cannot or will not force pacemakers in ICDs to pace 
asynchronously.

 •  Inactivation of ICDs is recommended for all procedures above 
the umbilicus involving electrocautery or radiofrequency 
ablation.

 •  It is preferable to change to asynchronous pacing in pace-
maker-dependent patients for procedures involving electrocau-
tery or radiofrequency ablation above the umbilicus.

The procedure team provides the following information to the 
CIED team:

 •  Type of procedure
 •  Anatomic site of the procedure
 •  Patient position during the procedure
 •  Whether electrocautery will be used (and if so, type of cautery)
 •  Whether other sources of EMI are present
 •  Other issues such as likelihood of damage to leads (e.g., chest 

procedures), anticipated large blood loss, and surgery in close 
proximity to the CIED

The CIED team provides the following information to the 
procedure team:

 •  Type of device (e.g., pacemaker, ICD)
 •  Indication for the device (e.g., sick sinus syndrome, primary or 

secondary prevention of lethal arrhythmias)
 •  Programming (e.g., pacing mode, rate, rate responsive, heart 

rates for shock delivery)
 •  Whether the patient is pacemaker dependent and the patient’s 

underlying heart rate and rhythm
 •  Magnet response
 •  Pacing rate
 •  Whether the device is responsive to a magnet
 •  Whether ICD functions will resume automatically after mag-

net removal
 •  Whether the magnet must be placed off-center

BOX 38-10 Preoperative Recommendations for 
Cardiovascular Implantable Electronic Devices

Modified from Crossley GH, Poole JE, Rozner MA, et al: The Heart Rhythm 
Society (HRS)/American Society of Anesthesiologists (ASA) expert consensus 
statement on the perioperative management of patients with implantable 
defibrillators, pacemakers and implantable monitors: facilities and patient 
management: executive summary, Heart Rhythm 8:e1-e18, 2011.

CIED, Cardiovascular implantable electronic device; EMI, electromagnetic 
interference; ICD, implantable cardioverter-defibrillator.
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a vasodilator with antiplatelet effects that are reversible 
on discontinuation. Dipyridamole’s elimination half-life 
is approximately 10 hours, and its discontinuation for 
48 hours is sufficient to eliminate its antiplatelet effect. 
Nonetheless, the risks of stopping antiplatelet drugs must 
be also considered. Continuation of antiplatelet drugs is 
preferable for almost all vascular procedures.

PULMONARY DISORDERS

See also Chapters 19 and 66.

Asthma
Asthma is a chronic inflammatory disease characterized by 
obstruction of the airways that is partially or completely 
reversible with treatment or spontaneously.108 Bron-
choconstriction is precipitated by irritants (e.g., smoke), 
allergens, infections, medications, or airway instrumenta-
tion. Asthma is classified as intermittent, persistent mild, 
persistent moderate, and persistent severe, based on the 
degree of impairment and on whether symptoms are 
intermittent or constant. Patients with mild, well-con-
trolled asthma have no greater perioperative risk than do 
individuals without asthma.

A history of asthma should be associated with further 
questioning about shortness of breath, chest tightness, 
cough (especially nocturnal), recent exacerbations, ther-
apy (especially steroids), prior hospitalizations or emer-
gency department visits, critical care unit admissions, and 
endotracheal intubations. The patient’s best exercise level 
is important information for risk assessment. Previous 
exacerbations with anesthesia must be explored. Patients 
with asthma can estimate their breathing capacity based 
on their estimated percentage at which they are currently 
functioning. Medical therapy must be determined. The 
quality of breath sounds, quantity of air movement, and 
degree of wheezing are important. The degree of wheezing 
does not always correlate with the severity of broncho-
constriction. With severe obstruction, airflow is danger-
ously restricted, and wheezing diminishes. Wheezing is 
common in asthmatic patients, but it is not specific for 
this disease. Patients with chronic obstructive pulmonary 
disease (COPD), gastroesophageal reflux disease, vocal 
cord dysfunction, tracheal stenosis, bronchial stenosis, 
cystic fibrosis, allergic bronchopulmonary aspergillosis, 
and heart failure may also wheeze. Observing the degree 
of accessory muscle use helps gauge severity of the bron-
choconstriction. Determining oxygen saturation by pulse 
oximetry is needed.

Analysis of arterial blood gases is not necessary unless 
the patient is having a severe acute exacerbation. Patients 
taking oral steroids must have their blood glucose 
checked. Chest radiography is necessary only to evalu-
ate infections or pneumothorax. Spirometry is the pre-
ferred diagnostic test for asthma, but a normal result does 
not exclude asthma. A methacholine challenge test or a 
trial of bronchodilator therapy is indicated if results of 
spirometry are normal but a strong suspicion of asthma 
still exists. PFTs have no perioperative predictive value 
for asthmatic patients. Typical findings on PFTs include 
reduced forced expiratory volume in 1 second (FEV1) and 
normal to slightly reduced forced vital capacity (FRC). 
Bronchodilators, inhaled and oral steroids, and antibiot-
ics (if taken) must be continued on the day of surgery. 
The use of β-adrenergic agonists is the most useful pro-
phylactic intervention to lower the risk of bronchospasm 
on induction of anesthesia. A short course of steroids (20 
to 60 mg of prednisone daily for 3 to 5 days) preopera-
tively may be considered in any patient who is not “as 
good as they can be.” Specifically, a 5-day course of 40 mg 
oral methylprednisolone daily before surgery decreases 
posttracheal intubation wheezing in a newly diagnosed 
or poorly compliant asthmatic patient.109 Inhalers and 
any long-term medications for asthma should be contin-
ued on the day of surgery.

Chronic Obstructive Pulmonary Disease
COPD is characterized by persistent (sometimes partially 
reversible) airflow obstruction (see also Chapters 19 and 
39). It is often the result of smoking, environmental 
pollutants (e.g., air pollution, dust), α1-antitrypsin defi-
ciency, chronic infections, and long-standing asthma. 
Historically, COPD was characterized as “chronic bron-
chitis” and “emphysema.” Chronic bronchitis is a persis-
tent productive cough for at least 3 months per year in 2 
consecutive years. The contemporary definition of COPD, 
based on the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD), is a preventable and treat-
able disease with a pulmonary airflow limitation that is 
progressive, not fully reversible, and associated with an 
abnormal inflammatory response of the lung to noxious 
particles or gases (see http://www.goldcopd.org). This 
definition is largely consistent with that proposed by the 
American Thoracic Society and the European Respira-
tory Society.110 Dyspnea, cough, wheezing, and sputum 
production are common features. The severity of COPD 
is classified based on spirometry findings, specifically 
forced vital capacity (FVC) and FEV1. In patients with an 
FEV1/FVC ratio of 0.7 or less, COPD is mild if FEV1 is at or 
greater than 80% of predicted, moderate if FEV1 is between 
50% and 80% of predicted, severe if FEV1 is between 30% 
and 50% of predicted, and very severe if less than 30% of 
predicted. An acute exacerbation is defined as an “acute 
event characterized by a worsening of the patient’s respi-
ratory symptoms that is beyond normal day-to-day varia-
tions and leads to a change in medication” (see http:// 
www.goldcopd.org).

The history and physical examination for patients 
with COPD are similar to those for patients with asthma, 
with an additional emphasis on changes in sputum 
amount, color, or other signs of infection. A barrel chest 
and pursed-lip breathing suggest advanced disease. Typi-
cally, the FEV1 is reduced secondary to obstruction of 
airflow, whereas the FRC is increased because of reduced 
airflow, loss of elasticity, and overexpansion. Diffusing 
capacity of the lung for carbon monoxide (Dlco) is often 
decreased, with the severity of decrease often correlating 
with the degree of hypoxia and hypercarbia. PFT results 
are generally not predictive of perioperative outcomes 
in patients with COPD.111 A preoperative determination 
of oxygen saturation by pulse oximetry is important to 
establish a baseline. Patients found to be hypoxic, or 
requiring supplemental oxygen, benefit from further test-
ing, including arterial blood gas determinations. A chest 

http://www.goldcopd.org
http://www.goldcopd.org
http://www.goldcopd.org
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radiograph is useful only when infection or bullous dis-
ease is suspected. Right axis deviation, RBBB, or peaked P 
waves on an ECG suggest right ventricular changes and 
pulmonary hypertension. Inhalers and other long-term 
medications for COPD should be continued on the day 
of surgery.

Restrictive Pulmonary Disorders
Restrictive lung disease is characterized by a reduction 
in total lung capacity. Both pulmonary and extrapulmo-
nary conditions can cause restrictive disease. Pulmonary 
causes include idiopathic interstitial pneumonia, prior 
lung resection, pulmonary fibrosis, and interstitial lung 
disease secondary to connective tissue disease. Extrapul-
monary disorders may be related to chest wall limitations 
(e.g., kyphoscoliosis, obesity, ankylosing spondylitis), 
muscle dysfunction (e.g., muscular dystrophies, myas-
thenia gravis, paralyzed diaphragm), and pleural disease 
(e.g., mesothelioma, effusion, pneumothorax). The medi-
cal history of associated diseases or symptoms prompts 
the directed evaluation. Chest radiograph and PFTs may 
be indicated to establish a diagnosis or evaluate acute or 
progressive worsening; however, preoperative PFTs are 
not routinely necessary. Typically, the FEV1 and the FVC 
are reduced proportionally such that the FEV1/FVC ratio 
is normal (i.e., >0.7). These patients are at risk of pulmo-
nary hypertension, which may not be recognized because 
of overlapping symptoms with restrictive lung disease.

Dyspnea
Dyspnea is a subjective experience of breathing discom-
fort. It is a symptom of deconditioning, obesity, and 
disorders of ventilation, cardiac function, perfusion, and 
oxygen delivery. Dyspnea is also associated with cardiac, 
pulmonary, hematologic, and neuromuscular diseases 
(Fig. 38-7). Patients with an insidious onset may not 
seek attention until quite late; often, they and their care-
givers assume that the dyspnea results from being “out 
of shape.” Dyspnea should not simply be attributed to 
deconditioning without a thorough investigation to rule 
out other causes. Most patients with chronic dyspnea 
of unclear etiology have one of four diagnoses: asthma, 
COPD, interstitial lung disease, or cardiac dysfunction.112 
The severity of dyspnea symptoms is classified using the 
NYHA functional class categories (see the section on heart 
failure).

The important facts to determine in the preoperative 
evaluation of dyspnea are its onset, progression, precipi-
tating factors, associated symptoms (e.g., chest pain, leg 
edema, fatigue, syncope, or near syncope), associated con-
ditions (e.g., arthritis, connective tissue disease, cardiac 
disease, smoking), and drug (or toxin) exposure. Asking 
about the quality of dyspnea can differentiate causes. Dys-
pnea secondary to deconditioning is usually described as 
“heavy breathing.” Bronchoconstriction in asthma exac-
erbations is more commonly described as “tightness” or 
“air hunger,” whereas patients with COPD complain of 
“not being able to take a deep breath” or an “increased 
effort to breathe.” Patients with heart failure feel like they 
are “suffocating” or have “air hunger.”113 Orthopnea (dys-
pnea while recumbent) suggests heart failure. Coughing 
can be a symptom of heart failure, asthma, or COPD. Con-
comitant angina or a history of CAD in a dyspneic patient 
may indicate heart failure. Prior anorectic drug exposure 
Figure 38-7. Classification scheme for causes of dys-
pnea. BNP, Brain natriuretic protein; COPD, chronic 
obstructive pulmonary disease.

History and physical
examination

Pulmonary

1. COPD
2. Asthma
3. Pneumonia
4. Pulmonary
    fibrosis
5. Lung injury
6. Pulmonary
    embolism
7. Pulmonary
    hypertension
8. Restrictive lung
    disease
9. Pleural disease

Cardiac

1. Myocardial
    ischemia (anginal
    equivalent)
2. Heart failure
3. Valvular disease
4. Pericardial disease
    (tamponade,
    constrictive
    pericarditis)

1. Chest radiograph
2. Arterial blood gases
3. Pulmonary function
    testing
4. Chest computed
    tomography

1. Electrocardiogram
2. Chest radiograph
3. Stress testing
4. Echocardiography
5. BNP

Miscellaneous

1. Anemia
2. Deconditioning
3. Renal failure
4. Neuromuscular
    disease
5. Hypothyroidism
6. Psychogenic

1. Complete blood
    count
2. Blood urea nitrogen
    and creatinine
3. Electrolytes
4. Thyroid function
    tests
5. Comprehensive
    exercise testing
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may suggest pulmonary hypertension or valvular abnor-
malities as causes of dyspnea. Dyspnea in an individual 
with connective tissue disease may suggest secondary 
interstitial lung disease. Physical examination should 
assess for pallor, cyanosis, barrel chest, rales, wheezing, 
crackles, murmurs, abnormal heart sounds or rhythms, 
cardiomegaly, tachycardia, jugular venous distention, 
joint involvement, clubbing, fibrotic skin changes, and 
peripheral edema. Patients with severe airflow obstruction 
may have pursed lips and a slow deep breathing pattern, 
whereas patients with interstitial fibrosis or kyphoscolio-
sis typically have rapid shallow breathing.

The preoperative history and physical examina-
tion lead to accurate diagnoses in two thirds of cases. 
Initial testing includes an ECG, hematocrit (to exclude 
anemia), arterial blood gas analysis, thyroid function 
tests, chest radiograph, spirometry, and oximetry (at rest 
and after walking several feet). BNP levels may be use-
ful. Most dyspneic patients with heart failure have BNP 
values exceeding 400 pg/mL, although plasma BNP con-
centrations between 100 and 400 pg/mL in a dyspneic 
patient should raise suspicions about compensated left 
ventricular dysfunction, pulmonary embolism, and cor 
pulmonale. Other specialized testing should be directed 
by the history, physical examination, and initial test 
results. Computed tomography (CT) scans and cardio-
pulmonary exercise testing (CPET) are rarely necessary, 
but they can be useful if the aforementioned tests are 
not diagnostic.

Patients Scheduled for Lung Resection
Most patients scheduled for lung resection operations 
have underlying lung disease, and PFTs may be useful 
in predicting risk or in excluding patients who lack ade-
quate pulmonary reserve after resection (see also Chapter 
66). The amount of residual lung function after resec-
tion can be estimated by using a combination of spirom-
etry and radionuclide quantitative lung scanning. The 
estimated residual FEV1 is predicted by multiplying the 
baseline FEV1 by the percentage of radioactive counts 
from the nonoperative lung or lung region, as presented 
here114:

 

Predicted postoperative FEV1 = FEV1 ×
Radioactive counts in nonoperative lung

Radioactive counts from both lungs  

A predicted postoperative FEV1 exceeding 0.8 L, or 
greater than 40% of predicted, indicates that sufficient 
lung tissue and ventilatory capacity will remain.115 A post-
operative FEV1 or Dlco less than 40% of predicted indicates 
increased perioperative risk. In patients undergoing pneu-
monectomy, a preoperative FEV1 less than 2 L or 50% of 
predicted, maximal voluntary ventilation less than 50% of 
predicted, or Dlco less than 60% indicates increased risk.116

If preoperative PFTs and ventilation-perfusion V̇/Q̇  
scanning suggest that the patient is at great risk or may 
not be an operative candidate, additional information 
can be obtained with CPET and determinations of peak 
oxygen consumption (VO2peak). Patients with preopera-
tive VO2peak greater than 20 mL/kg/minute have a low 
risk of complications or death, those with VO2peak less 
than 15 mL/kg/minute have an increased risk; and those 
with VO2peak less than 10 mL/kg/minute are at very high 
risk of postoperative complications. Stair climbing can 
also help predict VO2peak. Patients who can climb five 
flights of stairs likely have a VO2peak exceeding 20 mL/
kg/minute. Conversely, patients who cannot climb one 
flight of stairs likely have a VO2peak less than 10 mL/kg/
minute.117 Hypoxia with exertion or hypercarbia at rest 
is also associated with increased postoperative compli-
cations in patients having lung resection procedures.117 
This topic is covered in more detail in Chapter 66.

Obstructive Sleep Apnea
Sleep-disordered breathing affects up to 9% of middle-
aged women and 24% of middle-aged men; less than 
15% of these cases have been diagnosed (see also Chap-
ters 19 and 39). OSA, which is the most common seri-
ous manifestation of sleep-disordered breathing, is caused 
by intermittent airway obstruction. It is characterized by 
total collapse of the airway with complete obstruction for 
more than 10 seconds. Obstructive hypopnea is partial 
collapse (30% to 99%) associated with at least a 4% arte-
rial oxygen desaturation. Snoring, daytime sleepiness, 
hypertension, obesity, and a family history are risk fac-
tors for OSA.118 The severity of OSA is measured based on 
the apnea-hypopnea index (AHI), which is the number of 
apneic and hypopneic episodes per hour of sleep. Patients 
with severe OSA have 30 or more episodes per hour.

Cardiovascular disease is common in patients with 
OSA. Patients have an increased prevalence of hyperten-
sion, atrial fibrillation, bradyarrhythmias, ventricular 
ectopy, stroke, heart failure, pulmonary hypertension, 
dilated cardiomyopathy, and CAD.119 Mask ventilation, 
direct laryngoscopy, endotracheal intubation, and fiber-
optic visualization of the airway are more difficult in 
patients with OSA (see Chapters 55 and 71). Such patients 
are likely to have perioperative airway obstruction, 
hypoxemia, atelectasis, ischemia, pneumonia, and pro-
longed hospitalizations.120 Patients with OSA are more 
sensitive to the respiratory depressant effects of opioids. 
Once their coexisting comorbidities are accounted for, 
patients with OSA are not at increased risk for postopera-
tive mortality.39

Preoperative evaluation focuses on identifying patients 
at risk for OSA and optimizing associated comorbid con-
ditions. The STOP-Bang questionnaire, which was devel-
oped and validated in an anesthesia preoperative clinic, 
screens for OSA (Fig. 38-8).38 Echocardiography may be 
indicated if heart failure or pulmonary hypertension is 
suspected. Patients should be instructed to bring their 
continuous positive airway pressure (CPAP) devices to the 
hospital on the day of operation.

Pulmonary Hypertension
Pulmonary hypertension may occur in isolation or with 
associated medical conditions and is defined as a persistent 
increase of mean pulmonary artery pressure of 25 mm Hg or 
more with a pulmonary artery occlusion pressure less than 
15 mm Hg. According to the World Health Organization, 
pulmonary hypertension is classified into five groups (Box 
38-11). Idiopathic pulmonary arterial hypertension, for-
merly called primary pulmonary hypertension, is relatively 
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Figure 38-8. STOP-Bang ques-
tionnaire to screen patients for 
obstructive sleep apnea (OSA). 
BMI, Body mass index. (From 
Chung F, Yegneswaran B, Liao P, 
et al: STOP questionnaire: a tool 
to screen patients for obstruc-
tive sleep apnea, Anesthesiology 
108:812-821, 2008.)

Have you been diagnosed with sleep apnea by a sleep study?          Yes          No

Have you received treatment for sleep apnea, such as CPAP or Bi-PAP?       Yes          No

Please answer the following four questions with a yes or no answer:

 1)  Do you snore loudly (louder than talking or loud enough to be heard through closed doors)?
   Yes          No

 2)  Do you often feel tired, fatigued, or sleepy during daytime?
   Yes          No

 3)  Has anyone observed you stop breathing during your sleep?
   Yes          No

 4)  Do you have or are you being treated for high blood pressure?
   Yes          No

FOR STAFF USE ONLY, DO NOT WRITE BELOW THIS LINE

 5)  Is the BMI ≥35 kg/m2?
   Yes          No

 6)  Is the patient ≥50 years of age?
   Yes          No

 7)  Is the neck circumference greater than 15.7 inches (40 cm)?
   Yes          No

 8)  Is the patient male?
   Yes          No

Total number of questions answered YES: _____  Is the patient at high risk for OSA?  Yes          No

High risk of OSA: Yes to >3 items

STOP-Bang
Screening for Sleep Apnea
rare. Other more common forms occur with a variety of dis-
eases including cardiac, pulmonary, liver, thromboembolic, 
and collagen vascular diseases. Pulmonary hypertension is 
associated with HIV infection, anorectic drug exposure (e.g., 
fenfluramine), sleep apnea, chronic liver disease (especially 
with portal hypertension), and collagen vascular diseases 
(e.g., scleroderma, systemic lupus erythematosus [SLE]). 
Occult pulmonary hypertension is more problematic than 
fully recognized disease because symptoms may be attrib-
uted to other diseases, and perioperative decompensation 
may occur unexpectedly. The onset of pulmonary hyper-
tension is usually nonspecific, insidious, and associated 
with delayed diagnosis. Dyspnea is the initial symptom 
in 60% of patients, but it is present in 98% by the time of 
diagnosis. Presyncopal or syncopal episodes portend severe 
disease.

Patients with pulmonary arterial hypertension have 
a high rate of perioperative morbidity and mortality.121 
Hypoxia, hypercarbia, vasoconstrictors, and increased 
sympathetic tone (even from anxiety) increase pulmo-
nary vascular resistance, with the potential for acute 
decompensation with right-sided heart failure. Mild 
pulmonary hypertension rarely affects anesthetic man-
agement, but moderate to severe disease increases the 
risk of right-sided heart failure. Signs and symptoms 
of disease severity include dyspnea at rest, metabolic 
acidosis, hypoxemia, right-sided heart failure (periph-
eral edema, hepatomegaly, jugular venous distention), 
and syncope.122 Physical examination may reveal a 
split S2 with a loud second component, right ventric-
ular heave, tricuspid regurgitation murmur, ascites, 
hepatomegaly, jugular venous distention, and periph-
eral edema. An ECG and a chest radiograph are useful 
in patients with more than mild disease. Typical ECG 
findings include right axis deviation, RBBB, right ven-
tricular hypertrophy, and tall R waves in leads V1 and 
V2. Right atrial hypertrophy and “P-pulmonale” may 
be present in severe pulmonary hypertension, with 
peaked P waves, usually in leads II, III, aVF, and V1. 
Enlargement of the main pulmonary artery and a glob-
ular heart shape with a loss of the retrosternal airspace 
from right ventricular dilation can be seen on a chest 
radiograph. In addition, testing for complete blood 
count (CBC); determination of electrolyte, BUN, and 
creatinine levels; and liver function tests (LFTs; may be 
elevated from congestion or bosentan) are needed. An 
echocardiogram is the initial screening test of choice 
and can assess the pulmonary artery pressure and right 
ventricular function, identify left-sided heart failure, 
and valvular or congenital heart disease122 (see also 
Chapter 46). Patients with significant findings usually 
require right and left cardiac catheterizations, especially 
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given the potential inaccuracy of estimating right-sided 
pressures by echocardiography alone.

Patients may be treated with diuretics, anticoagulation, 
calcium channel blockers, supplemental oxygen, sildenafil 
(phosphodiesterase inhibitor), endothelin receptor antag-
onists (e.g., bosentan), and prostanoids (e.g., iloprost, epo-
prostenol). Some of these drugs are given by continuous 
intravenous infusions, and even momentary interruption 
of therapy can be catastrophic. All drugs must be continued 
preoperatively. Management of these patients in conjunc-
tion with a pulmonary hypertension specialist is advised.

Smokers and Patients Exposed to  
Second-Hand Smoke
Exposure to tobacco, directly or through “second-hand” 
smoke, increases the risk of many perioperative compli-
cations. Smokers are more likely to experience wound 
infections, respiratory complications (including oxygen 
desaturation), and severe coughing.123 Patients without 
ischemic heart disease who smoked shortly before oper-
ation have significantly more episodes of ST-segment 
depression than do nonsmokers, former smokers, or 
chronic smokers who do not smoke in the immediate pre-
operative period.124 Smoking decreases macrophage func-
tion; negatively affects coronary flow reserve; and causes 
vascular endothelial dysfunction, hypertension, and isch-
emia. Smokers require longer hospital stays and often need 
more postoperative intensive care than do nonsmokers.

PulmonaRy aRteRIal hyPeRtensIon

 •  Primary pulmonary hypertension
 •  Sporadic
 •  Familial
 •  Associated with other conditions
 •  Collagen vascular disease
 •  Congenital shunts
 •  Portal hypertension
 •  Human immunodeficiency virus infection
 •  Drugs or toxins
 •  Persistent pulmonary hypertension of the newborn

PulmonaRy Venous hyPeRtensIon

 •  Left-sided heart disease
 •  Extrinsic compression of the central pulmonary veins
 •  Pulmonary venoocclusive disease

PulmonaRy hyPeRtensIon Related to lung dIsease oR hyPoxemIa

 •  Chronic obstructive pulmonary disease
 •  Interstitial lung disease
 •  Sleep-disordered breathing
 •  Neonatal lung disease
 •  Chronic exposure to high altitude

PulmonaRy hyPeRtensIon Caused By ChRonIC thRomBoemBolIC 
dIsease

 •  Pulmonary thrombosis or embolism
 •  Sickle cell disease

PulmonaRy hyPeRtensIon fRom dIsoRdeRs dIReCtly affeCtIng the 
PulmonaRy VasCulatuRe

 •  Schistosomiasis
 •  Sarcoidosis  

BOX 38-11 Classification Scheme for 
Pulmonary Hypertension
The greatest benefit of smoking abstinence is probably 
realized only after several months of cessation. In addi-
tion, the perioperative clinical benefits of preoperative 
smoking cessation demonstrated in systematic reviews 
are evident only when cessation occurred at least 3 to 
4 weeks before the surgical procedure.125 These benefits 
include reduced respiratory and wound healing compli-
cations. Despite an early study reporting an increased 
perioperative risk (this association was not statistically 
significant) in recent quitters,126 a systematic review 
found no increased risk of adverse events with quitting 
smoking soon before surgical procedures (i.e., within 8 
weeks).127 Thus, motivated patients should quit smoking 
at any point before surgery. Quitting has many potential 
benefits, even within a few days before operation. Soon 
after a patient quits smoking, carbon monoxide levels 
decrease, thereby improving oxygen delivery and use. 
Cyanide levels decrease, and this benefits mitochondrial 
oxidative metabolism. Lower nicotine levels improve 
vasodilatation, and many toxic substances that impair 
wound healing decrease.

The U.S. Public Health Service recommends that “all 
physicians should strongly advise every patient who 
smokes to quit because evidence shows that physician 
advice to quit smoking increases abstinence rates.”128 
Nearly 70% of smokers want to quit. Effective interven-
tions include medical advice and pharmacotherapy, 
such as nicotine replacement therapy, which is safe in 
the perioperative period. Nicotine patches, gum, and loz-
enges are available without a prescription; nasal spray, 
bupropion (i.e., Zyban), and varenicline (i.e., Chantix) 
require prescriptions. Clonidine is also effective. Bupro-
prion, varenicline, or clonidine is started 1 to 2 weeks 
before a quit attempt; nicotine replacement therapy is 
effective immediately. Individual and group counseling 
may increase rates of long-term abstinence. Many hospi-
tals, insurance companies, and communities offer smok-
ing cessation programs. Excellent resources are available 
on the Internet and from the U.S. government. Advice 
and guidelines are available at 1-800-QUITNOW and 
http://www.cdc.gov/TOBACCO/quit_smoking/index.htm. 
Tobacco intervention training during medical school and 
residency can significantly improve the quality of physi-
cian counseling and rates of abstinence.

Interventions in the preoperative clinic can cause sig-
nificantly higher rates of short-term cessation of smok-
ing (i.e., within 3 to 6 months after surgery).129 The 
long-term benefits are less clear, although a randomized 
trial demonstrated reduced nicotine dependence of up to  
1 year postoperatively with the institution of a periopera-
tive smoking cessation intervention using varenicline.130

Upper Respiratory Tract Infections
Traditionally, elective surgical procedures were cancelled 
when patients, especially children, presented with current 
or recent upper respiratory tract infections (see also Chap-
ter 93). With modern anesthetic practices, cancellation 
is not routine. In patients with severe symptoms, espe-
cially those with underlying conditions (e.g., significant 
asthma, heart disease, immunosuppression) that may 
further compromise a safe anesthetic regimen, elective 
surgical procedures are postponed for at least 4 weeks.131 

http://www.surgeongeneral.gov/tobacco/default.htm
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When an infection is mild or uncomplicated in healthy 
patients, the risk in proceeding with a procedure to avoid 
the inconvenience of a cancellation is low. The dilemma 
lies with the patients between these two extremes. Deci-
sions regarding suitability to proceed are made on an 
individual basis.

Cystic Fibrosis
Cystic fibrosis is an autosomal recessive disease caused by 
altered chloride and water transport across epithelial cells. 
It can result in a progressive chronic airway disease with 
airway obstruction, destruction, and frequent infections. 
Exocrine pancreatic insufficiency (i.e., malnutrition, dia-
betes, pancreatitis), bowel obstruction, sinusitis, and liver 
disease (biliary cirrhosis, portal hypertension) can also 
be present. The diagnosis is established on the basis of a 
sweat chloride concentration exceeding 60 mEq/L (sweat 
chloride test), in addition to one of the following: chronic 
airway disease, exocrine pancreatic insufficiency, or cys-
tic fibrosis in a first-degree relative. A history and physical 
examination similar to those for patients with asthma and 
nutritional and hepatic assessments are necessary. Optimi-
zation of pulmonary status (treatment of secretions, infec-
tions, bronchospasm) is key. Electrolytes, LFTs, and chest 
radiographs are useful. Continuation of most medications 
is recommended. Management of these patients with a pul-
monologist or a cystic fibrosis specialist is best.

Postoperative Pulmonary Complications
Postoperative pulmonary complications develop in 5% to 
10% of patients undergoing nonthoracic surgery and in 
22% of high-risk patients. Established risk factors for pul-
monary complications include the following132:

 •  History of cigarette use (current or exceeding 40 
pack-years)

 •  ASA-PS scores of 2 or more
 •  Age 70 years or more
 •  COPD
 •  Neck, thoracic, upper abdominal, aortic, or neurologic 

surgical procedures
 •  Anticipated prolonged procedures (≥2 hours)
 •  Planned general anesthesia (especially with 

endotracheal intubation)
 •  Albumin concentration less than 35 g/dL
 •  Inability to walk two blocks on the level or to climb one 

flight of stairs
 •  BMI of 30 or more
  

Surprisingly absent in the foregoing list are asthma, 
analysis of arterial blood gases, or PFT results. The risk of 
complications is surprisingly low in patients with well-
controlled asthma or in those treated preoperatively with 
corticosteroids.133 The risk is higher in asthmatic patients 
with recent exacerbations, prior postoperative pulmonary 
complications, recent hospitalizations, or endotracheal 
intubations for asthma. Analysis of arterial blood gases is 
useful in predicting pulmonary function after lung resec-
tion operations, but it does not predict the risk of com-
plications. The degree of airway obstruction, measured 
by the FEV1, is not predictive of pulmonary complica-
tions.111 The role of PFTs may be for diagnosis (“Is dys-
pnea caused by lung disease or heart failure?”) or to assess 
management (“Can dyspnea or wheezing be improved 
further?”), but PFTs should not be used as a risk assess-
ment tool or to deny a beneficial procedure.111

Box 38-12 lists the laboratory results and the patient-
related, procedure-related, and laboratory test–related 
determinants of perioperative pulmonary complica-
tions.111 Some of these factors can be modified to alter risk. 
The pulmonary status of patients with recent exacerba-
tions or infections must be improved whenever possible. 
Patients at high risk may require prescriptions for antibiot-
ics, bronchodilators, and steroids; referrals to pulmonolo-
gists or internists; or delayed surgical procedures. Effective 
measures to decrease pulmonary complications include 
the following: a change in perioperative management, 
including altering the planned surgical procedure, if possi-
ble; discussing alternatives to general anesthesia, especially 
when a regional technique (see also Chapters 56 and 57) is 
an option; and educating the patient about the benefits of 
epidural pain management (see also Chapter 98).

ENDOCRINE DISORDERS

See also Chapter 39.

Diabetes Mellitus
Type 1 diabetes is an autoimmune disease resulting in 
destruction of pancreatic insulin-producing (β) cells. 
These patients, who have an absolute deficiency of insu-
lin but normal sensitivity to insulin, are at risk of ketoaci-
dosis and generally have an onset of disease at a younger 

BOX 38-12 Risk Factors for Postoperative 
Pulmonary Complications

PatIent-Related

 •  Age ≥60 yr
 •  ASA-PS class ≥2
 •  Heart failure
 •  Partial or total functional dependence
 •  Chronic obstructive pulmonary disease
 •  Weight loss
 •  Delirium
 •  Cigarette smoking
 •  Alcohol use
 •  Abnormal chest examination findings

PRoCeduRe-Related

 •  Thoracic surgery
 •  Abdominal surgery
 •  Neurosurgery
 •  Head and neck surgery
 •  Emergency surgery
 •  Vascular surgery
 •  Use of general anesthesia
 •  Blood product transfusion

laBoRatoRy test–Related

 •  Albumin level <35 g/L
 •  Abnormal chest radiograph
 •  BUN level >7.5 mmol/L (>21 mg/dL)

From Smetana GW, Lawrence VA, Cornell JE, et al: Preoperative pulmonary 
risk stratification for noncardiothoracic surgery: systematic review for the 
American College of Physicians, Ann Intern Med 144:581-595, 2006.

ASA-PS, American Society of Anesthesiologists physical status; BUN, blood 
urea nitrogen.
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age. Because of the often difficult nature of control of 
type 1 diabetes and its long duration, by the time these 
individuals reach adulthood they are at increased risk of 
premature vascular disease, especially myocardial isch-
emia, even in the second decade of life. Type 2 diabetes is 
initially a result of insulin resistance, which can eventu-
ally result in pancreatic “burnout.” It is usually found in 
older, overweight adults. Classifying diabetes with terms 
such as “insulin dependent,” “non–insulin dependent,” 
or “adult onset” is confusing and not recommended.

In the United States, 25.8 million persons (8.3% of 
the population) have diabetes, and 2 million new cases 
occur each year. Up to one third of patients are diagnosed 
only after developing significant diabetes-related com-
plications. Unfortunately, the symptoms of diabetes are 
nonspecific, so the history, other than a family history of 
the disease, does not reliably screen for disease. Patients 
who are overweight, have excessive abdominal fat (even 
if BMI is normal), take steroids, or have polycystic ovar-
ian syndrome are at increased risk. Certain ethnic groups 
(Native American, non-Hispanic black, Hispanic, South 
Asian) are also at higher risk.

Diabetic patients are at risk for multiorgan dysfunction, 
including renal insufficiency, stroke, peripheral neuropa-
thy, autonomic dysfunction, and cardiovascular disease. 
Delayed gastric emptying, retinopathy, and reduced joint 
mobility occur in these patients. Diabetes is considered a 
CAD equivalent,134 and it is a risk factor for perioperative 
cardiac complications on a par with previous MI.47 Auto-
nomic neuropathy and erectile dysfunction are strong 
predictors of silent ischemia in these patients. Poorly con-
trolled blood glucose concentrations and longer duration 
of disease also correlate with cardiac risk.

Heart failure is twice as common in men and five times 
as common in women with diabetes as in persons with-
out diabetes. Poor glycemic control is associated with an 
increased risk for heart failure, with both systolic and 
diastolic dysfunction. Diabetic patients are at increased 
risk for renal failure perioperatively and for postopera-
tive infections. Chronic kidney disease (CKD) is usually 
asymptomatic until quite advanced. Diabetes is responsi-
ble for almost half of the patients requiring dialysis in the 
United States. “Screening” for kidney disease is accepted 
practice in patients with diabetes, likely using serum 
creatinine measurement and an estimated glomerular 
filtration rate (eGFR).135 Patients with poorly controlled 
diabetes develop stiff joint syndrome with reduced cervi-
cal mobility that may affect airway management.

The preoperative evaluation should assess organ dam-
age and blood glucose control. The history and physical 
examination focus on the cardiovascular, renal, and neu-
rologic systems. Ischemic heart disease is often asymptom-
atic in the diabetic patient. Inquiring about early satiety, 
erectile dysfunction, numbness in extremities, and post-
prandial vomiting is important. Documenting pulses, skin 
breakdown, sensory examination, and orthostatic vital 
signs is important in most diabetic patients, particularly 
in those with long-standing disease or poor diabetes con-
trol. Patients with autonomic dysfunction (or hypovole-
mia) have more than a 20-mm Hg decrease in systolic BP, 
or more than a 10-mm Hg decrease in diastolic BP when 
changing from a supine to standing position. An ECG, in 
addition to determinations of electrolytes, BUN, creati-
nine, and blood glucose, is needed. Frequently, patients 
are not fasting when they are evaluated in a preoperative 
clinic, and relying on reported glucose values is problem-
atic. If patients bring a diary of multiple glucose values 
at varying times of the day (preprandial and postpran-
dial), one can estimate the adequacy of therapy. The gly-
cosylated hemoglobin (HbA1c) level is not influenced by 
fasting and can identify patients with poor diabetes con-
trol.136 The American Diabetes Association recommends 
a target HbA1c of less than 7%. Suggestions for hypogly-
cemic medication management on the day of surgery 
are shown in Box 38-3 and are discussed in Chapter 39. 
Poor long-term control of the disease is associated with 
infections and worse outcomes, especially for certain pro-
cedures such as joint replacements. Optimization of glu-
cose control is a goal even before these patients proceed 
with surgery. The goals of perioperative diabetic manage-
ment include avoidance of hypoglycemia and marked 
hyperglycemia. Tight perioperative glucose control in the 
immediate perioperative period is controversial. Patients 
with poor preoperative management of glucose are more 
likely to have diabetes that is out of control intraopera-
tively and postoperatively.136 Thus, aggressive manage-
ment of hyperglycemia may theoretically help decrease 
postoperative complications. However, these theoretical 
clinical benefits of intraoperative intensive glucose con-
trol have not been observed in randomized trials of surgi-
cal patients.137

Thyroid Disease
Thyroid hormones are important for metabolism and 
its regulation (see also Chapter 39). Mild to moder-
ate thyroid dysfunction probably has minimal impact 
perioperatively.138 Significant hyperthyroidism or 
hypothyroidism appears to increase perioperative risk. 
Hyperthyroid patients may have tachycardia, arrhyth-
mias, palpitations, tremors, weight loss, and diarrhea. 
Hypothyroid patients may be hypotensive, bradycardic, 
and lethargic and may demonstrate weight gain, depressed 
cardiac function, pericardial effusions, and impaired ven-
tilatory response to hypoxia and hypercarbia. Symptoms 
and findings of both hypothyroidism and hyperthyroid-
ism can be subtle and nonspecific, particularly in older 
adults. Patients may have goiters with related symptoms 
such as dysphagia, dyspnea, wheezing, and orthopnea. 
Graves ophthalmopathy (or proptosis) is more common 
in smokers. Patients taking amiodarone are at risk of 
hypothyroidism and need evaluation of thyroid function 
before surgery.

Determination of medical therapy is important. 
Patients with a history of chronic thyroid disease need 
preoperative thyroid function tests. If symptoms and ther-
apy have not changed, tests within the 6 months before 
the surgical procedure are generally adequate. Thyroid-
stimulating hormone (TSH) assays are best to evaluate for 
hypothyroidism. Measuring free triiodothyronine (T3), 
free thyroxine (T4), and TSH levels is useful in hyperthy-
roid patients and avoids the confusion of protein-binding 
effects seen with total hormone levels. Elective surgical 
procedures should be postponed until patients are euthy-
roid. Surgery, stress, or illness can precipitate myxedema 
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or thyroid storm in patients with untreated or severe thy-
roid dysfunction. Consultation with an endocrinologist 
is necessary if surgery is urgent in patients with thyroid 
dysfunction. Hyperthyroid patients can be treated with 
β-adrenergic blockers, antithyroid medications, and ste-
roids if surgery is urgent. Chest radiography or CT is use-
ful to evaluate tracheal or mediastinal involvement by 
a goiter. Continuation of medications, such as thyroid 
replacement and antithyroid drugs (e.g., propylthioura-
cil), on the day of the surgical procedure is important.

Parathyroid Disease
Parathyroid hormone regulates calcium; most cases of 
hyperparathyroidism are discovered when an elevated 
calcium level is found incidentally during diagnostic 
testing. Primary hyperparathyroidism is caused by a pri-
mary disorder of the parathyroid glands (adenomas or 
hyperplasia). Secondary hyperparathyroidism is parathy-
roid gland hyperplasia caused by hyperphosphatemia 
and hypocalcemia related to chronic renal failure. Ter-
tiary hyperparathyroidism occurs when the parathyroid 
hyperplasia in secondary hyperparathyroidism functions 
autonomously, resulting in hypercalcemia. Hypercalce-
mia from parathyroid disease is associated with osteo-
porosis and bone loss. Rarely do the parathyroid glands 
become enlarged enough to compromise the airway. 
Hypoparathyroidism is rare, but it can result from total 
parathyroidectomy.

Hypothalamic-Pituitary-Adrenal Disorders
Corticotropin-releasing hormone is released by the hypo-
thalamus and regulates adrenocorticotropic hormone 
(ACTH) from the anterior pituitary gland, which in turn 
regulates cortisol from the adrenal cortex. A key com-
ponent is the negative feedback suppression imposed 
by endogenous or exogenous glucocorticoids. Cortisol 
secretion varies with the circadian rhythm, and it is high-
est in the morning; it also increases with stress, fever, 
hypoglycemia, and surgery. Surgery is one of the most 
potent activators of the hypothalamic-pituitary-adrenal 
(HPA) axis. ACTH concentrations increase with incision 
and during the surgical procedure, but the greatest ACTH 
secretion occurs during termination of anesthesia, extu-
bation of the trachea, and the immediate postoperative 
period.139

Adrenal hormone excess results from glucocorticoid 
treatment of disorders such as asthma or inflammatory 
diseases or from pituitary or adrenal tumors. Cushing dis-
ease denotes the constellation of findings associated with 
a pituitary tumor; Cushing syndrome refers to the same 
findings resulting from an adrenal tumor or hyperplasia, 
ectopic ACTH from neoplasms, or exogenous steroids. 
Its major manifestations are hypertension, weight gain, 
myopathy, diabetes, “moon facies,” and “buffalo hump,” 
all of which can affect airway management. Striae, easy 
bruising, and virilization in female patients are com-
mon. Exogenous steroids suppress the adrenals and thus 
blunt the normal hypersecretion expected from stress or 
surgery. Therefore, patients at risk need “steroid cover-
age.” An ECG and electrolyte and glucose determinations 
are necessary preoperatively. In spite of bruising easily, 
patients have normal coagulation profiles.
Adrenal insufficiency results from destruction of the 
pituitary, destruction of the adrenal glands, or long-term 
exogenous glucocorticoid administration. Tuberculosis 
and HIV infection can cause primary hypoadrenalism. 
Prednisone or its equivalent in doses higher than 20 mg/
day for more than 3 weeks suppresses the HPA axis. The 
axis is not suppressed with doses lower than 5 mg/day of 
prednisone or its equivalent. Intermediate doses of ste-
roids taken for more than 3 weeks have equivocal effects 
on the HPA axis. This risk remains for up to 1 year after 
cessation of steroids. Patients with adrenal insufficiency 
have weakness, weight loss, hypotension, orthostasis, 
hypovolemia, hyperpigmentation, and electrolyte abnor-
malities. Electrolytes and orthostatic vital signs therefore 
must be checked.

Serum cortisol and plasma ACTH can establish the 
diagnosis and cause of adrenal insufficiency in most 
cases. If the serum cortisol concentration is inappropri-
ately low and a simultaneous plasma ACTH concentra-
tion is very high, primary adrenal insufficiency (primary 
adrenal disease) is the cause. Secondary (pituitary disease) 
or tertiary (hypothalamic disease) is the diagnosis if both 
the serum cortisol and plasma ACTH concentrations are 
inappropriately low. In more urgent situations, one may 
not be able to wait for results of the ACTH determina-
tion, in which case, an ACTH stimulation test can be 
performed (unless the diagnosis has been ruled out by a 
basal serum cortisol value in the upper end of the refer-
ence range or higher).140 Cosyntropin is synthetic ACTH, 
and it can be administered in either a high-dose or a low-
dose stimulation test. The time of the day is not impor-
tant because in patients with adrenal insufficiency, the 
response to cosyntropin is the same in the morning and 
the afternoon. A normal response to the high-dose (250 
μg as an intravenous bolus) ACTH stimulation test is a 
rise in serum cortisol concentration, measured after 30 to 
60 minutes, to a peak greater than 18 to 20 μg/dL. Low-
dose (1-μg intravenous bolus) ACTH causes an increase in 
cortisol concentrations of more than 16 to 20 μg/dL after 
20 to 30 minutes. For both tests, a subnormal response 
confirms the diagnosis of adrenal insufficiency, but fur-
ther studies are necessary to establish the type and cause. 
Patients continue steroids on the day of surgery and may 
need supplementation with additional doses.

Aldosterone, which is produced by the adrenal cortex, 
regulates volume and electrolytes (absorption of sodium 
and chloride; secretion of potassium and hydrogen ions). 
It is controlled by the renin-angiotensin system, not the 
HPA axis.

Multiple Endocrine Neoplasia Syndromes
The multiple endocrine neoplasia (MEN) syndromes are 
rare, but recognition is important both for treatment and 
for evaluation of family members.141 Multiple endocrine 
neoplasia type 2 (MEN 2) is subclassified into three dis-
tinct syndromes: MEN 2A, MEN 2B, and familial medul-
lary thyroid cancer. The inheritance of MEN 1 and 2 is 
autosomal dominant. Hyperparathyroidism is the most 
common manifestation of MEN 1, with almost 100% 
penetrance by the age of 40 to 50 years. Hypersecretion 
of gastrin in the Zollinger-Ellison syndrome in MEN 1 
often manifests with multiple peptic ulcers. The MEN 1 
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gene has been identified, and therefore testing for MEN 1 
mutations is possible. Little evidence indicates that early 
presymptomatic detection reduces morbidity or mortal-
ity in MEN 1. Screening of asymptomatic family mem-
bers can also be done by measurement of serum calcium 
because of the high penetrance of hyperparathyroidism 
in MEN 1.

Because undiagnosed pheochromocytoma can cause 
substantial morbidity or even death during surgical 
procedures, it is important to consider this diagnosis 
as a component of possible MEN 2 and, if present, to 
remove the tumor before removing other endocrine 
tumors. Extraadrenal pheochromocytoma is rare in 
MEN 2, but bilateral adrenal disease is common. It is 
unusual for pheochromocytoma to precede the devel-
opment of medullary thyroid carcinoma or be the ini-
tial manifestation of MEN 2. Hyperparathyroidism in 
MEN 2A is often clinically occult. In contrast to MEN 
1, in which the long-term benefit of early diagnosis by 
genetic screening is not well established, early diagnosis 
by screening of at-risk family members in MEN 2 kin-
dred is essential because medullary thyroid carcinoma is 
a life-threatening disease that can be cured or prevented 
by early thyroidectomy.

Pheochromocytoma
Catecholamine-secreting tumors that arise from chromaf-
fin cells of the adrenal medulla or sympathetic ganglia are 
referred to as pheochromocytomas and extraadrenal cate-
cholamine-secreting paragangliomas (extraadrenal pheo-
chromocytomas), respectively.142 Nonetheless, the term 
pheochromocytoma is often used for both types of tumors. 
Pheochromocytomas are discovered when patients pres-
ent with symptoms, a suggestive family history, or an inci-
dental adrenal mass. Approximately 3% to 10% of adrenal 
“incidentalomas” prove to be pheochromocytomas. The 
classic triad of symptoms includes episodic headache, 
sweating, and tachycardia. Paroxysmal hypertension 
occurs in half of patients, whereas most of the remain-
ing patients have what appears to be essential hyperten-
sion. Approximately 5% to 15% of patients have normal 
BP. Headache, which is variable in severity and duration, 
occurs in up to 90% of symptomatic patients. Paroxys-
mal hypertension is a classic sign of pheochromocytoma, 
but it is nonspecific for the disorder. Sweating occurs in 
up to 60% to 70% of patients. Other symptoms include 
palpitations, dyspnea, weakness, and panic attacks (par-
ticularly in patients with tumors that produce an increase 
in epinephrine). Pallor, orthostatic hypotension, blurred 
vision, weight loss, polyuria, polydipsia, hyperglycemia, 
psychiatric disorders, cardiopulmonary dysfunction (par-
ticularly with the initiation of β-adrenergic blockers), 
dilated cardiomyopathy (from excess catecholamines), 
and marked hypertension have been reported. Pheochro-
mocytoma is suspected in patients who have one or more 
of the following:

 •  Hyperadrenergic spells (nonexertional palpitations, 
diaphoresis, headache, tremor, pallor)

 •  Hypertension that is difficult to control
 •  Familial syndrome that includes catecholamine-

secreting tumors (e.g., MEN 2, neurofibromatosis type 
1, von Hippel–Lindau disease) (These individuals often 
have bilateral disease.)

 •  Family history of pheochromocytoma
 •  Incidentally discovered adrenal mass
 •  Unusual BP response during anesthesia, surgery, or 

angiography
 •  Hypertension at a young age (e.g., <20 years old)
 •  Idiopathic dilated cardiomyopathy
 •  A history of gastric stromal tumor or pulmonary 

chondromas (Carney triad)
  

Measurements of urinary and plasma fractionated 
metanephrines and catecholamines generally establish 
the diagnosis. History and physical examination should 
focus on the cardiovascular system (including findings 
of heart failure) and evaluation of vital signs (includ-
ing orthostatic BP). An ECG and determinations of 
electrolytes, BUN, creatinine, and glucose are needed. 
CT, echocardiography, and cardiac consultation may be 
useful.

All patients with pheochromocytoma must be man-
aged with preoperative α-adrenergic blockade at least 7 
to 10 days before the surgical procedure, with the goal 
of normalizing BP and volume status. Phenoxybenza-
mine is the preferred drug for preoperative preparation to 
control arterial BP and arrhythmias. It is an irreversible, 
long-acting, nonspecific α-adrenergic blocking agent. The 
initial dose is 10 mg once or twice daily, and the dose is 
increased by 10 to 20 mg every 2 to 3 days as needed to 
control BP and spells. Most patients need between 20 and 
100 mg daily. BP is measured twice daily with the patient 
lying, sitting, and standing. The target BP is less than 
120/80 mm Hg seated, with systolic BP less than 90 mm 
Hg while standing. Patients should be warned about com-
mon side effects of orthostasis, marked fatigue, and nasal 
congestion. Selective α1-adrenergic blocking agents (e.g., 
prazosin, terazosin, doxazosin) are preferable to phenoxy-
benzamine when long-term pharmacologic treatment is 
indicated (e.g., metastatic pheochromocytoma) because 
of the favorable side effect profiles of these drugs. The 
disadvantage of using these agents preoperatively is their 
incomplete degree of α-adrenergic blockade, thus result-
ing in more episodes of intraoperative hypertension.143 
Conversely, preoperative preparation with phenoxy-
benzamine is associated with more postresection hypo-
tension than is preparation with selective α1-adrenergic 
blocking agents.143

After adequate α-adrenergic blockade is achieved, 
β-adrenergic blockade may be started cautiously with 
short-acting drugs. For example, 10 mg of propranolol 
every 6 hours can be used. After 24 to 48 hours, if the 
patient tolerates β-adrenergic blockade, a long-acting 
preparation (e.g., metoprolol, atenolol) can be substi-
tuted. The dose is then adjusted to control tachycardia 
with an HR goal of 60 to 80 beats/minute. β-Adrenergic 
blockade should never be initiated before α-adrenergic 
blockade because blockade of vasodilatory peripheral 
β-adrenergic receptors with unopposed α-adrenergic 
receptor stimulation can lead to a further elevation in 
BP. Additionally, depression of cardiac function with 
sustained hypertension can precipitate acute heart fail-
ure and death. Chronic catecholamine excess can also 
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produce cardiomyopathy that may become evident with 
the initiation of β-adrenergic blockade, with resulting 
acute pulmonary edema.

Although perioperative α-adrenergic blockade is most 
commonly used, another option involves the administra-
tion of a calcium channel blocker.144 Nicardipine is the 
most commonly used calcium channel blocker for pheo-
chromocytoma management. The starting dose of the sus-
tained release preparation is 30 mg orally twice a day. The 
exclusive use of calcium channel blockers for the perioper-
ative management of patients with catecholamine-secret-
ing tumors does not prevent all hemodynamic changes; 
however, morbidity and mortality remain low with this 
class of drug. The main role for calcium channel blockers 
is likely to supplement α- and β-adrenergic blockade when 
BP control is inadequate or in patients with intolerable 
side effects. Patients with acute hypertensive crises require 
hospitalization and treatment with intravenous sodium 
nitroprusside, phentolamine, or nicardipine.

RENAL DISEASE

The type and degree of renal impairment are important. 
Patients with renal dysfunction have many associated 
comorbidities, generally related to the accompanying vas-
culopathy. Hypertension, cardiovascular disease, and elec-
trolyte disturbances are most common. CKD is defined as 
a decreased GFR of less than 60 mL/minute/1.73 m2 for at 
least 3 months, or significant proteinuria. Chronic renal 
failure is defined as a GFR less than 15 mL/minute/1.73 m2.  
End-stage renal disease (ESRD) is loss of renal function for 
3 or more months. Acute kidney injury (AKI) is a sudden 
decrease in renal function with the possible decrease in 
urine output. Two consensus-based criteria for classifying 
AKI are the RIFLE (risk, injury, failure, loss of function, 
ESRD) and Acute Kidney Injury Network (AKIN) classifi-
cation schemes.145,146 Diabetes accounts for almost half 
of all ESRD cases, and hypertension accounts for more 
than one fourth. Polycystic kidney disease (autosomal 
dominant 90% of time) is the causative factor in 10% of 
ESRD cases and can be associated with intracranial aneu-
rysms and MVP.

AKI may be reversible if precipitating factors are iden-
tified and corrected. Classifying AKI into prerenal, renal, 
and postrenal causes allows for a systematic approach. 
Prerenal causes can often be differentiated by calculating 
the BUN-to-creatinine ratio. A ratio less than 20 suggests 
prerenal etiologies, with hypovolemia or hypotension the 
most common. A fractional excretion of sodium (FENa) 
less than 1% also suggests prerenal azotemia (in the 
absence of concomitant diuretic administration) and can 
be calculated using the following formula:

 FENa = PCr/UCr
PNa/UNa 

Obstruction results in dilated ureters and enlarged 
kidneys, and it is always considered in the differential 
diagnosis of AKI. Prompt identification with ultrasound 
should lead to attempts to decompress the outflow tract. 
Rhabdomyolysis can cause AKI and is treatable.

GFR decreases with age; the renal reserve of a normal 
80-year-old person is less than half that of a 40-year-old 
person. The creatinine level is often not an accurate indi-
cator of renal function, especially in older individuals.147 
The GFR can be reduced by 50% without a rise in creati-
nine. Creatinine does not exceed the normal limits until 
GFR has fallen to less than 50 mL/minute. The Cockcroft-
Gault equation can be used to calculate an eGFR:

 
Creatinine clearance =

(140 − Age) × Weight (kg) × (0.85 If female)

72 × Serum creatinine(mg/dL)

Another formula is the Modification of Diet in Renal 
Disease (MDRD)135 equation, which is likely more 
accurate:

 
eGFR (mL/kg/minute) =

1086 × Serum creatinine × Age

(0.742 If female) × (1.210 If African descent)

Online calculators to estimate renal function are avail-
able at www.nephron.com. Calculating an eGFR is nec-
essary in older patients, those with an elevated serum 
creatinine, or with other risk factors for CKD.147 Given 
the inaccuracy of these equations at lower creatinine 
concentrations, values of eGFR that are greater than 60 
mL/kg/minute/1.73m2 should simply be reported as “>60 
mL/kg/minute/1.73m2 .”

CKD is a significant risk factor for perioperative cardio-
vascular morbidity and mortality. For example, a creatinine 
concentration higher than 2.0 mg/dL is a risk factor in the 
RCRI.47 The incidence of death from CAD in patients with 
both diabetes and ESRD requiring hemodialysis is 8.2% per 
year. Pericarditis, pericardial effusions, and diastolic and sys-
tolic dysfunction can also be present. Valvular heart disease 
is common in patients undergoing maintenance dialysis. 
Abnormalities include valvular and annular thickening, as 
well as calcification of the heart valves that results in regur-
gitation or stenosis.148 Mitral or aortic valve calcifications 
(40% and 55% of patients, respectively) and stenosis (11% 
to 13%) occur. Valvular calcifications progress to stenosis 
at an accelerated rate in patients undergoing dialysis.47 Sys-
temic hypertension is almost ubiquitous in these patients, 
but it is generally easier to manage with initiation of dialy-
sis. Pulmonary hypertension and increased cardiac output 
occur in many patients with an arteriovenous fistula.

Renal failure results in anemia from lack of erythro-
poietin production by the kidneys; however, excessive 
treatment of this anemia with erythropoietin may actu-
ally increase morbidity and vascular events.149 Patients 
with CKD can have platelet dysfunction and increased 
bleeding, despite normal platelet counts, prothrombin 
times (PTs), and aPTT. Once dialysis is begun, patients 
become more prone to hypercoagulable states. Chronic 
metabolic acidosis is common, but it is usually mild and 
compensated for by chronic hyperventilation. Patients 
may have electrolyte (including calcium) abnormalities, 
pulmonary edema, peripheral edema, hypercholesterol-
emia, and hypoalbuminemia. Hyperkalemia is the most 
serious electrolyte disturbance. Hypocalcemia is common 
in patients undergoing dialysis, although with long-term 
disease, secondary and tertiary hyperparathyroidism 
eventually develops. Chronically elevated troponin and 
creatine kinase levels are common in patients undergoing 
dialysis. Worsening renal function should be suspected in 

http://www.nephron.com
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diabetic patients with ESRD who develop improved glyce-
mic control or unexpected hypoglycemia because insulin 
is metabolized by the kidneys. Autonomic and peripheral 
(sensory and motor) neuropathies can occur.

Among individuals undergoing cardiac surgery, several 
simple preoperative risk indices have been developed for 
accurately predicting postoperative AKI requiring dialy-
sis.150,151 Important risk factors in these indices include 
complex surgery, nonelective surgery, preexisting renal 
insufficiency, diabetes, heart failure, female gender, and 
COPD. In the setting of noncardiac surgery, identified risk 
factors for AKI include increased age, male gender, symp-
tomatic heart failure, hypertension, liver disease (includ-
ing ascites), preexisting renal insufficiency, PAD, COPD, 
nonelective surgery, and intraperitoneal surgery.152,153 
Preoperative identification of at-risk patients can help 
facilitate care, such as preoperative hydration and avoid-
ance of hypovolemia. This approach may require preoper-
ative hospital admission. Nonsteroidal antiinflammatory 
drugs (NSAIDs) and cyclooxygenase-2 (COX-2) inhibitors 
interfere with renal perfusion autoregulation; they should 
be avoided or discontinued in patients with renal insuf-
ficiency. The use of these drugs in patients with normal 
renal function does not increase the risks of postoperative 
AKI.154 Although long-term ACEI and ARB use prevents 
deterioration of renal function in patients with diabetes 
or renal insufficiency, the use of these drugs may worsen 
function during hypoperfusion states and AKI.

Many drugs are metabolized or cleared by the kidneys. 
Drugs with particular implications for anesthesia and sur-
gery are the LMWHs because no easy method of moni-
toring the anticoagulation effects exists. All the LMWHs 
available in the United States are cleared by the kidneys 
and are not removed during dialysis; thus, they have a 
prolonged duration of action in patients with CKD.

The emphases of the preoperative evaluation of patients 
with renal insufficiency are on the cardiovascular system, 
cerebrovascular system, fluid volume, and electrolyte 
status. The early stages of CKD typically cause no symp-
toms. Inquiring about the cardiovascular systems (i.e., 
chest pain, orthopnea, paroxysmal nocturnal dyspnea), 
urine output, associated comorbidities, medications, and 
dialysis schedules is vital. Monitoring of patients’ weight 
is important for assessing volume status. Patients with or 
at risk of renal disease (especially if they have 2 or more 
of the following risk factors: diabetes, poorly controlled 
hypertension, advanced age) need an ECG and determina-
tions of electrolytes, calcium, glucose, albumin, BUN, and 
creatinine function. Further evaluation is needed if the 
ECG shows LVH (hypertension), peaked T waves (hyper-
kalemia), flattened T waves, a prolonged PR interval, or a 
prolonged QT interval (hypokalemia). A chest radiograph 
(infection, volume overload), echocardiogram (murmurs, 
heart failure), and cardiology evaluation may be neces-
sary. Venous access sites or blood draws from the brachial, 
cephalic (antecubital), and central veins in the nondomi-
nant upper extremity are avoided in patients who may 
eventually need fistulas in those locations for dialysis.

Preoperative renal replacement therapy (dialysis) 
schedules are coordinated, with scheduling of the sur-
gical procedure ideally within 24 hours after dialysis. 
In elective surgical cases, dialysis should be performed 
within 24 hours of surgery but not immediately before, 
given the risks of acute volume depletion and electrolyte 
alterations. Dialysis is associated with fluid shifts and 
electrolyte (sodium, potassium, magnesium, phosphate) 
imbalance, especially related to shifting of electrolytes 
between intracellular and extracellular compartments. 
Dialysis is performed to correct volume overload, hyper-
kalemia, and acidosis. Coordination of the timing of dial-
ysis in relation to elective surgery is an important aspect 
of preoperative care.

Contrast-Induced Nephropathy
Contrast-induced nephropathy is defined as a 25% 
increase in creatinine above baseline after radiocontrast 
administration. Patients with diabetes and CKD are at 
greatest risk, although radiocontrast media cause a tran-
sient decrease in GFR in most individuals. Renal failure 
requiring dialysis after contrast-induced nephropathy is 
associated with a poor prognosis, with less than a 20% 
2-year survival and one third of patients dying during 
the initial hospitalization. A proposed preventive strat-
egy has been developed for patients with CKD (GFR <60 
mL/kg/minute) who are undergoing PCI (Box 38-13), 
which may be beneficial for patients undergoing any 
procedure involving contrast administration. However, 
more recent large randomized trials did not find that 
N-acetylcysteine decreased rates of contrast-induced 
nephropathy (see Box 38-13).155

HEPATIC DISORDERS

Liver disease can affect the hepatocytes, the biliary sys-
tem, or both (see Chapters 22 and 73). Liver disease affects 
protein synthesis (e.g., coagulation factors, albumin), bile 

BOX 38-13 Checklist for Contrast-Induced 
Nephropathy Risk Stratification and Prevention

 1.  Calculate the eGFR: the risk is high if the eGFR is <60 mL/
min/1.73 m2.

 2.  If the eGFR is <15 mL/min/1.73 m2, consider a nephrology 
consultation to plan for the possible need for dialysis after 
the procedure.

 3.  Determine the patient’s history of diabetes (the risk is 
increased five times with diabetes).

 4.  Discuss the contrast-induced nephropathy risk in the 
informed consent process.

 5.  Discontinue nonsteroidal antiinflammatory drugs and other 
nephrotoxic drugs.

 6.  Discontinue diuretics the day before and the day of the 
procedure.

 7.  Administer hydration with intravenous saline or sodium 
bicarbonate at 1.5 mL/kg/hr starting 3 hours before contrast 
and continuing 6 hours after contrast administration.

 8.  Administer N-acetylcysteine, 1200 mg orally twice a day 
before contrast administration and 1600 mg orally twice a 
day after contrast administration.

 9.  The preferred urine output is >150 mL/hr after the 
procedure.

 10.  Avoid additional contrast media for 10 days.

Modified from McCullough Pa, Soman SS: Contrast-induced nephropathy, 
Crit Care Clin 21:261-280, 2005.

eGFR, Estimated glomerular filtration rate.
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regulation, and metabolism of drugs or toxins. Hepato-
cellular diseases, including hepatitis (viral, alcoholic, 
autoimmune hepatitis) and hepatocellular carcinoma, 
affect the hepatocytes and synthetic function of the 
liver. Obstructive disorders, including choledocholithia-
sis, bile duct tumors (extrahepatic), primary biliary cir-
rhosis (intrahepatic), and primary sclerosing cholangitis 
(extrahepatic and intrahepatic), cause bile stasis. Most 
drug-induced liver disease, as well as some forms of viral 
hepatitis, affect both hepatocytes and the biliary system.

The patient’s history uncovers the underlying dis-
ease etiology, therapies, and associated complications. 
Important issues to explore include the cause and degree 
of hepatic dysfunction. Some patients with liver disease 
may be asymptomatic, whereas others may complain of 
fatigue, weight loss, dark urine, pale stools, pruritus, right 
upper quadrant pain, bloating, and jaundice. Weight 
and vital signs (including oxygen saturation) are needed. 
Physical examination may reveal jaundice, bruising, 
ascites, pleural effusions, peripheral edema, or hypoxia. 
The presence of encephalopathy, coagulopathy, ascites, 
volume overload, and infection need to be determined 
before surgery. The bilirubin level generally must exceed 
2.5 mg/dL before icterus can be seen in mucous mem-
branes and sclerae. Examination may find hepatomegaly, 
splenomegaly, and altered mental status. New-onset or 
worsening encephalopathy should prompt an evalu-
ation for precipitating factors such as worsening liver 
disease, infection, drug effects, bleeding, or electrolyte 
disturbances.

An ECG, CBC (with platelet count), electrolytes, BUN, 
creatinine, LFTs, albumin, and PT are helpful. Patients 
suspected of having hepatitis may require screening for 
the hepatitis A immunoglobulin M (IgM) antibody, the 
hepatitis B surface and core antigens, the hepatitis B sur-
face antibody, and the hepatitis C antibody. A chest radio-
graph can identify effusions, whereas ammonia levels may 
help in the patient with encephalopathy. Coagulopathy 
can be a result of vitamin K deficiency (from cholesta-
sis), factor deficiency (from loss of synthetic function), 
or thrombocytopenia (from splenomegaly and portal 
hypertension). Therapy to correct coagulopathy should 
be directed at the cause. Vitamin K, fresh frozen plasma, 
or platelets may correct deficiencies. Vitamin K, taken at 1 
to 5 mg orally or subcutaneously daily for 1 to 3 days, may 
correct a prolonged PT and carries minimal risk. The coag-
ulopathy in patients with synthetic failure is not likely to 
correct, thus necessitating fresh frozen plasma transfusion 
aiming for an international normalized ratio (INR) of less 
than 1.5. Although anemia is a predictor of poor periop-
erative outcome in patients with cirrhosis,156 correction 
of any anemia with transfusion remains controversial. 
Lactulose (30 mL orally every 6 hours for 3 days preop-
eratively) with the last dose within 12 hours of surgery, or 
oral bile salts with intravenous hydration beginning the 
night before the operation, may reduce perioperative pro-
gression of renal disease in patients at risk.157 Reduction 
of ascites preoperatively may decrease the risk of wound 
dehiscence and improve pulmonary function. Sodium 
restriction (in diet and intravenous solutions), diuretics 
(especially spironolactone), and even paracentesis are use-
ful. If ascites fluid is aspirated, it is important to analyze 
it for infection. Encephalopathy is frequently precipitated 
by an additional acute insult such as infection, gastroin-
testinal bleeding, hypovolemia, or sedatives. It is there-
fore important to determine reversible factors and treat 
them accordingly. Lactulose (30 mL every 6 hours orally) 
is first-line therapy. Addressing nutritional deficiencies 
with enteral or parental supplementation may have ben-
efits, especially in alcoholic patients. Patients who abuse 
alcohol may be at risk for neurologic deterioration (i.e., 
Wernicke-Korsakoff syndrome) if thiamine, folate, and 
vitamin B12 supplements are not provided, especially 
when these patients are given nutrition or glucose. These 
patients are also at risk of alcohol withdrawal syndromes.

In some cases, it may be appropriate to delay elective 
surgical procedures until an acute episode of hepatitis (or 
exacerbation of chronic disease) has resolved or until a 
diagnosis is established for newly discovered hepatic dys-
function. Elective surgery is contraindicated in patients 
with acute or fulminant liver disease, including alcoholic, 
viral, or undefined hepatitis. The perioperative risk of 
patients with chronic hepatitis or cirrhosis is predicted by 
histologic severity (i.e., bridging or multilobular necro-
sis on biopsy), portal hypertension (i.e., ascites, varices, 
bleeding), and impairment of liver function (both syn-
thetic and excretory function). Patients with severe liver 
disease have increased perioperative morbidity and mor-
tality; common adverse events are bleeding, infection, 
liver failure, and hepatorenal syndrome. Predictors of 
poor perioperative outcome in patients with liver disease 
include the following:

 •  Child-Turcotte-Pugh class C cirrhosis, which is 
calculated using bilirubin level, albumin concentration, 
PT, severity of ascites, and severity of encephalopathy 
(Table 38-9)

 •  Model for end-stage liver disease (MELD)158 score of 
15 or more (The MELD score is calculated using serum 
bilirubin, INR, and serum creatinine concentrations.)

 •  Acute hepatitis (viral or alcoholic)
 •  Chronic active hepatitis with jaundice, encephalopathy, 

coagulopathy, or elevated liver enzymes
 •  Abdominal surgical procedures
 •  PT prolongation of 3 seconds or more that is refractive 

to vitamin K therapy
  

Patients with significant abnormalities or at high risk 
are best managed by a liver specialist.

Hepatitis
Hepatitis is defined by inflammation of hepatocytes, and 
it can be caused by drugs, alcohol, viruses (hepatitis A, B, 

TABLE 38-9 CHILD-TURCOTTE-PUGH 
CLASSIFICATION*

Parameter 1 Point 2 Points 3 Points

Ascites Absent Slight Moderate
Bilirubin (mg/dL) <2 2-3 >3
Albumin (g/dL) >3.5 2.8-3.5 <2.8
Prothrombin time 

(seconds over control)
<4 4-6 >6

Encephalopathy None Grade 1-2 Grade 3-4

*Class A, <7 points; class B, 7 to 9 points; class C, >9 points.
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C, D, and E), and autoimmune diseases (see also Chapter 
74). All these disorders have both an acute phase and 
a chronic phase, which can progress to cirrhosis (irre-
versible fibrosis of the liver). Risk factors for hepatitis 
are alcohol use, sexual activity (multiple partners, sex 
industry workers, sex with sex industry workers, men 
who have sex with men), intravenous drug use, blood 
transfusions administered before 1992, obesity (i.e., 
nonalcoholic steatohepatitis), tattoos, body piercing, 
and travel to developing countries. Hepatitis A, which 
is caused by contaminated food or water or by contact 
with an infected person, rarely progresses beyond the 
acute illness. A remote history of hepatitis A has no 
perioperative significance. Hepatitis B is transmitted by 
sexual activity or contact with blood (rarely after imple-
mentation of screening in 1986). It varies in severity, but 
it has become much less common since the widespread 
use of hepatitis B vaccination. Hepatitis C is transmit-
ted primarily through blood exposure (all blood has 
been screened since 1992), most often among intrave-
nous drug users. Many patients are unaware of infection 
because the acute phase is often asymptomatic. Hepatitis 
C infection can then advance to cirrhosis. Hepatitis D 
occurs only in conjunction with hepatitis B infection, 
whereas hepatitis E is rare in developed countries. Alco-
holic hepatitis generally occurs after at least 10 years of 
moderate to heavy daily alcohol intake (i.e., three or 
more drinks per day for women, and five or more drinks 
per day for men) and may progress to cirrhosis. Auto-
immune hepatitis primarily affects young women, and 
its etiology remains unknown. Many different drugs, 
including herbal and over-the-counter preparations, can 
cause hepatitis; examples of inciting medications are 
statins, isoniazid, and acetaminophen.

Obstructive Jaundice
Extrahepatic bile duct obstruction may be caused by gall-
stones, tumors (e.g., pancreatic, gallbladder, bile duct, 
ampulla of Vater), or scarring. Patients can present with 
jaundice, pruritus, and abdominal pain. Predictors of sur-
gical mortality are a hemoglobin concentration of less 
than 10 g/dL, serum bilirubin exceeding 20 mg/dL, and 
serum albumin lower than 2.5 g/dL.159 Perioperative AKI 
occurs in up to 8% of these patients,160 and it may be 
prevented with administration of bile salts or lactulose.157

Miscellaneous Liver Diseases
Wilson disease, hemochromatosis, and α1-antitrypsin 
deficiency are uncommon hereditary causes of liver dis-
ease. Gilbert disease, which is a benign hereditary disor-
der characterized by a mildly elevated bilirubin level, has 
no perioperative significance. Obesity can result in nonal-
coholic steatohepatitis, also known as “fatty liver,” which 
progresses to abnormal LFTs, fibrosis, cirrhosis, and end-
stage liver disease. Primary biliary cirrhosis is an autoim-
mune disorder that most frequently affects women and 
is characterized by intrahepatic biliary obstruction and 
antimitochondrial antibodies. Primary sclerosing cholan-
gitis, which most frequently affects young male patients, 
is characterized by bile duct destruction that can eventu-
ally progress to cirrhosis. It may be idiopathic or associ-
ated with inflammatory bowel disease. Acute nonhepatic 
events, such as sepsis, surgery, and anesthesia, can also 
cause hepatic dysfunction.

Remote History of “Hepatitis”
Patients may recount a remote history of “having hep-
atitis” but may be unable to recall little other related 
medical information. One must take a careful history to 
determine the circumstances surrounding the onset (e.g., 
transfusions, travel, high-risk exposures) and whether 
any sequelae of chronic liver disease are present. It is 
important to clarify whether the episode occurred during 
or soon after a surgical procedure. Although halothane is 
not used in adults in the United States in contemporary 
practice, individuals who previously had halothane hepa-
titis may be at risk of cross-sensitivity to other volatile 
anesthetics with trifluoroacetyl metabolites (e.g., enflu-
rane, isoflurane, desflurane).

Unexpected Elevated Liver Function Tests
Elevated alanine aminotransferase and aspartate ami-
notransferase reflect damage to hepatocytes; bilirubin 
measures the liver’s ability to conjugate and excrete bile 
salts; alkaline phosphatase rises with impaired hepatic 
excretion, whereas albumin or PT measures the syn-
thetic function of the liver. Approximately 1 in 700 pre-
operative patients are unexpectedly found to have liver 
diseases, most of which are not severe.161 Nonetheless, 
if abnormal LFT values are unexpectedly found, further 
testing or referral may be necessary. Elevations in alanine 
transferase or aspartate transferase should prompt hepa-
titis screening with hepatitis A IgM antibody, hepatitis B 
surface and core antigens, hepatitis B surface antibody, 
and hepatitis C antibody. Elevations of alkaline phos-
phatase or bilirubin, in association with normal or mild 
to moderate increased transaminase levels, may indicate 
obstruction in the biliary system. In these cases, abdomi-
nal ultrasound, CT scans, or endoscopic retrograde chol-
angiopancreatography may establish a diagnosis.

Cirrhosis
Cirrhosis is the end result of most hepatotoxic conditions. 
Cirrhosis often leads to portal hypertension, which is 
characterized by splenomegaly, esophageal varices, asci-
tes, dependent edema, and pleural effusions. The liver has 
impaired synthetic (i.e., synthesis of proteins and clotting 
factors) and metabolic (i.e., clearance of toxins and drugs) 
functions. Patients may have encephalopathy, bleeding, 
thrombocytopenia, low albumin levels, and prolonged 
PT. Pulmonary shunting may cause hypoxemia and pul-
monary hypertension (i.e., hepatopulmonary syndrome). 
Hepatorenal syndrome is renal insufficiency in patients 
with hepatic disease in the absence of primary renal dis-
ease; it may be related to renal hypoperfusion. Jaundiced 
patients are at particular risk of hepatorenal syndrome. 
Patients with ascites may also develop spontaneous bac-
terial peritonitis, which is associated with increased peri-
operative mortality. Patients with end-stage liver disease 
also develop a high–cardiac output state, characterized by 
increased cardiac output and decreased systemic vascular 
resistance.

The Child-Turcotte-Pugh classification can predict 
perioperative morbidity and mortality, with especially 
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high risks in patients assigned to class C (see Table 38-9). 
The MELD score can also predict perioperative risks, 
perhaps better than the Child-Turcotte-Pugh classifica-
tion.156 Increased perioperative risk is associated with a 
MELD score exceeding 14.156 Online calculators are avail-
able to calculate MELD scores readily (see www.unos.org).

HEMATOLOGIC DISORDERS

Anemia
Anemia is a very common preoperative hematologic 
disorder. Preoperative anemia is a recognized risk fac-
tor (see also Chapter 61). It may be a known problem or 
suspected based on a patient’s underlying medical condi-
tions or indication for surgery. The goal in the preopera-
tive clinic is to determine its etiology, duration, stability, 
related symptoms, and therapy (especially transfusions). 
Inquiring about a personal or family history of anemia 
is important. Patients at risk for anemia include those 
with histories of colon cancer, gastrointestinal bleed-
ing, genitourinary bleeding, menorrhagia, chronic infec-
tions, inflammatory diseases, nutritional deficiencies, 
and prior weight reduction procedures (e.g., bariatric 
surgery). One should also consider the type of surgical 
procedure, anticipated blood loss, and comorbid condi-
tions that may either affect oxygenation or be affected by 
hypoxia (e.g., pulmonary, renal, hepatic, cerebrovascular, 
cardiovascular disease). In addition, an accurate determi-
nation of the patient’s medications is required, especially 
because anemia has implications for the risk-to-benefit 
profile of some medications in the perioperative period, 
such as β-adrenergic blockers.50,51 Important compo-
nents of the preoperative evaluation include assessing for 
palpitations, fatigue, chest pain, melena, bloody stools, 
weight loss, pallor, murmurs, hepatosplenomegaly, or 
lymphadenopathy.

The World Health Organization defines anemia as a 
hemoglobin level less than 13 g/dL in adult men and 
less than 12 g/dL in adult women. Risk is directly pro-
portional to the degree of anemia and independent of 
the patient’s other comorbidities.48,49,162 In addition, 
any value outside of normal is associated with risk. 
Nonetheless, simply treating all anemic patients with 
red blood cell transfusions is not the solution because 
transfusion itself carries inherent risks.163 The ASA Task 
Force on Blood Component Therapy concluded that red 
blood cells should not be transfused based solely on a 
hemoglobin level, but rather they should be used to 
address risks for complications from inadequate oxy-
genation.164 A new report will be published by the ASA 
in 2015. Transfusion is rarely indicated when the hemo-
globin level is higher than 10 g/dL and is almost always 
needed when hemoglobin is less than 6 g/dL165(see 
also Chapter 61). In general, the balance of risks ver-
sus benefits of transfusing patients with hemoglobin 
levels between these two thresholds largely depends on 
comorbid conditions, especially cardiopulmonary dis-
ease states. A randomized trial found no advantage of 
routinely transfusing older patients who were undergo-
ing hip fracture repair to a hemoglobin concentration of 
10 g/dL as opposed to 8 g/dL.52
Patients with anemia or suspected anemia must have a 
CBC. In general, a primary care physician or hematologist 
performs further evaluation of newly diagnosed anemia. 
Usual initial studies include peripheral smear, mean cor-
puscular volume (MCV), and reticulocyte count; subse-
quent studies, such as iron studies, vitamin B12, or folate 
levels, are guided by findings on the smear and the MCV. 
In iron deficiency anemia, the MCV, iron, and ferritin are 
low, whereas total iron binding capacity (TIBC) is high. 
Although the MCV and TIBC are low or normal, iron 
and ferritin are normal or high in anemia associated with 
chronic disease. The MCV is high and the vitamin B12 
or folate levels are low in macrocytic anemia associated 
with these deficiencies. Blood type and screening, and 
in selected cases, preoperative transfusion may be neces-
sary depending on the level of anemia and the degree of 
anticipated surgical blood loss.

Elective procedures must be postponed in patients 
found to have significant anemia, regardless of the antic-
ipated blood loss of the planned procedure. This delay 
allows for evaluation for causes of the anemia, such as 
occult blood loss (colonoscopy), vitamin deficiencies, or 
undiagnosed chronic conditions (e.g., CKD). In special 
circumstances, such as a patient’s refusal to receive peri-
operative blood transfusions or elective procedures with 
expected significant blood loss in anemic patients, post-
ponement of surgery to facilitate preoperative treatment 
with recombinant human erythropoietin and iron may 
be warranted.

Sickle Cell Disease
Sickle cell disease is a hereditary hemoglobinopathy with 
associated vasoocclusive episodes that are responsible for 
most associated complications. Patients homozygous for 
hemoglobin S (HbS) have symptomatic disease; they are at 
risk for major morbidity and have a shortened life expec-
tancy. Patients with SC disease, who have both HbS and 
HbC, have a much less severe clinical course with moder-
ate anemia. Heterozygous patients (HbS and HbA) have 
sickle cell trait and rarely have any related consequences. 
Preoperative assessment should focus on identification of 
organ dysfunction and acute exacerbations.166 Patients 
may have renal insufficiency, loss of renal concentration 
ability (and therefore are prone to dehydration), spleno-
megaly, pulmonary hypertension, pulmonary infarctions, 
acute stroke, and heart failure. They are at increased risk 
for infections because of splenic infarctions. Predictors 
of perioperative vasoocclusive complications include a 
recent increase in hospitalizations, advanced age, preex-
isting infections, and pulmonary disease.166

The preoperative examination focuses on the fre-
quency, severity, and pattern of vasoocclusive crises, as 
well as the degree of pulmonary, cardiac, renal, and cen-
tral nervous system damage. Oxygen saturation, hemato-
crit, measurement of BUN and creatinine, an ECG, and 
chest radiographs are indicated. Additional testing (e.g., 
echocardiogram, arterial blood gases) may be needed. Pre-
operative prophylactic transfusion is controversial. The 
objective of any red cell transfusion is to reduce the pro-
portion of abnormal hemoglobin in the affected patient. 
The observational Cooperative Study of Sickle Cell Disease 
concluded that preoperative transfusion was associated 
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with fewer complications among surgical patients with 
sickle cell disease; nonetheless, complication rates were 
low following low-risk surgical procedures, even without 
transfusion.167 Conversely, a randomized trial found that 
a conservative transfusion regimen (correcting anemia by 
increasing total hemoglobin to ≥10 g/dL) was as effective 
as a more aggressive approach (transfusing to decrease 
HbS to <30% and increase hemoglobin to ≥10 g/dL).168 
Thus, the decision to transfuse preoperatively should be 
made only in concert with a hematologist familiar with 
the disease. Any benefits are likely to apply only to inter-
mediate- to high-risk surgical procedures.

Glucose-6-Phosphate Dehydrogenase 
Deficiency
Glucose-6-phosphate dehydrogenase (G6PD) deficiency is 
a type of X-linked hereditary Coombs-positive hemolytic 
anemia. Hemolysis may occur with exposure to drugs 
(e.g., antipyretics, nitrates, sulfonamides), infections, 
hypoxia, hypothermia, or blood products. The severity of 
the hemolysis varies based on the individual patient and 
the underlying etiology. Steroid therapy is usually effec-
tive. The preoperative history should focus on previous 
episodes of hemolysis, identification of predisposing fac-
tors, and determination of the current hematocrit.

Coagulopathies
Hypocoagulable states may be inherited (e.g., hemophilia) 
or acquired (e.g., liver disease, malnutrition, drug expo-
sure) disorders. To determine the diagnosis and the risk 
of bleeding, one should inquire about known diagnoses, 
tests, treatments, previous bleeding episodes, and fam-
ily history. Asking about excessive bruising, prolonged 
bleeding after cuts, heavy menstrual cycles, and bleed-
ing gums is sensitive but not specific. A change in these 
symptoms is more meaningful than a long-term history 
(because what one individual considers excessive may 
actually be normal). Excessive bleeding after previous 
procedures or childbirth (especially if transfusions were 
unexpectedly required) is more definitive but not diag-
nostic. Petechiae, multiple bruises, hematomas, jaundice, 
and frank bleeding are important findings. Diagnostic 
testing may include a platelet count, CBC, PT, and aPTT. 
Routine screening for coagulopathies is not indicated. If 
a specific cause of bleeding is suspected or known (e.g., 
liver disease, malnutrition), then appropriate targeted 
testing (e.g., liver enzymes, protein, albumin levels, PT) 
should be conducted.

Occasionally, a patient has an abnormal PT or PTT 
result on presentation for preoperative evaluation. The 
most common causes of a prolonged PT without a history 
of warfarin use are laboratory error, liver disease, and mal-
nutrition. One should first repeat the test. If the test result 
is again abnormal, then evaluation of liver enzymes and a 
hepatitis panel are warranted, in addition to referral to a 
hematologist or primary care physician. A trial of vitamin 
K (1 to 5 mg orally once a day for 3 days) can be initiated. 
A prolonged aPTT can result from both hypocoagulable 
and hypercoagulable (e.g., antiphospholipid antibody 
syndrome) conditions. The first steps are to repeat the test 
and ascertain exposure to heparin. Even small amounts of 
heparin present in indwelling catheters, especially if the 
blood is drawn from that site, can inadvertently prolong 
the aPTT. Other than heparin exposure, the most com-
mon cause of a prolonged aPTT is von Willebrand disease 
(vWD), but other hemophilias can prolong the aPTT. In 
addition, an aPTT mixing study (in which normal blood 
is mixed with the subject’s blood) allows for differentia-
tion between factor deficiencies (aPTT will be corrected) 
and inhibitors (aPTT will not be corrected). Some hyper-
coagulable states can cause a prolonged aPTT, including 
factor V Leiden, anticardiolipin antibody, and lupus anti-
coagulants. Elective surgical procedures should be post-
poned until the etiology of abnormal tests is determined 
and corrections are made.

HeMoPHiliAS. Hemophilia A (factor VIII deficiency) and 
hemophilia B (or Christmas disease) are X-linked reces-
sive inherited disorders that almost exclusively manifest 
in male patients. Hemophilia A accounts for 85% of all 
patients with hemophilia. Patients with hemophilia have 
prolonged aPTT and normal PT results. The severity of 
bleeding varies among individuals but tends to be similar 
among relatives and is directly related to the degree of factor 
deficiency. Even mild trauma can result in significant hem-
orrhage. Intramuscular injections are to be avoided. Ortho-
pedic procedures account for 50% of operations in patients 
with hemophilia because recurrent intra-articular bleeding 
destroys joints.

A hematologist must be involved in the perioperative 
care of these patients. A detailed plan to monitor and 
replace deficient factors is paramount. Typically, factors 
VIII and IX are maintained at 75% to 100% of usual levels 
in the immediate perioperative period and then at 50% 
until any risk of bleeding is past. Each unit of recombi-
nant or purified factor concentrate raises the factor level 
by 2% per kilogram.

Von WillebrAnd diSeASe. vWD is an inherited disorder of 
factor VIII and von Willebrand factor (vWF) that affects 
both sexes. It is the most common congenital coagulopa-
thy, occurring in approximately 1% of individuals.169 
Several types (1, 2A, 2B, 2M, and 2N) are autosomal dom-
inant, and type 3 is autosomal recessive (Table 38-10). 
Factor VIII and vWF circulate as a complex, with disease 
resulting from both quantitative and qualitative defi-
ciencies. Most patients have a prolonged aPTT, although 
patients with mild disease may have normal aPTT. The 
most common cause of a prolonged aPTT in patients not 
taking heparin is vWD. The condition is diagnosed by 
measuring ristocetin cofactor (functional assay for vWF, 
which causes platelet aggregation in the presence of ris-
tocetin), vWF antigen, and factor VIII levels. vWF is an 
acute phase reactant and increases with conditions such 
as stress or surgery, thereby making the diagnosis some-
times difficult. Most patients with vWD have a history 
of bleeding, but some do not receive a diagnosis until a 
challenge to coagulation occurs with major surgery or 
antiplatelet drug exposure (e.g., aspirin, NSAIDs). A hema-
tologist must be involved in the care of these patients. 
Desmopressin acetate (1-desamino-8-d-arginine vasopres-
sin [DDAVP]) increases factor VIII, vWF, and plasminogen 
activator release from endothelial cells. An intravenous 
dose of 0.3 μg/kg (given over 15 to 30 minutes to avoid 
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hypotension, flushing, and tachycardia) typically raises 
the vWF by three- to fourfold. Nonetheless, considerable 
variation in response exists among individuals, so vWF 
and factor VIII levels must be monitored. Desmopressin 
acetate is also available as a nasal spray. It should not be 
given more frequently than every 48 hours to prevent 
depletion of endothelial stores. To avoid the release of 
plasminogen activator by desmopressin acetate, antifibri-
nolytics such as ε-aminocaproic acid or tranexamic acid 
can be given. Desmopressin acetate is contraindicated in 
patients with type 2B disease because it increases abnor-
mal vWF and may cause thrombocytopenia. For these 
individuals, cryoprecipitate or factor VIII concentrates 
containing vWF can be used to replace abnormal vWF.

tHroMbocytoPeniA. Thrombocytopenia is defined as a 
platelet count of less than 150,000/mm3, and it results 
from decreased production, increased destruction, or 
sequestration (see also Chapter 61). Causes include malig-
nant diseases, drugs, autoimmune disorders, preeclamp-
sia, hereditary disease, and disseminated intravascular 
coagulation. In patients who are unexpectedly found to 
have low platelet counts, the initial steps are to repeat 
the test, examine the peripheral smear, and collect blood 
for the platelet count in a tube without ethylenediamine-
tetraacetic acid (EDTA). This chemical, which is a chelat-
ing agent often used to prevent clotting in tubes used for 
determining CBC, can also cause clumping of platelets 
(termed pseudothrombocytopenia).

Recent exposure to heparin raises the concern of hep-
arin-induced thrombocytopenia (HIT), which generally 
occurs within 5 to 10 days after heparin exposure.170 HIT 
is an immune-mediated disorder characterized by anti-
bodies directed against platelets. The disorder can result 
in arterial thromboses, venous thromboses, stroke, ampu-
tations, and death in up to 30% of patients. Immediate 
discontinuation of heparin is required, followed by test-
ing for heparin-induced platelet antibodies. LMWH is less 
likely than unfractionated heparin to cause HIT; none-
theless, LMWH is contraindicated in any patient with 

TABLE 38-10 CLASSIFICATION OF VON 
WILLEBRAND DISEASE

Type Characteristics Treatment

1 80% of cases; quantitative 
defect

Desmopressin*

2A Quantitative and qualitative 
defect

Desmopressin*

2B† Rare; quantitative and 
qualitative defect, 
autosomal dominant

Cryoprecipitate or factor 
VII concentrates with 
vWF

2M Qualitative defect Desmopressin*

2N Qualitative defect; vWF levels 
normal; factor VIII reduced

Desmopressin* effect 
may be too  
short-lived

3 Rare; low to undetectable 
levels of vWF

Desmopressin* usually 
not effective

vWF, Von Willebrand factor.
*Desmopressin acetate (DDAVP).
†With type 2B, desmopressin acetate may cause thrombocytopenia. If 

desmopressin is not effective, factor VIII concentrates containing vWF or 
cryoprecipitate may be used.
established HIT. Alternative anticoagulants that can be 
used in these patients include danaparoid sodium, lepiru-
din, and argatroban.

Idiopathic thrombocytopenic purpura (ITP) is a 
chronic autoimmune disorder characterized by antiplate-
let autoantibodies that cause platelet destruction. Usual 
treatment for ITP includes corticosteroids, splenectomy 
(eliminates the major site of platelet removal), and intra-
venous immunoglobulin. Patients with ITP often have 
less bleeding than expected, even at very low platelet lev-
els, likely because of increased platelet turnover with a 
resulting predominance of young platelets.

Neuraxial anesthesia is considered safe in patients with 
platelet counts higher than 100,000/mm3.171 Surgery 
can be safely performed in patients with platelet counts 
higher than 50,000/mm3. The risk of bleeding increases 
progressively as the count falls further, to less than 
50,000/mm3. Anemia, fever, infections, and antiplate-
let drugs can increase bleeding at any platelet count. A 
patient with newly discovered thrombocytopenia should 
undergo hematology consultation before elective surgery. 
When platelet transfusions are used to treat thrombocy-
topenia, the platelet count generally rises by 10,000/mm3 
for every unit transfused.

tHroMbocytoSiS. Thrombocytosis is defined as a platelet 
count of more than 500,000/mm3. It may be physiologic 
(e.g., exercise, pregnancy), primary (e.g., myeloprolif-
erative disorder), or secondary (e.g., iron deficiency, 
neoplasm, surgery, chronic inflammation). Platelet 
counts greater than 1,000,000/mm3 can increase risks 
for thrombotic events such as strokes, MIs, pulmonary 
emboli, mesenteric emboli, and venous clots. Conversely, 
patients with primary thrombocytosis (also known as 
essential thrombocythemia) have a tendency toward 
increased bleeding, which is worsened with exposure 
to antiplatelet medications such as aspirin. Risk factors 
include increased age and a previous history of bleed-
ing or thrombosis. Treatments include medications (e.g., 
hydroxyurea, anagrelide) that decrease platelet produc-
tion and hence reduce platelet counts over 7 to 10 days. 
Plasmapheresis, which removes platelets from the circula-
tion, can also be used if an immediate lowering in platelet 
count is required. In cases of secondary thrombocytosis, 
treatment of the underlying disorder usually results in 
normalization of the platelet level.

PolycytHeMiA. Polycythemia is defined as a hematocrit 
greater than 54%. It has both primary causes (i.e., polycy-
themia vera) and secondary causes (e.g., COPD, high alti-
tude, congenital heart disease), usually related to chronic 
hypoxia. A steep increase in blood viscosity occurs once 
the hematocrit increases to more than 50%, resulting in 
an increased thrombogenic risk. High hematocrits are 
associated with increased atherosclerosis (e.g., carotid ste-
nosis, stroke) and cardiac disease (e.g., heart failure, MI). 
Reports on whether polycythemia increases perioperative 
risk are contradictory. For example, an increase in hemato-
crit to more than 51% was associated with increased post-
operative mortality in a large study of 310,311 patients.49 
Conversely, a previous smaller study of 200 patients did 
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not find an increased rate of perioperative complications 
in individuals with secondary polycythemia.172

The preoperative history and physical examination of 
these patients should focus on the pulmonary and car-
diovascular systems. Examination for cyanosis, clubbing, 
wheezing, and murmurs is necessary. Pulse oximetry and 
an ECG are required in patients with polycythemia, with 
analysis of arterial blood gases and a chest radiograph. 
An unexpected finding of polycythemia should prompt 
an investigation for possible causes, which if not read-
ily apparent, should raise the possibility of polycythemia 
vera. In such cases, elective surgical procedures should be 
postponed pending an evaluation by a hematologist.

tHroMboeMbolic diSorderS. The rate of fatal pulmonary 
embolism is 0.1% to 0.8% after elective general surgery, 
2% to 3% after elective hip replacement, and 4% to 7% 
after repair of a fractured hip, if prophylaxis is not admin-
istered. Primary thromboembolic prophylaxis is beyond 
the scope of this chapter and is covered extensively in 
specialty society practice guidelines.173,174 Nonetheless, 
patients should be stratified preoperatively for their risks 
of perioperative venous thromboembolism, so appropri-
ate measures can be implemented on the day of surgery. 
These risks depend on both patient-related (e.g., inflam-
matory bowel disease, acute illness, smoking, malignant 
disease, obesity, increased age, prior thromboembolism, 
estrogen use, hypercoagulable state, inherited thrombo-
philia) and procedure-related (e.g., invasiveness, trauma, 
immobilization) factors (Box 38-14).175 Factor V Leiden, 
the most common inherited thrombophilia, accounts 
for 40% to 50% of cases. The remaining cases are caused 
by prothrombin gene mutation, as well as deficiencies 
in protein S, protein C, or antithrombin. Because of the 
high risk of thromboembolism in patients undergoing 
elective lower extremity joint replacement, these patients 
are often given a dose of warfarin the night before the 
surgical procedure. The American Society of Regional 
Anesthesiologists (ASRA) guidelines specifically state that 
neuraxial anesthesia can be safely performed when a 
single dose of warfarin has been administered within the 
previous 24 hours.171

Specific subgroups of patients are at considerably 
higher risk for perioperative venous thromboembolism. 
Recent arterial or deep vein thromboembolism (DVT) 
entails postponement of procedures that are not lifesav-
ing. Without anticoagulation, the risk of recurrent DVT 
within 3 months following a proximal DVT is approxi-
mately 50%. A month of warfarin treatment reduces 
that risk to 10%, whereas a 3-month course of treatment 
reduces it to 5%. Elective surgery should therefore be 
postponed in the first month after an episode of venous 
or arterial thromboembolism. Ideally, a 3-month course 
of anticoagulation is recommended before elective sur-
gery. If postponement is not possible, then the patient 
must receive preoperative bridging therapy while the 
INR is less than 2.0.176 Patients who have a hereditary 
hypercoagulable state (e.g., antithrombin III, protein C 
or S deficiencies, prothrombin gene mutation, factor V 
Leiden), cancer, or multiple episodes of venous thrombo-
embolism are considered at high risk indefinitely. Other 
high-risk subgroups include patients with nonvalvular 
atrial fibrillation who have had previous cerebral emboli, 
as well as patients with mechanical heart valves. Among 
patients with mechanical heart valves, multiple valves 
and mitral valves (as opposed to aortic valves) are associ-
ated with greater risk. Although surgery is associated with 
an increased risk for DVT, a similar increased risk does 
not occur for postoperative arterial embolism in patients 
with atrial fibrillation or mechanical valves.176

Patients having minor procedures such as dental, endo-
scopic, cataract, or superficial operations usually do not 
require interruption of anticoagulant therapy. In other 
individuals, withholding warfarin for 5 days typically 
allows the PT or INR to decrease to normal if the INR is 
maintained at the usual therapeutic target (2.0 and 3.0) in 
the long term. More doses should be withheld if the INR is 
more prolonged, and fewer doses should be withheld if the 
INR is subtherapeutic. Thus, INR should be checked during 
the preoperative visit to guide cessation of therapy. During 
the time without warfarin (Coumadin), patients may be 
at risk for recurrent thromboembolism; however, the risk 

low RIsk

Minor surgery in patients <40 years of age with no additional risk 
factors present*

 •  Risk of calf DVT: 2%
 •  Risk of proximal DVT: 0.4%
 •  Risk of clinical PE: 0.2%
 •  Risk of fatal PE: <0.01%

modeRate RIsk

Minor surgery in patients with additional risk factor present* or 
surgery in patients 40 to 60 years old with no additional risk 
factors

 •  Risk of calf DVT: 10-20%
 •  Risk of proximal DVT: 2-4%
 •  Risk of clinical PE: 1-2%
 •  Risk of fatal PE: 0.1-0.4%

hIgh RIsk

Surgery in patients ≥60 years old or surgery in patients 40 to 60 
years old with additional risk factors*

 •  Risk of calf DVT: 20-40%
 •  Risk of proximal DVT: 4-8%
 •  Risk of clinical PE: 2-4%
 •  Risk of fatal PE: 0.4-1.0%

hIghest RIsk

Surgery in patients ≥40 years old with multiple risk factors,* 
hip or knee arthroplasty, hip fracture surgery, major trauma, or 
spinal cord injury

 •  Risk of calf DVT: 40-80%
 •  Risk of proximal DVT: 10-20%
 •  Risk of clinical PE: 4-10%
 •  Risk of fatal PE: 0.2-5%

BOX 38-14 Categories of Risk for Venous 
Thromboembolism in Surgical Patients

*Additional risk factors include one or more of the following: advanced 
age, cancer, prior venous thromboembolism, obesity, heart failure, 
paralysis, or molecular hypercoagulable state (e.g., protein C deficiency, 
factor V Leiden).

DVT, Deep vein thrombosis; PE, pulmonary embolism.

Data from Geerts WH, Pineo GF, Heit JA, et al: Prevention of venous thrombo-
embolism: the Seventh ACCP Conference on Antithrombotic and Thrombo-
lytic Therapy, Chest 126:338S-340S, 2004.
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is relatively small in all but the highest-risk patients. The 
decision to bridge with intravenous unfractionated hepa-
rin or with LMWH subcutaneously, or not to bridge at all, 
in high-risk patients must be made in concert with the 
treating physician or a cardiologist. Previously, the only 
option for bridging was costly hospital admission for intra-
venous heparin therapy. With the availability of LMWH in 
contemporary clinical practice, patients can now receive 
bridging therapy with subcutaneous (usually self-adminis-
tered) LMWH at home, without the need for monitoring.

AnticoAgulAnt tHerAPy. Warfarin may increase peri-
operative bleeding, except for minor procedures such 
as cataract surgery without bulbar blocks. No consen-
sus exists on the optimal perioperative management of 
patients receiving warfarin. The usual recommendation 
is to withhold warfarin starting 4 to 5 days preopera-
tively (if the INR is between 2.0 and 3.0) to allow the INR 
to decrease to less than 1.5, which is a level considered 
safe for surgical procedures and neuraxial blockade.171 
If the INR is greater than 3.0, it is usually necessary to 
withhold warfarin longer than 4 to 5 days. If the INR 
is measured the day before the surgical procedure and 
remains higher than 1.8, a small dose of vitamin K (1 to 
5 mg administrated orally or subcutaneously) can reverse 
anticoagulation.176 Vitamin K has an effect within 6 
to 10 hours after oral or subcutaneous administration 
(more predictable with oral administration), and it peaks 
within 24 hours to 48 hours. Administration of higher 
doses may lead to warfarin resistance when therapy is 
initiated again.

Decisions to use bridging therapy with unfractionated 
heparin or LMWH must be individualized and made in 
concert with the treating physician or a cardiologist. If 
bridging is planned, the INR must be checked 2 days after 
the last warfarin dose. When the INR drops to less than 1.5, 
the patient is either admitted for intravenous heparin, or 
LMWH therapy (thromboprophylaxis dose: enoxaparin 
40 mg once daily, dalteparin 2500 to 5000 International 
Units once daily, or tinzaparin 175 International Units/
kg once daily) can be initiated. Adjustments in LMWH 
doses are necessary for patients with impaired renal func-
tion (eGFR <30 mL/minute). Intravenous unfractionated 
heparin is usually discontinued approximately 6 hours 
before the surgical procedure to allow for normal intra-
operative coagulation. The last dose of therapeutic LMWH 
is given 24 hours (prophylactic doses must be held for 
just 12 hours) preoperatively to allow normalization of 
coagulation. Factor Xa levels are not usually monitored, 
with the possible exception of patients with an eGFR of 
less than 30 mL/minute. Both unfractionated heparin 
and LMWH are contraindicated in patients with a history 
of HIT. Fondaparinux is a synthetic pentasaccharide that 
inhibits factor X, and it can be given subcutaneously once 
daily (thromboprophylaxis dose: 2.5 mg) in patients with 
a history of HIT. It is not recommended for patients with 
an eGFR of less than 30 mL/minute. Aspirin does reduce 
the risk of perioperative venous thromboembolism,177 
but not to the same degree as anticoagulants.

Caution is used when performing neuraxial techniques 
in patients who have recently discontinued long-term 
warfarin therapy (see also Chapter 56). The anticoagulant 
therapy must be stopped (ideally 4 to 5 days before the 
planned procedure) and PT or INR measured before ini-
tiation of neuraxial block. Adequate levels of factors II, 
VII, IX, and X may not be present until the PT or INR 
is within normal limits. For patients receiving an initial 
preoperative dose of warfarin, practice guidelines recom-
mend checking the PT or INR before neuraxial block if 
either the first dose was given more than 24 hours before 
the surgical procedure or more than one dose of oral anti-
coagulant had been administered.171

Prophylactic LMWH is stopped 12 hours before any 
planned neuraxial block, whereas therapeutic LMWH 
doses should be stopped 24 hours before neuraxial blocks. 
The subsequent dose of LMWH must occur 2 or more 
hours after the neuraxial block.171 Monitoring of the anti-
Xa level is not recommended because the anti-Xa level 
is generally not predictive of the risk of bleeding. Subcu-
taneous (minidose) unfractionated heparin prophylaxis 
is not a contraindication to the use of neuraxial tech-
niques.171 Combining neuraxial techniques with intra-
operative anticoagulation by intravenous unfractionated 
heparin is acceptable, provided the patient has no other 
coagulopathies and heparin administration is delayed for 
at least 1 hour after needle placement.171 Preoperative 
unfractionated intravenous heparin is generally stopped 
6 to 8 hours before planned spinal or epidural anesthesia; 
in addition, return to normal coagulation can be moni-
tored with aPTT, and further reversal can be achieved 
with protamine. Epidural catheters can be safely left in 
place while patients receive a single daily dose of prophy-
lactic LMWH, but not with larger doses. When removing 
epidural catheters, the optimal time is 12 hours after the 
last prophylactic dose and 2 hours before the next dose. 
Any patients receiving fibrinolytic and thrombolytic 
drugs should be cautioned against receiving neuraxial 
anesthesia, except in highly unusual circumstances.171

AntiPlAtelet tHerAPy. Traditionally, aspirin has been 
discontinued leading up to surgery (often 7 to 10 days 
before the operation) because of concern about increased 
bleeding. The 7- to 10-day withdrawal period is itself likely 
excessive, especially given that new platelets formed after 
the discontinuation of aspirin (its half-life is ≈15 minutes) 
are not inhibited. Given that approximately 10% of plate-
lets are turned over every 24 hours, and the minimum 
(normal functioning) platelet count needed to control 
surgical bleeding is 50,000 per mm3, it is likely that aspi-
rin must be stopped only 3 to 4 days preoperatively.

Although a systematic review of patients undergo-
ing noncardiac surgery found that perioperative aspi-
rin increased bleeding complications by approximately 
50%,71 aspirin was not associated with increased sever-
ity of bleeding complications, except in intracranial sur-
gery and possibly transurethral resection of the prostate. 
Nonetheless, low-dose aspirin (100 mg/day) was shown 
to increase major bleeding in the POISE-2 trial of 10,010 
surgical patients.71 Notably, when surgeons are blinded to 
aspirin administration, they cannot differentiate between 
patients who were taking aspirin and those who were not, 
based on clinical inspection of perioperative bleeding.178

Withdrawing aspirin itself has important potential 
risks. A rebound hypercoagulable state results when 



Chapter 38: Preoperative Evaluation 1127
long-term aspirin therapy is withdrawn,179 and with-
drawal or noncompliance with aspirin is associated with 
a threefold increase in the risk of major cardiac events.180 
When considered in combination with a hypercoagulable 
state induced by many surgical procedures, preoperative 
aspirin withdrawal has important theoretical risks. Obser-
vational studies,181,182 as well as a randomized trial of 
220 participants,73 support an increased risk of vascular 
events when long-term aspirin is stopped perioperatively.

Despite these promising reasons for continuing aspi-
rin during noncardiac surgery, the actual benefits are 
uncertain. For example, a randomized trial of 291 par-
ticipants found no benefit from continuing, as opposed 
to withdrawing, aspirin therapy before elective noncar-
diac surgery.72 Most recently, the POISE-2 trial found no 
differences in rates of cardiac complications in patients 
receiving aspirin.71 Thus, aspirin should neither be con-
tinued or withdrawn routinely. Any benefits from con-
tinuing aspirin are most likely to be seen in patients for 
whom the risk of cardiac events is felt to outweigh the 
risk of bleeding (e.g., high-risk CAD).

The risk of dual antiplatelet therapy with respect to 
increasing perioperative bleeding and mortality, espe-
cially in noncardiac surgery, is not well established.5 The 
usual recommended time point for discontinuing clopi-
dogrel is 5 days to 7 days preoperatively. This interval is 
consistent with pharmacokinetic data showing complete 
restoration of platelet function in healthy volunteers by 
7 days following discontinuation of clopidogrel.183 In 
some selected cases, the best overall option for a patient 
may be to proceed to surgery while continuing thieno-
pyridine therapy (e.g., drug-eluting stent within 1 year 
before urgent surgical procedures). Decisions regarding 
the perioperative management of such a case must be 
individualized and based on extensive discussion with 
the patient’s cardiologist and surgeon. A newer antiplate-
let drug, prasugrel, may be more potent than aspirin or 
thienopyridines. Studies support the safety of neuraxial 
and peripheral anesthesia in patients taking long-term 
aspirin,184 and the ASRA endorses this opinion.171 The 
risk of spinal hematoma with ticlopidine or clopidogrel 
is unknown. Based on labeling, ASRA guidelines, and 
surgical reviews, the suggested time interval between 
discontinuation of thienopyridine therapy and neur-
axial blockade is 14 days for ticlopidine and 7 days for 
clopidogrel.171

Information on the perioperative safety of continu-
ing other antiplatelet therapies, such as glycoprotein 
IIb/IIIa inhibitors, is limited. Platelet glycoprotein IIb/
IIIa inhibitors (e.g., abciximab, eptifibatide, tirofiban) 
exert profound effects on platelet aggregation. Following 
administration, the time to restoration of normal platelet 
aggregation is 24 to 48 hours for abciximab and 4 to 8 
hours for eptifibatide and tirofiban. Neuraxial techniques 
should be avoided until platelet function has recovered.171

NEUROLOGIC DISEASE

For a patient with neurologic disease, the detailed history 
should focus on recent events, exacerbations, and evi-
dence of poor control of the underlying medical condi-
tion. Information about prior investigations or therapy 
is important. A basic neurologic examination evaluat-
ing deficits in mental status, speech, cranial nerves, gait, 
motor function, and sensory function is important. This 
baseline determination also allows for comparison of pos-
sible new deficits postoperatively.

Cerebrovascular Disease
If a stroke or transient neurologic deficit has occurred 
recently or has not been fully evaluated, elective surgical 
procedures should be delayed pending complete evalu-
ation, especially because a history of cerebrovascular 
disease is a very strong predictor of subsequent periopera-
tive stroke.185,186 No good data are available on the safe 
interval required between an acute stroke and subsequent 
surgery. Investigators have suggested that the appropri-
ate interval is at least 1 to 3 months, although research 
is needed to define this optimal duration more clearly.187 
The etiology and treatment of previous strokes or tran-
sient ischemic attacks should guide further perioperative 
management. For example, an embolic stroke from a pat-
ent foramen ovale may require correction of the defect 
or strict attention to avoid air emboli. A left atrial or ven-
tricular thrombus, as well as an embolic stroke believed 
secondary to atrial fibrillation, requires a minimum of 1 
month and preferably 3 months of anticoagulation ther-
apy (in addition to possible bridging with unfractionated 
heparin or LMWH).

Cerebrovascular disease is a predictor of periopera-
tive cardiac complications, and attention is required to 
determine the risk of ischemic heart disease.47 In addi-
tion, the presence of concomitant cerebrovascular disease 
should be carefully considered in any decision to initiate 
new β-adrenergic blocker therapy in a patient awaiting a 
noncardiac surgical procedure. Although β blockade does 
decrease perioperative cardiac risk, it may also signifi-
cantly increase the risk for acute stroke following noncar-
diac surgery.40,68

Asymptomatic Bruit
A newly discovered carotid bruit requires a careful search 
for symptoms of cerebral ischemia or transient ischemic 
attack, especially if the procedure involves manipulation 
of the neck or if the patient has a potentially difficult air-
way. Patients often fail to volunteer pertinent symptoms 
until they are specifically probed, especially if the symp-
toms were transient. Patients with risk factors for carotid 
atherosclerosis, including patients who received head and 
neck irradiation at younger ages, should be questioned 
specifically about amaurosis fugax, dysphagia, dysarthria, 
and other symptoms of cerebrovascular insufficiency.

Carotid Doppler ultrasound studies are simple, effec-
tive tools to evaluate at-risk patients with suspicious 
carotid bruits. Significant abnormalities on Doppler stud-
ies should prompt a referral to a neurologist or vascular 
surgeon. In patients who have truly asymptomatic bruits, 
significant carotid lesions are present 40% to 60% of 
cases. The risk of stroke in this group is 1% to 2% per year, 
with most strokes preceded by transient symptoms.188 
Carotid endarterectomy for asymptomatic carotid steno-
sis should be considered only if the patient has 80% or 
greater stenosis and the operating surgeon has a low (i.e., 
≤3%) perioperative complication rate.188,189 No evidence 
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indicates that truly asymptomatic bruits increase the risk 
of perioperative stroke.187

Seizure Disorder
The type of seizure (e.g., grand mal, absence) and specific 
symptoms (e.g., staring, focal findings) are important to 
document. Absence (previously petit mal) seizures may 
be particularly difficult to recognize because they lack 
generalized motor signs. More typical symptoms such 
as staring and obtundation may be misinterpreted as 
residual anesthetic effects in the postoperative period. 
Determining the etiology of the seizure disorder is also 
important because of possible associated morbidities. 
Important associated comorbidities include brain tumors, 
aneurysms, arteriovenous malformations (AVMs), classic 
epilepsy, drug toxicity, electrolyte disorders, infections, 
cerebrovascular disease, sickle cell disease, and SLE.

Careful documentation of anticonvulsants and ade-
quacy of seizure control is necessary. Routine measure-
ment of serum drug levels of anticonvulsants is not 
indicated unless toxicities or ongoing breakthrough sei-
zures pose a concern. Indeed, patients with good control 
of seizures may have levels outside the therapeutic range. 
Drug levels are highly influenced by when the blood draw 
occurs relative to the timing of drug administration. In 
general, trough levels should be measured. Medications 
to control seizures have multiple side effects (e.g., bone 
marrow suppression, macrocytic anemia, leucopenia, 
hyponatremia), and testing should be directed based on 
suspected abnormalities. The most commonly ordered 
tests are CBC and electrolyte levels. Poorly controlled or 
new-onset seizures entail a consultation with a neurolo-
gist before the patient undergoes anything other than 
emergency surgery. Continuation of anticonvulsant ther-
apy in the perioperative period is necessary.

Multiple Sclerosis
Multiple sclerosis is believed to be an inflammatory 
immune disorder with two general clinical patterns: exac-
erbating-remitting and chronic progressive. Symptoms 
can include ataxia, motor weakness, sensory deficits, auto-
nomic dysfunction, emotional lability, bladder or bowel 
dysfunction, and visual disturbances. Exacerbations of 
multiple sclerosis can be triggered by stress, infections, 
pregnancy, and elevated temperatures. Various treatments 
have been tried, including steroids, immunosuppres-
sants, monoclonal antibodies, plasmapheresis, benzodiaz-
epines, and baclofen. During the preoperative assessment, 
the history and pattern of disease, especially symptoms 
and physical deficits affecting the respiratory system 
(including oxygen saturation), should be documented. 
Medications, previous triggers, and preexisting neuro-
logic deficits should be documented. Testing is generally 
directed toward associated disturbances (e.g., chest radi-
ography and white blood cell count if pulmonary infec-
tion is suspected) and possible medication side effects. 
For example, azathioprine can suppress bone marrow or 
affect liver function, cyclophosphamide may cause elec-
trolyte abnormalities, and steroids can cause hyperglyce-
mia. Patients with minor, stable disease require no special 
testing. Medications should be continued on the day of 
surgery. No clear association has been shown between the 
type of anesthetic or a specific anesthetic drug and disease 
exacerbations.190 Regional anesthesia may offer advan-
tages for patients with respiratory compromise or cogni-
tive dysfunction.

Aneurysms and Arteriovenous 
Malformations
Cerebral and spinal vascular lesions consist of aneurysms 
and AVMs, which may be intact, ruptured, symptomatic, 
or incidental findings. Risk factors include polycystic 
kidney disease, fibromuscular dysplasia, type IV Ehlers-
Danlos syndrome, and a family history of aneurysms. An 
AVM may also be large enough to cause a mass effect. 
Pregnancy increases the risk of aneurysmal and possi-
bly AVM bleeding. Before rupture, most patients have 
minimal symptoms other than headache or seizures, but 
it is important to document complaints in all patients. 
Any rupture can result in altered mental status, syncope, 
increased intracranial pressure, inappropriate antidiuretic 
hormone secretion, and hemodynamic perturbations. 
The hemodynamic changes include bradycardia, tachy-
cardia, and ectopic beats. Usual tests ordered include an 
ECG and determination of electrolytes, glucose, BUN, and 
creatinine. Chest radiography and echocardiography are 
also often needed. The ECG changes, often ST-segment 
and T-wave changes, commonly mimic those seen with 
myocardial ischemia. Significant cardiac dysfunction 
with depressed contractility and wall motion abnormali-
ties can also be present on echocardiography. Although 
the bleeding may be responsible for these cardiovascular 
changes, concomitant CAD or preexisting cardiomyopa-
thy should also be considered. Measures aimed at control-
ling increased intracranial pressure, arterial BP, and blood 
glucose are most important.

Parkinson Disease
Parkinson disease is a degenerative disorder of the basal 
ganglia characterized by failure of dopamine secretion 
that results in diminished inhibition of the extrapyrami-
dal motor system.191 Patients typically have diminution 
of spontaneous movements, rigidity (cogwheel rigid-
ity is classic), resting tremor, masked facies, difficulty 
speaking, difficulty walking, depression, and dementia. 
Autonomic dysfunction with orthostatic hypotension, 
excessive salivation, and impaired thermoregulation may 
also occur. Patients are at risk of pulmonary complica-
tions resulting from difficulty swallowing, altered mental 
status, increased aspiration risk, and ventilatory muscle 
dysfunction. Standard treatments include levodopa 
(often combined with carbidopa), anticholinergic agents, 
bromocriptine, amantadine, and selefiline. Levodopa can 
cause dyskinesias (i.e., dystonic and myoclonic invol-
untary movements). Selefiline is a monoamine oxidase 
inhibitor (MAOI) that inhibits dopamine degradation. 
Some individuals also undergo implantation of deep 
brain stimulators to manage their symptoms.

Preoperative evaluation focuses on the pulmonary sys-
tem, signs of dysphagia, and degree of disability. Both 
room air saturation and orthostatic vital signs are impor-
tant to document. Evidence of significant pulmonary 
symptoms or possible infection requires chest radiogra-
phy, pulmonary consultation, and possible delay of the 
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procedure for improvement. Individuals with deep brain 
stimulators require deactivation of the devices before 
any procedures in which electrocautery will be used. All 
associated medications should be continued, including 
MAOIs. Abrupt withdrawal of levodopa may exacerbate 
symptoms (especially dysphagia and chest wall rigidity) 
or precipitate neuroleptic malignant syndrome. The latter 
disorder is characterized by autonomic instability, altered 
mental status, rigidity, and fever. Some medications 
encountered in the perioperative setting, such as meto-
clopramide and phenothiazines, may exacerbate symp-
toms of Parkinson disease by interfering with dopamine.

Neuromuscular Junction Disorders
Myasthenia gravis is an autoimmune disorder of skeletal 
muscle neuromuscular junctions that is caused by anti-
bodies against nicotinic acetylcholine receptors (see also 
Chapter 42).192 The disease is characterized by muscle 
weakness that worsens with activity and improves with 
rest. Box 38-15 presents a classification system for myas-
thenia gravis with increasing numeric classes indicating 
increasing levels of involvement and debilitation. Weak-
ness is exacerbated by stress, infections, hypokalemia, 
medications (e.g., aminoglycosides, propranolol, cipro-
floxacin, clindamycin), and surgery. Cardiac and smooth 
muscles are unaffected. Patients with myasthenia gravis 
commonly have other autoimmune diseases, such as 
rheumatoid arthritis, polymyositis, and thyroid disorders.

Affected individuals may have thymic hyperplasia 
and tumors. Because the thymus is located in the ante-
rior mediastinum, thymic enlargement has implications 
for anesthesia care. Cranial nerve and bulbar involvement 
are common, with an associated increase in aspiration risk 
resulting from pharyngeal and laryngeal muscle weakness. 
Ocular symptoms (i.e., diplopia, ptosis) are almost always 
present; often, they are the presenting or only com-
plaints. Patients are usually treated with thymectomy, 
anticholinesterase, and immunosuppressant medications. 
Worsening symptoms may reflect worsening disease (i.e., 
myasthenic crisis) or excessive anticholinesterase treat-
ment (i.e., cholinergic crisis). A short-acting anticho-
linesterase (edrophonium) can help distinguish the two 
states. Specifically, only a myasthenic crisis improves with 
more anticholinesterase. Plasmapheresis and intravenous 

Class I: Ocular myasthenia
Class IIA: Mild generalized myasthenia with slow progression: no 

crises, responsive to drugs
Class IIB: Moderately severe generalized myasthenia: severe 

skeletal and bulbar involvement but no crises; drug response 
less than satisfactory

Class III: Acute fulminating myasthenia: rapid progression of 
severe symptoms, with respiratory crises and poor drug 
response

Class IV: Late severe myasthenia, same as class III but progression 
over 2 years from class I to II  

BOX 38-15 Osserman Classification System 
for Myasthenia Gravis

Data from Osserman KE, Genkins G: Studies in myasthenia gravis: review of 
a twenty-year experience in over 1200 patients. Mt Sinai J Med 1971; 38: 
497–537.
immunoglobulins have been used to treat myasthenic cri-
ses and prepare patients for surgery, but they require sev-
eral days to weeks to produce signs of improvement.

Documentation of medication dosages and continua-
tion of medications until the surgical procedure are para-
mount. Patients taking azathioprine require a CBC and 
LFTs because of drug-induced bone marrow suppression 
and liver dysfunction. Patients treated with steroids need 
glucose measurement, as well as steroid supplementation 
in the perioperative period. Because ventilatory func-
tion can be compromised, preoperative PFTs may also 
be indicated for selected patients, particularly those with 
severely affected ventilatory function. These tests may 
also be helpful if patients are being considered for ambu-
latory surgery, especially in freestanding surgical centers. 
Even though anticholinesterases may cause bradycardia, 
salivation, and altered effects of neuromuscular blocking 
drugs, these agents must be continued in the periopera-
tive period.193 Avoidance of drugs that can exacerbate 
myasthenic symptoms is also necessary.

Lambert-Eaton syndrome is similar to myasthenia gra-
vis, with muscle weakness including oculobulbar involve-
ment and dysautonomia. It is caused by antibodies against 
voltage-gated calcium channels that result in a decrease 
in acetylcholine release. Lambert-Eaton syndrome is not 
associated with thymic abnormalities, but it commonly 
occurs in patients with malignant diseases, especially 
small cell lung cancer and gastrointestinal tumors. The 
other distinguishing feature of this disorder is that the 
muscle weakness classically improves with activity and is 
worse after inactivity. Therapies for Lambert-Eaton syn-
drome are similar to those used for myasthenia gravis. In 
addition, a selective potassium channel blocker, namely 
3,4-diaminopyridine, is used and should be continued 
perioperatively. Preoperative evaluation and manage-
ment are similar to those for myasthenia gravis.

Muscular Dystrophies and Myopathies
Muscular dystrophies and myopathies are inherited disor-
ders that affect the neuromuscular junction. They share 
many similarities but do have a few differences. The hall-
mark of these disorders is progressive skeletal muscle weak-
ness that commonly leads to respiratory failure. No effective 
therapy is available. Many individuals have associated car-
diomyopathies and possible association with MH.

Duchenne and Becker muscular dystrophies are 
X-linked recessive disorders that occur primarily in male 
patients. Affected individuals have elevated creatine 
phosphokinase (CK) levels, often preceding the onset of 
symptoms. Male patients with a family history of either 
Duchenne or Becker muscular dystrophy should be con-
sidered at risk (even when they have not been formally 
tested), and they require precautions similar to those in 
patients with diagnosed disease. Cardiomyopathy and 
respiratory failure are the usual causes of death. Female 
carriers of the abnormal gene may have dilated cardio-
myopathy despite having no other manifestations of the 
disease. The focus of the preoperative history is on elic-
iting details pertaining to palpitations, dyspnea, chest 
pain, syncope, orthopnea, dependent edema, aspiration, 
and pneumonia. The physical examination generally 
concentrates on the cardiopulmonary system, whereas 
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important additional preoperative tests include an ECG, 
PFTs, and echocardiography.

Facioscapulohumeral muscular dystrophy (also known 
as faciohumeroscapular or Landouzy-Dejerine muscu-
lar dystrophy) is an autosomal dominant disorder that 
affects both sexes and causes a slow, progressive weakness 
of muscles in the shoulders and face. Cardiomyopathy 
occurs much less frequently than in other dystrophies, 
but arrhythmias have been reported. Limb-girdle dys-
trophies have a variable genetic inheritance pattern and 
primarily affect the muscles of the shoulders and pelvis. 
Conduction abnormalities are present in some patients, 
although frank cardiomyopathies are less frequent. The 
preoperative evaluation is largely similar to that described 
previously for Duchenne muscular dystrophy.

Myotonic dyStroPHieS. Myotonia consists of prolonged 
contraction and delayed relaxation of muscles. It is a 
common symptom of several dystrophies, including clas-
sic myotonic dystrophy, congenital myotonic dystrophy, 
myotonia congenital, and central core disease. Myotonic 
dystrophy, which is the most common of these condi-
tions, is an autosomal dominant inherited disorder affect-
ing both sexes. Congenital myotonic dystrophy is a severe 
form of this disease that manifests in infancy, often in 
the children of affected mothers. The classic findings 
are severe muscle wasting, typically involving the dia-
phragm, as well as muscles in the face, hands, pharynx, 
and larynx. Cold temperatures can often trigger myoto-
nia. The disease severity is variable, with symptoms often 
not apparent until the second or third decade of life; 
therefore, obtaining a family history is important. Car-
diomyopathies, arrhythmias, and conduction abnormali-
ties are common, while some patients also have cardiac 
valvular abnormalities. Cardiac involvement may not 
correlate with the degree of atrophy or weakness in skel-
etal muscle. Once an affected individual shows any evi-
dence of second- or third-degree AV block, a pacemaker 
should be implanted (even if the patient is asymptom-
atic) because an unpredictably rapid progression of the 
cardiac conduction disease may occur. Given this poten-
tial for rapid disease progression, pacemaker placement 
may even be considered in patients with first-degree AV 
block, regardless of symptoms. Affected individuals are 
also at risk for aspiration, pneumonia, respiratory failure, 
and postoperative pulmonary complications.194

Central core disease is a rare disorder caused by deficiency 
of mitochondrial enzymes. The name derives from findings 
of muscle biopsies, which reveal “cores” of abnormalities. 
Affected individuals have proximal muscle weakness, sco-
liosis, and sometimes cardiomyopathies. As with myotonic 
dystrophy, patients are at risk for respiratory failure and 
aspiration. Myotonia congenita is a hereditary disorder that 
involves only skeletal muscles, causes less severe symptoms, 
and does not cause cardiac abnormalities.

Patients with myotonia may be at increased risk for 
MH, although this association is controversial. They may 
have a clinical presentation similar to that in patients 
with MH as a result of uncontrolled myotonic contrac-
tion with elevated metabolism and rhabdomyolysis.195

Symptomatic treatments for myotonic contractions 
include steroids, quinine, and procainamide; otherwise, 
these diseases have no cure. These treatments should be 
continued during the perioperative period. The preopera-
tive evaluation focuses on the cardiopulmonary system, 
with special emphasis on evaluating for pulmonary infec-
tion, heart failure, palpitations, syncope, conduction 
abnormalities, and valvular abnormalities. Preoperative 
testing includes an ECG, an echocardiogram (except for 
myotonia congenita), and a chest radiograph (if symp-
toms of pulmonary disease are present). Any evidence of 
a conduction abnormality on ECG should trigger a cardi-
ology consultation. Myotonia is not inhibited by regional 
anesthesia, but local anesthetic infiltration into muscle 
may provide symptomatic relief.

Central Nervous System Tumors
Pituitary tumors may be classified as functioning (associ-
ated with endocrine abnormalities) versus nonfunction-
ing, as well as benign (adenomas are the most common 
pituitary lesion) versus malignant (see also Chapter 70). 
The mass effect of the tumor can also lead to some asso-
ciated symptoms, such as headaches, visual field defects, 
and increased intracranial pressure (with associated gait 
disturbances, vomiting, cranial nerve deficits, and bladder 
or bowel incontinence). Other symptoms may be related 
to pituitary insufficiency (e.g., hypoadrenalism, hypo-
thyroidism, infertility) or overactivity. Manifestations 
of pituitary overactivity include the following: Cushing 
syndrome from ACTH-secreting tumors; acromegaly from 
growth hormone secretion; hyperthyroidism from TSH 
production; and gynecomastia, lactation, and sex hor-
mone–related changes from prolactin and gonadotropin 
(follicle stimulating and luteinizing hormones) secretion. 
These hormones are all produced by the anterior lobe of 
the pituitary and are controlled by a feedback loop from 
the hypothalamus. The posterior pituitary stores and 
secretes vasopressin and oxytocin, which are synthesized 
in the hypothalamus.

Acromegaly results in enlargement of connective tissue, 
bone, and visceral organs. Patients have an enlarged jaw 
(i.e., macrognathia), nose, feet, hands, pharyngeal, and 
laryngeal tissues (including macroglossia and enlarged 
epiglottis). Affected individuals have increased risks of 
sleep apnea (both central and obstructive), neuropathies 
(from nerve entrapment), hypertension, LVH, diastolic 
dysfunction, and valvular abnormalities. CAD, heart fail-
ure, diabetes, hypothyroidism, and difficulty with airway 
management (mask ventilation, laryngoscopy, intuba-
tion) may also occur. The preoperative evaluation should 
document any chest pain, dyspnea, snoring, numbness, 
polydipsia, headaches, and visual disturbances. The 
physical examination focuses on BP, airway examination, 
murmurs, neurologic findings, and peripheral edema. It 
is important to plan for possible difficult airway manage-
ment and to make the patient aware of the possible use 
of awake fiberoptic intubation. Preoperative testing may 
include ECG, electrolytes, glucose, and thyroid function 
tests. TSH increases production of thyroid hormones (T3 
and T4) by the thyroid gland (see the earlier section on 
thyroid disease). Prolactin- and gonadotropin-secreting 
tumors have little impact on anesthetic management, but 
associated symptoms may alert clinicians to an undiag-
nosed pituitary tumor.
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Posterior pituitary tumors result in failure to secrete 
vasopressin or antidiuretic hormone (ADH), which regu-
lates renal water excretion. A deficiency results in diabetes 
insipidus, which is characterized by excessive urine out-
put from a failure to reabsorb water. Unless treated with 
DDAVP, these patients may develop hypernatremia and 
volume depletion. Therefore, the need exists for a careful 
evaluation of their intravascular volume status, includ-
ing orthostatic vital signs and blood testing for electro-
lytes, BUN, and creatinine levels. Patients with pituitary 
tumors, pituitary apoplexy (hemorrhage into pituitary, 
associated with hypertension, trauma, or pregnancy), or 
previous resection of a pituitary tumor may require hor-
mone replacement therapy, such as with steroids, thyroid 
replacement, or DDAVP. These medications must not 
be interrupted during the perioperative period. The ade-
quacy of replacement therapy can be determined based 
on the history and physical examination, as well as by 
determining electrolyte, BUN, and creatinine levels and 
performing thyroid function tests and an ECG.

Other intracranial tumors include gliomas (45% of 
tumors), astrocytomas, ependymomas, medulloblasto-
mas, oligodendrocytomas (malignant and highly lethal), 
benign meningiomas (15% of tumors), schwannomas, 
craniopharyngiomas, and dermoid tumors. Metastatic 
lesions (6% of intracranial tumors) can also occur with 
virtually all types of primary malignant diseases. Com-
mon primary sources of metastatic intracranial lesions 
include breast, colorectal, and lung cancers. Most intra-
cranial tumors are detected either incidentally or when 
patients develop seizures of symptoms related to mass 
effect. Symptoms of mass effect include headaches, 
strokelike symptoms, vomiting, visual disturbances, 
altered cognitive function, and ataxia. If the intracranial 
pressure becomes elevated, hypertension, bradycardia, 
arrhythmias, ECG abnormalities, and brainstem hernia-
tion may occur. Careful questioning and documentation 
of neurologic deficits are important. For patients with 
metastatic lesions, issues pertaining to the primary malig-
nant disease and previous treatment (e.g., chemotherapy, 
radiation, steroids, anticonvulsants) must be clarified. 
Continuation of preexisting steroids (for decreasing brain 
edema) and anticonvulsant medications is important.

MUSCULOSKELETAL AND CONNECTIVE 
TISSUE DISEASES

These disorders are characterized by deformities and 
chronic inflammation. Assessment of any deformities is 
important, given their potential implications on airway 
management and regional anesthetic technique. Chronic 
inflammation, which is associated with rheumatoid 
arthritis, SLE, and systemic sclerosis, can result in vascu-
lopathy and associated multiorgan dysfunction. Organ 
systems that may be affected include the cardiovascular, 
pulmonary, renal, hematologic, integumentary, gastroin-
testinal, central nervous, and peripheral nervous systems.

Rheumatoid Arthritis
Rheumatoid arthritis is a chronic autoimmune disorder 
that primarily affects joints, but it often also affects mul-
tiple organ systems.196 The disease affects approximately 
1% of the population, and women are more than twice as 
likely to be affected as are men.196 Distal joints are involved 
more often than proximal, often in a symmetric pattern. 
Joint involvement is characterized by inflammation that 
can progress to severe deformity, although the disease 
course can vary dramatically. The temporomandibular 
joints and cricoarytenoid cartilage can be involved, result-
ing in limited mouth opening, hoarseness, and possible 
difficulties with airway management. Atlantodens sublux-
ation and instability of the cervical spine can also occur. 
Subluxation, which is caused by ligamentous laxity, as 
opposed to joint disease, may occur in as many as 46% 
of patients.197 Cervical spine disease can be asymptom-
atic. CAD, pericardial effusions, aortic regurgitation, and 
conduction abnormalities may be present in affected indi-
viduals. Symptoms of cardiac ischemia may be masked in 
patients with rheumatoid arthritis because of impairment 
of functional status by concomitant joint disease. In addi-
tion, dyspnea, which can be an anginal equivalent, may 
be confused with pulmonary involvement. Pulmonary 
manifestations include restrictive lung disease secondary 
to decreased thoracic mobility, pulmonary fibrosis, and 
pleural effusions. Patients have an increased risk of renal 
dysfunction secondary to both vasculitis and long-term 
NSAID use. Peripheral neuropathy can result from vascu-
litis or entrapment. Anemia, leukocytosis, thrombocyto-
sis (from chronic inflammation), and thrombocytopenia 
(from splenomegaly) may be present. Patients may also 
have rheumatoid nodules that occur subcutaneously (usu-
ally over extensor joints) or in the lungs.

The preoperative examination must document symp-
toms related to the many organ systems affected by 
rheumatoid arthritis. Special detail is directed to the neu-
rologic, airway, pulmonary, and cardiovascular systems. 
Documentation of deformities and neurologic deficits is 
important to establish a baseline level of function. Signifi-
cant hoarseness should prompt an evaluation by an oto-
laryngologist to assess the mobility of the vocal cords and 
the presence of cricoarytenoid arthritis. A careful history 
may elicit neurologic deficits, neck pain, upper extremity 
pain, or crunching sound with neck movement. Indica-
tions for preoperative cervical spine radiographs include 
neurologic findings, long-standing severely deforming 
disease, or procedures requiring prone positioning or 
manipulation of the cervical spine. The specific radio-
graphs required are anteroposterior and lateral cervical 
spine films with flexion, extension, and open-mouth 
odontoid views.197 Significant abnormalities (i.e., anterior 
atlas-dens interval >9 mm or posterior interval <14 mm) 
require consultation with a neurologist or neurosurgeon. 
However, the disease duration, severity, and symptoms 
do not correlate with cervical spine subluxation. New 
or worsening pulmonary symptoms should trigger fur-
ther evaluation with pulse oximetry, chest radiographs, 
PFTs, or possibly a pulmonary consultation. Muffled 
heart sounds, pericardial rubs, enlarged heart (examina-
tion or radiograph), and low voltage on an ECG suggest 
the presence of a pericardial effusion, which necessitates 
an echocardiogram. Any suspicious murmur merits fur-
ther investigation in these patients. Because rheumatoid 
arthritis is associated with a very high prevalence of CAD, 
patients require ECGs, as well as possible cardiac stress 
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testing, with cardiology referral as indicated. Other pre-
operative tests should include blood sampling for a CBC 
and determination of BUN and creatinine levels.

Advanced planning for management of potential diffi-
cult airways is important, including discussion of regional 
anesthetic options and possible awake fiberoptic intuba-
tion. When possible, steroids, analgesic and antiplatelet 
medications should be continued. Patients with complex 
treatment regimens (especially immunosuppressant ther-
apy) or severe disease are best managed in concert with 
their rheumatologist or primary physician.

Ankylosing Spondylitis
Ankylosing spondylitis is a progressive, inflammatory 
arthropathy that primarily affects the spine and sacro-
iliac joints, although peripheral joints may be involved 
as well. It usually occurs in male patients and can have 
extraarticular manifestations, including uveitis, vasculi-
tis, aortitis, and aortic insufficiency. Affected individuals 
may develop restrictive lung disease secondary to pulmo-
nary fibrosis or chest wall movement restriction (second-
ary to joint fixation and kyphosis). Kyphosis can be so 
extreme that patients are unable to face forward, thereby 
making mask ventilation, direct laryngoscopy, and intu-
bation very difficult. The patient’s history and physical 
examination should focus on the skeletal and cardiopul-
monary systems, with the physical examination includ-
ing measurement of oxygen saturation on room air. The 
presence of a murmur on physical examination warrants 
an ECG and an echocardiogram. If ventilatory compro-
mise is suspected or present, a chest radiograph and PFTs 
are necessary. Any acute change must be managed pre-
operatively. Any NSAID therapy is usually discontinued 
for 2 days before the surgical procedure, but other drugs 
can be continued unless laboratory tests suggest compli-
cations. Patients receiving treatment with leflunomide 
should undergo LFTs, whereas patients receiving NSAIDs 
should undergo CBC, BUN, and creatinine testing. Plan-
ning for perioperative airway management and discussion 
with the patient about the possibility of awake fiberoptic 
intubation are important. Peripheral nerve blocks are an 
option, but neuraxial anesthesia is often unsuccessful in 
the presence of severe spinal involvement.

Systemic Lupus Erythematosus
SLE is a systemic autoimmune disease that is predomi-
nantly caused by vasculitis and has a variable course with 
flares and periods of remissions. It affects mainly female 
patients and is typically more severe in African Americans 
than in other ethnic groups. Common manifestations 
include fever, chronic fatigue, and migratory arthritis 
affecting the small joints of the hands and feet. The fevers 
may be explained by disease activity itself, as well as fre-
quent infections attributable to disease-induced immune 
dysfunction and immunosuppressant treatment. Many 
patients have dermatologic conditions including alo-
pecia, photosensitivity, and the typical “butterfly rash” 
across the cheeks and nose. Vasospasm of the digits (i.e., 
Raynaud phenomenon), often associated with atrophy of 
nails and fingernails, can make it difficult to obtain pulse 
oximetry readings. Interstitial lung disease, pleural effu-
sions, frequent infections, and pulmonary hypertension 
may be present. Pulmonary hypertension, which can 
result from recurrent pulmonary emboli, pulmonary vas-
culopathy, and interstitial lung disease, carries a high 
risk of perioperative complications.198 Cardiac involve-
ment includes premature CAD, pericarditis, myocarditis, 
coronary artery vasculitis, cardiomyopathy, aseptic endo-
carditis, and pleural effusions. Hypertension is almost 
ubiquitous and is often difficult to control. Neurologic 
disease includes cerebral vasculitis, stroke, cerebrovas-
cular disease, cognitive dysfunction, seizures, peripheral 
neuropathy, headache, neuropsychiatric manifestations, 
and affective disorders. Lupus nephritis is a common 
end-organ complication that carries a poor prognosis 
and often results in renal failure. Patients with SLE are 
frequently anemic and may also have leukopenia and 
thrombocytopenia. Affected individuals frequently have 
antiphospholipid antibodies, which can result in pul-
monary emboli, stroke, and recurrent venous or arterial 
thromboses. Despite their prothrombotic tendency, these 
patients typically have a prolonged aPTT. Antinuclear 
antibodies are present in most cases, and these antibodies 
can help establish a diagnosis.

The history and physical examination should evalu-
ate all major organ systems and describe all relevant 
medications. Patients with severe disease, infections, or 
exacerbations are best managed in concert with their 
rheumatologist or primarily responsible physician. 
Detailed questioning regarding cough, dyspnea, chest 
pain, orthopnea, neurologic symptoms, fever, disease 
course, and medications is paramount. A description of 
any prior thromboembolic events, precipitating factors, 
and treatment (type and duration) is important, espe-
cially to plan preoperative anticoagulant discontinuation 
and the need for bridging therapy. Given the prevalence 
of CAD and cerebrovascular disease in patients with SLE, 
the evaluation should include careful questioning about 
exercise capacity, atypical symptoms of ischemia, and the 
results of any previous relevant diagnostic studies (e.g., 
cardiac stress testing, echocardiography, CT, MRI).

The preoperative physical examination concentrates 
on the pulmonary (rales, decreased breath sounds), 
cardiac (pericardial rubs, murmurs, arrhythmias, jugu-
lar venous distention, peripheral edema), and nervous 
(motor deficits, sensory deficits, visual disturbances) sys-
tems. Preoperative ECG, CBC, electrolyte, glucose, BUN, 
creatinine levels, and aPTT (unless the patient has a 
known antiphospholipid syndrome) are often necessary. 
Significant ECG abnormalities (e.g., conduction delays, 
arrhythmias, Q waves, low voltage) should prompt con-
sideration for further testing, cardiology consultation, or 
pulmonology consultation. Other tests that may be con-
sidered include a PT (patients receiving warfarin), echo-
cardiogram (murmurs, suspected heart failure, suspected 
effusion), chest radiograph (pulmonary symptoms or 
suspected heart failure), and PFTs (worsening or undiag-
nosed dyspnea). Patients with advanced cardiomyopathy, 
decompensated heart failure, pulmonary hypertension, 
systemic vasculitis, and recent or recurrent thromboem-
bolism are considered to be at high risk, and they are best 
managed in concert with the appropriate specialists. Most 
medications, with the exception of anticoagulants, are 
continued into the perioperative period (see Box 38-3).
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Systemic Sclerosis
Systemic sclerosis (previously known as scleroderma) is 
an autoimmune disease that is characterized by excessive 
fibrosis and occurs more commonly in female patients.199 
Aside from skin thickening, the most common skin mani-
festation is Raynaud phenomenon. Scleroderma has sev-
eral variants. Localized scleroderma involves just the skin 
and not any other organs. Limited systemic sclerosis has 
cutaneous manifestations “limited” to the skin of the face 
and upper extremities, as well as systemic involvement in 
the gastrointestinal tract (e.g., dysphagia, reflux) and lungs 
(e.g., interstitial lung disease, pulmonary hypertension). 
Diffuse systemic sclerosis has generalized skin involvement 
and causes multiple end-organ damage. Manifestations 
include myocardial fibrosis, pericarditis, heart failure, cor-
onary artery fibrosis, severe hypertension, renal failure, 
dysphagia, fatigue, weight loss, gastroesophageal reflux, 
and right-sided heart failure. Pulmonary hypertension, 
which may result from interstitial lung disease or vascu-
lopathy, is a leading cause of death in systemic sclerosis 
and is associated with increased perioperative risk.198

The preoperative evaluation focuses on the organ sys-
tems in the manner outlined before in the section on 
systemic lupus erythematosus, with special attention 
to evidence of pulmonary hypertension (see the earlier 
section on pulmonary hypertension). A careful history 
to elicit symptoms of pulmonary disease (e.g., cough, 
dyspnea) or cardiac disease (e.g., dyspnea, orthopnea, 
chest pain) is vital. Patients may develop limited mouth 
opening (i.e., microstomia), limited neck mobility, poor 
dentition, and oropharyngeal lesions secondary to skin 
involvement. Careful airway evaluation and planning 
for airway management are essential in such individu-
als, especially because they may also be at high risk for 
aspiration secondary to gastroesophageal reflux. Dermal 
involvement, edema, and contractures may also make 
venous access and regional anesthesia technically chal-
lenging. Thus, it is helpful to discuss central venous 
access and possible awake fiberoptic intubation during 
the preoperative assessment; in some cases, consideration 
should be given to arranging for interventional radiology 
to place intravenous lines.

Patients with systemic sclerosis usually need an ECG, 
CBC (especially if receiving immunosuppressant therapy), 
and determinations of BUN and creatinine levels. A chest 
radiograph and PFTs can be useful for evaluating patients 
with evidence of possible interstitial lung disease or pul-
monary fibrosis. Echocardiography is useful as a screening 
tool in patients suspected of having pulmonary hyperten-
sion. Antihypertensive agents (including calcium chan-
nel blockers used to treat Raynaud phenomenon) and 
immunosuppressant therapy must be continued into the 
perioperative period.

Raynaud Phenomenon
Raynaud phenomenon is an exaggerated vascular 
response to cold or emotional stress that results in color 
changes of the digits (typical sequence is pallor to cyano-
sis to rubor).200 It is classified as primary (termed Rayn-
aud disease) or secondary (termed Raynaud phenomenon, 
and associated with connective tissue diseases, autoim-
mune disorders, drugs, and use of vibrating tools). The 
prevalence of Raynaud phenomenon is 95% or more in 
patients with systemic sclerosis, 20% to 30% in patients 
with Sjögren disease or SLE, but less than 5% in patients 
with rheumatoid arthritis.201 Raynaud phenomenon 
most often affects the hands, typically resulting in a sud-
den onset of cold digits with sharply demarcated pallor or 
cyanosis. Cutaneous vasospasm is also common in other 
sites such as the face and ears, where it causes pain and 
numbness. Criteria for the diagnosis of Raynaud disease 
(primary disease) include symmetric episodic attacks, 
absence of PAD, absence of tissue injury or gangrene, nor-
mal nail fold capillary examination, normal erythrocyte 
sedimentation rate, and negative antinuclear antibody 
test. Raynaud disease requires no special preoperative 
evaluation. Secondary Raynaud phenomenon should 
prompt an assessment for associated disease states. It 
is also important to distinguish Raynaud phenomenon 
from PAD, especially given the difference in associated 
comorbidities. Calcium channel blockers are useful treat-
ments in many patients and should be continued in the 
perioperative period.

Inherited Connective Tissue Disorders
Ehlers-Danlos syndrome is a disorder of collagen syn-
thesis. It consists of several subtypes that have various 
manifestations but are almost all characterized by joint 
hypermobility. Type IV disease is more serious because 
affected individuals may have vascular fragility and skin 
fragility, as well as predisposition to vascular rupture, vis-
ceral rupture, and pneumothoraces. Patients with type VI 
Ehlers-Danlos syndrome have muscle weakness, scoliosis, 
ocular fragility, skin fragility, and osteopenia.

Marfan syndrome is characterized by tall stature, 
arachnodactyly (i.e., long digits), scoliosis, pectus exca-
vatum, valvular disease (e.g., aortic insufficiency, MVP, 
mitral regurgitation), arrhythmias, and ascending aortic 
dilatation. These patients are at risk for aortic dissection. 
Ocular (e.g., ectopia lentis, strabismus, glaucoma) and 
pulmonary (e.g., spontaneous pneumothoraces) compli-
cations can also occur.202 Other manifestations include 
retrognathia and high arched palates. Careful ausculta-
tion for the diastolic murmur of aortic insufficiency is 
important (see Table 38-6). If such a murmur is detected, 
subsequent tests should include an ECG, an echocardio-
gram, and a chest radiograph.

The most distinguishing feature of osteogenesis imper-
fecta is the propensity for fractures from extremely frag-
ile bones. These patients may have blue sclerae, short 
stature, scoliosis, joint hypermobility, hearing loss, pul-
monary complications, muscle weakness, MVP, aortic 
insufficiency, and platelet dysfunction. An ECG and an 
echocardiogram are necessary if physical examination 
reveals a murmur.

Epidermolysis bullosa is distinguished by blistering, 
skin fragility, and scarring caused by abnormal epidermal-
dermal anchoring. Even measurement of BP may cause 
skin blistering and breakdown in an affected individual.

Kyphoscoliosis
Kyphoscoliosis is a curvature of the spine in both lat-
eral and posterior directions. It can involve the thoracic 
region, the lumbar region, or both. Kyphoscoliosis may 
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occur alone or as a manifestation of other diseases such 
as collagen vascular disorders, Marfan syndrome, neuro-
fibromatosis, muscular dystrophies, and cerebral palsy. 
Therefore, the preoperative evaluation should focus on 
identifying any coexisting abnormalities. Severe thoracic 
deformity may cause cardiopulmonary compromise as a 
consequence of restrictive lung disease, pulmonary hyper-
tension, heart failure, tracheobronchial compression, or 
cardiac compression. The history should focus on assess-
ing functional capacity and cardiopulmonary symptoms. 
The ability of the patient to lie supine, to permit airway 
access and management, must also be determined. The 
physical examination should include evaluation of vital 
signs (including oxygen saturation), pulmonary sys-
tem (rales, decreased air entry), and cardiovascular sys-
tem (murmurs, additional heart sounds, edema, jugular 
venous distention). A CBC, as well as a blood type and 
screen, is required in any patient scheduled to undergo 
spine correction surgery for kyphoscoliosis, and an ECG 
and a chest radiograph may be useful. If symptoms or 
signs of heart failure are present, a preoperative echocar-
diogram should be considered. Any reversible lung dis-
ease or heart failure must be optimized preoperatively.

CANCERS AND TUMORS IN PREOPERATIVE 
PATIENTS

Patients With Cancer
Patients with a history of cancer may have complications 
related to the disease or the treatment. Typically, patients 
are aware of the side effects of their cancer treatments. It 
is often helpful to ask patients whether any unexpected 
complications occurred during treatment or whether che-
motherapy or radiation therapy had to be interrupted 
because of adverse effects. A hypercoagulable state is 
common in patients with cancer, particularly those with 
advanced disease, primary brain tumors, ovarian adeno-
carcinoma, pancreatic cancer, colon cancer, gastric can-
cer, lung cancer, prostate cancer, and kidney tumors. 
The risk of thromboembolic events is increased sixfold in 
patients with cancer, and active cancer accounts for 20% 
of new cases of thromboembolism.

The preoperative evaluation focuses on cardiac, pul-
monary, neurologic, and hematologic systems. Previous 
head and neck irradiation may cause carotid artery disease, 
hypothyroidism, or difficulty with airway management. 
Auscultation for bruits, thyroid function tests, and carotid 
Doppler studies are therefore recommended. Mediastinal, 
chest wall, or left breast irradiation can cause pericardi-
tis, conduction abnormalities, cardiomyopathy, valvular 
abnormalities, and premature CAD, even in the absence 
of traditional cardiovascular risk factors.203 Thus, younger 
patients with a history of radiation therapy, even if they 
may not otherwise be at risk for heart disease, should 
be assessed for symptoms of cardiac disease and should 
undergo a preoperative ECG. Based on these initial results, 
stress testing and echocardiography may be indicated. Pre-
vious irradiation to the lungs, breast, or mediastinum may 
also cause radiation pneumonitis. In such individuals, an 
oxygen saturation measurement and chest radiograph may 
be required, with consideration for PFTs if appropriate.

Other important chemotherapy-associated side effects 
include cardiomyopathy with doxorubicin (Adriamycin), 
pulmonary toxicity with bleomycin, hemorrhagic cystitis 
with cyclophosphamide, and peripheral neuropathy with 
vincristine or cisplatin. Many chemotherapeutic agents are 
toxic to the kidneys, liver, and bone marrow, and patients 
commonly exhibit preoperative anemia. Patients who 
received steroids as part of their cancer treatment may be 
at risk for adrenal insufficiency. These individuals can be 
assessed with an ACTH stimulation test (see the earlier sec-
tion on hypothalamic-pituitary-adrenal disorders) or given 
supplemental perioperative steroids (Table 38-11). Based 
on the type of chemotherapy, a CBC; determinations of 
electrolytes, BUN, and creatinine levels; LFTs; an ECG; and 
a chest radiograph may be needed. In some cases, consid-
eration may be given to delaying the surgical procedure 
to allow resolution of neutropenia and thrombocytopenia. 
In general, advance planning of blood component replace-
ment (including type and screening in the preoperative 
clinic) can avoid delays on the day of surgery.
TABLE 38-11 RECOMMENDATIONS FOR PERIOPERATIVE GLUCOCORTICOID COVERAGE 

Surgical Stress

Target  
Hydrocortisone  
Equivalent

Preoperative  
Steroid Dose

Intraoperative  
Steroid Dose

Postoperative  
Steroid Dose

Postoperative 
Steroid Dose 
Day 1

Postoperative 
Steroid Dose 
Day 2

Minor (e.g., inguinal  
hernia repair)

25 mg/day  
for 1 day

Usual  
daily dose  
of steroid

None* None* Usual daily  
dose*

Usual daily  
dose*

Moderate (e.g., colon 
resection, total 
joint replacement, 
lower extremity 
revascularization)

50-75 mg/day  
for 1-2 days

Usual daily  
dose of  
steroid

50 mg  
hydrocortisone

20 mg  
hydrocortisone  
every 8 hr

20 mg  
hydrocortisone 
every 8 hr†

Usual daily  
dose

Major (e.g., esophagectomy, 
pancreatoduodenectomy)

100-150 mg/day  
for 2-3 days

Usual daily  
dose of  
steroid

50 mg  
hydrocortisone

50 mg  
hydrocortisone  
every 8 hr

50 mg  
hydrocortisone 
every 8 hr

50 mg 
hydrocortisone 
every 8 hr †

From Salem M, Tainsh RE, Bromberg J, et al: Perioperative glucocorticoid coverage: a reassessment 42 years after emergence of a problem, Ann Surg 219:  
416-425, 1994.

*If the postoperative course is uncomplicated, the patient can resume his or her usual steroid dose on postoperative day 1.
†If postoperative complications occur, continued glucocorticoid administration will be necessary commensurate with the level of stress.



The direct effects of cancers depend on the specific 
organ systems involved. Issues pertaining to intracranial 
tumors are discussed in the section on central nervous 
system tumors. Bone and liver involvement with metasta-
ses can commonly occur in patients with breast, colorec-
tal, lung, and head and neck tumors. The resulting bony 
lesions can in turn cause hypercalcemia or pancytopenia. 
Head and neck tumors, as well as associated therapy (e.g., 
surgery, radiation), may cause difficulty with airway man-
agement and thyroid dysfunction. Lung cancer can cause 
airway problems, compromised pulmonary function, or 
mediastinal masses (see the next section, on mediastinal 
masses). In these cases, CT scans of the head, neck, or 
chest may be indicated. Paraneoplastic syndromes can 
also complicate almost any type of malignant disease, but 
these syndromes are most commonly seen with lung can-
cer. Typical manifestations of these syndromes include 
hypercalcemia, inappropriate antidiuretic hormone 
secretion, Lambert-Eaton syndrome, Cushing syndromes, 
and neuropathies.

Patients who are receiving opioids on a long-term 
basis for cancer pain are likely to require larger than usual 
doses of medication for postoperative pain control (see 
the later section on planning for postoperative pain man-
agement). On the day of surgery, these patients typically 
take their usual analgesic medications, with the excep-
tion of NSAIDs.

Mediastinal Masses
Tumors that may occur in the anterior mediastinal 
space include lymphomas, thymomas, teratomas, thy-
roid goiters, and metastatic disease. Anterior mediastinal 
masses can obstruct the great vessels (i.e., aorta, pul-
monary arteries, pulmonary vein, superior vena cava), 
heart, trachea, and bronchi. Patients may complain of 
dyspnea, dysphagia, stridor, wheezing, coughing (espe-
cially when recumbent), and orthopnea. Superior vena 
cava syndrome is the consequence of the compression of 
the superior vena cava, and it results in jugular venous 
distention and edema in the face, neck, chest, and upper 
extremity. Evidence of increased intracranial pressure 
and airway compromise may also be present. Imaging of 
the chest (CT or MRI) and echocardiography are needed 
if airway, cardiac, or vascular compression is suspected. 
Flow-volume loops may also be useful to assess the loca-
tion (extrathoracic versus intrathoracic) and degree of 
airway obstruction. Patients with tracheobronchial, car-
diac, or major vessel compression require special anes-
thetic precautions, including possible awake fiberoptic 
intubation.

Von Hippel–Lindau disease
von Hippel–Lindau disease is an inherited, autoso-
mal dominant syndrome characterized by a variety of 
benign and malignant tumors. Associated tumors include 
hemangioblastomas, retinal angiomas, clear cell renal 
cell carcinomas, pheochromocytomas, and neuroendo-
crine tumors of the pancreas. Preoperative evaluation of 
these patients includes an evaluation of renal function 
and assessment of symptoms compatible with pheochro-
mocytomas or neuroendocrine tumors. Findings from a 
thorough patient history and physical examination (with 
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vital signs) should guide any further testing (e.g., electro-
lytes, ECG, BUN, creatinine, glucose).

Carcinoid Tumors
Carcinoid tumors are rare neuroendocrine tumors that 
release mediators. They are associated with MEN 1. These 
tumors typically occur in the gastrointestinal tract and 
are the most common neoplasms of the appendix; in 
addition, carcinoid tumors can also occur in the pancreas 
and bronchi. Carcinoid syndrome is caused by vasoac-
tive amines (e.g., serotonin, norepinephrine, histamine, 
dopamine), polypeptides (e.g., bradykinin, somatosta-
tin, vasoactive intestinal peptide, glucagon), and prosta-
glandins released by the tumors. Typical manifestations 
include flushing, tachycardia, arrhythmias, diarrhea, 
malnutrition, bronchospasm, and carcinoid heart disease. 
Nonetheless, most patients are asymptomatic because 
the liver inactivates the bioactive products of carcinoid 
tumors. Thus, patients with gastrointestinal carcinoid 
tumors have manifestations of carcinoid syndrome only 
if they have hepatic metastases. Carcinoid heart disease 
is characterized by endocardial fibrosis of pulmonic and 
tricuspid valves. Affected individuals may then develop 
tricuspid regurgitation, pulmonic stenosis, pulmonic 
regurgitation, right-sided heart failure, peripheral edema, 
and hepatomegaly. Some individuals may also develop 
carcinoid crisis, which is associated with profound flush-
ing, bronchospasm, tachycardia, and hemodynamic 
instability. These life-threatening episodes can occur 
with induction of anesthesia, intraoperative handling of 
a tumor, or other invasive procedure on a tumor (e.g., 
tumor embolization).204

The initial evaluation should focus on possible dys-
pnea, orthopnea, wheezing, edema, arrhythmias, and 
murmurs; subsequent diagnostic tests are guided by the 
initial assessment. Patients with chronic diarrhea need 
measurement of orthostatic vital signs, electrolytes, BUN, 
and creatinine. Patients with cardiac involvement must 
have an ECG, electrolyte determinations, and an echo-
cardiogram. Malnourished patients need measurement of 
orthostatic vital signs, an ECG, and electrolyte and albu-
min levels. Predictors of perioperative adverse events in 
these patients are elevated urinary 5-hydroxyindoleacetic 
acid levels and the presence of carcinoid heart disease. 205 
Histamine receptor blockers (both H1 and H2), ketanserin 
(serotonin receptor antagonist), and octreotide are useful 
in blocking mediator release or their associated effects. 
Preoperative treatment with an intravenous infusion of 
octreotide, starting 12 hours preoperatively, may help 
mitigate the risks of intraoperative carcinoid crises.204,206

SPECIAL ISSUES IN PREOPERATIVE 
EVALUATION

PSEUDOCHOLINESTERASE DEFICIENCY

A personal or family history of pseudocholinesterase, 
or butyrylcholinesterase, deficiency should be identi-
fied preoperatively (see Chapter 34). Pseudocholinester-
ase, which is found in the plasma, liver, pancreas, heart, 
and brain, is distinct from acetylcholinesterase, which is 
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found in erythrocytes. Patients reporting an “allergy to 
succinylcholine” should be suspected of having either 
this disorder or MH. Inquiring whether the patient was 
intubated postoperatively, gravely ill, or in need of inten-
sive care may help differentiate these disorders. Previous 
anesthetic records may also help clarify an uncertain 
history.

Pseudocholinesterase activity may be reduced per-
manently because of abnormal genotypes or transiently 
altered because of disease, drugs, pregnancy, or infancy. 
In patients with a history suggestive of pseudocholines-
terase deficiency, plasma cholinesterase activity, as well 
as the dibucaine number and fluoride number, should 
be measured. Plasma cholinesterase activity is a quantita-
tive measure of enzyme activity, whereas the dibucaine 
number and fluoride number are qualitative measures. 
Plasma cholinesterase activity should not be confused 
with acetylcholinesterase activity, which is an assess-
ment of erythrocyte cholinesterase. The dibucaine number 
represents the percentage inhibition of the enzyme by 
the local anesthetic dibucaine, and the fluoride number 
represents the percentage inhibition by fluoride. Normal 
individuals, who are homozygous for the wild-type gene 
have a dibucaine number of 80 because their plasma 
cholinesterase is 80% inhibited by dibucaine. Individu-
als who are homozygous for the atypical genes have a 
dibucaine number of 20 (corresponding to 20% inhibi-
tion) and can be paralyzed for up to 4 to 8 hours after 
receiving succinylcholine. In heterozygous individuals 
who have a dibucaine number of 60 (corresponding to 
60% inhibition), the duration of action of succinylcho-
line is prolonged by 50% to 100%. The combination of 
dibucaine number and plasma cholinesterase activity can 
therefore help differentiate genetic from acquired causes 
of prolonged apnea after succinylcholine administration. 
Patients with known or suspected pseudocholinester-
ase deficiency should be urged to obtain proper medical 
alert identification and be educated that this enzyme also 
metabolizes ester-linked local anesthetics.

MALIGNANT HYPERTHERMIA

A history of MH or a suggestion of it (e.g., hyperther-
mia or rigidity during anesthesia) in a patient or family 
member must be clearly documented in the preoperative 
assessment, as well as communicated to the surgeon and 
eventual anesthesia provider. This is critical to ensure 
that special arrangements are made preoperatively (see 
Chapter 43). Individuals who are genetically predisposed 
to MH are asymptomatic until they are exposed to trig-
gering agents. Certain neuromuscular diseases are also 
associated with a risk for MH, including specific muscu-
lar dystrophies (i.e., Duchenne, Becker, myotonic), King-
Denborough syndrome, central core disease, periodic 
paralysis, osteogenesis imperfecta, myelomeningocele, 
and strabismus.

MORBIDLY OBESE PATIENTS

The morbidly obese patient presents a special set of pre-
operative risks (see Chapter 71). Obesity is associated 
with several important comorbidities, including diabetes, 
hypertension, cardiovascular disease, cerebrovascular dis-
ease, cancer, OSA (see the earlier section on obstructive 
sleep apnea), and poor functional capacity. Obese indi-
viduals are also at risk for nonalcoholic steatohepatitis 
(or “fatty liver”), which can result in abnormal LFTs; liver 
fibrosis; and, in some cases, end-stage liver disease. In addi-
tion, patients with extreme obesity are at risk for right-
sided heart failure and pulmonary hypertension. Such 
individuals can have obesity-hypoventilation syndrome 
(OHS), also known as pickwickian syndrome. Obesity-
hypoventilation syndrome is characterized by impaired 
central ventilatory drive and is distinct from OSA. It is 
associated with awake, chronic hypoxemia (PaO2 <65 
mm Hg) without a diagnosis of COPD or primary lung 
disease. In the perioperative setting, obese patients expe-
rience higher rates of difficult bag-mask ventilation and 
difficult tracheal intubation.

The preoperative evaluation focuses on relevant coex-
isting diseases, airway, cardiopulmonary system, and 
vital signs (including pulse oximetry). When measuring 
BP, the BP cuff should have a width that is approximately 
two thirds of the arm and a length that can adequately 
encircle the extremity. Assessment of neck circumference 
can also identify individuals at risk for difficulty with 
endotracheal intubation. Treatments for obesity can have 
important perioperative implications. For example, drugs 
or methods of weight reduction (e.g., purging, diuretics, 
laxatives, gastric bypass procedures) may result in elec-
trolyte abnormalities, vitamin deficiencies, malnutrition, 
anemia, and cardiopulmonary disorders. Two previously 
available antiobesity medications, fenfluramine and 
dexfenfluramine (both were withdrawn from the market 
in 1997), had significant cardiac side effects, including 
regurgitant valvular lesions and pulmonary hyperten-
sion. Any individual who was ever exposed to these drugs 
should undergo a cardiovascular evaluation, including an 
ECG and an echocardiogram.

PATIENTS WITH TRANSPLANTED ORGANS

The number of patients with transplanted organs who 
require nontransplant surgical procedures increases 
yearly. During preoperative evaluation, these patients 
present special issues relating to transplant function, 
allograft denervation, immunosuppression, and other 
posttransplant physiologic and pharmacologic issues (see 
Chapter 74). Close interaction with the transplant team is 
one of the most important steps in the perioperative care 
of these patients. Clinicians performing the preoperative 
assessment should ensure that the transplant care provid-
ers are made aware of the upcoming procedure and are 
given an opportunity to make recommendations.

Some general preoperative considerations apply to all 
transplant recipients, as well as additional concerns based 
on the specific organ transplanted.207 In all transplant 
recipients, the level of function of the transplanted organ 
and the presence of any rejection should be evaluated. The 
dosage regimen of all immunosuppressant medications 
should be noted, and patients should be instructed to 
continue taking all these medications through the periop-
erative period. However, these drugs can modify the phar-
macology of many other agents administered during the 
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perioperative period, as has been extensively summarized 
in the literature.208,209 Patients should also be assessed for 
complications related to immunosuppressant therapy. 
These complications include the following: hyperglyce-
mia and adrenal suppression (steroids); increased risks of 
infection, hypertension, and renal insufficiency (steroids, 
cyclosporine, tacrolimus); and myelosuppression causing 
anemia, thrombocytopenia, and leukopenia (azathio-
prine, sirolimus). Although transplant recipients are at 
increased risk for postoperative infectious complications, 
no evidence indicates that higher doses of antibiotic pro-
phylaxis provide added benefit. Instead, usual preopera-
tive recommendations for antibiotic prophylaxis should 
be followed. Despite the controversy regarding the need 
for “stress-dose” supplementation in patients taking low-
dose corticosteroids, it is still used frequently because of 
the low risks involved.

Careful cardiac evaluation is important in all transplant 
recipients because of their increased risk for cardiovascu-
lar disease. The bases for this increased risk include the 
impact of underlying diseases that led to the initial organ 
failure (e.g., diabetes, hypertension) and the potential for 
drug regimens, transplantation, and rejection episodes 
to create or worsen traditional cardiovascular risk fac-
tors. Preoperative renal function should also be assessed 
because long-term immunosuppressive regimens often 
lead to chronic renal insufficiency. Although the effects 
of transplantation and immunosuppressive regimens on 
intravascular coagulation are controversial, appropriate 
thromboprophylaxis should be considered in all trans-
plant recipients.

Kidney transplant recipients present some specific 
issues for preoperative evaluation. Despite the presence 
of a normal creatinine concentration, the average GFR in 
these individuals is generally decreased. This impairment 
in renal function predisposes these patients to electrolyte 
abnormalities and altered drug metabolism.208,209 Neph-
rotoxic drugs, including NSAIDs and COX-2 inhibitors, 
should be avoided in all renal transplant recipients. In 
addition, their risk for cardiovascular disease is increased 
to approximately twice that of the general population. 
Careful preoperative cardiac evaluation is essential.

Successful liver transplantation usually results in 
resolution of the hepatic and cardiovascular effects of 
end-stage liver disease. Nonetheless, some pretransplant 
disturbances present in these patients may not resolve 
after transplantation, thus necessitating careful evaluation 
of pulmonary function. These disturbances can include 
hepatopulmonary syndrome, which involves hypoxemia 
from intrapulmonary vascular shunting. Other patients 
may demonstrate ventilation-perfusion mismatch sec-
ondary to pulmonary effusions, ascites, or diaphragmatic 
dysfunction, as well as diffusion abnormalities resulting 
from interstitial pneumonitis or impaired hypoxic pul-
monary vasoconstriction.

Following successful lung transplantation, recipients 
may require months to achieve peak pulmonary func-
tion. Compared with all other allografts, the transplanted 
lung is especially susceptible to infection and rejection 
as a result of its unique exposure to the external envi-
ronment. Careful preoperative evaluation with PFTs 
should be considered in all lung transplant recipients, 
with postponement of elective surgical procedures when 
allograft rejection or infection is suspected. Other peri-
operative considerations include airway hyperresponsive-
ness, the loss of the cough reflex, and the potential for 
injury to the airway anastomosis with intubation. These 
patients are also at increased risk for pulmonary edema, 
which has been attributed to disruption of the lymphatic 
drainage in the transplanted lung.

Most issues relating to heart transplant recipients 
relate to the absence of autonomic innervation in the 
transplanted heart. This denervation has multiple physi-
ologic effects, such as a higher than normal resting HR 
(from absence of vagal tone); the absence of cardiac 
baroreflexes; and the lack of response to carotid sinus 
massage, Valsalva maneuver, laryngoscopy, or tracheal 
intubation. Denervation also affects responses to medica-
tions; the allograft demonstrates a normal or augmented 
response to direct-acting drugs (e.g., epinephrine), a 
blunted response to indirect-acting agents (e.g., ephed-
rine), and no response to vagolytic agents. Chronic 
allograft rejection can manifest as accelerated coronary 
heart disease and as both systolic and diastolic dysfunc-
tion. Because allograft denervation causes any myocardial 
ischemia to be silent, typical manifestations of chronic 
rejection include fatigue, ventricular dysrhythmias, con-
gestive heart failure, and silent MI on the ECG. Should 
preoperative evaluation raise clinical suspicions of wors-
ening rejection, the patient’s recent cardiac testing must 
be reviewed. Heart transplant recipients undergo routine 
periodic evaluation for CAD (stress testing or coronary 
angiography) and cardiac function (echocardiogram or 
radionuclide angiography). With respect to other preop-
erative cardiac investigations in these patients, the preop-
erative ECGs often reveal conduction abnormalities and 
may show two P waves (a nonconducted P wave from 
the native atria and a conducted P wave from the donor 
atria). Many heart transplant recipients also require per-
manent pacemakers, and pacemaker function should be 
confirmed during the preoperative assessment.

PATIENTS WITH ALLERGIES

The patient’s preoperative record should include careful 
documentation of any history of allergies and adverse 
drug reactions. True anaphylactic reactions should be 
distinguished from adverse side effects (e.g., nausea with 
opioid use), especially because a patient’s definition of an 
allergy may differ significantly from the true clinical defi-
nition. In some cases, patients may incorrectly attribute 
previous perioperative difficulties to “allergies” to anes-
thetic or analgesic medications. The true incidence of ana-
phylactic and anaphylactoid reactions during anesthesia 
is probably underestimated because reactions are gener-
ally underreported. The reported incidence ranges from 
1 in 10,000 to 1 in 20,000 procedures, with an increased 
incidence of 1 in 5200 to 1 in 6500 in cases involving 
administration of neuromuscular blocking agents210 (see 
also Chapter 34). The most common precipitating drugs 
are neuromuscular blocking agents (50% to 70% of cases), 
followed by latex and antibiotics.210 Anaphylaxis also 
accounts for up to 3% of perioperative deaths that are 
totally or partially related to anesthesia.211 Nonetheless, 
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a careful history generally allows for avoidance of pre-
cipitating agents; thus, premedication with histamine 
blockers and steroids is not generally recommended. In 
selected cases in which the clear diagnosis of a specific 
allergy is required to guide perioperative management, 
skin testing may also be considered.

Latex is the second most common precipitant of ana-
phylaxis during anesthesia. Although the rate of latex 
sensitization continues to increase, the development 
of better ways to identify at-risk patients has led to a 
decreased incidence of latex-induced anaphylaxis.212 The 
diagnosis of a latex allergy during preoperative evalua-
tion is based on a careful history. Individuals at particu-
lar risk for latex allergy include those with a history of 
multiple surgical procedures, health care workers, and 
those with atopic histories. In Europe, this history may 
be supplemented using commercially available skin tests 
(not currently approved in the United States).210 When 
latex allergy is identified during the preoperative evalu-
ation, the operative team should be notified in advance 
to ensure that all appropriate equipment is available. The 
ASA Task Force outlines detailed intraoperative consider-
ations for these patients.213

Among antibiotics, penicillins and cephalosporins are 
the most common causes of anaphylaxis. A small risk 
of cross-reactivity exists between penicillins and cepha-
losporins, but most of these reported reactions involve 
rashes, not anaphylaxis. Reported allergies to vancomy-
cin should be distinguished from “red man syndrome.” 
This histamine-induced side effect, which is associated 
with rapid injection of vancomycin, consists of flushing, 
pruritus, erythematous rash, and hypotension.

With respect to other medications commonly encoun-
tered in the perioperative setting, anaphylactic reactions 
to amide local anesthetics are extremely rare. Most true 
anaphylactic reactions following exposure to ester local 
anesthetics do not involve an allergy to the local anes-
thetic, but rather to associated preservatives (e.g., para-
aminobenzoic acid). Patients may incorrectly interpret 
adverse side effects from epinephrine in local anesthetic 
solutions as allergies, especially with dental procedures. 
Such reports should be carefully distinguished from true 
allergies. Similarly, true allergies to opioids are rare, with 
most reports of such “allergies” being simply opioid-
related side effects, such as nausea and vomiting. No 
reports of anaphylactic reactions to volatile anesthetics 
have been published. Most reactions to commonly used 
antiseptic solutions such as bacitracin or povidone-iodine 
involve contact dermatitis; in contrast, true anaphylactic 
reactions have only rarely been reported.214

The scientific status of multiple chemical sensitivity 
disorder, or idiopathic environmental intolerance syn-
drome, is controversial. These individuals report chronic, 
diffuse, nonspecific symptoms with low levels of multiple 
chemical substances. Symptoms involve multiple organ 
systems and include fatigue, headache, memory loss, pal-
pitations, and gastrointestinal symptoms. The symptoms 
are not generally accompanied by biologic test abnormal-
ities or changes on physical examination, but they are 
frequently associated with psychiatric symptoms, nota-
bly depression and anxiety.215 This disorder is also often 
associated with fibromyalgia. Preoperative evaluation of 
these patients can be extremely challenging because they 
have significant concerns about the multiple exposures 
involved during the perioperative period and the poten-
tial impact on their symptoms. No current recommen-
dations are available on the perioperative care of these 
patients.

HUMAN IMMUNODEFICIENCY VIRUS 
INFECTION

Acute infection with HIV causes a mononucleosis-like 
illness, which then progresses to chronic lymphade-
nopathy (lasting 3 to 5 years). Infection can culminate 
in cell-mediated immune deficiency characterized by 
opportunistic infections, malignant diseases (e.g., Kaposi 
sarcoma, non-Hodgkin lymphoma), and death (usually 
secondary from infections, wasting, or cancer). Although 
the prognosis of untreated HIV infection is very poor,216 
outcomes have improved substantially in individu-
als compliant with highly active antiretroviral therapy 
(HAART).217 Risk factors for HIV infection include sexual 
contact with an infected individual, bloodborne contami-
nation, men who have sex with men, sexual workers, and 
those having contact with sexual workers. Most infec-
tion transmitted by blood exposure occurs in intravenous 
drug users, whereas infection through blood product 
transfusion in the United States is very rare (1 per 1.5 to 
2 million blood transfusions). Mothers can transmit the 
disease to infants, which occurs usually during breast-
feeding or delivery.218 Many patients infected with HIV 
are unaware of their status.

HIV infection can affect all organs and cause multiple 
complications.219 Cardiac complications include myocar-
ditis, dilated cardiomyopathy, valvular disease, pulmo-
nary hypertension, pericardial effusions, and tamponade. 
Pulmonary effects include lymphoid interstitial pneumo-
nitis, as well as drug-resistant infections with Pneumocystis 
jiroveci, Mycobacterium avium or Mycobacterium tuberculo-
sis, cytomegalovirus, and Cryptococcus. Nervous system 
manifestations include central nervous system tumors, 
infections, aseptic meningitis, and acquired immunode-
ficiency syndrome (AIDS)–related dementia. Malignant 
diseases can occur, such as lymphomas, Kaposi sarcoma, 
and cervical cancer. These tumors can also have direct 
consequences for anesthetic management. For example, 
supraglottic or intraoral Kaposi sarcoma may interfere 
with ventilation and intubation, whereas non-Hodgkin 
lymphoma can cause mediastinal masses. Gastrointes-
tinal manifestations include dysphagia, diarrhea, and 
esophagitis, which can in turn cause malnutrition, dehy-
dration, and electrolyte imbalance. Renal complications 
include acute tubular necrosis, glomerulonephritis, reno-
vascular disease, and HIV-associated nephropathy with 
nephritic syndrome. Antiretroviral medications used to 
treat HIV infection also have important side effects. The 
major classes of antiretroviral medications include nucle-
oside reverse transcriptase inhibitors (e.g., lamivudine, 
zidovudine, tenofovir, abacavir), nonnucleoside reverse 
transcriptase inhibitors (e.g., nevirapine, efavirenz, rilpiv-
irine), protease inhibitors (e.g., atazanavir, darunavir, lopi-
navir, fosamprenavir, saquinavir), attachment inhibitors 
(e.g., maraviroc), and integrase strand transfer inhibitors 



(e.g., raltegravir).220 Side effects of relevance to anesthe-
siologists include lactic acidosis (nucleoside reverse tran-
scriptase inhibitors), hepatotoxicity (nucleoside reverse 
transcriptase inhibitors, nonnucleoside reverse transcrip-
tase inhibitors, protease inhibitors), hyperlipidemia (pro-
tease inhibitors), insulin resistance (protease inhibitors), 
and bone marrow suppression (all classes). 221 Protease 
inhibitors are also associated with premature CAD222 and 
cardiac conduction abnormalities (especially PR interval 
prolongation). Patients’ antiretroviral therapy must be 
continued through the perioperative period.

If the preoperative evaluation of a relatively young, 
otherwise healthy individual elicits a history of thrush, 
fever of unknown origin, chronic diarrhea, lymphade-
nopathy, or herpes zoster in more than one dermatome, 
these findings should raise concern of undiagnosed HIV 
infection. In these cases, the enzyme-linked immunosor-
bent assay (ELISA) is the primary initial screening test. 
It demonstrates very high sensitivity exceeding 99% but 
yields a high number of false-positive results. The Western 
blot technique is used as the confirmatory test following 
an initial positive ELISA result. Patients with known HIV 
infection frequently require further evaluation, including 
an ECG, a chest radiograph, and blood sampling for CBC, 
determination of electrolytes, creatinine, and LFTs. If the 
patient shows evidence of malnourishment or nephrotic 
syndrome, further blood tests for albumin, total protein, 
and magnesium levels may be beneficial. The patient’s 
perioperative prognosis may be estimated based on the 
CD4 lymphocyte count and viral load, which reflect 
the patients’ immunologic status during the previous 
3 months. In general, rates of postoperative complica-
tions and mortality are higher among patients with CD4 
counts lower than 200 cells/mm3 and viral loads greater 
than 10,000 copies/mL.223,224

PATIENTS WITH A HISTORY OF  
SUBSTANCE ABUSE

A patient with a history of current or previous alcohol or 
drug addiction presents special challenges for the periop-
erative team (see Chapter 110). The lifetime prevalence of 
these addictions is significant, at 14% for alcohol addic-
tion and 7% for drug addiction in the United States pop-
ulation.225 Nonetheless, very limited data from clinical 
trials are available to help guide the perioperative man-
agement of these individuals.

The preoperative evaluation is an opportunity to 
obtain a detailed history of addiction and recovery. In 
a suggested classification system, abused drugs can be 
categorized as central nervous system depressants (e.g., 
heroin, alcohol, sedatives, hypnotics), stimulants (e.g., 
cocaine, amphetamines), and other psychotropic sub-
stances (e.g., cannabis).226 Many addicts are polysub-
stance abusers. Addictive disease should be considered 
permanent even in patients who have had long periods of 
abstinence. Some patients in the process of recovery from 
addiction may be receiving specific medications to main-
tain recovery. For example, previous opioid abusers may 
be receiving methadone, clonidine, or buprenorphine (a 
partial μ-agonist). The dosage of any such medications 
should be documented and verified. Patients in recovery 
Chapter 38: Preoperative Evaluation 1139

may also have heighted anxiety regarding upcoming sur-
gical procedures because of concerns about relapse into 
addiction and inadequate pain treatment, given their 
history of addiction. Such concerns may be appropriate. 
Patients receiving opioid substitution therapy do experi-
ence normal pain responses to nociceptive stimuli but 
require additional analgesia for control of postprocedural 
pain.227 These patients should therefore be reassured that 
anxiety and pain will be adequately treated. The clini-
cians performing preoperative evaluation may have prej-
udicial attitudes and lack the educational background to 
formulate appropriate perioperative pain management 
plans. For example, pain medication may be underdosed 
and inappropriately restricted because of concerns about 
provoking relapses. Early involvement of the acute pain 
service and addiction specialists to assist in the manage-
ment of these at-risk patients may be helpful.

The preoperative period should be used to develop 
appropriate management plans based on the types of 
abused drugs. All pertinent preoperative information 
and management plans should be transmitted to mem-
bers of the perioperative team. Individuals addicted to 
alcohol, sedatives, or hypnotics may require stabiliza-
tion with benzodiazepines, whereas heroin addicts may 
require substitution with methadone. It is important to 
document the dosage of opioids consumed by individu-
als abusing these drugs, especially to help guide postop-
erative pain management. To avoid inadequate analgesia 
(which could potentially activate addiction) in these 
patients, the preoperative evaluation should be used to 
discuss and plan the optimal use of nonopioid analge-
sics and regional techniques. Patients actively abusing 
cocaine and amphetamines are at especially high risk dur-
ing anesthesia because of the potential for intraoperative 
hemodynamic instability. Urine testing, especially on the 
day of surgery, may be appropriate to ensure the absence 
of abused substances in such patients.

Addicts are at risk for myriad perioperative complica-
tions, including withdrawal, acute intoxication, infections, 
end-organ damage, and altered tolerance of anesthetic or 
opioid medications.228 A history of intravenous drug use 
should prompt an evaluation for cardiovascular, pulmo-
nary, neurologic, and infectious complications such as 
endocarditis, abscesses, osteomyelitis, hepatitis, and HIV 
infection. Opioid (including heroin) users have a toler-
ance to narcotics. Patients with alcoholism are at risk for 
delirium tremens, a potentially life-threatening form of 
withdrawal characterized by autonomic instability and 
hyperpyrexia. These patients may also have liver disease 
(alcoholic hepatitis, cirrhosis, portal hypertension, end-
stage liver disease), alcohol-induced cardiomyopathy, 
arrhythmias, seizures, neuropathies, dementia, Wernicke-
Korsakoff syndrome (ataxia and cognitive dysfunction 
secondary to thiamine deficiency), macrocytic anemia, 
and coagulopathies (from hepatic dysfunction or vitamin 
K deficiency). Cocaine and amphetamine addicts can 
develop cerebrovascular accidents, cardiomyopathy, and 
arrhythmias. Additionally, cocaine and amphetamine 
inhibit the uptake of sympathomimetic neurotransmit-
ters, thereby increasing risks for hypertension, tachycar-
dia, paranoia, anxiety, seizures, and myocardial ischemia. 
Long-term use can result in ventricular hypertrophy, MI, 
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and nasal septal perforation. Solvents can cause cardiac 
dysrhythmias, pulmonary edema, cerebral edema, diffuse 
cortical atrophy, and hepatic failure. Hallucinogens, such 
as lysergic acid diethylamide (LSD), can cause autonomic 
dysregulation and paranoia. Ecstasy, or more specifically 
3,4-methylenedioxymethamphetamine (MDMA), can 
cause excessive thirst that results in hyponatremia, pul-
monary edema, or cerebral edema. Marijuana can cause 
tachycardia, vasodilatation, and increased cardiac output. 
The risk of pulmonary complications in patients who 
smoke marijuana is similar to that of individuals who 
smoke tobacco.229

During the preoperative evaluation interview, patients 
who abuse alcohol or drugs may not give a reliable his-
tory. The subsequent physical examination must include 
careful measurement of vital signs, including tempera-
ture. For example, cocaine and amphetamines may cause 
hypertension and tachycardia, whereas acute opioid use 
may result in a slow respiratory rate. Acute opioid use 
may also manifest as lethargy and pinpoint pupils, and 
recent alcohol consumption can often be detected by 
smell. Especially in individuals suspected of being intra-
venous drug abusers, examination of venous access sites 
for signs of abscesses and skin and soft tissue infections is 
important. In addition, careful auscultation for murmurs 
is essential because of the risk of bacterial endocarditis 
in these patients. Cocaine or alcohol abusers can also 
exhibit important findings in their cardiovascular exami-
nation, such as symptoms and signs of heart failure or 
arrhythmias. Long-term alcohol abuse may manifest with 
physical findings of chronic liver disease. In addition to 
identifying the presence of substance abuse and its related 
complications, clinicians should ascertain whether, and 
for how long, patients can stop consuming alcohol or 
addictive drugs. If patients do stop consumption occa-
sionally, it is especially important to determine what 
complications, if any, occur. When an alcoholic patient 
reports previously interrupting drinking for several days, 
the interviewer should inquire whether agitation, sei-
zures, delirium tremens, or other signs of withdrawal 
developed. Preoperative testing largely depends on symp-
toms and findings from the history and physical exami-
nation, as well as the specific drug that is being abused. 
For example, an ECG may be warranted to assess for pre-
vious MI in an individual with a history of cocaine abuse 
or in an individual receiving methadone (which prolongs 
the QT interval) to treat opioid addiction.

Ideally, patients with drug or alcohol dependence 
should be drug free well before elective surgical proce-
dures. A randomized trial of a preoperative alcohol ces-
sation program demonstrated significant reductions in 
postoperative complications,230 although these benefits 
were not replicated in a subsequent similar trial.231 Pre-
anesthesia clinic staff should be prepared to refer patients 
to addiction specialists or to prescribe medications to 
prevent withdrawal in the preoperative period if patients 
agree to abstinence. For example, benzodiazepines can 
be useful in preventing or treating alcohol withdrawal 
symptoms.

Some medications used to manage withdrawal or 
facilitate recovery have specific perioperative consider-
ations.225 Patients taking selective serotonin reuptake 
inhibitors (SSRIs) or methadone should continue main-
tenance doses in the perioperative period. Patients who 
are taking disulfiram because of a history of alcohol abuse 
may have an altered response to sympathomimetic drugs; 
some authors therefore suggest that disulfiram be discon-
tinued 10 days before the surgical procedure.225 If disulfi-
ram is continued, users can experience flushing, nausea, 
and tachycardia in response to small amounts of alcohol, 
such as amounts encountered in skin preparations or 
medications. For patients taking naltrexone for a history 
of alcohol abuse, consideration should be given to dis-
continuing it 3 days preoperatively.225 Naltrexone alters 
responses to opioid analgesics and may make postopera-
tive pain management very challenging. Buprenorphine-
containing medications (i.e., Suboxone, Subutex), which 
are used to treat opioid addiction, should also be discon-
tinued 3 days before surgical procedures because they 
too alter responses to opioid analgesics. If medications 
needed to manage recovery from addiction are discon-
tinued preoperatively, patients may require substitution 
with alternative medications that can be continued peri-
operatively (e.g., SSRIs).

BREASTFEEDING PATIENTS

Research data to help guide recommendations for the 
safety of anesthetics and medications in the babies of 
breastfeeding mothers who receive these agents are lim-
ited. For elective surgical cases, women should be advised 
to pump and store milk preoperatively; this milk can be 
used in the first 24 hours after administration of an anes-
thetic or for the duration of breast milk exposure to poten-
tially harmful agents. The mother should discard milk 
produced within the first 24 hours after anesthesia and 
should generally resume breastfeeding after this period. 
Very young or premature babies, especially those at risk 
for apnea, may have complications if the mother contin-
ues to take opioid or sedating drugs. Mothers should be 
advised to first discuss the safety of breastfeeding while 
taking medications with their child’s pediatrician.

PATIENTS WITH DO NOT RESUSCITATE 
ORDERS

Some patients scheduled for procedures have advance 
directives or a do not resuscitate (DNR) status (see Chap-
ter 108). The ASA adopted guidelines for the care of these 
patients and updated them in 2013 (Box 38-16).232 Fre-
quently, in circumstances with DNR orders, care provid-
ers are focused on a procedure-directed approach (i.e., 
do not intubate, do not administer resuscitative drugs). 
This approach is problematic in the perioperative period 
because much of anesthesia care involves such procedures. 
Within the context of anesthesia care, some authors have 
proposed that a better approach is to discuss DNR status 
in a goal-directed approach (i.e., from the perspective of 
the patient’s values and objectives, such as quality-of-life 
concerns).233 The ideal time to have this emotional and 
complex discussion is during the preoperative evaluation. 
Short discussions in the preoperative clinic have been 
shown to foster dialogue among patients, their proxies, 
and physicians regarding advance directives concerning 
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end-of-life care, as demonstrated by a randomized trial 
of 397 patients at a preoperative evaluation clinic.234 
Individuals who received the information session were 
significantly more likely to complete a durable power-of-
attorney (27% versus 10%) and discuss end-of-life care 
with their proxy decision makers (87% versus 66%).

PREOPERATIVE LABORATORY AND 
DIAGNOSTIC STUDIES

The value of preoperative diagnostic testing has become a 
central issue in delivering cost-effective health care to sur-
gical patients. The role of preoperative testing to screen 
for disease and to evaluate the patient’s fitness for sur-
gery has been extensively studied. Research in this field 
has largely concluded that a practice of routine preopera-
tive testing in all surgical patients, without consideration 
for their age or medical condition, cannot be justified. 
Unnecessary testing is inefficient and expensive, and it 
entails additional technical resources. In addition, it may 

Policies automatically suspending DNR orders or other directives 
that limit treatment before procedures involving anesthetic care 
may not sufficiently address a patient’s rights to self-determina-
tion in a responsible and ethical manner. Such policies, if they 
exist, should be reviewed and revised, as necessary, to reflect the 
content of these guidelines.

 •  Full attempt at resuscitation: The patient or designated 
surrogate may request the full suspension of existing directives 
during the anesthetic and immediate postoperative period, 
thereby consenting to the use of any resuscitation procedures 
that may be appropriate to treat clinical events that occur dur-
ing this time.

 •  Limited attempt at resuscitation defined with regard 
to specific procedures: The patient or designated surrogate 
may elect to continue to refuse certain specific resuscitation 
procedures (e.g. chest compressions, defibrillation, or tracheal 
intubation). The anesthesiologist should inform the patient or 
designated surrogate about (1) which procedures are essential 
to the success of the anesthesia and the proposed proce-
dure and (2) which procedures are not essential and may be 
refused.

 •  Limited attempt at resuscitation defined with regard 
to the patient’s goals and values: The patient or desig-
nated surrogate may allow the anesthesiologist and surgical 
team to use clinical judgment in determining which resuscita-
tion procedures are appropriate in the context of the situa-
tion and the patient’s stated goals and values. For example, 
some patients may want full resuscitation procedures to be 
used to manage adverse clinical events that are believed to be 
quickly and easily reversible but to refrain from treatment for 
conditions that are likely to result in permanent sequelae, such 
as neurologic impairment or unwanted dependence on life-
sustaining technology.

BOX 38-16 Do Not Resuscitate Orders in the 
Perioperative Period

Modified from Committee on Ethics, American Society of Anesthesiologists: 
Ethical guidelines for the anesthesia care of patients with do-not-resus-
citate orders or other directives that limit treatment, 2013. Available at 
http:// http://www.asahq.org/For-Members/Standards-Guidelines-and-
Statements.aspx

DNR, Do not resuscitate.
lead to costly evaluation of borderline or false-positive 
test abnormalities. Aside from potentially causing oper-
ating room delays or cancellations, these unnecessary 
follow-up tests may pose risks to patients that are attrib-
utable to both the tests and any associated interventions. 
Therefore, the targeting of testing in appropriate patients 
has both clinical and economic benefits.

At many hospitals where surgeons and primary care 
physicians order all preoperative tests, the common 
practice has been to order tests without any diagnos-
tic focus, other than speculation that the anesthesiolo-
gist may “require them” for surgery to proceed without 
delay or cancellation. Other justifications offered for this 
nonselective ordering of tests include routine screening 
for disease states, establishment of a diagnostic baseline, 
personal habit (e.g., “standard” testing checklist for all 
patients), physician reassurance, and a perceived medi-
colegal necessity “not to miss anything.” Routine pre-
operative testing in asymptomatic healthy patients has 
very poor diagnostic yield, provides little to no additional 
prognostic information, and has not shown any benefi-
cial effect on outcomes.235-238 This practice can therefore 
no longer be justified. Indeed, Medicare and most private 
insurance carriers no longer reimburse routine preopera-
tive screening tests without specific indications.

The ordering of preoperative diagnostic tests should be 
based on a patient’s medical history, the proposed surgi-
cal procedure, and the potential for intraoperative blood 
loss. Testing should be targeted to detecting specific clini-
cal indications that may increase perioperative risk. Ran-
domized trials have demonstrated that such a shift in 
strategy from nonselective to selective preoperative test-
ing in low-risk surgical procedures can reduce costs while 
preserving patients’ safety.239,240 As experts in periopera-
tive medicine, anesthesiologists are in a unique position 
to appropriately select the preoperative laboratory tests 
needed to guide perioperative care. Indeed, anesthesiolo-
gist-led preoperative evaluation has been shown to result 
in more selective ordering of laboratory tests than evalua-
tion led by surgeons or primary care physicians.9-12 Thus, 
by educating and providing specific guidance to surgeons 
and other physician specialists on the appropriate order-
ing of preoperative tests, anesthesiologists can expedite 
patient care, reduce health care costs, and enhance the 
standing of the specialty in perioperative medicine.

A proposed framework for ordering preoperative 
diagnostic tests based on a patient’s medical history is 
presented in Table 38-12. These disease-specific recom-
mendations are not intended as absolute or standard. 
Indeed, many individual hospitals, as well as certain 
regional jurisdictions (e.g., Ontario Pre-Operative Testing 
Grid),241 have developed their own specific recommenda-
tions for preoperative laboratory testing. In addition, the 
National Institute for Health and Care Excellence (NICE) 
has developed explicit guidelines for preoperative test-
ing in the United Kingdom, following an extensive sys-
tematic review of the literature.237,238 Although the most 
recent ASA “Practice Advisory for Preanesthesia Evalua-
tion” did recommend against routine preoperative test-
ing,242 it did not make explicit recommendations about 
which tests should be ordered for specific clinical condi-
tions. The practice advisory stated that the indications for 

http://
http://www.asahq.org/For-Members/Standards-Guidelines-and-Statements.aspx
http://www.asahq.org/For-Members/Standards-Guidelines-and-Statements.aspx
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TABLE 38-12 FRAMEWORK FOR PREOPERATIVE DIAGNOSTIC TESTING BASED ON PATIENTS’ MEDICAL 
HISTORY

Preoperative 
Diagnosis ECG

Chest 
Radiograph

Hct/
Hb CBC Electrolytes Creatinine Glucose Coagulation LFTs

Drug 
Levels Ca

Cardiac disease

 History of MI X X ±

 Chronic stable 
angina

X X ±

 CHF X ±

 HTN X ± X* X

 Chronic atrial 
fibrillation

X X†

 PAD X

 Valvular heart 
disease

X ±

Pulmonary disease

 COPD X ± X X‡

 Asthma (PFTs only if symptomatic; otherwise no tests required)

Diabetes X ± X X

Liver disease

Infectious hepatitis X X

Alcohol or drug 
induced hepatitis

X X

Tumor infiltration X X

Renal disease X X X

Hematologic 
disorders

X

Coagulopathies X X

CNS disorders

 Stroke X X X X X

 Seizures X X X X X

Tumor X X

Vascular disorders or 
aneurysms

X X

Malignant disease X

Hyperthyroidism X X X X

Hypothyroidism X X X

Cushing disease X X X

Addison disease X X X

Hyperparathyroidism X X X X

Hypoparathyroidism X X X

Morbid obesity X ± X

Malabsorption or  
poor nutrition

X X X X X

Select drug therapies

 Digoxin (digitalis) X ± X

 Anticoagulants X X

 Phenytoin 
(Dilantin)

X

 Phenobarbital X

 Diuretics X X

 Corticosteroids X X

 Chemotherapy X ±

Aspirin or NSAIDs

 Theophylline X

±, Ca, Calcium; CBC, complete blood count; CHF, congestive heart failure; CNS, central nervous system; COPD, chronic obstructive pulmonary disease; 
ECG, electrocardiogram; Hb, hemoglobin; Hct, hematocrit; HTN, hypertension; LFTs, liver function tests; MI, myocardial infarction; NSAID, nonsteroidal 
antiinflammatory drug; PAD, peripheral arterial disease; PFT, pulmonary function test; X, obtain.

*If the patient is taking diuretics.
†If the patient is taking digoxin.
‡If the patient is taking theophylline.
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testing should be “based on information obtained from 
medical records, patient interview, physical examination, 
and type and invasiveness of the planned procedure.” In 
addition, it described patient-related and surgery-related 
factors that anesthesiologists should consider when 
deciding to order a specific laboratory test.242 Specific pre-
operative laboratory tests are discussed in the following 
subsections, with an emphasis on clinical indications for 
testing.

COMPLETE BLOOD COUNT, HEMOGLOBIN, 
AND HEMATOCRIT

The proposed surgical procedure, associated potential 
blood loss, and individualized patient-level clinical indi-
cations should determine the requirement for a preop-
erative blood count. Primary clinical indications include 
a history of increased bleeding, hematologic disorders, 
renal disease, recent chemotherapy or radiation treat-
ment, corticosteroid or anticoagulant therapy, poor 
nutritional status, surgical procedures with anticipated 
high blood loss, and trauma.

RENAL FUNCTION TESTING

Tests of renal function measure the degree of renal tubu-
lar dysfunction and glomerular filtration. Primary clini-
cal indications include diabetes, hypertension, cardiac 
disease, potential dehydration (e.g., vomiting, diarrhea), 
anorexia, bulimia, fluid overload (e.g., congestive heart 
failure, peripheral edema, ascites), renal disease, liver dis-
ease, relevant recent chemotherapy (e.g., cisplatin, car-
boplatin), hematuria, nocturia, polyuria, oliguria, anuria, 
and renal transplantation.

LIVER FUNCTION TESTING

The ordering of LFTs should be based on a history of 
liver injury and physical examination findings. Primary 
clinical indications include a history of hepatitis (viral, 
alcohol, drug-induced, autoimmune), jaundice, cirrhosis, 
portal hypertension, biliary or gallbladder disease, hepa-
totoxic drug exposure, tumor involvement of the liver, 
and bleeding disorders.

COAGULATION TESTING

Clotting studies are not indicated in routine preopera-
tive evaluation, even in patients undergoing regional 
procedures, unless an indication exists of a known or 
suspected coagulopathy. A careful history and physical 
examination provide guidance on whether coagulation 
testing is indicated. Primary clinical indications include a 
known bleeding disorder, previous excessive intraopera-
tive surgical bleeding, hepatic disease, poor nutritional 
status, and use of anticoagulants or other drugs that affect 
coagulation.

URINALYSIS

No indication exists for routine urinalysis during pre-
operative evaluation. Primary clinical indications could 
include a suspected urinary tract infection or unexplained 
fever or chills.

PREGNANCY TEST

Pregnancy testing is often determined by hospital-specific 
protocols and can be based on findings in the history. 
Clinical indications relate to the date of the last men-
strual period, sexual activity, use (and type) of birth con-
trol, and patient or physician intuition.

SICKLE CELL TEST

Individuals at risk for sickle cell disease include those of 
African, Caribbean, Eastern Mediterranean, and Middle 
Eastern origin. Consideration should be given to offer-
ing the sickle cell test to previously untested patients from 
at-risk ethnic groups. Given the very low yield of routine 
testing in these at-risk populations,243 testing should also 
be guided by other factors. These factors include patient-
related (e.g., family history of sickle cell disease, unknown 
family history, anemia, sickle cell symptoms) and surgery-
related (e.g., deliberate hypothermia, cardiopulmonary 
bypass, intrathoracic procedures, intraabdominal proce-
dures, orthopedic procedures involving tourniquet use) 
indications. The test should be accompanied by pretest 
and posttest counseling, so that patients are aware of the 
implications of both positive and negative test results for 
themselves and family members.

ELECTROCARDIOGRAM

The ECG can help determine a previous history of MI, 
conduction or rhythm disturbances, ischemia, chamber 
hypertrophy, and electrolyte disorders. Nonetheless, 
when combined with usual clinical examination, the 
preoperative ECG may not provide additional prognostic 
information to identify individuals at risk for postopera-
tive cardiac complications.54 Primary clinical indications 
preoperatively include a history of CAD, hypertension, 
diabetes, congestive heart failure, chest pain, palpita-
tions, abnormal valvular murmurs, peripheral edema, 
syncope, dizziness, dyspnea on exertion, orthopnea, 
paroxysmal nocturnal dyspnea, and cerebrovascular dis-
ease. The ACCF/AHA 2009 guidelines on perioperative 
cardiovascular evaluation provide additional recommen-
dations about when to order preoperative resting ECGs 
(see Box 38-2).5

CHEST RADIOGRAPH

No compelling evidence indicates that routine preopera-
tive chest radiographs provide prognostically important 
information for assessing patients’ perioperative risk.244 
A preoperative chest radiograph should therefore be 
ordered only to assess concerning abnormalities that are 
present in the history or physical examination. Clinical 
indications for a preoperative chest radiograph include 
auscultation of rales or rhonchi, advanced COPD, bul-
lous lung disease, suspected pulmonary edema, suspected 
pneumonia, suspected pulmonary or mediastinal masses, 
suspicious findings on physical examination (e.g., rales, 
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rhonchi, tracheal deviation), aortic aneurysm, cardio-
megaly, pulmonary hypertension, or dextrocardia.

PREOPERATIVE RISK ASSESSMENT

A critical objective for the preanesthesia evaluation is 
assessment of a patient’s risk for undergoing anesthesia 
and surgery. This assessment improves patients’ under-
standing of the risks inherent to the perioperative period 
and better informs health care providers’ clinical decision 
making. For example, these risk assessments can help 
identify individuals who warrant potentially beneficial 
interventions, enhanced levels of postoperative moni-
toring, or consideration for alternative nonoperative 
treatment for their underlying condition. An anesthesi-
ologist’s designation of a surgical patient as being high 
risk is clinically important. Specifically, when an initial 
preanesthesia evaluation deems that a patient is an unac-
ceptably high risk for anesthesia and surgery, this assess-
ment is accurate, and adherence to the anesthesiologist’s 
recommendations for further perioperative management 
is associated with lower postoperative complication 
rates.245 In addition, accurate risk assessments facilitate 
fairer comparisons of perioperative outcomes across dif-
ferent health care providers and institutions; specifically, 
estimates of patients’ risks are required by statistical 
methods that can adjust for case-mix differences across 
providers and institutions.246

The most commonly used method by anesthesiolo-
gists to assess overall perioperative risk is the ASA physical 
status (ASA-PS) classification system (Table 38-13). This 
classification system, which was developed in 1941 by 
Meyer Sakland at the request of the ASA,247 was originally 
intended to facilitate collection and comparison of statis-
tical data in anesthesia. The ASA-PS classification system 
seeks to describe a patient’s preoperative medical status, 
but it does not consider risks inherent to the planned 
surgical procedure. Although not intended to guide esti-
mation of patients’ risks for anesthesia and surgery, the 
ASA-PS is often used for this very purpose, especially 
given its simplicity of use.

Indeed, several studies have shown a correlation of 
ASA-PS scores with postoperative mortality and major 

TABLE 38-13 AMERICAN SOCIETY OF 
ANESTHESIOLOGISTS PHYSICAL STATUS 
CLASSIFICATION

Category* Definition

ASA-PS 1 A normal, healthy patient
ASA-PS 2 A patient with mild systemic disease
ASA-PS 3 A patient with severe systemic disease
ASA-PS 4 A patient with severe systemic disease that is a 

constant threat to life
ASA-PS 5 A moribund patient who is not expected to 

survive without the operation
ASA-PS 6 A declared brain-dead patient whose organs are 

being removed for donor purposes

ASA-PS, American Society of Anesthesiologists physical status.
*The addition of “E” to the classification category indicates emergency 

surgery.
complications.47,111,248,249 An important limitation to the 
classification system is its inherent subjectivity; conse-
quently, previous research has shown only fair to modest 
interrater agreement when different individuals attempt 
to assign to an ASA-PS category to the same patient.250-252

In addition to patients’ preoperative medical sta-
tus, which is described by the ASA-PS system, operative 
procedure is an important determinant of perioperative 
risk.249,253,254 Overall perioperative risk is necessarily a 
function of both the risk associated with the specific oper-
ative procedure and the risk associated with a patient’s 
underlying medical status. For example, ambulatory 
surgical procedures are very safe with respect to risks of 
postoperative mortality and major adverse events,255-257 
as evidenced by a 7-day postoperative mortality rate of 
only 41 per 100,000 procedures in a large cohort of Medi-
care beneficiaries 65 years old or older.255 Thus, although 
older patients with an increased burden of comorbidity 
do have increased relative risks of mortality and mor-
bidity following ambulatory surgery, their absolute risks 
remain very low. The inherent importance of operative 
risk also explains why specialty society practice guide-
lines recommend that, in the absence of an unstable 
cardiac condition, patients can proceed directly to elec-
tive low-risk ambulatory surgical procedures without 
any additional preoperative cardiac workup.5 Classifica-
tion schemes have been proposed for assessing operative 
risk, such as the Johns Hopkins risk classification system 
(Table 38-14) and the strata proposed by the ACCF/AHA 
(see Table 38-4).5 Although these consensus-based classi-
fication schemes are clinically sensible, their accuracy in 
predicting outcomes is less clear.

Several commonly used and methodologically sound 
clinical indices can predict mortality and major morbid-
ity after cardiac surgery with reasonable accuracy, such as 
the EuroSCORE,258 or Society of Thoracic Surgeons (STS) 
risk score.259-261 For noncardiac surgery, the American 

TABLE 38-14 JOHNS HOPKINS SURGERY RISK 
CLASSIFICATION SYSTEM 

Category Description

1 Minimal risk to the patient independent of 
anesthesia; minimally invasive procedure with 
little or no blood loss; procedures often done in 
an office setting, with the operating room used 
principally for anesthesia and monitoring

2 Minimal to moderately invasive procedure, with 
expected blood loss not exceeding 500 mL; mild 
risk to patient independent of anesthesia

3 Moderately to significantly invasive procedure, with 
expected blood loss of 500 to 1500 mL; moderate 
risk to patient independent of anesthesia

4 Highly invasive procedure, with expected blood 
loss exceeding 1500 mL; major risk to patient 
independent of anesthesia

5 Highly invasive procedure, with expected blood 
loss exceeding 1500 mL; critical risk to patient 
independent of anesthesia; usually requiring 
postoperative critical care unit stay with invasive 
monitoring

From Paternak LR, Johns A: Ambulatory gynaecological surgery: risk and 
assessment, Best Pract Res Clin Obstet Gynaecol 19:663-679, 2005.
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College of Surgeons National Surgical Quality Improve-
ment Project (NSQIP) risk calculator is available on 
the Internet and provides an estimate of risk based on 
patients’ comorbidities and proposed surgical procedures 
(http://riskcalculator.facs.org). Large multinational pro-
spective epidemiologic studies of surgical patients, which 
included accurate capture of perioperative characteristics 
and outcomes,39,249 will likely help lead to the develop-
ment of similar indices for noncardiac surgery. Initial 
results from the VISION study, a multinational prospec-
tive cohort study of 15,133 individuals who were 45 years 
old or older and who underwent noncardiac surgical 
procedures, identified several independent predictors of 
postoperative 30-day mortality, including age, operative 
procedure, nonelective surgery, and specific comorbid 
conditions (Table 38-15).

Despite the paucity of clinical risk indices for predict-
ing postoperative mortality following noncardiac surgery, 
high-quality indices have been developed for predicting 
other major postoperative complications such as cardio-
vascular events,47 pneumonia,132 respiratory failure,262 

TABLE 38-15 PREOPERATIVE PREDICTORS 
OF 30-DAY MORTALITY AFTER NONCARDIAC 
SURGERY 

Characteristic

Adjusted Hazard 
Ratio for 30-day 
Mortality

95% Confidence 
Interval

Age
45-64 yr Reference group
76-74 yr 1.67 1.18-2.36
≥75 yr or older 3.03 2.20-4.18

Urgent or Emergency 
Surgery

4.62 3.57-5.98

Operative Procedure
Major intraabdominal 

or head and neck 
surgery

3.25 1.64-6.45

Craniotomy or 
multilevel spine 
surgery

3.72 1.68-8.20

Major vascular 
surgery

2.38 1.04-5.47

Comorbid Disease
High-risk coronary 

artery disease in 
previous 6 months*

3.12 1.71-5.68

History of congestive 
heart failure

1.60 1.09-2.36

History of stroke 2.01 1.42-2.84
History of peripheral 

arterial disease
2.13 1.47-3.10

Chronic obstructive 
pulmonary disease

2.15 1.61-2.89

Active cancer† 2.38 1.79-3.18

Data from VISION Study Investigators: Association between postoperative tro-
ponin levels and 30-day mortality among patients undergoing noncardiac 
surgery, JAMA 307:2295-2304, 2012.

*Defined as acute myocardial infarction, acute coronary syndrome, or 
severe (Canadian Cardiovascular Society class 3 or 4) angina within 6 
months before surgery.

†Defined as active treatment (chemotherapy, radiation or surgery) for 
cancer within 6 months before surgery, known metastatic disease, or 
planned surgery for cancer.
and AKI.153 Among these indices, the RCRI is likely the 
most commonly used (see Table 38-3), especially because 
it is simple (an important determinant of uptake into 
clinical practice), is strongly recommended by ACCF/AHA 
practice guidelines, and has consistently predicted cardiac 
complications across many different surgical samples.46

ROLE OF SPECIALIZED TESTING IN 
PREOPERATIVE RISK ASSESSMENT

Based on an initial preoperative clinical evaluation, 
anesthesiologists may order subsequent specialized tests 
to help define a patient’s perioperative risk more accu-
rately. Such tests may include noninvasive cardiac stress 
tests (see the earlier section on ischemic heart disease), 
coronary angiography (see the earlier section on ischemic 
heart disease), echocardiography, CPET, and PFTs.

Resting echocardiography can provide informa-
tion related to valvular lesions, pulmonary hyperten-
sion, fixed wall motion abnormalities, and ventricular 
function. Especially in cases of a suspicious murmur or 
other clinical indication, a preoperative echocardiogram 
can help diagnose prognostically important valvular or 
other cardiac lesions, such as aortic stenosis or pulmo-
nary hypertension.263,264 Similarly, an echocardiogram 
can identify fixed wall motion abnormalities suggestive 
of a previous MI. Nonetheless, in the absence of concur-
rent reversible wall abnormalities (which are identified 
instead by noninvasive stress testing), fixed wall motion 
abnormalities are not associated with increased periop-
erative cardiac risk.59 Systolic ventricular dysfunction is 
associated with increased cardiac risk.264-266 However, 
this finding may not provide additional prognostic infor-
mation when it is combined with routine preoperative 
clinical evaluation.266 Aside from the assessment of sus-
picious murmurs, current ACCF/AHA practice guide-
lines recommend preoperative echocardiography (or 
other noninvasive measure of ventricular function) to 
help assess dyspnea of unknown origin or recent altered 
clinical status in an individual with known heart failure.5 
Conversely, these guidelines also specifically discourage 
routine preoperative assessment of ventricular function. 
Unlike noninvasive stress testing,267 preoperative resting 
echocardiography is not associated with improved short- 
or long-term postoperative outcomes.268

CPET is a noninvasive global assessment of exercise 
capacity; it involves a patient exercising on a bicycle or 
treadmill for 8 to 12 minutes while undergoing continu-
ous measurement of respiratory gas exchange (i.e., oxy-
gen uptake and carbon dioxide production).269 In some 
geographic settings,270 CPET is also used to aid preopera-
tive risk assessment. Limited available data suggest that 
poor exercise capacity during CPET, based on low peak 
oxygen consumption or low anaerobic threshold, may 
be associated with increased postoperative mortality and 
morbidity.271,272 CPET has been used by some practitio-
ners to guide the decision regarding the appropriateness 
of undergoing a surgical procedure.

The role of PFTs for guiding preoperative assessment 
in the setting of specific comorbidities is discussed previ-
ously in this chapter. These tests do have an established 
and important role for assessing perioperative risk in 
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lung resection surgery, as discussed in detail in Chap-
ter 66.273 These tests also play an important diagnostic 
role. For example, PFTs may help differentiate between 
pulmonary and cardiac causes of dyspnea of unknown 
origin. Aside from these specific circumstances, the prog-
nostic value of preoperative PFTs is limited. Indeed, prac-
tice guidelines from the American College of Physicians 
recommend against routine preoperative spirometry for 
predicting risks for pulmonary complications of noncar-
diothoracic surgical procedures. Research has not found 
a consistent link between poor PFT results and increased 
risks for perioperative pulmonary complications,111 with 
older studies being generally limited by important meth-
odologic flaws.274 A critical PFT threshold below which 
patients should not be offered surgical treatment does 
not appear to exist.111 For example, a previous study of 
patients with severe obstructive findings on preoperative 
PFTs (i.e., FEV1 <50% of predicted and an FEV1/FVC ratio 
<70%) demonstrated rates of mortality (5.6%) and respi-
ratory failure (5.6%) that were not unacceptably high.275

PREOPERATIVE MEDICATION 
MANAGEMENT

The patient’s comorbidities and planned procedure must 
be considered when managing medications in the periop-
erative period. Some medications have beneficial effects 
during surgical procedures, whereas others may be detri-
mental. In some cases, withdrawal of medications suddenly 
can have a negative effect. Box 38-3 outlines the medica-
tions to continue or discontinue preoperatively. Although 
issues pertaining to many of these drugs are covered in 
other sections of this chapter (e.g., the section on ischemic 
heart disease), several issues deserve special mention.

Antihypertensive medications should generally be 
continued preoperatively. Stopping β-blockers or α2-
agonists (e.g., clonidine) may be associated with rebound 
hypertension. For patients who cannot tolerate hypoten-
sion, consideration may be given to discontinuing ACEI 
or ARB agents 12 to 24 hours preoperatively. Continu-
ation of these agents up to the morning of surgery can 
lead to increased risks for intraoperative hypotension,45 
especially in individuals receiving concomitant diuretic 
therapy.276 This hypotension can be refractory to fluid 
administration and typical vasopressors, although vaso-
pressin has been used successfully to treat hypotension 
in these instances. The benefit of withholding ACEI and 
ARB agents may be especially pertinent for cardiac sur-
gery, complex spine surgery, procedures involving sig-
nificant blood loss or fluid shifts, patients taking multiple 
antihypertensive medications, or procedures involving 
intraoperative positioning that may impair hemodynam-
ics. Both ARBs and ACEIs may have long-term protective 
effects in patients with CAD or associated risk factors, and 
the negative consequences of abrupt preoperative discon-
tinuation are not clear. Thus, the potential for intraop-
erative hypotension must be balanced against possible 
benefits of continuing these agents up to the time of the 
surgical procedure. Thus, decisions about withholding 
ACEIs or ARBs are better made on a case-by-case basis, as 
opposed to a uniform approach for all patients.
Diuretics are generally discontinued preoperatively, 
with the exception of thiazide diuretics (e.g., hydrochlo-
rothiazide, chlorthalidone) if taken for hypertension. 
Loop diuretics, which may cause volume depletion and 
hypokalemia, have generally been discontinued on the 
day of surgery. Nonetheless, a randomized trial found no 
increased risk of intraoperative hypotension when loop 
diuretics were continued, as opposed to withdrawn, on 
the day of surgery.88 Thus, it is reasonable to continue 
loop diuretics in patients with significant volume over-
load, severe heart failure, or ascites, especially if the 
scheduled procedure is minor and unlikely to involve 
major fluid shifts or blood loss.

Patients with heart disease or associated cardiovascular 
risk factors may be taking a variety of medications, such 
as β-blockers, statins, digoxin, and antiarrhythmic medi-
cations. These agents are generally continued up until the 
time of the surgical procedure because of their beneficial 
effects and the potential for negative consequences if dis-
continued. The perioperative use of these medications is 
discussed in detail in the section of this chapter on car-
diovascular disease.

NSAIDs have reversible antiplatelet effects; hence, once 
the drugs have been eliminated, platelet function returns 
to normal. Concomitant NSAID use does not appear to 
increase the risk of spinal hematoma with neuraxial anes-
thesia.171 Preoperative discontinuation of NSAIDs may be 
of value in patients at risk for perioperative AKI. Typically, 
NSAIDs are discontinued 24 to 72 hours preoperatively. 
Earlier discontinuation does not increase safety, and it 
may be burdensome to many patients with significant 
arthritis or chronic pain. COX-2 inhibitors (e.g., cele-
coxib) have minimal effect on platelet function and can 
usually be continued in the perioperative period. How-
ever, the long-term use of COX-2 inhibitors in the non-
operative setting does increase the risk of cardiac events, 
in comparison with placebo or naproxen.277 Conversely, 
COX-2 inhibitors have a cardiac risk profile similar to 
that of ibuprofen or diclofenac.277 In general, no clear 
evidence indicates increased cardiac risk from short-term 
perioperative administration of COX-2 inhibitors. The 
only exception is a randomized trial of valdecoxib (now 
withdrawn from the market) in cardiac surgery in which 
the drug caused an excess of cardiac events.278

Patients with either type 1 or type 2 diabetes should 
discontinue short-acting insulin while fasting. The excep-
tion to this rule pertains to diabetic patients with con-
tinuous subcutaneous insulin infusion pumps. Such 
individuals should instead continue their infusion at the 
lowest basal rate, which is usually the nighttime fasting 
rate. On the day of surgery, patients with type 1 diabetes 
typically need to take a small amount (one third to one 
half) of their usual morning dose of intermediate-acting 
or long-acting insulin (e.g., lente, NPH) to avoid diabetic 
ketoacidosis. Patients with type 2 diabetes can either take 
no insulin or up to one half of their usual dose of inter-
mediate-acting, long-acting, or combination (e.g., 70/30 
preparations) insulin on the morning of surgery.

Metformin does not have to be routinely discontinued 
before the day of surgery. No data support such a recom-
mendation, and routine discontinuation before the day 
of surgery may increase the risk of poor perioperative 
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glycemic control. Conversely, a very low risk of lactic aci-
dosis exists in patients who then go on to develop renal 
and hepatic failure while taking metformin. Thus, with-
holding metformin before the day of surgery may be con-
sidered if the anticipated procedure poses a high risk of 
acute kidney or liver injury (e.g., intravenous contrast 
exposure, significant hemodynamic instability). In addi-
tion, metformin should likely not be restarted in patients 
postoperatively until any important risk of hepatic or renal 
failure has passed. Sulfonylurea agents with very long half-
lives (e.g., chlorpropamide) can cause hypoglycemia in 
the fasting patient and should therefore be withheld on 
the day of surgery. Several newer oral agents (e.g., acar-
bose, pioglitazone) do not carry a risk of hypoglycemia 
in the fasting patient when they are used as single-agent 
therapy. Nonetheless, to avoid confusion, oral hypoglyce-
mic agents are generally held the day of surgery except for 
minor, short procedures performed during the morning 
in ambulatory patients who are able to resume oral intake 
soon after the procedure. Hyperglycemia in the immediate 
perioperative period is best managed with insulin.

Patients taking steroids on a long-term basis should 
take their usual dose on the day of surgery. Stress-asso-
ciated adrenal insufficiency may occur in patients taking 
steroids unless additional steroid therapy is instituted 
perioperatively. Approximately 5 to 7.5 mg of predni-
sone is equivalent to the normal daily adrenal output 
of cortisol, which is approximately 30 mg. The HPA axis 
is not suppressed in patients who take less than 5 mg/
day of prednisone or its equivalent. In patients who take 
5 to 20 mg/day of prednisone or its equivalent for 3 or 
more weeks, the HPA axis may or may not be suppressed. 
Patients who take more than 20 mg/day of prednisone 
or its equivalent for 3 or more weeks have suppression of 
their HPA axis. The risk of adrenal insufficiency remains 
for up to 1 year after the cessation of high-dose steroid 
therapy. The stress associated with surgery, trauma, or 
infection leads an intact HPA to increase adrenal output 
of glucocorticoids. In most patients, the circulating corti-
sol concentration then returns to normal within 24 to 48 
hours.279 Surgical procedures also induce a range of stress 
from minimal to severe; thus, the amount of supplemen-
tation should vary based on the estimated amount of sur-
gical stress and the long-term daily dose of steroid (see 
Table 38-11). The risks of infection, psychosis, decreased 
wound healing, and hyperglycemia outweigh the benefits 
of unnecessarily high doses of perioperative steroids.279

Postmenopausal hormone replacement therapies that 
contain estrogen increase the risk of thromboembolic 
events.280 It may therefore be reasonable to discontinue 
these medications before operations. Estrogens must be 
stopped approximately 1 month preoperatively for coag-
ulation function to return to baseline. Most modern oral 
contraceptives contain low doses of estrogen that mini-
mally increase thromboembolic risk. Because the risk of 
unanticipated pregnancy may outweigh the benefits of 
discontinuing oral contraceptives preoperatively, it is rea-
sonable to continue oral contraceptives in the periopera-
tive period.

Most medications for psychiatric and psychologi-
cal problems should be continued into the preopera-
tive period. Thus, antidepressants, antipsychotics, and 
benzodiazepines are best maintained to avoid exacerba-
tions of symptoms. Anxiolytics are continued up until 
the time of the procedure. Historically, MAOI antidepres-
sants were discontinued preoperatively; however, elimi-
nation of the risks associated with many of these drugs 
required drug discontinuation at least 3 weeks before 
surgical procedures. This long withdrawal period specifi-
cally applied to MAOIs that caused irreversible inhibition 
of MAO. Some newer agents, such as moclobemide, cause 
reversible enzyme inhibition and have effects lasting less 
than 24 hours. Preoperative withdrawal of these drugs 
has potential risks. Specifically, case reports of suicides 
or severe depression following discontinuation of MAOIs 
have been reported in the literature. Thus, the safest 
approach may be to continue these drugs and adjust the 
anesthetic plan to make changes such as avoiding meper-
idine and indirect-acting vasopressors (e.g., ephedrine). 
Details regarding a patient’s MAOI use must be clearly 
communicated to health care providers on the day of the 
surgical procedure. Patients receiving tricyclic antidepres-
sants require a preoperative ECG, given the potential for 
associated prolongation of the QT interval. Because tricy-
clic antidepressants block the reuptake of norepinephrine 
and serotonin, high doses may also result in augmented 
responses to vasopressor drugs, with the potential for 
exaggerated hemodynamic changes. Patients taking lith-
ium require evaluation of electrolytes, BUN, and creati-
nine. Discontinuation of lithium has also been associated 
with suicide. Similarly, abrupt discontinuation of SSRIs 
can also cause adverse effects, including dizziness, head-
ache, nausea, irritability, visual disturbances, and sensa-
tions of electric shocks.

Complementary and alternative medications may 
interact with anesthetic agents, alter effects of prescrip-
tion medications, and increase bleeding. In addition, 
many patients do not consider these agents “medica-
tions” and hence do not include them in a list of their 
medications unless specifically asked. The perioperative 
management of complementary and alternative medica-
tions is discussed in further detail in Chapter 40.

PLANNING FOR ANESTHESIA

PREOPERATIVE FASTING STATUS

The primary goal of preoperative fasting recommenda-
tions has been to reduce the occurrence of pulmonary 
aspiration. The ASA published practice guidelines per-
taining to preoperative fasting in nonlaboring individu-
als undergoing elective procedures.281 The recommended 
fasting period following clear fluids for all patients is 2 
hours. In general, the volume of liquid ingested is less 
important than the type of liquid ingested. For neonates 
and infants, the recommended fasting period is 4 hours 
following breast milk, and 6 hours following formula and 
solids. For patients other than infants, a fasting period of 
6 hours after a light meal is recommended; this period 
may have to be increased to 8 hours or more if the meal 
includes fried or fatty foods. In addition to implement-
ing these fasting intervals, these guidelines recommend 
that the preoperative evaluation include assessment of 
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the potential for difficult airway management, as well as 
factors that may increase the risk for aspiration (e.g., gas-
trointestinal motility disorders, diabetes).

PLANNING FOR POSTOPERATIVE PAIN 
MANAGEMENT

The Joint Commission recognizes that all patients have 
the right to appropriate assessment and treatment of pain 
and mandates assessment of pain in all patients. A preop-
erative evaluation should therefore always include base-
line pain assessment, which often occurs as part of the 
preoperative nursing assessment.

Standardization of pain measurement is difficult 
because of the subjective nature of the variable. The scales 
used fall into the categories of single-dimension scales, 
such as visual analog and numeric rating scales, and mul-
tidimensional scales, such as the McGill pain question-
naire.282 Figure 38-9 shows one example used for pain 
assessment in a preoperative evaluation. The location of 
the pain is noted on the figure; the character, duration, 
and frequency are documented, and intensity is recorded 
with a numeric rating scale from 1 to 10, with 1 being no 
pain and 10 being the worst pain imaginable. If a numeric 
scale cannot be used, a scale using faces can be substi-
tuted. Use of these scales readily allows comparison when 
reassessments are performed postoperatively.

The preoperative evaluation provides an important 
opportunity to discuss and plan for the management of 
acute postoperative pain (see Chapter 98), for several rea-
sons. First, adequacy of perioperative pain control is a fre-
quent concern for patients during preoperative evaluation. 
283,284 Second, intensive preoperative pain instructions 
may help improve postoperative pain control in surgical 
patients.285 Third, preoperative anesthesia consultation is 
associated with improved patient acceptance of periop-
erative regional techniques,14 which themselves can help 
improve the quality of postoperative analgesia.286 Fourth, 
preoperative evaluation facilitates planning the periop-
erative care of patients with chronic pain conditions, 
who often present significant challenges with respect to 
managing postoperative analgesia. Specific issues include 
their tolerance to usual doses of opioid analgesics and the 
potential for acute withdrawal reactions if they receive 
Figure 38-9. Pain status and history 
form.

Do you currently have pain?

        Yes             No          If Yes, location: ______________________________________________

Character:              sharp               throbbing               dull               burning

Duration: ______________________________________________________

Frequency: ______________________________________________________

Intensity scale: ______________________________________________________

        Numeric

        Faces

What makes the pain better? ______________________________________________________

What makes the pain worse? ______________________________________________________

What is an acceptable pain level to you? ______________________________________________
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insufficient doses of opioids postoperatively. The preop-
erative consultation should therefore be used to carefully 
document their usual baseline opioid requirements (to 
ensure adequate postoperative dosing), facilitate early 
involvement of an acute pain service or chronic pain 
specialist, encourage regional analgesic techniques, and 
plan adjunct analgesic medications (e.g., NSAIDs, gaba-
pentin, pregabalin, clonidine). Patients with preexisting 
chronic pain should be encouraged to develop reasonable 
goals for adequacy of postoperative pain control. They 
should be informed that although care providers will do 
everything possible to maintain comfort postoperatively, 
patients should not expect to have no pain at all.

In general, patients do not have to be weaned from 
pain medications preoperatively. If patients are instructed 
by the surgeon to discontinue NSAIDs or COX-2 anal-
gesics, they may have to be transitioned to alternative 
analgesics leading up to the surgical procedure. Patients 
should be instructed to take their usual morning doses 
of pain medication, including the continued use of any 
transdermal fentanyl patch.

REGULATORY ISSUES

Providers must be aware of various governmental regu-
latory requirements. These requirements may be driven 
by quality regulations such as those developed by The 
Joint Commission or by payment requirements as set by 
the Centers for Medicare and Medicaid Services (CMS) in 
the United States. Local regulations may also be in effect. 
These regulations often differ by individual municipalities 
and countries, meaning that one needs to stay abreast of 
updates. For example, the CMS has determined that a com-
prehensive anesthesia evaluation can be done within 30 
days, and a focused update is required within 48 hours of 
a procedure requiring anesthesia services. At a minimum, 
the preanesthesia evaluation must include the following:

 •  Notation of anesthesia risk (e.g., ASA-PS classification)
 •  Review of the medical, anesthesia, drug, and allergy 

history
 •  Interview and examination of the patient
 •  Potential anesthesia problems (e.g., difficult airway, 

limited intravascular access)
 •  Additional evaluation, if deemed necessary (e.g., stress 

tests, specialist consultation)
 •  Development of a plan for anesthesia, including the 

type of medications for induction, maintenance, and 
postoperative care

 •  Discussion of the risks and benefits of anesthesia with 
the patient or the patient’s representative

  

A practitioner qualified to provide anesthesia must 
perform this evaluation.

PREOPERATIVE EVALUATION CLINIC

Many anesthesia groups and medical centers have devel-
oped preoperative evaluation programs and clinics, with 
the objectives of improving patient care and operating 
room efficiency.9,17,287 Although these programs may 
differ with respect to staffing, structure, financial support, 
and daily operations, they all share a common goal of 
preventing delays, last-minute cancellations, and adverse 
patient outcomes that could have been addressed before 
the day of surgery.

The decision to develop a preoperative evaluation clinic 
depends on several key factors. They include the antici-
pated daily volume of surgical patients, the predominant 
level of medical acuity among these patients, the avail-
ability of clinic facilities, relevant patient demograph-
ics (e.g., average travel distances from patients’ homes 
to the clinic), and requisite support from the anesthesia 
department, perioperative staff, and hospital administra-
tion. If the decision to implement a preoperative evalua-
tion program is made, anesthesiologists must play a key 
role in its leadership and management. When this role 
is instead undertaken by other specialties, such as inter-
nal medicine, anesthesiologists’ expertise in perioperative 
patient management often becomes secondary. This shift 
to a secondary role can result in interdepartmental con-
flicts concerning patients’ preoperative evaluation, risk 
stratification, and fitness to proceed with anesthesia and 
surgery. These conflicts can, in turn, result in unplanned 
delays or cancellations of planned surgical procedures, 
despite the completion of an assessment in an outpatient 
preoperative evaluation clinic.

Such conflicts often relate to surgeons’ interpretation 
of a nonanesthesia specialist’s judgment that a patient is 
“cleared for surgery” as evidence that the patient is fit for 
anesthesia. Unfortunately, this “clearance” is frequently 
made with limited knowledge of factors critical to the 
responsible anesthesiologist in the operating room, such 
as current anesthesia practice and intraoperative patient 
management. Indeed, previous research has shown that 
preoperative histories, physical examinations, and assess-
ments performed by medical specialists often fail to 
address specific anesthesia-related concerns.30 As the spe-
cialist who makes the final determination of whether a 
patient is fit to proceed with anesthesia and surgery, the 
responsible anesthesiologist is a critical “end-user” of any 
assessment performed in a preoperative evaluation clinic. 
Consequently, a reliance on nonanesthesia specialists 
can result in preoperative assessments that are deemed 
inadequate by the responsible anesthesia providers and 
that lead to potential last-minute surgical delays and can-
cellations, with associated significant frustration among 
both patients and surgeons. Conversely, preoperative-
to-intraoperative communication is likely significantly 
improved when anesthesiologists are responsible for most 
outpatient preanesthesia evaluations, as confirmed by 
previous studies showing fewer last-minute case cancella-
tions,9,15-17 shorter durations of hospitalization,16,17 and 
lower hospital costs,16 with institution of anesthesia-led 
preoperative evaluation programs.

Awareness of the local hospital context is critical if 
a preoperative evaluation program is to have good out-
comes. In a hospital with limited resources that has 
mostly healthy outpatient and same-day-admission sur-
gical patients, the anesthesia group may be unable to 
evaluate all patients preoperatively in a clinic before the 
day of surgery. In this situation, the preoperative pro-
gram must develop a means for accurate screening and 
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triage of patients based on their current health status. 
An accurate triage process helps target the use of pre-
operative clinic visits only among selected higher-risk 
patients without compromising patients’ quality of care 
and outcomes. An example of such a triage process may 
involve having patients initially complete an anesthe-
sia questionnaire (see Fig. 38-2) in their surgeons’ office. 
This questionnaire can be a Web-based online document 

 •  Improve patients’ perception of the preoperative evaluation 
experience by increasing personalized care, comfort, and 
convenience.

 •  Provide a centralized site for preoperative evaluation.
 •  Institute a clinic scheduling system for timely patient access 

and flow.
 •  Ensure the presence of an anesthesiologist on site when 

patients are present.
 •  Appoint a medical director to coordinate all activities.
 •  Ensure the availability of medical records and surgical notes at 

the time of the preoperative evaluation.
 •  Decrease logistic shuffling of patients to multiple other hospital 

service areas.
 •  Integrate and coordinate services through on-site facilities for 

admission, registration, insurance authorization, laboratory 
tests, radiographs, and electrocardiographic studies.

 •  Educate patients and families about the elements of their surgi-
cal procedure and the proposed anesthesia care, including 
postoperative pain control options.

 •  Educate patients about what to expect regarding postopera-
tive feeding and discharge needs.

 •  Ensure medically appropriate and cost-effective ordering of 
preoperative laboratory and diagnostic studies.

 •  Provide a medical consultation service for evaluation of medi-
cally complex surgical patients.

 •  Decrease the number of cancellations and delays on the day of 
surgery.

 •  Enlist nurses or mid-level providers to assist in preoperative 
evaluation and in patient and family education.

 •  Develop protocols, policies, and clinical pathways for preop-
erative care.

 •  Perform quality assurance reviews.
 •  Maximize efficiency in operating room function by coordinat-

ing all preoperative information at one location in the preop-
erative evaluation clinic.

 •  Enhance patient and surgeon satisfaction.

BOX 38-17 Operational Goals for a 
Preoperative Evaluation Clinic
or even a paper version that would then be faxed to 
the anesthesia group before the date of surgery. In the 
case of a patient with a questionable medical history, a 
telephone call by the anesthesiologist could clarify any 
issues of concern. This opportunity to review a patient’s 
medical history before the day of surgery helps reduce 
unresolved or unexpected medical concerns on the day 
of surgery. It also helps determine whether a patient 
requires formal preoperative consultation in advance of 
the surgical procedure, as opposed to evaluation on the 
day of surgery itself.

Conversely, anesthesia groups at hospitals with many 
medically complex surgical patients may benefit from the 
establishment of a formal preoperative evaluation facil-
ity with multiple examination rooms, dedicated staffing, 
and a full-time operational system. The establishment 
of a successful preoperative evaluation clinic requires 
commitment, collaboration, and support from several 
hospital disciplines.9 At a minimum, the departments of 
anesthesia, surgery, nursing, and hospital administration 
must agree that such a clinic has value for the hospital, 
and they must commit to support its operational goals 
(Box 38-17).

COLLABORATION, COMMITMENT, AND 
TEAMWORK

The preoperative evaluation clinic is a visible partnership 
among the departments of anesthesia, surgery, nursing, 
and hospital administration to achieve common goals, 
as illustrated in Figure 38-10. This collaboration conveys 
the important theme that the new clinical program is 
an integrated enterprise that requires shared obligation, 
endeavor, and financial responsibility. Although these 
clinics are best led by anesthesiologists,9,15-17 engagement 
with medical specialists and hospitalists remains impor-
tant to the success of any preoperative program. These 
nonanesthesia specialties provide unique expertise in the 
preoperative management of selected medically complex 
patients; furthermore, they can facilitate enhanced post-
operative monitoring of high-risk patients through, for 
example, the comanagement model of postoperative care 
(see the earlier section on the role of the medical consul-
tant in preoperative evaluation).

Surgeons may be initially reluctant to send their 
patients to a newly established anesthesia-led preopera-
tive evaluation clinic. This reluctance often stems from 
Figure 38-10. The anesthesia preoperative 
evaluation clinic is a constructive partnership 
working toward common goals.

Department of
anesthesia

Department of
surgery

Hospital
administration

Department of
nursing

Preoperative Evaluation Clinic

 • Decreased cost

 • Efficient services

 • Clinical productivity

 • Timely access to clinic

 • Patient and surgeon

   satisfaction
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an unclear understanding of the benefits of outpatient 
preoperative anesthesia evaluation. Consequently, the 
surgeons’ hesitation can be reduced by clearly identify-
ing the specific advantages of an integrated anesthesia-
led preoperative evaluation program. First, the proven 
benefits of anesthesia-led preoperative evaluation should 
be highlighted.9,14-17 Second, anesthesiologists should 
emphasize the important practical advantages of an inte-
grated assessment of medically complex surgical patients. 
Specifically, when relevant medical concerns are iden-
tified before the surgical procedure, the preoperative 
program can acquire all relevant prior medical data, coor-
dinate any additional workup or consultation, prearrange 
any required specialized postoperative monitoring, and 
discuss the case beforehand with the surgeon and respon-
sible anesthesiologist. This approach ensures that when 
such a patient presents for the operation, the responsible 
anesthesia provider is satisfied to proceed with the surgi-
cal procedure, and the perioperative team has all required 
medical information to manage the patient optimally 
during the hospitalization.

Third, informal assurances should be made to the sur-
gical services that, if a patient is managed by the preop-
erative evaluation program, surgery will proceed without 
cancellation or delay by the assigned anesthesiologist 
unless an intervening illness or adverse medical event 
occurs between the outpatient evaluation and the sched-
uled operation. Because cancellations and delays on the 
day of surgery can be a prominent source of aggrava-
tion for surgeons and patients, these informal assurances 
would be viewed as a key strength of the newly developed 
preoperative program. Such assurances depend heavily on 
the anesthesia department’s addressing relevant clinical 
practice variations. Specifically, issues that are subject to 
important interpractitioner differences, such as what fast-
ing blood glucose level or degree of preoperative hyper-
tension would merit cancelling a surgical case, must be 
discussed to achieve a departmental consensus standard. 
The absence of consensus standards can lead to situa-
tions in which half the anesthesia providers may proceed 
with a higher-risk surgical case, whereas the other half 
would cancel it instead. Wide inconsistency in practice 
will foster a lack of support among surgeons and will lead 
to reluctance to have their patients evaluated. Such a pre-
operative program is unlikely to be successful.

STRUCTURES AND ACTIVITIES OF THE 
PREOPERATIVE EVALUATION CLINIC

The daily operations of a preoperative evaluation clinic 
vary based on the patient volume, the general level of 
medical complexity among surgical patients, the type of 
available clinic facilities, and staffing resources. None-
theless, a general operational structure can be proposed 
based on examination of several preoperative clinic mod-
els currently in practice.

Centers with large surgical case volumes should have 
their patients formally scheduled in the clinic before the 
day of evaluation, to allow for medical records and rele-
vant outside information to be acquired and collated. The 
surgeon’s office should schedule this clinic appointment 
at the same time that it books the operating room case. 
To ensure timely patient access and flow through the 
facility, these appointments should be booked using an 
efficient clinic scheduling system. Ideally, appointments 
should be scheduled to allow sufficient time between 
the clinic visit and the scheduled surgical procedure, to 
facilitate any additional preoperative testing, consulta-
tions, or interventions. Some degree of flexibility in the 
clinic schedule is also needed, especially to accommodate 
patients who have urgent indications for surgery. One 
approach for incorporating some flexibility is to include 
a few open appointment slots in the daily clinic schedule 
that can be used as needed for last-minute patient refer-
rals. Such flexibility is required for individuals residing 
in rural and remote areas, who have been reported to 
have reduced rates of access to preoperative evaluation 
clinic facilities.288 Anesthesiologists at some centers have 
also adopted telemedicine technology (defined as health 
care delivery and sharing of medical knowledge over a 
distance using telecommunications systems)289 so that 
patients residing at remote locations can undergo pre-
anesthesia consultations without traveling long distances 
to the clinic.290

At the clinic, a clinician interviews and examines 
the patient, obtains historical medical information and 
outside records, and determines whether (and which) 
additional laboratory tests, ECGs, radiographs or other 
diagnostic tests are required. Phlebotomy, ECG, and hos-
pital admitting and insurance registration services are 
typically available in the preoperative clinic facility. The 
ECGs are assessed during the clinic visit itself, whereas lab-
oratory test results are evaluated at the end of each clinic 
day, with follow-up of abnormal findings as needed. In 
this manner, significant abnormalities can be addressed 
immediately; thus, any required delays or cancellations of 
surgical cases can occur well in advance of the scheduled 
day of surgery. This centralization of multiple services is 
also a significant convenience for patients, who no longer 
have to visit multiple hospital locations to complete their 
preoperative requirements. This arrangement should also 
centralize all medical data relevant to the scheduled hos-
pital admission into a single chart, which remains in the 
preoperative evaluation clinic area until the date of sur-
gery. In addition to addressing medical aspects relevant 
to the scheduled surgery, the preoperative evaluation 
program plays an important role in educating surgical 
patients. Typically, both the clinician performing the pre-
operative assessment and a specifically trained nurse edu-
cator discuss the forthcoming perioperative process with 
each patient and family members. By increasing patients’ 
awareness of important components pertaining to their 
scheduled hospital admission (e.g., analgesic options, 
risks of anesthesia), this education process can decrease 
patients’ anxiety,13 as well as increase their willingness to 
receive regional analgesia.14 The types of clinicians who 
perform the preanesthesia assessment include anesthesi-
ologists and specially trained nurse practitioners. Some 
authors have questioned whether the responsible anes-
thesiologist in the operating room would be satisfied with 
preanesthesia assessments performed by another indi-
vidual.291 Patients themselves often report a preference 
for having the same anesthesiologist in both the preop-
erative clinic and the operating room.292 Nonetheless, it 
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is simply not feasible for all patients in the preoperative 
clinic to be evaluated by their eventual anesthesia provid-
ers. Furthermore, a large Dutch study of 21,454 surgical 
patients demonstrated that responsible anesthesia pro-
viders were satisfied with 95% of outpatient preanesthe-
sia assessments performed by other anesthesiologists or 
trained nurses.293

Preoperative programs must adopt several strategies to 
ensure that anesthesia providers in the operating room 
will be satisfied with the quality of outpatient preopera-
tive assessments. First, the anesthesia department must 
develop consensus standards for determining when 
patients should have scheduled surgery cancelled for 
medical reasons. Second, the documentation required for 
all preanesthesia assessments in the clinic should be stan-
dardized. This standardization helps prevent situations 
in which an assessment does not contain information 
needed by the anesthesia provider in the operating room 
to determine a patient’s fitness for surgery or to develop 
an anesthetic management plan. Some national anes-
thetic groups have initiated work on consensus-based 
documentation standards for all preanesthesia assess-
ments.294 Strategies for improving the consistency of doc-
umentation across preanesthesia assessments include the 
use of checklists, as well as structured electronic or paper-
based forms for documenting preanesthesia assessments. 
Third, all nurse practitioners or other nonanesthesia cli-
nicians assessing patients in the clinic should undergo an 
intensive and ongoing education in preoperative assess-
ment. Anesthesiologists with strong interest and exper-
tise in preoperative evaluation should lead this education 
program. Previous research has shown that well-trained 
nurses do perform effectively in both screening and eval-
uating patients in preoperative clinics.295-297

IMPACT ON OPERATING ROOM EFFICIENCY 
AND OUTCOMES

Anesthesia-led preoperative assessment clinics have been 
shown to have a positive impact on operating room effi-
ciency and outcomes (see the earlier section on the goals 
and benefits of preanesthesia evaluation). The demon-
strated benefits of these clinics include fewer case cancel-
lations on the day of surgery9,15-17 and a shorter duration 
of hospitalization.14,16,17 Other mechanisms whereby 
preoperative evaluation clinics reduce health care costs 
include more selective ordering of preoperative labora-
tory tests and specialist referrals.9,11,12 Thus, although pre-
operative evaluation programs do incur costs (e.g., facility 
development costs, staff salaries), they can still lead to 
an overall reduction in hospital costs as a result of these 
associated cost savings.16

PATIENT SATISFACTION WITH 
PREOPERATIVE EVALUATION CLINICS

In addition to addressing perioperative efficiencies and 
clinical outcomes, preoperative programs should also con-
sider the experience and satisfaction of patients attending 
their clinics. During development of strategies to improve 
patient satisfaction, the key underlying determinants of 
improved satisfaction should be considered. They include 
being assessed by the same anesthesiologist who will 
administer anesthesia in the operating room, shorter wait 
times in the clinic, and good quality of communication 
from the clinic staff.292,298,299 Because it is simply not fea-
sible to have all patients in the clinic seen by their even-
tual anesthesia providers, the major focus should be on 
improving wait times and the quality of communication. 
Changes in appointment booking systems,300 process 
flows, and clinic operations can decrease wait times,295 
which in turn can substantially improve patients’ satis-
faction.295 In addition, preoperative programs can ensure 
that patients receive an accurate estimate of average wait-
ing times before their scheduled clinic visit and use any 
encountered wait times to conduct other clinic-related 
activities (e.g., physical therapy instructions, video-based 
preoperative education).

The development of an ongoing patient survey and 
feedback system is an important initial step to help 
improve patients’ experience and satisfaction with pre-
operative evaluation programs. Specifically, such surveys 
can be used to measure the baseline level of patients’ sat-
isfaction, identify opportunities for improvement, and 
determine responses to any subsequent interventions. 
When attempting to choose a survey instrument, preop-
erative programs will find that most currently available 
surveys, such as the Press Ganey Patient Satisfaction 
Survey and Hospital Consumer Assessment of Health-
care Providers and Systems (HCAHPS) patient satisfac-
tion survey, reflect the overall perioperative experience. 
These surveys are not effective for discerning patients’ 
satisfaction with particular elements of the preoperative 
process. Therefore, several studies developed specialized 
questionnaires to measure and help drive improvement 
in patient-reported quality of care in preoperative evalu-
ation clinics.295,301

CONCLUSION

The practice of anesthesiology has changed.2 The expand-
ing role of the anesthesiologist outside the operating 
room will redefine our specialty’s contribution to high-
quality patient care in the health care system. Within 
the context of preoperative evaluation, anesthesiologists 
must be knowledgeable and adept at assessing patients 
of highly varying medical complexity, whether in an 
outpatient preoperative evaluation clinic before the day 
of the surgical procedure or at the bedside immediately 
before induction of anesthesia. Anesthesiologists must be 
familiar with the impact of a broad range of chronic and 
acute medical conditions on patients’ risks for anesthe-
sia and surgery. In addition, this role entails awareness 
of multiple practice guidelines, regulatory requirements, 
and approaches for efficient management of outpatient 
clinics. Despite this evolving and expanding role of anes-
thesiologists in preoperative care, the primary purpose of 
preoperative evaluation will never change. It is the clini-
cal foundation for guiding perioperative patient manage-
ment, and it has the potential to reduce perioperative 
morbidity and enhance patient outcome.
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Anesthetic Implications of  
Concurrent Diseases
LEE A. FLEISHER • MICHAEL MYTHEN

K e y  P o i n t s

 •  The history and physical examination most accurately predict the risks of 
anesthesia and the likelihood of required changes in monitoring or therapy.

 •  For diabetic patients, end-organ dysfunction and the degree of glucose control  
in the perioperative and periprocedural periods are the critical issues with regard 
to risk.

 •  The keys to managing blood glucose levels in diabetic patients perioperatively 
are to set clear goals and then monitor blood glucose levels frequently enough to 
adjust therapy to achieve these goals.

 •  Obesity is associated with multiple comorbid conditions, including diabetes, 
hyperlipidemia, and cholelithiasis, but the primary concern is derangements of the 
cardiopulmonary system.

 •  Obstructive sleep apnea is important to recognize because of the increased 
sensitivity to and the consequence of the depressing effects of hypnotics and 
opioids on airway muscle tone and respiration, as well as the difficulty with 
laryngoscopy and mask ventilation.

 •  Although no controlled, randomized prospective clinical studies have been 
performed to evaluate the use of adrenergic receptor blocking drugs in patients 
undergoing resection of pheochromocytoma, the preoperative use of such drugs is 
generally recommended.

 •  For patients with hypertension, the routine administration of all drugs preoperatively 
is recommended, except angiotensin-converting enzyme inhibitors and angiotensin 
II antagonists.

 •  Evaluation of a patient with cardiovascular disease depends on clinical risk factors, 
the extent of surgery, and exercise tolerance.

 •  In patients with pulmonary disease, the following should be assessed: dyspnea, 
coughing and the production of sputum, recent respiratory infection, hemoptysis, 
wheezing, previous pulmonary complications, smoking history, and physical 
findings.

 •  In patients with pulmonary disease, several strategies have been suggested, 
including cessation of smoking 8 weeks or more preoperatively.

 •  Risk factors for perioperative renal dysfunction include advanced age, congestive 
heart failure, previous myocardial revascularization, diabetes, and increased 
baseline blood creatinine concentration.

 •  One of the primary objectives for a patient with renal disease is ensuring that the 
renal dysfunction is not augmented and thereby increasing the chance for renal 
failure, coma, and death.

 •  Mild perioperative anemia may be clinically significant only in patients with 
ischemic heart disease.

 •  Careful management of long-term drug administration should include questions 
about the effects and side effects of alternative as well as prescription drugs.

Acknowledgment: The editors and the publisher would like to thank Dr. Michael F. Roizen, who was a contributing 
author to this topic in the prior edition of this work. It has served as the foundation for the current chapter.
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This chapter reviews many conditions requiring special 
preoperative and preprocedure evaluation, intraopera-
tive or intraprocedure management, or postprocedure 
care. Patients undergoing surgical procedures move 
through a continuum of medical care to which a primary 
care physician, an internist or pediatrician, an anesthesi-
ologist, and a surgeon, radiologist, or obstetrician-gyne-
cologist contribute to ensure the best outcome possible. 
No aspect of medical care requires greater cooperation 
among physicians than does performance of a surgical 
operation or a complex procedure involving multiple 
specialists and the perioperative care of a patient. More-
over, nowhere else can counseling make so huge a dif-
ference in so many lives. The preoperative evaluation 
also represents a time when education on tobacco ces-
sation, physical inactivity, and poor food choices can 
be discussed (see also Chapter 38). The importance of 
integrating physicians’ expertise is even greater within 
the context of the increasing life span of our popula-
tion. As the number of older adults and very old adults 
(those >85 years old) grows, so does the need of surgical 
patients for preoperative consultation to help plan for 
comorbidity and multiple drug regimens, knowledge of 
which is crucial to successful patient management (see 
also Chapter 80). At a time when medical information 
is encyclopedic, it is difficult, if not impossible, for even 
the most conscientious anesthesiologist to keep abreast 
of the medical issues relevant to every aspect of perioper-
ative or periprocedure patient management. This chapter 
reviews such issues with primary emphasis on the anes-
thesiologist providing preoperative evaluation and care, 
rather than transferring these responsibilities to other 
providers.

As with “healthy” patients (see also Chapter 38), the 
history and physical examination most accurately pre-
dict not only the associated risks but also the likelihood 
that a monitoring technique or change in therapy will be 
beneficial or necessary for survival. This chapter empha-
sizes instances in which specific information should be 
sought in history taking, physical examination, or labo-
ratory evaluation. Although controlled studies designed 
to confirm that optimizing a patient’s preoperative or 
preprocedure physical condition would result in a less 
frequent rate of morbidity have not been performed 
for most diseases, it is logical to assume that such is 
the case. That such preventive measures would cost 
less than treating the morbidity that would otherwise 
occur is an important consideration in a cost-conscious 
environment.

Minimally invasive procedures such as cataract 
extraction, magnetic resonance imaging (MRI), or diag-
nostic arthroscopy, performed in conjunction with the 
best current anesthetic practices, may pose no greater 
risk than daily living and thus may not be considered 
an opportunity for special evaluation. Nevertheless, 
the preoperative evaluation may identify conditions 
that could change perioperative management and that 
may improve both throughput of surgery and the speed 
of recovery. Examples include the following: ensur-
ing the administration of long-term medications such 
as a β-adrenergic blocking drug, aspirin for patients 
with coronary stents, or a statin (or any combination); 
administering a histamine type 2 (H2) antagonist 1 to 
2 hours before entry into the operating room; ensur-
ing the availability of equipment to measure blood glu-
cose levels; obtaining a history of the patient’s diabetic 
course and treatment from the primary care physician, 
as well as from the patient; and performing a fiberop-
tic laryngoscopic examination or procuring additional 
skilled attention.

The following conditions are discussed in this chapter:

 1.  Diseases involving the endocrine system and disorders 
of nutrition (discussed first because of its increasing 
importance to care)

 2.  Diseases involving the cardiovascular system
 3.  Disorders of the respiratory and immune system
 4.  Diseases of the central nervous system (CNS), neuro-

muscular diseases, and mental disorders
 5.  Diseases involving the kidney, infectious diseases, and 

disorders of electrolytes
 6.  Diseases involving the gastrointestinal (GI) tract or  

the liver
 7.  Diseases involving hematopoiesis and various forms  

of cancer
 8.  Diseases of aging or those that occur more com-

monly in older adults, as well as chronic and acute 
medical conditions requiring drug therapy (see also 
Chapter 80)

  

ROLE OF THE PRIMARY CARE PHYSICIAN 
OR CONSULTANT

The roles of the primary care physician or consultant 
are not to select and suggest anesthetic or surgical 
methods but rather to optimize the patient’s preopera-
tive and preprocedure status regarding conditions that 
increase the morbidity and mortality associated with 
surgery and to alert the anesthesia care team about 
these conditions.

Quotations and a box in a Medical Knowledge Self-
Assessment Program published by the leading organi-
zation representing internists, the American College of 
Physicians, highlight this role for the consultant1:

Effective interaction with colleagues in other specialties 
requires a thorough grounding in the language and science of 
these other disciplines as well as an awareness of basic guide-
lines for consultation [Box 39-1]. The consulting internists’ 
role in perioperative care is focused on the elucidation of 
medical factors that may increase the risks of anesthesia and 
surgery. Selecting the anesthetic technique for a given patient, 
procedure, surgeon, and anesthetist is highly individualized 
and remains the responsibility of the anesthesiologist rather 
than the internist.

Optimizing a patient’s preoperative and prepro-
cedure condition and, in settings with a preoperative 
clinic, counseling a patient about needed future lifestyle 
changes such as walking, food choices, and tobacco ces-
sation are cooperative ventures between the anesthesiol-
ogist and the internist, pediatrician, surgeon, or family 
physician (see also Chapter 38). If available, the primary 
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care physician should affirm that the patient is in the 
very best physical state attainable (for that patient), or 
the anesthesiologist and primary care physician should 
do what is necessary to optimize that condition. State-
ments that describe the preoperative and preprocedure 
physical condition of the patient (e.g., “This patient is 
in optimum shape” and “I believe the mitral stenosis 
is more severe than the slight degree of mitral insuf-
ficiency”) are much more useful to the anesthesiologist 
than statements that suggest overall clearance (“cleared 
for surgery”) or perioperative procedures (“prevent 
hypoxia and hypotension”).

Primary care physicians can prepare and treat a patient 
to provide optimal conditions for daily life. However, 
they often do not have the depth of understanding of 
the anesthesiologist regarding the physiologic changes 
brought on by surgery and the manipulations in func-
tion that must be made to facilitate surgery and proce-
dures and to optimize perioperative and periprocedure 
outcomes. One example is the induction of some degree 
of prerenal azotemia in a patient with congestive heart 
failure (CHF) by the primary care physician. The intravas-
cular volume depletion associated with prerenal azotemia 
may make a patient with a cardiac condition more com-
fortable in daily life but would predispose that patient 
to hypovolemic problems during and after surgery and 
complex procedures. The preoperative clinic should col-
laborate with the primary care physician to start the 
process of preparing the patient for the needs of surgery 
or complex procedures (see Chapter 38). Although such 
education is more readily available and of better quality 
than in previous decades and although cardiologic orga-
nizations have provided considerable data on the impor-
tance of this aspect of care,2-4 the primary care physician’s 
training, knowledge, and ability must be verified when 
he or she is part of the preoperative evaluation process. 
Without understanding the physiologic changes that 
occur perioperatively, appropriate therapy is difficult to 
prescribe. It is therefore part of the anesthesiologist’s job 
to instruct the patient’s consultants about the type of 
information needed from the preoperative and preproce-
dure consultation.

 •  Complete a prompt, thorough, generalist-oriented evaluation.
 •  Respond specifically to the question or questions posed.
 •  Indicate clearly the perioperative importance of any observations 

and recommendations outside the area of initial concern.
 •  Provide focused, detailed, and precise diagnostic and  

therapeutic guidance.
 •  Emphasize verbal communication with the anesthesiologist 

and surgeon, particularly to resolve complex issues.
 •  Avoid chart notations that unnecessarily create or exacerbate 

regulatory or medicolegal risk.
 •  Use frequent follow-up visits in difficult cases to monitor clini-

cal status and compliance with recommendations.

BOX 39-1 Guidelines for Consultation 
Practice

From American College of Physicians: Medical consultation. In Medical 
knowledge self-assessment program IX, part C, book 4. Philadelphia, 
1992, American College of Physicians, p 939.
DISEASES INVOLVING THE ENDOCRINE 
SYSTEM AND DISORDERS OF NUTRITION

PANCREATIC DISORDERS

Preoperative and Preprocedure  
Diabetes Mellitus
Diabetes mellitus is a heterogeneous group of disorders 
that have the common feature of a relative or absolute 
lack of insulin. The disease is characterized by a multitude 
of hormone-induced metabolic abnormalities, by diffuse 
microvascular lesions, and by long-term end-organ com-
plications. The diagnosis of diabetes is made with a fasting 
blood glucose level greater than 110 mg/dL (6.1 mmol/L), 
and impaired glucose tolerance is diagnosed if the fast-
ing glucose level is less than 110 mg/dL (6.1 mmol/L) but 
greater than 100 mg/dL (5.5 mmol/L). Diabetes can be 
divided into two very different diseases that share these 
end-organ abnormalities. Type 1 diabetes is associated 
with autoimmune diseases and has a concordance rate of 
40% to 50% (i.e., if one of a pair of monozygotic twins had 
diabetes, the likelihood that the other twin would have 
diabetes is 40% to 50%). In type 1 diabetes, the patient is 
insulin deficient and susceptible to ketoacidosis if insulin is 
withheld. In type 2 diabetes, the concordance rate is 100% 
(i.e., genetic material is both necessary and sufficient for 
the development of type 2 diabetes). How markedly the 
aging and end-organ effects of these genes are expressed 
is based on lifestyle choices of food and physical activ-
ity. These patients are not susceptible to the development 
of ketoacidosis in the absence of insulin, and they have 
peripheral insulin resistance. Patients with non–insulin-
dependent (type 2) diabetes now account for most (>90%) 
of the diabetic patients in Europe and North America. 
These individuals tend to be overweight, relatively resis-
tant to ketoacidosis, and susceptible to the development 
of a hyperglycemic-hyperosmolar nonketotic state. Plasma 
insulin levels are normal or increased in type 2 diabetes 
but are relatively low for the level of blood glucose. This 
hyperinsulinemia by itself is postulated to cause acceler-
ated cardiovascular disease. Gestational diabetes develops 
in more than 3% of all pregnancies and increases the risk 
of type 2 diabetes by 17% to 63% within 15 years.

Type 1 and type 2 diabetes differ in other ways as well. 
Contrary to long-standing belief, a patient’s age does not 
allow a firm distinction between type 1 and type 2 diabetes;  
type 1 diabetes can develop in an older person, and 
clearly, type 2 diabetes can develop in overnourished chil-
dren. Type 1 diabetes is associated with a 15% prevalence 
of other autoimmune diseases, including Graves disease, 
Hashimoto thyroiditis, Addison disease, and myasthenia 
gravis.

Over the next decade, the prevalence of diabetes is 
expected to increase by 50%. This growth is primarily the 
result of the increase in type 2 diabetes caused by exces-
sive weight gain in adults (see also Chapter 71) and now 
also in the pediatric population (see also Chapter 93). 
Large clinical studies show that long-term, strict control 
of blood glucose levels and arterial blood pressure, along 
with regular physical activity, results in a major delay in 
microvascular complications and perhaps indefinite post-
ponement of type 2 diabetes in patients.5,6
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The common orally administered drugs can be classified 
into six major groups: acarbose, meglitinide (e.g., repaglinide 
or nateglinide), metformin, sulfonylureas (e.g., gliben-
clamide, glipizide, glimepiride, gliuidone), thiazolidinedi-
ones (e.g., pioglitazone), and dipeptidyl peptidase-4 (DPP-IV) 
inhibitors (e.g., sitagliptin, saxagliptin, vildagliptin). Physi-
cians advocating tight control of blood glucose levels usually 
give insulin to “maturity-onset” insulin-dependent diabetic 
patients twice a day or even more frequently.

Patients with insulin-dependent diabetes tend to be 
young, nonobese, and susceptible to the development of 
ketoacidosis. Plasma insulin levels are low or not measur-
able, and therapy requires insulin replacement. Patients 
with insulin-dependent diabetes experience an increase 
in their insulin requirements in the postmidnight hours, 
which may result in early morning hyperglycemia (dawn 
phenomenon). This accelerated glucose production and 
impaired glucose use reflect nocturnal surges in secretion 
of growth hormone (GH). Physiologically normal patients 
and diabetic patients taking insulin have steady-state lev-
els of insulin in their blood. (Unfortunately, traditional 
values for insulin pharmacokinetics are derived from 
studies designed as though the diabetic patient received 
only one shot of insulin in a lifetime.) Absorption of insu-
lin is highly variable and depends on the type and species 
of insulin, the site of administration, and subcutaneous 
blood flow. Nevertheless, attainment of a steady state 
depends on periodic administration of the preparations 
received by the patient. Thus, it seems logical to continue 
the combinations of preparations perioperatively that 
the patient had been receiving on a long-term basis after 
examining the patient’s blood glucose monitoring log-
book for the degree of control.

The major risk factors for diabetic patients undergoing 
surgery are the end-organ diseases associated with diabe-
tes: cardiovascular dysfunction, renal insufficiency, joint 
collagen tissue abnormalities (limitation in neck exten-
sion,7 poor wound healing), inadequate granulocyte pro-
duction, and neuropathies.8-15 Thus, a major focus of the 
anesthesiologist should be the preoperative and preproce-
dure evaluation and treatment of these diseases to ensure 
optimal preoperative and preprocedure conditions. Poor 
preoperative glucose control, as measured by the hemo-
globin A1C (glycosylated hemoglobin) level, is an inde-
pendent predictor of worse perioperative outcome.16-18

Glucotoxicity
Long-term tight control of blood glucose has been 
motivated by a theoretic concern about three potential 
glucotoxicities, in addition to the results from major ran-
domized outcome studies involving diabetic patients.5-13

 1.  Glucose itself may be toxic because high levels can pro-
mote nonenzymatic glycosylation reactions that lead 
to the formation of abnormal proteins. These proteins 
may weaken endothelial junctions and decrease elas-
tance, which is responsible for the stiff joint syndrome 
(and difficult intubation secondary to fixation of the 
atlanto-occipital joint), as well as decrease wound 
healing tensile strength.

 2.  Furthermore, elevations in glucose may increase mac-
roglobulin production by the liver (which would 
increase blood viscosity) and promote intracellular 
swelling by favoring the production of nondiffusible, 
large molecules (e.g., sorbitol). Some drug therapies 
(e.g., aldose reductase inhibitors) endeavor to decrease 
intracellular swelling by inhibiting the formation of 
such large molecules.

 3.  Glycemia also disrupts autoregulation. Glucose-induced 
vasodilation prevents target organs from protecting 
against increases in systemic blood pressure. A glycosyl-
ated hemoglobin level of 8.1% is the threshold at which 
the risk for microalbuminuria increases logarithmically. 
A person with type 1 diabetes who has microalbuminuria 
of greater than 29 mg/day has an 80% chance of expe-
riencing renal insufficiency. The threshold for glycemic 
toxicity differs for various vascular beds. For example, the 
threshold for retinopathy is a glycosylated hemoglobin 
value of 8.5% to 9.0% (12.5 mmol/L or 225 mg/dL), and 
that for cardiovascular disease is an average blood glucose 
value of 5.4 mmol/L (96 mg/dL). Thus, different degrees 
of hyperglycemia may be required before different vas-
cular beds are damaged, or certain degrees of glycemia 
are associated with other risk factors for vascular dis-
ease. Another view is that perhaps severe hyperglycemia 
and microalbuminuria are simply concomitant effects 
of a common underlying cause. For instance, diabetic 
patients in whom microalbuminuria develops are more 
resistant to insulin, insulin resistance is associated with 
microalbuminuria in first-degree relatives of patients 
with type 2 diabetes, and persons who are normoglyce-
mic but subsequently have clinical diabetes are at risk for 
atherogenesis before the onset of disease.

  

Diabetes itself may not be as important to perioperative 
outcome as are its end-organ effects. Epidemiologic stud-
ies segregated the effects of diabetes itself on the organ 
system from the effects of the complications of diabetes 
(e.g., cardiac, nervous system, renal, and vascular disease) 
and the effects of old age and the accelerated aging that 
diabetes causes. Even in patients requiring intensive care 
unit (ICU) management, long-standing diabetes does not 
appear to be as important an issue as the end-organ dys-
function that exists and the degree of glucose control in 
the perioperative or periprocedure and ICU periods.8-13

The World Health Organization’s surgical safety check-
list bundle suggests control with a target perioperative 
blood glucose concentration of 6 to 10 mmol/L (accept-
able range, 4 to 12 mmol/L).19 Poor perioperative glycemic 
control has a significant impact on the risk of postopera-
tive infection across a variety of surgical specialities.20 Dif-
ferent regimens permit almost any degree of perioperative 
control of blood glucose levels, but the tighter the control 
desired, the greater the risk of hypoglycemia. Therefore, 
debate regarding optimal control during the perioperative 
period has been extensive. Tight control retards all these 
glucotoxicities and may have other benefits in retarding 
the severity of diabetes itself.5-13,21 Management of intra-
operative glucose may be influenced by specific situations, 
such as the following: the type of operation, pregnancy,22 
expected global CNS insult, the bias of the patient’s pri-
mary care physician, or the type of diabetes.

Much of the research on perioperative control is derived 
from studies in the ICU, as opposed to the operating 
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TABLE 39-1 RECOMMENDED GLUCOSE TARGET RANGES FOR INTENSIVE CARE PATIENTS AND RELATED 
SUBGROUPS 

Society, Guideline Patient Group

Trigger Blood Glucose 
Value to Start Insulin 
Infusion (mM [mg/dL])

Target range,  
(mM [mg/dL]) Rationale

Society of Critical Care 
Medicine’s clinical 
practice guideline26

General recommendation 8.3 (150) 5.6-8.3 (100-150)

Cardiac surgical patients <8.3 (150) Decreased risk for deep 
sternal wound infection and 
death73,118-121

Critically ill trauma patients 8.3 (150) <10 (180)
Patients with traumatic 

brain injury
8.3 (150) <10 (180)

Neurologic ICU patients
 Ischemic stroke
 Intraparenchymal 

hemorrhage
 Aneurysmal 

subarachnoid 
hemorrhage

8.3 (150) <10 (180)

American Diabetes 
Association 
guidelines471

General recommendation 10 (180) 7.8-10 (140-180)

Adaptation 6.1-7.8 (110-140) Adjust to lower target range 
in documented low rate of 
severe hypoglycemia

American Association 
of Clinical 
Endocrinologists472

General recommendation 7.8-10 (140-180)

Surgical patients Lower range Only in units showing low 
rates of hypoglycemia

Surviving Sepsis 
Campaign473

General recommendation 10 (180) <10 (180) Based on the NICE-SUGAR 
study

Clinical Practical 
Guideline from the 
American College of 
Physicians474

General recommendation 7.8-11.1 (140-200) If insulin infusion is applied; 
however, guideline does 
not recommend intensive 
insulin therapy

Spanish Society of 
Intensive Care 
Medicine and 
Coronary Units476

General recommendation <8.3 (150)

French Society of 
Anaesthesia and 
Intensive Care475

General recommendation 10 (180)

Surgical patients <6.1 (110)
Cardiac patients <6.1 (110)

Society of Thoracic 
Surgeons477

Cardiac surgical patients <10 (180) except 
<8.3 (150) for 
those with devices 
in place

Data from Sebranek JJ, Lugli AK, Coursin DB: Glycaemic control in the perioperative period, Br J Anaesth 111(Suppl 1):i18-34, 2013; and Jacobi J, Bircher N, 
Krinsley J, et al: Guidelines for the use of an insulin infusion for the management of hyperglycemia in critically ill patients, Crit Care Med 40:3251-3276, 2012.

ICU, Intensive care unit; NICE-SUGAR, Normoglycemia in Intensive Care Evaluation and Survival Using Glucose Algorithm Regulation.
room. The first major trial demonstrating the benefit 
of tight glucose control was in medical ICU patients in 
Leuven, Belgium.23 The most recent trial was from the 
NICE-SUGAR (Normoglycemia in Intensive Care Evalua-
tion and Survival Using Glucose Algorithm Regulation) 
group.24 In this randomized controlled trial, the inves-
tigators examined the associations between moderate 
and severe hypoglycemia (blood glucose, 41 to 70 mg/dL  
[2.3 to 3.9 mmol/L] and ≤40 mg/dL [2.2 mmol/L, 
respectively) and death among 6026 critically ill patients 
in ICUs. Intensive glucose control leads to moderate and 
severe hypoglycemia, both of which are associated with 
an increased risk of death. The association exhibits a dose-
response relationship and is strongest for death from dis-
tributive shock. The optimal perioperative management 
has been reviewed elsewhere.25 Guidelines have been 
developed on the use of insulin infusions in the critical 
care unit to achieve these goals26 (Table 39-1).
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Diabetes and Accelerated Physiologic Aging
Adverse perioperative outcomes have repeatedly and sub-
stantially correlated with the age of the patient,2,3,27-30 
and diabetes does cause physiologic aging. When one 
translates the results of the Diabetes Control and Com-
plications Trials into age-induced physiologic changes, 
a patient with type 1 diabetes who has poor control of 
blood glucose ages approximately 1.75 years physiologi-
cally for every chronologic year of the disease and 1.25 
years if blood glucose has been controlled tightly.27-29 A 
patient with type 2 diabetes ages approximately 1.5 years 
for every chronologic year of the disease and approxi-
mately 1.06 years with tight control of blood glucose and 
blood pressure.6,27-29,31 Thus, when providing care for a 
diabetic patient, one must consider the associated risks to 
be those of a person who is much older physiologically; 
the physiologic age of a diabetic patient is considerably 
older than that person’s calendar age just by virtue of 
having the disease.1

The pervasiveness of obesity and the lack of physical 
exercise seem to be major contributors to the increased 
prevalence of type 2 diabetes. As with type 1 diabetes, 
tight control of blood glucose, increased physical activ-
ity, and reduction in weight appear to reduce the accel-
erated aging associated with type 2 diabetes and even 
to delay the appearance of the disease and aging from 
it substantially.27-29,31 Although such a reduction in 
aging should reduce the perioperative risk for diabetic 
patients, no controlled trials have confirmed this theory.

The key to managing blood glucose levels periopera-
tively in diabetic patients is to set clear goals and then 
monitor blood glucose levels frequently enough to adjust 
therapy to achieve these goals.

Other Conditions Associated With Diabetes
Diabetes is associated with microangiopathy (in retinal 
and renal vessels), peripheral neuropathy, autonomic 
dysfunction, and infection. Diabetic patients are often 
treated with angiotensin-converting enzyme (ACE) inhib-
itors, even in the absence of gross hypertension, in an 
effort to prevent the effects of disordered autoregulation, 
including renal failure.5,6,32

Preoperatively, assessment and optimization of treat-
ment of the potential and potent end-organ effects of 
diabetes are at least as important as assessment of the dia-
betic patient’s current overall metabolic status. The pre-
operative evaluation of diabetic patients is also discussed 
in Chapter 38.

The presence of autonomic neuropathy likely makes 
the operative period more hazardous and the postoper-
ative period crucial to survival. Evidence of autonomic 
neuropathy may be routinely sought before the surgical 
procedure. Patients with diabetic autonomic neuropathy 
are at increased risk for gastroparesis (and consequent 
aspiration of gastric contents) and for perioperative car-
diorespiratory arrest. Diabetic patients who exhibit signs 
of autonomic neuropathy, such as early satiety, lack of 
sweating, lack of pulse rate change with inspiration or 
orthostatic maneuvers, and impotence, have a very fre-
quent incidence of painless myocardial ischemia,15,33 as 
well as gastroparesis. Administration of metoclopramide, 
10 mg preoperatively to facilitate gastric emptying of 
ter 39: Anesthetic Implications of Concurrent Diseases 1161

solids, may be helpful (Fig. 39-1). Interference with res-
piration or sinus automaticity by pneumonia or by anes-
thetic agents, pain medications, or sedative drugs is likely 
the precipitating cause in most cases of sudden cardiore-
spiratory arrest. Measuring the degree of sinus arrhyth-
mia or beat-to-beat variability provides a simple, accurate 
test for significant autonomic neuropathy. The difference 
between the maximum and minimum heart rate on deep 
inspiration is normally 15 beats/minute, but it is 5 beats/
minute or less in all patients who subsequently sustain 
cardiorespiratory arrest.15,33

Other characteristics of patients with autonomic neurop-
athy include postural hypotension with a decrease in arterial 
blood pressure of more than 30 mm Hg, resting tachycar-
dia, nocturnal diarrhea, and dense peripheral neuropathy. 
Diabetic patients with significant autonomic neuropathy 
may have impaired respiratory responses to hypoxia and 
are particularly susceptible to the action of drugs that have 
depressant effects. These patients may warrant very close, 
continuous cardiac and respiratory monitoring for 24 to 
72 hours postoperatively, although such logical treatment 
has not been tested in a rigorous, controlled trial.15 In the 
absence of autonomic neuropathy, outpatient surgery is 
preferred for a diabetic patient if possible (see Table 39-1).

Emergency Surgery
Many diabetic patients requiring emergency surgery for 
trauma or infection have significant metabolic decom-
pensation, including ketoacidosis (see also Chapter 81). 
Frequently, little time is available to stabilize the patient, 
but even a few hours may be sufficient for correction of 
any fluid and electrolyte disturbances that are potentially 
life-threatening. It is futile to delay surgery in an attempt 
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Figure 39-1. Gastric emptying time (mean ± standard deviation) of 
a solid test meal in three groups of patients: diabetic patients (line 1),  
diabetic patients given metoclopramide (10 mg intravenously) 1.5 
hours before the test meal (line 2), and nondiabetic patients (line 3).  
(From Wright RA, Clemente R, Wathen R: Diabetic gastroparesis: an 
abnormality of gastric emptying of solids, Am J Med Sci 289:240, 1985.)
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to eliminate ketoacidosis completely if the underlying 
surgical condition will lead to further metabolic deterio-
ration. The likelihood of intraoperative cardiac arrhyth-
mias and hypotension resulting from ketoacidosis will be 
reduced if intravascular volume depletion and hypokale-
mia are at least partially treated.

Insulin therapy is initiated with a 10-unit intravenous 
bolus of regular insulin, followed by continuous insulin 
infusion. The rate of infusion is determined most easily if 
one divides the last serum glucose value by 150 (or 100 
if the patient is receiving steroids, has an infection, or 
is considerably overweight [body mass index ≥35]). The 
actual amount of insulin administered is less important 
than is regular monitoring of glucose, potassium, and 
arterial pH. Because the number of insulin binding sites is 
limited, the maximum rate of decline in glucose is fairly 
constant and averages 75 to 100 mg/dL/hour, regardless 
of the dose of insulin.34 During the first 1 to 2 hours of 
fluid resuscitation, the glucose level may decrease more 
precipitously. When serum glucose reaches 250 mg/dL, 
the intravenous fluid should include 5% dextrose.

The volume of intravenously administered fluid 
required varies with the overall deficit; it ranges from  
3 to 5 L and may be as large as 10 L. Despite losses of water 
in excess of losses of solute, sodium levels are generally 
normal or reduced. Factitious hyponatremia caused by 
hyperglycemia or hypertriglyceridemia may result in this 
seeming contradiction. The plasma sodium concentra-
tion decreases by approximately 1.6 mEq/L for every 100 
mg/dL increase in plasma glucose greater than normal. 
Initially, normal saline solution is infused at a rate of 250 
to 1000 mL/hour, depending on the degree of intravascu-
lar volume depletion and cardiac status. Some measure of 
left ventricular volume should be monitored in diabetic 
patients who have a history of myocardial dysfunction. 
Approximately one third of the estimated fluid deficit is 
corrected during the first 6 to 8 hours and the remaining 
two thirds over the next 24 hours.

The degree of acidosis is determined by analysis of 
arterial blood gases and detection of an increased anion 
gap (see also Chapter 60).

Acidosis with an increased anion gap (≥16 mEq/L) in 
an acutely ill diabetic patient may be caused by ketones in 
ketoacidosis, lactic acid in lactic acidosis, increased organic 
acids from renal insufficiency, or all three disorders. In keto-
acidosis, plasma levels of acetoacetate, β-hydroxybutyrate, 
and acetone are increased. Plasma and urinary ketones are 
measured semiquantitatively with Ketostix and Acetest 
tablets. The role of bicarbonate therapy in diabetic ketoaci-
dosis is controversial. Myocardial function and respiration 
are known to be depressed at a blood pH lower than 7.0 
to 7.10, yet rapid correction of acidosis with bicarbonate 
therapy may result in alterations in CNS function and struc-
ture. These alterations may be caused by (1) paradoxical 
development of cerebrospinal fluid and CNS acidosis from 
rapid conversion of bicarbonate to carbon dioxide and dif-
fusion of the acid across the blood-brain barrier, (2) altered 
CNS oxygenation with decreased cerebral blood flow, and  
(3) the development of unfavorable osmotic gradients. After 
treatment with fluids and insulin, β-hydroxybutyrate levels 
decrease rapidly, whereas acetoacetate levels may remain 
stable or even increase before declining. Plasma acetone 
levels remain elevated for 24 to 42 hours, long after blood 
glucose, β-hydroxybutyrate, and acetoacetate levels have 
returned to normal; the result is continuing ketonuria.34 
Persistent ketosis with a serum bicarbonate level less than 
20 mEq/L in the presence of a normal glucose concentra-
tion is an indication of the continued need for intracellular 
glucose and insulin for reversal of lipolysis.

The most important electrolyte disturbance in diabetic 
ketoacidosis is depletion of total-body potassium. Deficits 
range from 3 to 10 mEq/kg body weight. Serum potas-
sium levels decline rapidly and reach a nadir within 2 
to 4 hours after the start of intravenous insulin admin-
istration. Aggressive replacement therapy is required. 
The potassium administered moves into the intracellular 
space with insulin as the acidosis is corrected. Potassium 
is also excreted in urine because of the increased delivery 
of sodium to the distal renal tubules that accompanies 
volume expansion. Phosphorus deficiency in ketoacidosis 
as a result of tissue catabolism, impaired cellular uptake, 
and increased urinary losses may give rise to significant 
muscular weakness and organ dysfunction. The average 
phosphorus deficit is approximately 1 mmol/kg body 
weight. Replacement is needed if the plasma concentra-
tion decreases to less than 1.0 mg/dL.34

Anticipated Newer Treatments of Diabetes
At least three major changes in the care of diabetic 
patients have made it to the clinical trial stage:

 •  Implanted (like a pacemaker) glucose analyzer with 
electronic transmission to a surface (watch) monitor

 •  New islet transplantation medication that makes islet 
cell transplants much more successful and rejection 
medication less hazardous

 •  Medications such as INGAP (islet neogenesis–associated 
protein) peptide, which may cause regrowth of 
normally functioning islet cells (without the need for 
transplantation)

  

Some of these treatments may radically change the 
therapies used in the perioperative period. If regrowth of 
islet cells becomes common, type 1 diabetes could all but 
disappear; if implanted minute-to-minute glucose read-
ing is possible, tight control may be much easier and 
more expected.

Insulinoma and Other Causes of 
Hypoglycemia
Hypoglycemia in persons not treated for diabetes is rare. 
Hypoglycemia in nondiabetic patients can be caused by 
such diverse entities as pancreatic islet cell adenoma or 
carcinoma, large hepatoma, large sarcoma, alcohol inges-
tion, use of β-adrenergic receptor blocking drugs, halo-
peridol therapy, hypopituitarism, adrenal insufficiency, 
altered physiology after gastric or gastric bypass surgery, 
hereditary fructose intolerance, ingestion of antidiabetic 
drugs, galactosemia, or autoimmune hypoglycemia.35 
The last four entities cause postprandial reactive hypo-
glycemia. Because restriction of oral intake prevents 
severe hypoglycemia, the practice of keeping the patient 
NPO (nothing by mouth) and infusing small amounts 
of a solution containing 5% dextrose greatly lessens the 
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possibility of perioperative postprandial reactive hypogly-
cemia. The other causes of hypoglycemia can cause seri-
ous problems during the perioperative period.35

Symptoms of hypoglycemia fall into one of two 
groups: adrenergic excess (tachycardia, palpitations, 
tremulousness, or diaphoresis) or neuroglycopenia (head-
ache, confusion, mental sluggishness, seizures, or coma). 
All these symptoms may be masked by anesthesia, so 
blood glucose levels should be determined frequently in 
such patients to ensure that hypoglycemia is not pres-
ent. Because manipulation of an insulinoma can result 
in massive insulin release, this tumor should probably be 
operated on only at centers equipped with a mechanical 
pancreas. Perioperative use of the somatostatin analogue 
octreotide, which suppresses insulin release from such 
tumors, makes the perioperative period a logarithm safer 
in anecdotal experience.

DISORDERS OF NUTRITION,  
INCLUDING OBESITY

Hyperlipoproteinemia, Hyperlipidemia, and 
Hypolipidemia
Hyperlipidemia may result from obesity, estrogen or corti-
coid therapy, uremia, diabetes, hypothyroidism, acromegaly, 
alcohol ingestion, liver disease, inborn errors of metabo-
lism, or pregnancy. Hyperlipidemia may cause premature 
coronary or peripheral vascular disease or pancreatitis.

Coronary events can be decreased by treating individuals 
with even normal levels of low-density lipoprotein (LDL) 
cholesterol with the “statins” (3-hydroxy-3-methylglutaryl– 
coenzyme A [HMG-CoA] reductase inhibitors)—drugs that 
increase high-density lipoprotein (HDL) and decrease LDL 
cholesterol levels. This approach has markedly decreased 
the rate of myocardial reinfarction in high-risk patients.36-38 
Secondary prevention efforts were successful when these 
high-risk patients stopped smoking, reduced their arterial 
blood pressure, controlled stress, increased physical activ-
ity, and used aspirin, folate, β-blocking drugs, angiotensin 
inhibitors, diet, and other drugs to reduce their levels of 
LDL and increase their levels of HDL.

Although controlling the diet remains a major treat-
ment modality for all types of hyperlipidemia, the drugs 
fenofibrate and gemfibrozil, which are used to treat 
hypertriglyceridemia, can cause myopathy, especially in 
patients with hepatic or renal disease; clofibrate is also 
associated with an increased incidence of gallstones. 
Cholestyramine binds bile acids, as well as oral anticoag-
ulants, digitalis drugs, and thyroid hormones. Nicotinic 
acid causes peripheral vasodilation and should probably 
not be continued through the morning of the surgical 
procedure. Probucol (Lorelco) decreases the synthesis of 
apoprotein A-1; its use is associated on rare occasion with 
fetid perspiration or prolongation of the QT interval, or 
both, and sudden death in animals.

The West of Scotland Coronary Prevention Study and 
its congeners produced convincing evidence that drugs 
in the statin class prevent the morbidity and mortality 
related to arterial aging and vascular disease, as well as 
their consequences, such as coronary artery disease (CAD), 
stroke, and peripheral vascular insufficiency.37 Thus, the 
statins—lovastatin (Mevacor), pravastatin (Pravachol), 
simvastatin, fluvastatin, atorvastatin (Lipitor), and rosu-
vastatin (Crestor)—are mainstays of therapy.

However, the report of Downs and co-workers from 
the Air Force/Texas Coronary Atherosclerosis Prevention 
Study went further.37 This report showed a 37% reduction 
in the risk for first acute major coronary events in patients 
who had no risk factors and normal (average) LDL choles-
terol levels. In this study lovastatin did not alter mortality 
rates, but that had been true for many early short-term 
trials with the statins. Although much of the effect of the 
statins has been attributed to their lipid-lowering effects, 
statins also influence endothelial function, inflamma-
tory responses, plaque stability, and thrombogenicity. In 
2013, the American College of Cardiology (ACC) and the 
American Heart Association (AHA) released a new clinical 
practice guideline for the treatment of blood cholesterol 
in people at high risk for cardiovascular diseases.39 They 
now advocate statin therapy for the following:

 •  Patients who have cardiovascular disease
 •  Patients with an LDL, or “bad” cholesterol, level of  

190 mg/dL or higher
 •  Patients with type 2 diabetes who are between 40 and 

75 years old
 •  Patients with an estimated 10-year risk of cardiovascular 

disease of 7.5% or higher who are between 40 and  
75 years old (the report provides formulas for calculating 
10-year risk)

  

Statins are drugs that block HMG-CoA reductase, the 
rate-limiting enzyme of cholesterol synthesis. Their use 
is occasionally accompanied by liver dysfunction, CNS 
dysfunction, and severe depression not related to the 
high cost of each drug and its congeners. Based on the 
available evidence, statin therapy should be continued 
in patients already taking these drugs.40 Other drugs that 
reduce LDL and increase HDL cholesterol and decrease 
triglycerides are docosahexaenoic acid (an ω-3 fatty acid) 
and niacin. Statins also provide the substantial benefit of 
reversing inflammation in arteries, as evidenced by their 
ability to decrease highly specific C-reactive protein and 
pull cholesterol from plaque.41

Hypolipidemic conditions are rare diseases often associ-
ated with neuropathy, anemia, and renal failure. Although 
anesthetic experience with hypolipidemic conditions 
has been limited, some specific recommendations can 
be made: continuation of caloric intake and intravenous 
administration of protein hydrolysates and glucose should 
be continued throughout the perioperative period.

Obesity
Although many conditions associated with obesity (dia-
betes, hyperlipidemia, cholelithiasis, gastroesophageal 
reflux disease, cirrhosis, degenerative joint and disk dis-
ease, venous stasis and thrombotic or embolic disease, 
sleep disorders, and emotional and altered body image 
disorders) contribute to chronic morbidity in obese 
patients, the main concerns for the anesthesiologist have 
been the same since the 1970s—derangements of the car-
diopulmonary system (see also Chapter 71).

Morbid obesity with minimal or no coexisting pul-
monary conditions (e.g., no obesity-hypoventilation 
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syndrome or chronic obstructive pulmonary disease 
[COPD]) is referred to here as “simple” obesity. In sim-
ple obesity, the pathophysiology of mild alterations in 
daytime gas exchange and pulmonary function may also 
result from compression and restriction of the chest wall 
and diaphragm by excess adipose tissue.42 Typically, in 
obese patients, the expiratory reserve volume and func-
tional residual capacity are most affected and are reduced 
to 60% and 80% of normal, respectively.

Other Eating Disorders: Anorexia Nervosa, 
Bulimia, and Starvation
Many endocrine and metabolic abnormalities occur in 
patients with anorexia nervosa, a condition characterized 
by starvation to the point of 40% loss of normal weight, 
hyperactivity, and a psychiatrically distorted body image. 
Many anorectic patients exhibit impulsive behavior, 
including suicide attempts, and intravenous drug use is 
much more common than in the general population. 
Acidosis, hypokalemia, hypocalcemia, hypomagnesemia, 
hypothermia, diabetes insipidus, and severe endocrine 
abnormalities mimicking panhypopituitarism need atten-
tion before patients undergo anesthesia and surgery. Sim-
ilar problems occur in bulimia (bulimorexia), a condition 
that may affect as many as 50% of female college students 
and is even unintentionally present in many older adults. 
As in severe protein deficiency (kwashiorkor), anorexia 
nervosa and bulimia may be accompanied by the follow-
ing: alterations on the electrocardiogram (ECG), includ-
ing a prolonged QT interval, atrioventricular (AV) block, 
and other arrhythmias; sensitivity to epinephrine; and 
cardiomyopathy.43 Total depletion of body potassium 
makes the addition of potassium to glucose solutions 
useful; however, fluid administration can precipitate 
pulmonary edema in these patients. Esophagitis, pancre-
atitis, and aspiration pneumonia are more frequent in 
these patients, as is delayed gastric emptying. One review 
reported that in patients with severe anorexia with a body 
mass index less than 13 kg/m2, marked hypoglycemia or 
leukocytopenia lower than 3.0 × 109/L, or both, poten-
tially fatal complications frequently occur.44 Accordingly, 
patients need strict nutritional support to avoid refeeding 
syndrome until the surgical procedure. Intraoperatively, 
glucose or catecholamine administration may lead to 
disturbance of electrolytes or fatal arrhythmia. Intensive 
care and early feeding as soon as possible postoperatively 
are important to prevent surgical site infection.

HYPERALIMENTATION (TOTAL 
PARENTERAL OR ENTERAL NUTRITION)

Hyperalimentation (i.e., total parenteral nutrition [TPN]) 
consists of concentrating hypertonic glucose calories in 
the normal daily fluid requirements (see also Chapter 106).  
The solutions contain protein hydrolysates, soybean 
emulsions (i.e., Intralipid), or synthetic amino acids (or 
any combination of these ingredients). The major ben-
efits of TPN or enteral nutrition have been fewer com-
plications postoperatively and shorter hospital stays for 
patients scheduled to have no oral feeding for 7 days or 
who were malnourished preoperatively.45,46 Starker and 
colleagues found that the response to TPN, as monitored 
by serum albumin levels, predicted the postoperative out-
come.47 The group of patients demonstrating an increase 
in serum albumin concentrations from TPN had diuresis, 
weight loss, and fewer complications (1 of 15 patients) 
than did the group that gained weight and had a decrease 
in serum albumin (8 of 16 patients had 15 complications) 
(Fig. 39-2). The Veterans Administration (former name 
for Veterans Affairs [VA used for both]) studies also found 
that the serum albumin level was one of the most power-
ful predictors of perioperative outcome.45

The major complications of hyperalimentation are 
sepsis and metabolic abnormalities. The central lines used 
for TPN require application with an absolutely aseptic 
technique and should not be used routinely as an intra-
venous route for drug administration. Major metabolic 
complications of TPN relate to deficiencies and the devel-
opment of hyperosmolar states. Complications of hyper-
tonic dextrose can develop if the patient has insufficient 
insulin (diabetes mellitus) to metabolize the sugar or if 
insulin resistance occurs (e.g., because of uremia, burns, 
or sepsis).

A gradual decrease in the infusion rate of TPN prevents 
the hypoglycemia that can occur on abrupt discontinu-
ance. Thus, the infusion rate of TPN should be decreased 
the night before anesthesia and surgery or should be con-
tinued throughout the operation at its current rate. The 
main reason for slowing or discontinuing TPN before 
anesthesia is to avoid intraoperative hyperosmolarity 
secondary to accidental rapid infusion of the solution 
or hypoglycemia if the infusion is discontinued because 
of high levels of endogenous insulin and lower levels 
of glucose present in the usual crystalloid solutions.45 
Hypophosphatemia is a particularly serious complication 
that results from the administration of phosphate-free or  
phosphate-depleted solutions for hyperalimentation. 
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Figure 39-2. The response to hyperalimentation (A, repletion), as 
measured by variation in serum albumin levels, predicted the out-
come of surgery. Patients who responded (B) to nutritional support 
with increased albumin levels had a significantly better outcome than 
did those whose albumin level did not increase (C). See the text for 
a more complete explanation. (Modified from Starker PM, Group FE, 
Askanazi J, et al: Serum albumin levels as an index of nutritional support, 
Surgery 91:194, 1982.)
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The low serum phosphate level causes a shift of the 
oxygen dissociation curve to the left. The resulting low 
2,3- diphosphoglycerate and adenosine triphosphatase 
levels mean that cardiac output must increase for oxygen 
delivery to remain the same. Hypophosphatemia of less 
than 1.0 mg/dL of blood may cause hemolytic anemia, 
cardiac failure, tachypnea, neurologic symptoms, seizures, 
and death. In addition, long-term TPN is associated with 
deficiencies in trace metals such as copper (refractory ane-
mia), zinc (impaired wound healing), and magnesium.

ADRENOCORTICAL MALFUNCTION

Three major classes of hormones—androgens, gluco-
corticoids, and mineralocorticoids—are secreted by the 
adrenal cortex. For each class, an excess or a deficiency 
of hormone produces a characteristic clinical syndrome. 
The widespread use of steroids can also make the adre-
nal cortex unable to respond normally to the demands 
placed on it by surgical trauma and subsequent healing. 
The increase in unindicated (scanning) computed tomog-
raphy (CT) abdominal imaging procedures has meant that 
many adrenal masses have unfortunately been discovered 
only incidentally. These adrenal “incidentalomas,” as 
they are termed because they were initially thought a nui-
sance discovered by unindicated body scans, have proved 
more serious. As many as 30% are hormonally active; in 
a review of 2000 such masses, 82% were not hormonally 
active, 5.3% proved to be cortisone-secreting adenomas, 
5.1% were pheochromocytomas, 4.7% were adrenal car-
cinomas, 2.5% were unsuspected metastatic disease, and 
1% were aldosterone-secreting adenomas. Incidentalomas 
may therefore require serious pursuit. Several points rela-
tive to adrenal cortical management deserve attention.

Controlled comparisons of the perioperative manage-
ment of patients who have disorders of adrenal function 
are lacking, although steroids are used more and more 
commonly, with the results of some controlled trials 
available for specific uses. However, a review of the pos-
sible pathophysiologic changes in the adrenal cortex and 
techniques for their management should enable physi-
cians to improve the perioperative care of patients with 
adrenal abnormalities.

Physiologic Properties of  
Adrenocortical Hormones
Androgens. Androstenedione and dehydroepiandros-
terone, weak androgens arising from the adrenal cortex, 
constitute major sources of androgen in women (and 
have gained prominence for their use or abuse by base-
ball players seeking to hit more home runs). Excess secre-
tion of androgen causes masculinization, pseudopuberty, 
or female pseudohermaphroditism. With some tumors, 
androgen is converted to an estrogenic substance, in 
which case feminization results. No special anesthetic 
evaluation is needed for such patients. Some congenital 
enzyme defects that cause androgen abnormalities also 
result in glucocorticoid and mineralocorticoid abnor-
malities that should be evaluated preoperatively. Most of 
these patients are treated with exogenous glucocorticoids 
and mineralocorticoids and consequently require supple-
mentation of these hormones perioperatively (see later).
glucocorticoids. The principal glucocorticoid, cortisol, 
is an essential regulator of carbohydrate, protein, lipid, 
and nucleic acid metabolism. Cortisol exerts its biologic 
effects through a sequence of steps initiated by binding 
of hormone to stereospecific intracellular cytoplasmic 
receptors. This bound complex stimulates nuclear tran-
scription of specific mRNA molecules. These molecules 
are then translated to give rise to proteins that mediate 
the ultimate effects of hormones.

Most cortisol is bound to corticosterone-binding glob-
ulin (CBG, transcortin). The relatively small amounts 
of unbound cortisol enter cells to induce actions or to 
be metabolized. Conditions that induce changes in the 
amount of CBG include liver disease and nephrotic syn-
drome, both of which result in decreased circulating lev-
els of CBG, and estrogen administration and pregnancy, 
which result in increased CBG production. Total serum 
cortisol levels may become elevated or depressed under 
conditions that alter the amount of bound cortisol, and 
yet the unbound, active form of cortisol is present in 
normal amounts. The most accurate measure of cortisol 
activity is the level of urinary cortisol (i.e., the amount of 
unbound, active cortisol filtered by the kidney).

The serum half-life of cortisol is 80 to 110 minutes. How-
ever, because cortisol acts through intracellular receptors, 
pharmacokinetic data based on serum levels are not good 
indicators of cortisol activity. After a single dose of glu-
cocorticoid, serum glucose is elevated for 12 to 24 hours; 
improvement in pulmonary function in patients with bron-
chial asthma can still be measured 24 hours after glucocorti-
coid administration. Treatment schedules for glucocorticoid 
replacement are therefore based not on the measured serum 
half-life but on the well-documented prolonged end-organ 
effect of these steroids. Hospitalized patients requiring 
long-term glucocorticoid replacement therapy are usually 
treated twice daily, with a slightly higher dose given in 
the morning than in the evening to simulate the normal 
diurnal variation in cortisol levels. For patients who require 
parenteral “steroid coverage” during and after surgery (see 
later paragraphs), administration of glucocorticoid every 
12 hours is appropriate.48 The relative potencies of gluco-
corticoids are listed in Table 39-2. Cortisol is inactivated 

TABLE 39-2 RELATIVE POTENCIES AND 
EQUIVALENT DOSES FOR COMMONLY USED 
GLUCOCORTICOIDS 

Steroids

Relative 
Glucocorticoid 
Potency

Equivalent 
Glucocorticoid 
Dose (mg)

Short Acting
Cortisol (hydrocortisone) 1.0 20.0
Cortisone 0.8 25.0
Prednisone 4.0 5.0
Prednisolone 4.0 5.0
Methylprednisolone 5.0 4.0
Intermediate Acting
Triamcinolone 5.0 4.0
Long Acting
Betamethasone 25.0 0.60
Dexamethasone 30.0 0.75

Data from Axelrod L: Glucocorticoid therapy, Medicine (Baltimore) 55:39, 1976.
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primarily in the liver and is excreted as 17-hydroxycorti-
costeroid. Cortisol is also filtered and excreted unchanged  
into urine.

The synthetic glucocorticoids vary in their bind-
ing specificity in a dose-related manner. When given in 
su praphysiologic doses (>30 mg/day), cortisol and corti-
sone bind to mineralocorticoid receptor sites and cause 
salt and water retention and loss of potassium and hydro-
gen ions. When these steroids are administered in main-
tenance doses of 30 mg/day or less, patients require a 
specific mineralocorticoid for electrolyte and volume 
homeostasis. Many other steroids do not bind to miner-
alocorticoid receptors, even at high doses, and have no 
mineralocorticoid effect (see Table 39-2).

Secretion of glucocorticoids is regulated by pituitary 
adrenocorticotropic hormone (ACTH). ACTH is synthe-
sized from a precursor molecule (pro-opiomelanocortin) 
that is metabolized to form an endorphin (β-lipotropin) 
and ACTH. Episodic secretion of ACTH has a diurnal 
rhythm that is normally greatest during the early morn-
ing hours in men and later in women and is regulated at 
least in part by light-dark cycles. Its secretion is stimulated 
by release of corticotropin-releasing factor (CRF) from the 
hypothalamus. (An abnormality in the diurnal rhythm 
of corticoid secretion has been implicated as a cause of 
so-called jet lag.) Cortisol and other glucocorticoids exert 
negative feedback at both the pituitary and hypothalamic 
levels to inhibit the secretion of ACTH and CRF. If the 
CRF- or ACTH-producing cells are destroyed, the adrenal 
gland takes more than 30 days to atrophy to the point 
at which short-term administration of exogenous ACTH 
will cause almost no adrenal responsiveness.

MinerAlocorticoids. Aldosterone, the major mineralo-
corticoid secreted in humans, comes from the zona glo-
merulosa of the adrenal cortex and causes reabsorption 
of sodium and secretion of potassium and hydrogen ions, 
thereby contributing to electrolyte and volume homeo-
stasis. This action is most prominent in the distal renal 
tubule but also occurs in the salivary and sweat glands. 
The major regulator of aldosterone secretion is the renin-
angiotensin system. Juxtaglomerular cells in the cuff of 
renal arterioles are sensitive to decreased renal perfusion 
pressure or volume and, consequently, secrete renin. 
Renin transforms the precursor angiotensinogen (from 
the liver) into angiotensin I, which is further converted by 
a converting enzyme, primarily in the lung, to angioten-
sin II. Angiotensin II binds to specific receptors to increase 
mineralocorticoid secretion, which is also stimulated by 
an increased potassium concentration and, to a lesser 
degree, by ACTH.

Adrenocortical Hormone Excess
glucocorticoid excess. Glucocorticoid excess (Cushing 
syndrome) resulting from either endogenous oversecretion 
or long-term treatment with glucocorticoids at higher than 
physiologic doses produces a moon-faced plethoric indi-
vidual with a centripetal distribution of fat (truncal obesity 
and skinny extremities), thin skin, easy bruising, and striae. 
Muscle wasting is common, but the heart and diaphragm 
are usually spared. A test for this syndrome is to ask the 
patient to get up from a chair without using the hands. 
An inability to do so indicates proximal muscle weakness 
consistent with Cushing syndrome. These patients often 
have osteopenia as a result of decreased formation of bone 
matrix and impaired absorption of calcium. Fluid reten-
tion and hypertension (because of increases in renin sub-
strate and vascular reactivity caused by glucocorticoid) are 
common. Such patients may also have hyperglycemia and 
even diabetes mellitus from inhibition of peripheral use 
of glucose, as well as antiinsulin action and concomitant 
stimulation of gluconeogenesis (Table 39-3).

The most common cause of Cushing syndrome is the 
administration of glucocorticoids for such conditions as 
arthritis, asthma, and allergies. In these conditions, the 
adrenal glands atrophy and cannot respond to stress-
ful situations (e.g., the preoperative and preprocedure 
period) by secreting more steroid. Thus, additional gluco-
corticoids may be required perioperatively (see the later 
section “Patients Taking Steroids for Other Reasons”). 
Spontaneous Cushing syndrome may be caused by pitu-
itary production of ACTH (65% to 75% of all sponta-
neous cases), which is usually associated with pituitary 
microadenoma, or by nonendocrine ectopic ACTH pro-
duction (principally by tumors of the lung, pancreas, or 
thymus).49 Ten percent to 20% of cases of spontaneous 
Cushing syndrome are caused by an ACTH-independent 
process, either an adrenal adenoma or carcinoma.

Special preoperative and preprocedure considerations 
for patients with Cushing syndrome include regulating 
diabetes and hypertension and ensuring that intravascular 
fluid volume and electrolyte concentrations are normal. 
Ectopic ACTH production may cause marked hypokale-
mic alkalosis. Treatment with the aldosterone antagonist 
spironolactone stops the potassium loss and helps mobi-
lize excess fluid. Because of the high incidence of severe 
osteopenia and the risk of fractures, meticulous attention 
must be paid to positioning of the patient. In addition, 

TABLE 39-3 CLINICAL FEATURES OF 
HYPERADRENALISM (CUSHING SYNDROME)  
AND HYPOADRENALISM

Cushing Syndrome Hypoadrenalism

Central obesity Weight loss
Proximal muscle weakness Weakness, fatigue, lethargy
Osteopenia at a young age Muscle and joint pain and  

back pain
Hypertension Postural hypotension and 

dizziness
Headache Headache
Psychiatric disorders Anorexia, nausea, abdominal 

pain, constipation, diarrhea
Purple striae
Spontaneous ecchymoses
Plethoric facies
Hyperpigmentation Hyperpigmentation
Hirsutism
Acne
Hypokalemic alkalosis Hyperkalemia, hyponatremia
Glucose intolerance Occasional hypoglycemia
Kidney stones Hypercalcemia
Polyuria Prerenal azotemia
Menstrual disorders
Increased leukocyte count
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glucocorticoids are lympholytic and immunosuppressive 
and thus increase the patient’s susceptibility to infection. 
The tensile strength of healing wounds decreases in the 
presence of glucocorticoids, an effect that is at least par-
tially reversed by the topical administration of vitamin A.

Specific considerations pertain to the surgical approach 
for each cause of Cushing syndrome. For example, nearly 
three fourths of cases of spontaneous Cushing disease 
result from a pituitary adenoma that secretes ACTH. In 
the experience of Dr. Michael Roizen, a previous author of 
this chapter in earlier editions, perioperative treatment of 
patients who have Cushing disease and a pituitary micro-
adenoma differs from that of patients who have a pituitary 
adenoma associated with amenorrhea and galactorrhea. 
A patient with Cushing disease is inclined to bleed more 
easily and (on the basis of anecdotal evidence) tends to 
have higher central venous pressure (CVP). Thus, during 
transsphenoidal tumor resection in such patients, routine 
practice is to monitor CVP and maintain it at the low end 
of the normal range. In other cases of transsphenoidal 
resection of microadenoma, such monitoring is needed 
only infrequently.

Ten percent to 15% of patients with Cushing syndrome 
exhibit adrenal overproduction of glucocorticoids from 
an adrenal adenoma or carcinoma. If either unilateral 
or bilateral adrenal resection is planned, the physician 
should begin administering glucocorticoids at the start of 
resectioning of the tumor. Despite the absence of defini-
tive studies, 100 mg of hydrocortisone hemisuccinate or 
hydrocortisone phosphate every 24 hours intravenously 
is reasonable. This amount can be reduced over a period 
of 3 to 6 days until a maintenance dose is reached. Begin-
ning on day 3, the surgeons may also give a mineralocor-
ticoid, 9α-fluorocortisol (0.05 to 0.1 mg/day). In certain 
patients, both steroids may require several adjustments. 
This therapy continues if the patient has undergone bilat-
eral resection. For a patient who has undergone unilateral 
adrenal resection, therapy is individualized according to 
the status of the remaining adrenal gland. The incidence 
of pneumothorax in open adrenal resection approach 
can be as high as 20%; the diagnosis of pneumothorax 
is sought and treatment is initiated before the wound is 
closed. The use of the laparoscopic technique has mark-
edly decreased this complication.

Bilateral adrenalectomy in patients with Cushing syn-
drome is associated with a high incidence of postoperative 
complications and a perioperative mortality rate (higher 
than that of even cardiac surgery) of 5% to 10%; this proce-
dure often results in permanent mineralocorticoid and glu-
cocorticoid deficiency. Ten percent of patients with Cushing 
syndrome who undergo adrenalectomy have an undiag-
nosed pituitary tumor. After cortisol concentrations are 
decreased by adrenalectomy, the pituitary tumor will likely 
enlarge. These pituitary tumors are potentially invasive and 
may produce large amounts of ACTH and melanocyte-stim-
ulating hormone, thereby increasing pigmentation.

Approximately 85% of adrenal tumors are discovered 
incidentally during screening CT scans. Nonfunction-
ing adrenal adenomas are found in patients on autopsy, 
ranging from 1% to 32% in different series. Functioning 
adenomas are generally treated surgically; often, the con-
tralateral gland resumes functioning after several months. 
Frequently, however, the effects of carcinomas are not 
cured surgically. In such cases, administration of inhibi-
tors of steroid synthesis, such as metyrapone or mito-
tane (o,p′-DDD[2,2-bis(2-chlorophenyl4-chlorophenyl)-1, 
1-dichloroethane]), may ameliorate some symptoms but 
may not improve survival. These drugs and specific aldo-
sterone antagonists may aid in reducing symptoms in 
the case of ectopic ACTH secretion if the primary tumor 
proves unresectable. Patients given these adrenal sup-
pressants are also prescribed long-term glucocorticoid 
replacement therapy (i.e., the goal of therapy is complete 
adrenal suppression). These patients should be consid-
ered to have suppressed adrenal function, and glucocor-
ticoid replacement should be increased perioperatively.

MinerAlocorticoid excess. Excess mineralocorticoid 
activity (common with glucocorticoid excess because 
most glucocorticoids have some mineralocorticoid prop-
erties) leads to potassium depletion, sodium retention, 
muscle weakness, hypertension, tetany, polyuria, inabil-
ity to concentrate urine, and hypokalemic alkalosis. 
These symptoms constitute primary hyperaldosteronism, 
or Conn syndrome (a cause of low-renin hypertension 
because renin secretion is inhibited by the effects of the 
high levels of aldosterone).

Primary hyperaldosteronism is present in 0.5% to 
1% of hypertensive patients who have no other known 
cause of hypertension. Primary hyperaldosteronism most 
often results from unilateral adenoma, although 25% to 
40% of patients have been found to have bilateral adre-
nal hyperplasia. Intravascular fluid volume, electrolyte 
concentrations, and renal function should be restored 
to within normal limits preoperatively by administering 
the aldosterone antagonist spironolactone. The effects 
of spironolactone are slow in onset and increase for 1 to  
2 weeks. A patient who has a serum potassium level of  
2.9 mEq/L may have a total-body potassium deficit of as 
little as 40 mEq or as much as 400 mEq. Frequently, a 
period of at least 24 hours is required to restore potas-
sium equilibrium. A normal serum potassium level does 
not necessarily imply correction of a total-body deficit 
of potassium. In addition, patients with Conn syndrome 
have a high incidence of hypertension and ischemic heart 
disease; hemodynamic monitoring should be appropriate 
for the degree of cardiovascular impairment.

A retrospective anecdotal study indicated that intraop-
erative hemodynamic status was more stable when arterial 
blood pressure and electrolytes were controlled preopera-
tively with spironolactone than when other antihyperten-
sive drugs were used. However, the efficacy of optimizing 
the perioperative status of patients who have disorders of 
glucocorticoid or mineralocorticoid secretion has not been 
clearly established. We have assumed that gradual restora-
tion of a normal condition is good medicine and that it 
would decrease perioperative morbidity and mortality.

Adrenocortical Hormone Deficiency
glucocorticoid deficiency. Withdrawal of steroids or 
suppression of synthesis by steroid therapy is the lead-
ing cause of underproduction of corticosteroids. Manage-
ment of this type of glucocorticoid deficiency is discussed 
in the later section “Patients Taking Steroids for Other 
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Reasons”. Other causes of adrenocortical insufficiency 
include the following: defects in ACTH secretion and 
destruction of the adrenal gland by autoimmune disease, 
tuberculosis, hemorrhage, or cancer; some forms of con-
genital adrenal hyperplasia (see previous discussion); and 
administration of cytotoxic drugs.

Primary adrenal insufficiency (Addison disease) is 
associated with local destruction of all zones of the adre-
nal cortex and results in both glucocorticoid and min-
eralocorticoid deficiency if the insufficiency is bilateral; 
common symptoms and signs are listed in Table 39-3. 
Autoimmune disease is the most common cause of pri-
mary (nonexogenous) bilateral ACTH deficiency in the 
United States, whereas tuberculosis is the most com-
mon cause worldwide. Tuberculosis is associated with 
decreased adrenal function but large adrenal glands, as is 
also common in sarcoidosis, histoplasmosis, amyloidosis, 
metastatic malignant disease, and adrenal hemorrhage. 
Destruction or partial destruction by trauma and by 
human immunodeficiency virus (HIV) and other infec-
tions, such as cytomegalovirus, mycobacteria, and fungi, 
is being recognized more frequently.

An increasingly common cause of adrenal insufficiency 
associated with large adrenal glands is heparin-induced 
thrombocytopenia, which may be considered in every 
patient who has received heparin and has hypotension.

Autoimmune destruction of the adrenal glands may 
be associated with other autoimmune disorders, such as 
some forms of type 1 diabetes and Hashimoto thyroid-
itis. Enzymatic defects in cortisol synthesis also cause 
glucocorticoid insufficiency, compensatory elevations in 
ACTH, and congenital adrenal hyperplasia. Because adre-
nal insufficiency usually develops slowly, such patients are 
subject to marked pigmentation (from excess ACTH try-
ing to stimulate an unproductive adrenal gland) and car-
diopenia (apparently secondary to chronic hypotension).

Secondary adrenal insufficiency occurs when ACTH 
secretion is deficient, often because of a pituitary or hypo-
thalamic tumor. Treatment of pituitary tumors by surgery 
or radiation therapy may result in hypopituitarism and 
subsequent adrenal failure.

If unstressed, glucocorticoid-deficient patients usually 
have no perioperative problems. However, acute adrenal 
crisis (addisonian crisis) can occur when even a minor stress 
is present (e.g., upper respiratory infection). Preparation of 
such a patient for anesthesia and surgery should include 
treatment of hypovolemia, hyperkalemia, and hypona-
tremia. Because these patients cannot respond to stressful 
situations, it was traditionally recommended that they be 
given a stress dose of glucocorticoids (≈200 mg hydrocor-
tisone/70 kg body weight/day) perioperatively. However, 
Symreng and colleagues gave 25 mg of hydrocortisone 
phosphate intravenously to adults at the start of the opera-
tive procedure, followed by 100 mg intravenously over the 
next 24 hours.50 Because using the minimum drug dose 
that would produce an appropriate effect is desirable, this 
latter regimen seems attractive. Such a regimen has proved 
to be as successful as a regimen using maximum doses 
(≈300 mg hydrocortisone/70 kg body weight/day—see the 
later section “Patients Taking Steroids for Other Reasons”). 
Thus, we now recommend giving 100 mg of hydrocorti-
sone phosphate intravenously every 24 hours.
MinerAlocorticoid deficiency. Hypoaldosteronism, a less 
common condition, can be congenital or can occur after 
unilateral adrenalectomy or prolonged administration of 
heparin. In addition, it can also be a consequence of long-
standing diabetes and renal failure. Nonsteroidal inhibi-
tors of prostaglandin synthesis may also inhibit renin 
release and exacerbate this condition in patients with 
renal insufficiency. Plasma renin activity is lower than 
normal and fails to increase appropriately in response 
to sodium restriction or diuretic drugs. Most symptoms 
are caused by hyperkalemic acidosis rather than hypo-
volemia; in fact, some patients are hypertensive. These 
patients can have severe hyperkalemia, hyponatremia, 
and myocardial conduction defects. These defects can be 
treated successfully by administering mineralocorticoids 
(9α-fluorocortisol, 0.05 to 0.1 mg/day) preoperatively. 
Doses must be carefully titrated and monitored to avoid 
an increase in hypertension.

Patients Taking Steroids for Other Reasons
PerioPerAtive stress And the need for corticoid  
suPPleMentAtion. The adrenal responses of normal 
patients to the perioperative period, as well as those 
responses of patients taking steroids for other diseases, 
indicate the following:

 1.  Perioperative stress is related to the degree of trauma 
and the depth of anesthesia. Deep general or regional 
anesthesia delays the usual intraoperative glucocorti-
coid surge to the postoperative period.

 2.  A few patients with suppressed adrenal function will 
have perioperative cardiovascular problems if they do 
not receive supplemental steroids perioperatively.

 3.  Although a patient who takes steroids on a long-term 
basis may become hypotensive perioperatively, gluco-
corticoid or mineralocorticoid deficiency is rarely the 
cause.

 4.  Acute adrenal insufficiency rarely occurs, but it can be 
life-threatening.

 5.  Giving these patients steroid coverage equivalent to 
100 mg of hydrocortisone hemisuccinate periopera-
tively has little risk.

  

In a well-controlled study of glucocorticoid replacement  
in nonhuman primates, the investigators clearly defined 
the life-threatening events that can be associated with 
inadequate perioperative corticosteroid replacement.48 An 
alternative dose regimen has altered management meth-
ods that will likely improve patients’ safety. In this study, 
adrenalectomized primates and sham-operated controls 
were given physiologic doses of steroids for 4 months. 
The animals were then randomly allocated to groups that 
received subphysiologic (one tenth of the normal cortisol 
production), physiologic, or supraphysiologic (10 times 
the normal cortisol production) doses of cortisol for  
4 days preceding abdominal surgery (cholecystectomy). 
Hemodynamic variables were measured by means of 
arterial and pulmonary artery catheters. The animals 
were maintained on their randomized dosage schedules 
during and after the surgical procedures. The group given 
subphysiologic doses of steroid perioperatively had a sig-
nificant increase in postoperative mortality. Death rates 
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TABLE 39-4 RECOVERY OF HYPOTHALAMIC-PITUITARY-ADRENAL FUNCTION  
AFTER WITHDRAWAL OF STEROIDS 

Recovery Time (mo) Plasma 17-Hydroxycorticoid Values Plasma ACTH Values
Adrenal Response to  
Exogenous ACTH

Response to  
Metyrapone

1 Low* Low Low Low
2-5 Low High† Low Low
6-9 Normal Normal Low Low
>9 Normal Normal Normal Normal

Data from Graber AL, Ney RI, Nicholson WE, et al: Natural history of pituitary-adrenal recovery following long-term suppression with corticosteroids,  
J Clin Endocrinol Metab 25:11, 1965.

ACTH, Adrenocorticotropic hormone.
*Various subjective manifestations of mild adrenal insufficiency occur during this stage.
†The diurnal rhythm of plasma concentrations is qualitatively normal during this stage.
for the physiologic and supraphysiologic replacement 
groups were the same and did not differ from the rate 
for sham-operated controls. Death in the subphysiologic 
replacement group was related to severe hypotension 
associated with a significant decrease in systemic vascu-
lar resistance and a reduced left ventricular stroke work 
index. Filling pressures of the heart were unchanged 
when compared with those in control animals. No 
evidence of hypovolemia or severe CHF was observed. 
Despite the low systemic vascular resistance, the ani-
mals did not become tachycardic. All these responses are 
compatible with the previously documented interaction 
of glucocorticoids and catecholamines and thus suggest 
that glucocorticoids mediate catecholamine-induced 
increases in cardiac contractility and maintenance of 
vascular tone.

The investigators used a sensitive measure of wound 
healing involving accumulation of hydroxyproline. All 
treatment groups, including the group given supraphysi-
ologic doses of glucocorticoids, had the same capacity 
for wound healing. Furthermore, perioperative adminis-
tration of supraphysiologic doses of corticosteroids pro-
duced no adverse metabolic consequences.

This well-conducted study confirms several long-
standing intuitive impressions concerning patients who 
have inadequate adrenal function as a result of either 
underlying disease or administration of exogenous ste-
roids. Inadequate replacement of corticosteroids peri-
operatively can lead to addisonian crisis and death. 
Administration of supraphysiologic doses of steroids for 
a short time perioperatively caused no discernible com-
plications. However, at least theoretic negative conse-
quences can occur when large doses of steroids are given 
(see later). It is clear that inadequate corticosteroid cover-
age can cause death. What is not so clear is what dose of 
steroid should be recommended for replacement therapy. 
Yong and colleagues reviewed the randomized controlled 
trials for a Cochrane Systemic Review and reported only  
2 trials involving 37 patients that met the inclusion crite-
ria.51 These studies reported that supplemental periopera-
tive steroids were not required during surgery for patients 
with adrenal insufficiency, but neither study reported any 
adverse effects or complications in the intervention and 
control groups. The authors concluded that they were 
unable to support or refute the use of supplemental peri-
operative steroids for patients with adrenal insufficiency 
during surgery.
Because the risk is low, physicians should consider pro-
viding supplementation for any patient who has received 
steroids within a year.48,50 Data indicate that topical 
application of steroids (even without the use of occlusive 
dressings) can suppress normal adrenal responses for as 
long as 9 months to 1 year (Table 39-4).

How can one determine when adrenal responsive-
ness has returned to normal? The morning plasma corti-
sol level does not reveal whether the adrenal cortex has 
recovered sufficiently to ensure that cortisol secretion 
will increase adequately to meet the demands of stress. 
Inducing hypoglycemia with insulin has been advocated 
as a sensitive test of pituitary-adrenal competence, but it 
is impractical and is probably a more dangerous practice 
than simply administering glucocorticoids. If the plasma 
cortisol concentration is measured during acute stress, 
a value of greater than 25 μg/dL assuredly (and a value 
>15 μg/dL probably) indicates normal pituitary-adrenal 
responsiveness. In another test of pituitary-adrenal suf-
ficiency, the baseline plasma cortisol level is determined. 
Then, 250 μg of synthetic ACTH (cosyntropin) is given, 
and plasma cortisol is measured 30 to 60 minutes later. 
An increase in plasma cortisol of 6 to 20 μg/dL or more 
is normal.52,53 A normal response indicates recovery of 
pituitary-adrenal axis function. A lesser response usually 
indicates pituitary-adrenal insufficiency, possibly requir-
ing perioperative supplementation with steroids.

It is unusual for laboratory data defining pituitary-
adrenal adequacy to be available preoperatively. Rather 
than delay surgery or test most patients, we assume that 
any patient who has taken steroids at any time during the 
preceding year has suppressed pituitary-adrenal function 
and will require perioperative supplementation.

Under perioperative conditions, the adrenal glands 
secrete 116 to 185 mg of cortisol daily. Under maximum 
stress, they may secrete 200 to 500 mg/day. Good cor-
relation exists between the severity and duration of the 
operation and the response of the adrenal gland. “Major 
surgery” would be represented by procedures such as lap-
aroscopic colectomy and “minor surgery” by procedures 
such as herniorrhaphy. In a study of 20 patients during 
major surgery, the mean maximal concentration of cor-
tisol in plasma was 47 μg/dL (range, 22 to 75 μg/dL). Val-
ues remained higher than 26 μg/dL for a maximum of  
72 hours postoperatively. During minor surgery, the 
mean maximal concentration of cortisol in plasma was 
28 μg/dL (range, 10 to 44 μg/dL).
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Although the precise amount required has not been 
established, we usually intravenously administer the 
maximum amount of glucocorticoid that the body manu-
factures in response to maximal stress (i.e., approximately 
200 mg/day of hydrocortisone phosphate/70 kg body 
weight). For minor surgical procedures, we usually give 
hydrocortisone phosphate intravenously, 100 mg/day/ 
70 kg body weight. Unless infection or some other peri-
operative complication develops, we decrease this dose 
by approximately 25% per day until oral intake can be 
resumed. At this point, the usual maintenance dose of 
glucocorticoids can be administered.

risks of suPPleMentAtion. Rare complications of peri-
operative steroid supplementation include aggravation 
of hypertension, fluid retention, inducement of stress 
ulcers, and psychiatric disturbances. Two common com-
plications of short-term perioperative supplementation 
with glucocorticoids are abnormal wound healing and an 
increased rate of infections. This evidence is inconclusive, 
however, because it relates to short-term glucocorticoid 
administration and not to long-term administration of 
glucocorticoids with increased doses at times of stress. In 
contrast to a deleterious effect of perioperative glucocor-
ticoid administration on wound healing in rats, a study 
involving primates suggested that large doses of glucocor-
ticoids, administered perioperatively, do not impair sensi-
tive measures of wound healing.48 An overall assessment 
of these results suggests that short-term perioperative sup-
plementation with steroids has a small but definite del-
eterious effect on wound healing that is perhaps partially 
reversed by topical administration of vitamin A.

Information on the risk of infection from periopera-
tive glucocorticoid supplementation is also unclear. In 
many studies of long-term use by patients and supple-
mentation, no increased risk of serious infections was 
reported with long-term use of steroids alone. Data indi-
cate that the risk of infection in a patient taking steroids 
on a long-term basis is real, but whether perioperative 
supplementation with steroids increases that risk is  
not clear.

Adrenal Cortex Function in Older Adults
Production of androgens by the adrenal gland progres-
sively decreases with age; this change has no known 
implications for anesthesia (see also Chapter 80). Plasma 
levels of cortisol are unaffected by increasing age. Lev-
els of CBG are also unaffected by age, a finding suggest-
ing that a normal fraction of free cortisol (1% to 5%) 
is present in older patients. Older patients have a pro-
gressively impaired ability to metabolize and excrete 
glucocorticoids. In normal individuals, the quantity of 
17-hydroxycorticosteroids excreted is reduced by half by 
the seventh decade. This decreased excretion undoubt-
edly reflects the reduced renal function that occurs 
with aging. When excretion of cortisol metabolites 
is expressed as a function of creatinine clearance, the 
age difference disappears. Further reductions in cortisol 
clearance may reflect impaired hepatic metabolism of 
circulating cortisol.

The rate of secretion of cortisol is 30% slower in older 
adults. This reduced secretion may be an appropriate 
compensatory mechanism for maintaining a normal cor-
tisol level in the presence of decreased hepatic and renal 
clearance of cortisol. The reduced cortisol production can 
be overcome during periods of stress, and even extremely 
old patients (>100 years old) display an entirely normal 
adrenal response to the administration of ACTH and to 
stresses such as hypoglycemia.

Both underproduction and overproduction of gluco-
corticoids are generally considered diseases of younger 
individuals. The highest incidence of Cushing disease of 
either pituitary or adrenal origin occurs during the third 
decade of life. The most common cause of spontaneous 
Cushing disease is benign pituitary adenoma. However, 
in patients older than 60 years in whom Cushing disease 
develops, the most likely cause is adrenal carcinoma or 
ectopic ACTH production from tumors usually located in 
the lung, pancreas, or thymus.

ADRENAL MEDULLARY SYMPATHETIC  
HORMONE EXCESS: PHEOCHROMOCYTOMA

Less than 0.1% of all cases of hypertension are caused 
by pheochromocytomas, or catecholamine-producing 
tumors derived from chromaffin tissue.54 Nevertheless, 
these tumors are clearly important to the anesthesiologist 
inasmuch as 25% to 50% of hospital deaths in patients 
with pheochromocytoma occur during induction of anes-
thesia or during operative procedures for other causes.55 
Although usually found in the adrenal medulla, these 
vascular tumors can occur anywhere, such as in the right 
atrium, the spleen, the broad ligament of the ovary, 
or the organs of Zuckerkandl at the bifurcation of the 
aorta. Malignant spread, which occurs in less than 15% 
of pheochromocytomas, usually proceeds to venous and 
lymphatic channels with a predisposition for the liver. 
This tumor is occasionally familial or part of the pluri-
glandular-neoplastic syndrome known as multiple endo-
crine adenoma type IIa or type IIb and is manifested as 
an autosomal dominant trait. Type IIa consists of medul-
lary carcinoma of the thyroid, parathyroid adenoma or 
hyperplasia, and pheochromocytoma. What used to be 
called type IIb is now often called pheochromocytoma in 
association with phakomatoses such as von Recklinghau-
sen neurofibromatosis and von Hippel–Lindau disease 
with cerebellar hemangioblastoma. Frequently, bilateral 
tumors are found in the familial form. Localization of 
tumors can be achieved by MRI or CT, metaiodobenzyl-
guanidine (MIBG) nuclear scanning, ultrasonography, 
or intravenous pyelography (in decreasing order of com-
bined sensitivity and specificity).

Symptoms and signs that may be solicited before 
surgery or procedures and are suggestive of pheochro-
mocytoma are as follows: excessive sweating; headache; 
hypertension; orthostatic hypotension; previous hyper-
tensive or arrhythmic response to induction of anesthe-
sia or to abdominal examination; paroxysmal attacks of 
sweating, headache, tachycardia, and hypertension; glu-
cose intolerance; polycythemia; weight loss; and psycho-
logical abnormalities. In fact, the occurrence of combined 
symptoms of paroxysmal headache, sweating, and hyper-
tension is probably a more sensitive and specific indicator 
than any one biochemical test for pheochromocytoma 
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TABLE 39-5 CHARACTERISTICS OF TESTS FOR PHEOCHROMOCYTOMA 

Test/Symptoms Sensitivity (%) Specificity (%)

Likelihood Ratio

Positive Result* Negative Result†

Vanillylmandelic acid excretion 81 97 27.0 0.20
Catecholamine excretion 82 95 16.4 0.19
Metanephrine excretion 83 95 16.6 0.18
Abdominal computed tomography 92 80 4.6 0.10
Concurrent paroxysmal hypertension, 

headache, sweating, and tachycardia‡
90 95 18.0 0.10

Modified from Pauker SG, Kopelman RI: Interpreting hoofbeats: can Bayes help clear the haze? N Engl J Med 327:1009, 1992.
*The ratio representing the likelihood of a positive result is obtained by dividing the sensitivity by 1 and then subtracting the specificity.
†The ratio representing the likelihood of a negative result is obtained by subtracting the sensitivity from 1 and the dividing by the specificity.
‡Data for concurrent paroxysmal symptoms are best estimates from available data.
(Table 39-5). Despite more than 2000 articles in the litera-
ture on pheochromocytoma, little is known about what 
factors in care affect perioperative morbidity.

The value of preoperative and preprocedure use of adren-
ergic receptor blocking drugs probably justifies the use of 
such drugs preoperatively. These drugs probably reduce the 
complications of hypertensive crisis, the wide arterial blood 
pressure fluctuations during manipulation of the tumor 
(especially until venous drainage is obliterated), and the 
myocardial dysfunction that occurs perioperatively. Mortal-
ity is decreased with resection of pheochromocytoma (from 
40% to 60% to the current 0% to 6%) when adrenergic 
receptor blockade is introduced as preoperative and prepro-
cedure preparatory therapy for such patients.56-60

α-Adrenergic receptor blockade with prazosin or 
phenoxybenzamine restores intravascular plasma volume 
by counteracting the vasoconstrictive effects of high lev-
els of catecholamines. This reexpansion of intravascular 
fluid volume is often followed by a decrease in hemato-
crit. Because some patients may be very sensitive to the 
effects of phenoxybenzamine, this drug should initially 
be given in doses of 20 to 30 mg/70 kg orally once or 
twice a day. Most patients usually require 60 to 250 mg/
day. The efficacy of therapy should be judged by the 
reduction in symptoms (especially sweating) and stabi-
lization of arterial blood pressure. For patients who have 
carbohydrate intolerance because of inhibition of insulin 
release mediated by α-adrenergic receptor stimulation, 
α-adrenergic receptor blockade may reduce fasting blood 
glucose levels. For patients who exhibit ST-T changes 
on the ECG, long-term preoperative and preprocedure 
α-adrenergic receptor blockade (1 to 6 months) has pro-
duced ECG and clinical resolution of catecholamine-
induced myocarditis.56,57,59-63

β-Adrenergic receptor blockade with propranolol is sug-
gested for patients who have persistent arrhythmias or 
tachycardia,56,57,59-63 the reason being that these conditions 
can be precipitated or aggravated by α-adrenergic receptor 
blockade. β-Adrenergic receptor blockade should not be 
used without concomitant α-adrenergic receptor blockade 
lest the vasoconstrictive effects of the latter go unopposed 
and thereby increase the risk of dangerous hypertension.

The optimal duration of preoperative therapy with 
phenoxybenzamine has not been studied. Most patients 
require 10 to 14 days, as judged by the time needed to sta-
bilize arterial blood pressure and ameliorate symptoms. 
Because the tumor spreads slowly, little is lost by waiting 
until medical therapy has optimized the patient’s preop-
erative condition. The following criteria are reasonable 
for assessing the adequacy of treatment:

 1.  No in-hospital arterial blood pressure reading higher 
than 165/90 mm Hg should be evident for 48 hours 
preoperatively. We often measure arterial blood pres-
sure every minute for 1 hour in a stressful environment 
(our postanesthesia care unit). If no blood pressure 
reading is higher than 165/90 mm Hg, this criterion is 
considered satisfied.

 2.  Orthostatic hypotension is acceptable as long as arte-
rial blood pressure when the patient is standing is not 
less than 80/45 mm Hg.

 3.  The ECG should be free of ST-T changes that are not 
permanent.

 4.  No more than one premature ventricular contraction 
(PVC) should occur every 5 minutes.

  

Other drugs, including prazosin, calcium channel 
blocking drugs, clonidine, dexmedetomidine, and mag-
nesium, have also been used to achieve suitable degrees 
of α-adrenergic blockade preoperatively. Multiple case 
series have confirmed the clinical utility of this approach 
in adults before tumor excision, including in a hemody-
namic catecholamine crisis.64 Magnesium therapy has 
shown efficacy for the resection of pheochromocytoma 
or paraganglioma during pregnancy. The dosing of mag-
nesium for the management of pheochromocytoma has 
been reviewed elsewhere.65

The key clinical components of ideal patient care 
include optimal preoperative preparation, gentle (slow) 
induction of anesthesia, and good communication 
between the surgeon and the anesthesiologist. Virtually 
all anesthetic drugs and techniques (including isoflu-
rane, sevoflurane, sufentanil, remifentanil, fentanyl, and 
regional anesthesia) have been used with success. In fact, 
all drugs studied are associated with a high rate of tran-
sient intraoperative arrhythmias.59

Because of ease of use, the preference is to give phen-
ylephrine hydrochloride (Neo-Synephrine) or dopamine 
for hypotension and nitroprusside or theoretically, clevi-
dipine, for hypertension. Phentolamine (Regitine) has too 
long an onset and duration of action. Painful or stress-
ful events such as intubation often cause an exaggerated 
stress response in less than perfectly anesthetized patients 
who have pheochromocytoma. This response is caused 
by release of catecholamines from nerve endings that 
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are “loaded” by the reuptake process. Such stresses may 
result in catecholamine levels of 200 to 2000 pg/mL in 
normal patients. For a patient with pheochromocytoma, 
even simple stress can lead to blood catecholamine lev-
els of 2000 to 20,000 pg/mL. However, infarction of a 
tumor, with release of products onto peritoneal surfaces, 
or surgical pressure causing release of products, can result 
in blood levels of 200,000 to 1,000,000 pg/mL—a situ-
ation that should be anticipated and avoided (ask for a 
temporary stay of surgery, if at all possible, while the rate 
of nitroprusside infusion is increased). Once the venous 
supply is secured and if intravascular volume is normal (as 
measured by pulmonary wedge pressure or echocardiogra-
phy), normal arterial blood pressure usually results. How-
ever, some patients become hypotensive and occasionally 
require massive infusions of catecholamines. Vasopressin 
has also been used for hemodynamic rescue in catechol-
amine-resistant vasoplegic shock after resection of a mas-
sive pheochromocytoma.66 On rare occasion, patients 
remain hypertensive intraoperatively. Postoperatively, 
approximately 50% of patients remain hypertensive for 
1 to 3 days—and initially have markedly increased but 
declining plasma catecholamine levels—at which time all 
but 25% will become normotensive. Other family mem-
bers should be advised to inform their future anesthesi-
ologist about the potential for such familial disease.

HYPOFUNCTION OR ABERRATION 
IN FUNCTION OF THE SYMPATHETIC 
NERVOUS SYSTEM (DYSAUTONOMIA)

Disorders of the sympathetic nervous system include 
Shy-Drager syndrome, Riley-Day syndrome, Lesch-Nyhan 
syndrome, Gill familial dysautonomia, diabetic dysauto-
nomia, and the dysautonomia of spinal cord transection.

Although individuals can function well without an 
adrenal medulla, a deficient peripheral sympathetic ner-
vous system occurring late in life poses major problems 
for many facets of life; nevertheless, perioperative sym-
pathectomy or its equivalent is often recommended.67-73 
A primary function of the sympathetic nervous system 
appears to be regulation of arterial blood pressure and 
intravascular fluid volume during changing of body posi-
tion. Common features of all the syndromes of hypofunc-
tioning of the sympathetic nervous system are orthostatic 
hypotension and decreased beat-to-beat variability in 
heart rate. These conditions can be caused by deficient 
intravascular volume, deficient baroreceptor function (as 
also occurs in carotid artery disease74), abnormalities in 
CNS function (as in Wernicke or Shy-Drager syndrome), 
deficient neuronal stores of norepinephrine (as in idio-
pathic orthostatic hypotension75 and diabetes), or defi-
cient release of norepinephrine (as in traumatic spinal 
cord injury76). These patients may have an increased 
number of available adrenergic receptors (a compensa-
tory response) and an exaggerated response to sympatho-
mimetic drugs. In addition to other abnormalities, such 
as retention of urine or feces and deficient heat exchange, 
hypofunctioning of the sympathetic nervous system 
is often accompanied by renal amyloidosis. Thus, elec-
trolyte and intravascular fluid volume status should be 
evaluated preoperatively. Because many of these patients 
have cardiac abnormalities, intravascular fluid volume 
may be assessed preoperatively with a Swan-Ganz cath-
eter or intraoperatively via transesophageal echocardiog-
raphy rather than measurement of CVP.

Because the functioning of the sympathetic nervous 
system is not predictable in these patients, gentle induc-
tion of anesthesia and treatment of sympathetic excess or 
deficiency by infusing drugs that directly constrict (phen-
ylephrine) or dilate (nitroprusside) blood vessels or that 
stimulate (isoproterenol) or depress (esmolol) the heart 
rate are suggested. A 20% perioperative mortality rate 
for 2600 patients after spinal cord transection has been 
reported, thus indicating that such patients are difficult 
to manage and deserve particularly close attention.

After reviewing 300 patients with spinal cord inju-
ries, Kendrick and co-workers concluded that autonomic 
hyperreflexia syndrome does not develop if the lesion is 
below spinal dermatome T7.77 If the lesion is above that 
level (splanchnic outflow), 60% to 70% of patients expe-
rience extreme vascular instability. The trigger to this 
instability, or a mass reflex involving noradrenergic and 
motor hypertonus, can be a cutaneous, proprioceptive, or 
visceral stimulus (a full bladder is a common initiator). 
The sensation enters the spinal cord and causes a spinal 
reflex, which in normal persons is inhibited from above. 
Sudden increases in arterial blood pressure are sensed in 
the pressure receptors of the aorta and carotid sinus. The 
resulting vagal hyperactivity produces bradycardia, ven-
tricular ectopia, or various degrees of heart block. Reflex 
vasodilation may occur above the level of the lesion and 
result in flushing of the head and neck. Two newer tech-
niques to help reduce acute injury or aid in repair (high-
dose docosahexaenoic acid and acute cooling) may also 
have anesthetic implications, but reports of these effects, 
if any, have not been published.

Depending on the length of time since spinal cord 
transection, other abnormalities may occur. In the short 
term (i.e., <3 weeks from the time of spinal injury), reten-
tion of urine and feces is common and, by elevating the 
diaphragm, may impair respiration. Disimpaction of 
the intestine alleviates this respiratory problem. Hyper-
esthesia is present above the lesion; reflexes and flaccid 
paralysis are present below the lesion. The intermediate 
period (3 days to 6 months) is marked by a hyperkale-
mic response to depolarizing drugs.78 The chronic phase 
is characterized by return of muscle tone, Babinski sign, 
and, frequently, the occurrence of hyperreflexia syn-
dromes (e.g., mass reflex [see earlier]).

Thus, in addition to meticulous attention to periop-
erative intravascular volume and electrolyte status, the 
anesthesiologist should know—by history taking, physi-
cal examination, and laboratory data—the status of the 
patient’s myocardial conduction (as revealed by the ECG), 
the status of renal functioning (by noting the ratio of cre-
atinine to blood urea nitrogen [BUN]), and the condition 
of the respiratory muscles (by determining the ratio of 
forced expiratory volume in 1 second [FEV1] to forced 
vital capacity [FVC]) (see also Chapter 44). The anesthesi-
ologist may also obtain a chest radiograph if atelectasis or 
pneumonia is suspected on the basis of history taking or 
the physical examination. Temperature control, the pres-
ence of bone fractures or decubitus ulcers, and normal 
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TABLE 39-6 BIOCHEMICAL MEASUREMENTS OF THYROID FUNCTION THAT ACCOUNT FOR VARIATION IN 
PRODUCTION OF THYROXINE-BINDING GLOBULIN

Examples of Normal Thyroid Status*

FT4E = T4 × THBR TSH

Normal 0.19 (0.12-0.25) = 0.6 (0.4-0.9) × 31% (25%-35%) 0.2 (0.2-0.8)
During use of oral  

contraceptives
0.19 = 1.3 × 15% 0.3

During use of 
corticosteroids

0.18 = 0.3 × 60% 0.3

*FT4E is the free T4 (thyroxine) estimate. It is usually obtained by multiplying the total T4 concentration (the free amount and the amount bound to 
protein) by the thyroid hormone–binding ratio (THBR, formerly called the resin T3 uptake). THBR is a measure of the bound thyroid hormone– 
binding protein. TSH is the thyroid-stimulating hormone secreted by the pituitary in the negative feedback loop. (TSH increases when FT4E is low in 
hypothyroidism.)
functioning of the urination and defecation systems must 
be assessed. Confirmation of the latter prevents postop-
erative pneumonia or atelectasis caused by high position-
ing of the diaphragm.

THYROID DYSFUNCTION

The major thyroid hormones are thyroxine (T4), a pro-
hormone product of the thyroid gland, and the more 
potent 3,5,3-triiodothyronine (T3), a product of both 
the thyroid and extrathyroidal enzymatic deiodination 
of T4. Under normal circumstances, approximately 85% 
of T3 is produced outside the thyroid gland. Production 
of thyroid secretions is maintained by secretion of thy-
roid-stimulating hormone (TSH) in the pituitary, which 
in turn is regulated by secretion of thyrotropin-releasing 
hormone (TRH) in the hypothalamus. Secretion of TSH 
and TRH appears to be negatively regulated by T4 and T3. 
Many investigators believe that all effects of thyroid hor-
mones are mediated by T3 and that T4 functions only as 
a prohormone.

Because T3 has greater biologic effect than does T4, one 
would expect the diagnosis of thyroid disorders to be based 
on levels of T3. However, this is not usually the case. The 
diagnosis of thyroid disease is confirmed by one of sev-
eral biochemical measurements: levels of free T4 or total 
serum concentrations of T4 and the “free T4 estimate.” 
This estimate is obtained by multiplying total T4 (free 
and bound) by the thyroid-binding ratio (formerly called 
resin T3 uptake) (Table 39-6). Free T4 can be accurately 
measured by many laboratories. Direct measurement of 
free T4 obviates the need to account for changes in bind-
ing protein synthesis and affinity caused by other condi-
tions. The T3-binding ratio measures the extra quantity of 
serum protein-binding sites. This measurement is neces-
sary because thyroxine-binding globulin (TBG) levels are 
abnormally high during pregnancy, hepatic disease, and 
estrogen therapy (all of which would elevate the total T4 
level) (Box 39-2). Reliable interpretation of measurements 
of the total hormone concentration in serum necessitates 
data on the percentage of bound hormone. The thyroid 
hormone–binding ratio test provides this information. In 
this test, iodine-labeled T3 is added to a patient’s serum 
and is allowed to reach an equilibrium binding state. A 
resin is then added that binds the remaining radioactive 
T3. Resin uptake is greater if the patient has fewer TBG-
binding sites. In normal patients, resin T3 uptake (the 
thyroid hormone–binding ratio) is 25% to 35%. When 
serum TBG is elevated, the thyroid hormone–binding 
ratio is diminished (see Table 39-6). When serum TBG is 
diminished, as in nephrotic syndrome, in conditions in 
which glucocorticoids are increased, or in chronic liver 
disease, the thyroid hormone–binding ratio is increased.

The free T4 estimate and the free T3 estimate are fre-
quently used as measures of a patient’s serum T4 and T3 
hormone concentrations, respectively. To obtain these 
estimates, the concentration of total serum T4 or total 
serum T3 is multiplied by the measured thyroid hormone–
binding ratio. Values of these two indices are normal in 
the event of a primary alteration in binding but not with 
an alteration in secretion of thyroid hormone.

Hyperthyroidism can be diagnosed by measuring levels 
of TSH after the administration of TRH. Although admin-
istering TRH normally increases TSH levels in blood, even 
a small increase in the T4 or T3 level in blood abolishes 
this response. Thus, a subnormal or absent serum TSH 
response to TRH is a very sensitive indicator of hyperthy-
roidism. In one group of disorders involving hyperthy-
roidism, serum TSH levels are elevated in the presence of 
elevated levels of free thyroid hormone.

Measurement of the α-subunit of TSH has been help-
ful in identifying the rare patients who have a pituitary 

Conditions inCreasing serum LeveLs

 •  Use of oral contraceptives
 •  Pregnancy
 •  Use of estrogen
 •  Infectious hepatitis
 •  Chronic active hepatitis
 •  Neonatal state
 •  Acute intermittent porphyria
 •  Inherited conditions

Conditions deCreasing serum LeveLs

 •  Testosterone
 •  Use of corticosteroids
 •  Severe illness
 •  Cirrhosis
 •  Nephrotic syndrome
 •  Inherited conditions

BOX 39-2 Factors Influencing Serum Levels of 
Thyroxine-Binding Globulin
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neoplasm and who usually have increased α-subunit con-
centrations. Some patients are clinically euthyroid in the 
presence of elevated levels of total T4 in serum. Certain 
drugs, notably gallbladder dyes, propranolol, glucocorti-
coids, and amiodarone, block the conversion of T4 to T3  
and thereby elevate T4 levels. Severe illness also slows this 
conversion. Levels of TSH are often high in situations 
in which the rate of conversion is decreased. In hyper-
thyroidism, cardiac function and responses to stress are 
abnormal; return of normal cardiac function parallels the 
return of TSH levels to normal.

Hyperthyroidism
Although hyperthyroidism is usually caused by the mul-
tinodular diffuse enlargement in Graves disease (also 
associated with disorders of the skin or eyes, or both), it 
can also occur with pregnancy, thyroiditis (with or with-
out neck pain), thyroid adenoma, choriocarcinoma, or 
TSH-secreting pituitary adenoma. Five percent of women 
have thyrotoxic effects 3 to 6 months postpartum and 
tend to have recurrences with subsequent pregnancies. 
Major manifestations of hyperthyroidism are weight loss, 
diarrhea, warm and moist skin, weakness of large muscle 
groups, menstrual abnormalities, osteopenia, nervous-
ness, jitteriness, intolerance to heat, tachycardia, cardiac 
arrhythmias, mitral valve prolapse, and heart failure. 
When the thyroid is functioning abnormally, the entity 
most threatened is the cardiovascular system. When 
diarrhea is severe, dehydration should be corrected pre-
operatively. Mild anemia, thrombocytopenia, increased 
serum alkaline phosphatase, hypercalcemia, muscle wast-
ing, and bone loss frequently occur in hyperthyroidism. 
Muscle disease usually involves the proximal muscle 
groups; it has not been reported to cause respiratory mus-
cle paralysis. In the apathetic form of hyperthyroidism 
(seen most commonly in persons >60 years old), cardiac 
effects dominate the clinical picture. Signs and symptoms 
include weight loss, anorexia, and cardiac effects such as 
tachycardia, irregular heart rhythm, atrial fibrillation (in 
10%), heart failure, and occasionally, papillary muscle 
dysfunction.

Although β-adrenergic receptor blockade can control 
the heart rate, its use is fraught with hazard in a patient 
already experiencing CHF. However, a decreasing heart 
rate may improve heart-pumping function. Thus, hyper-
thyroid patients who have fast ventricular rates, who are 
in CHF, and who require emergency surgery are given 
short-acting β-blockers guided by changes in pulmonary 
artery wedge pressure and their condition. If slowing 
the heart rate with a small dose of esmolol (50 μg/kg)  
does not aggravate the heart failure, the physician 
should administer more esmolol. Antithyroid medica-
tions include propylthiouracil and methimazole, both 
of which decrease the synthesis of T4 and may enhance 
remission by reducing TSH receptor antibody levels (the 
primary pathologic mechanism in Graves disease). Pro-
pylthiouracil also decreases the conversion of T4 to the 
more potent T3. However, the literature indicates a trend 
toward preoperative preparation with propranolol and 
iodides alone.79 This approach is quicker (i.e., 7 to 14 days 
versus 2 to 6 weeks); it shrinks the thyroid gland, as does 
the more traditional approach; it decreases conversion of 
the prohormone T4 into the more potent T3; and it treats 
symptoms but may not correct abnormalities in left ven-
tricular function. Regardless of the approach, antithyroid 
drugs should be administered on a long-term basis and on 
the morning of the surgical procedure. If emergency sur-
gery is necessary before the euthyroid state is achieved, if 
subclinical hyperthyroidism progresses without adequate 
treatment, or if hyperthyroidism is out of control intra-
operatively, intravenous administration of esmolol, 50 
to 500 μg/kg, could be titrated to restore a normal heart 
rate (assuming the absence of CHF) (see earlier). In addi-
tion, intravascular fluid volume and electrolyte balance 
should be restored. However, administering propranolol 
or esmolol does not invariably prevent “thyroid storm.”

No specific anesthetic drug is preferred for surgical 
patients who are hyperthyroid. Anticholinergic drugs 
(especially atropine) are sometimes not used because 
they interfere with the sweating mechanism and cause 
tachycardia; yet atropine has been given as a test for the 
adequacy of antithyroid treatment. Because patients are 
now subjected to operative procedures only (or almost 
only) when euthyroid, the traditional “steal” of a heav-
ily premedicated hyperthyroid patient in the operating 
room has vanished.

A patient with a large goiter and an obstructed airway 
can be managed in the same way as any other patient 
with a problematic airway (see also Chapter 55). In this 
type of case, reviewing CT scans of the neck preoperatively 
may provide valuable information regarding the extent of 
compression. Maintenance of anesthesia usually presents 
little difficulty. Postoperatively, extubation of the tra-
chea should be performed under optimal circumstances 
for reintubation in the event that the tracheal rings have 
been weakened and the trachea collapses.

Of the many possible postoperative complications 
(nerve injury, bleeding, and metabolic abnormalities), 
thyroid storm (discussed in the next section), bilat-
eral recurrent nerve trauma, and hypocalcemic tetany 
are the most feared. Bilateral recurrent laryngeal nerve 
injury (secondary to trauma or edema) causes stridor and 
laryngeal obstruction as a result of unopposed adduc-
tion of the vocal cords and closure of the glottic aper-
ture. Immediate endotracheal intubation is required, 
usually followed by tracheostomy to ensure an adequate 
airway. This rare complication occurred only once in 
more than 30,000 thyroid operations at the Lahey Clinic. 
Unilateral recurrent nerve injury often goes unnoticed 
because of compensatory overadduction of the unin-
volved cord. However, we often test vocal cord function 
before and after this operation by asking the patient to 
say “e” or “moon.” Unilateral nerve injury is character-
ized by hoarseness and bilateral nerve injury by aphonia. 
Selective injury to the adductor fibers of both recurrent 
laryngeal nerves leaves the abductor muscles relatively 
unopposed, and pulmonary aspiration is a risk. Selective 
injury to the abductor fibers leaves the adductor muscles 
relatively unopposed, and airway obstruction can occur. 
Bullous glottic edema, an additional cause of postop-
erative respiratory compromise, has no specific cause or 
known preventive measure.

The intimate involvement of the parathyroid 
gland with the thyroid gland can result in inadvertent 
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hypocalcemia during surgery for thyroid disease. Compli-
cations related to hypocalcemia are discussed in the later 
section on this disorder.

Because postoperative hematoma can compromise the 
airway, neck and wound dressings are placed in a cross-
ing fashion (rather than vertically or horizontally) and 
should be examined for evidence of bleeding before a 
patient is discharged from the recovery room.

Thyroid Storm
Thyroid storm is the name for the clinical diagnosis of a 
life-threatening illness in a patient whose hyperthyroid-
ism has been severely exacerbated by illness or surgery. 
Thyroid storm is characterized by hyperpyrexia, tachycar-
dia, and striking alterations in consciousness. It clinically 
manifests in a manner similar to that of malignant hyper-
thermia, pheochromocytoma, and neuroleptic malignant 
syndrome. No laboratory tests are diagnostic of thyroid 
storm, and the precipitating (nonthyroidal) cause is the 
major determinant of survival. Therapy can include 
blocking the synthesis of thyroid hormones by admin-
istering antithyroid drugs and the release of preformed 
hormone with iodine. Blocking the sympathetic nervous 
system with reserpine, α- and β-receptor antagonists, or α2 
drugs may be exceedingly hazardous and requires skillful 
management and constant monitoring of the critically ill 
patient.

Thyroid dysfunction, either hyperthyroidism or hypo-
thyroidism, develops in more than 10% of patients treated 
with the antiarrhythmic agent amiodarone.80 Approxi-
mately 35% of the drug’s weight is iodine, and a 200-mg 
tablet releases approximately 20 times the optimal daily 
dose of iodine. This iodine can lead to reduced synthe-
sis of T4 or increased synthesis. In addition, amiodarone 
inhibits the conversion of T4 to the more potent T3.

Patients receiving amiodarone may be considered to 
be in need of special attention preoperatively and intra-
operatively, not just because of the arrhythmia that led 
to such therapy but also to ensure that no perioperative 
dysfunction or surprises result from unsuspected thyroid 
hyperfunction or hypofunction.81 Many patients with 
amiodarone-induced thyrotoxicosis receive steroids for a 
period, another area of questioning that may be triggered 
by the use of amiodarone in a preoperative patient.

Hypothyroidism
Hypothyroidism is a common disease that has been 
detected in 5% of a large population in Great Britain, in 
3% to 6% of a healthy older population in Massachusetts, 
and in 4.5% of a medical clinic population in Switzer-
land. The apathy and lethargy that often accompany 
hypothyroidism frequently delay its diagnosis, so the 
perioperative period may be the first opportunity to spot 
many such hypothyroid patients. However, hypothyroid-
ism is usually subclinical, serum concentrations of thy-
roid hormones are in the normal range, and only serum 
TSH levels are elevated. The normal range of TSH is 0.3 to  
4.5 milliunits/L, and TSH values of 5 to 15 milliunits/L 
are characteristic of this entity. In such cases, hypothy-
roidism may have little or no perioperative significance. 
However, a retrospective study of 59 mildly hypothyroid 
patients found that more hypothyroid patients than 
control subjects required prolonged postoperative intu-
bation (9 of 59 versus 4 of 59) and had significant elec-
trolyte imbalances (3 of 59 versus 1 of 59) and bleeding 
complications (4 of 59 versus 0 of 59).82 Because only a 
few charts were examined, these differences did not reach 
statistical significance. In another study, overt hypothy-
roidism later developed in a high percentage of patients 
with a history of subclinical hypothyroidism.83,84 Thus, a 
previous history of subclinical hypothyroidism may be a 
clue to the possibility of overt hypothyroidism.

Overt hypothyroidism may cause slow mental func-
tioning, slow movement, dry skin, arthralgias, carpal 
tunnel syndrome, periorbital edema, intolerance to cold, 
depression of the ventilatory responses to hypoxia and 
hypercapnia, impaired clearance of free water with or 
without hyponatremia, “hung-up reflexes,” slow gastric 
emptying, sleep apnea,85 and bradycardia. In extreme 
cases, cardiomegaly, heart failure, and pericardial and 
pleural effusions manifest as fatigue, dyspnea, and 
orthopnea. Hypothyroidism is often associated with amy-
loidosis, which may produce an enlarged tongue, abnor-
malities of the cardiac conduction system, and renal 
disease. Hypothyroidism decreases the anesthetic require-
ment slightly. The tongue may be enlarged in a hypothy-
roid patient even in the absence of amyloidosis, and such 
enlargement may hamper endotracheal intubation.

An increasing TSH level is the most sensitive indica-
tor of failing thyroid function. Ideal preoperative and 
preprocedure management of hypothyroidism consists 
of restoring normal thyroid status: the physicians should 
consider administering the normal dose of levothyroxine 
the morning of the surgical procedure, even though these 
drugs have long half-lives (1.4 to 10 days). Reduced GI 
absorption of levothyroxine may occur with the coad-
ministration of cholestyramine or aluminum hydroxide, 
iron, a high-bran meal, or sucralfate or colestipol. For 
patients in myxedema coma who require emergency sur-
gery, liothyronine can be given intravenously (with fear 
of precipitating myocardial ischemia, however) while 
supportive therapy is undertaken to restore normal intra-
vascular fluid volume, body temperature, cardiac func-
tion, respiratory function, and electrolyte balance.

In hypothyroidism, respiratory control mechanisms 
do not function normally. However, the response to 
hypoxia and hypercapnia and clearance of free water 
become normal with thyroid replacement therapy. Drug 
metabolism is anecdotally reported to be slowed, and 
awakening times from sedatives are reported to be pro-
longed by hypothyroidism. However, few formal studies 
and none in humans of the pharmacokinetics and phar-
macodynamics of sedatives or anesthetic drugs have been 
published. These concerns disappear when thyroid func-
tion is normalized preoperatively. Addison disease (with 
its relative steroid deficiency) is more common in hypo-
thyroidism, and some endocrinologists routinely treat 
patients with noniatrogenic hypothyroidism with stress 
doses of steroids perioperatively because both conditions 
are commonly caused by autoimmune responses. The 
possibility that this steroid deficiency exists should be 
considered if the patient becomes hypotensive periopera-
tively. Body heat mechanisms are inadequate in hypothy-
roid patients, so temperature should be monitored and 
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maintained, especially in patients requiring emergency 
surgery. Because of an increased incidence of myasthenia 
gravis in hypothyroid patients, it may be advisable to use 
a peripheral nerve stimulator to guide administration of 
muscle relaxants.

Thyroid Nodules and Carcinoma
More than 90% of thyroid nodules are benign, yet iden-
tifying malignancy in a solitary thyroid nodule is a diffi-
cult and important procedure. Male patients and patients 
with previous radiation therapy to the head and neck 
have an increased likelihood of malignant disease in their 
nodules. Often, needle biopsy and scanning are sufficient 
for the diagnosis, but occasionally excisional biopsy is 
needed. Papillary carcinoma accounts for more than 70% 
of all thyroid carcinomas. Simple excision of lymph node 
metastases appears to be as efficacious as radical neck pro-
cedures for the patient’s survival. Follicular carcinoma 
accounts for approximately 15% of thyroid carcinomas, 
is more aggressive, and has a less favorable prognosis.

Medullary carcinoma, the most aggressive form of thy-
roid carcinoma, is associated with a familial occurrence 
of pheochromocytoma, as are parathyroid adenomas. For 
this reason, a history may be obtained from patients who 
have a surgical scar in the thyroid region so that the pos-
sibility of occult pheochromocytoma can be excluded.

DISORDERS OF CALCIUM METABOLISM

The three substances that regulate serum concentrations 
of calcium, phosphorus, and magnesium—parathyroid 
hormone (parathyrin, PTH), calcitonin, and vitamin D—
act on bone, kidney, gut, and their own receptors (the last 
has led to an important advance in treatment). Calcium 
excess in blood is caused by either malignant disease or 
hyperparathyroidism in more than 90% of patients.86 
PTH stimulates bone resorption, inhibits renal excretion 
of calcium, and increases conversion to active vitamin 
D, three conditions that lead to hypercalcemia. Calcito-
nin can be considered an antagonist to PTH. Through its 
metabolites, vitamin D aids in the absorption of calcium, 
phosphate, and magnesium from the gut and facilitates 
the bone resorptive effects of PTH. Secretion of PTH is 
modulated through the calcium-sensing receptor on 
the cell surface of parathyroid cells. An increase in ion-
ized calcium stimulates this receptor and thus causes a 
decrease in PTH secretion. Recognition of this effect has 
led to reevaluation of the therapy for hyperparathyroid-
ism inasmuch as a drug up-regulating this receptor’s sen-
sitivity reduces PTH levels.87

Hyperparathyroidism and Hypercalcemia
Primary hyperparathyroidism occurs in approximately 
0.1% of the population, most commonly begins in the 
third to fifth decades of life, and occurs two to three 
times more frequently in women than in men. Primary 
hyperparathyroidism usually results from enlargement of 
a single gland, commonly an adenoma and very rarely a 
carcinoma. Hypercalcemia almost always develops.

Calcium is the chief mineral component of the body; it 
provides structure to the skeleton and performs key roles 
in neural transmission, intracellular signaling, blood 
coagulation, and neuromuscular functioning. Ninety-
nine percent of the 1000 g of calcium present in the aver-
age human body is stored in the bone mineral reservoir. 
The normal total serum calcium level is 8.6 to 10.4 mg/dL,  
as measured in most laboratories. Fifty percent to 60% 
is bound to plasma proteins or is complexed with phos-
phate or citrate. The value depends on the albumin level, 
with a decline of 0.8 mg/dL for each 1 g/dL drop in albu-
min. Binding of calcium to albumin depends on pH: bind-
ing decreases with acidic pH and increases with alkaline 
pH. Serum calcium, not ionized calcium, decreases with 
reductions in albumin levels. Although ionized calcium is 
the clinically significant fraction, the cost and technical 
difficulties of stabilizing the electrodes used for measure-
ment have limited the available assays. Nevertheless, PTH 
and vitamin D3 work to keep the level stable within 0.1 
mg/dL in any individual.

Many of the prominent symptoms of hyperparathy-
roidism are a result of the hypercalcemia that accom-
panies it. Regardless of the cause, hypercalcemia can 
produce any of a number of symptoms, the most promi-
nent of which involve the renal, skeletal, neuromuscu-
lar, and GI systems—anorexia, vomiting, constipation, 
polyuria, polydipsia, lethargy, confusion, formation 
of renal calculi, pancreatitis, bone pain, and psychiat-
ric abnormalities. Free intracellular calcium initiates or 
regulates muscle contraction, release of neurotransmit-
ters, secretion of hormones, enzyme action, and energy 
metabolism.

Nephrolithiasis occurs in 60% to 70% of patients with 
hyperparathyroidism. Sustained hypercalcemia can result 
in tubular and glomerular disorders, including proximal 
(type II) renal tubular acidosis. Polyuria and polydipsia 
are common complaints.

Skeletal disorders related to hyperparathyroidism are 
osteitis fibrosa cystica, simple diffuse osteopenia, and 
osteoporosis. The rate of bone turnover is five times 
higher in patients with hyperparathyroidism than in 
normal controls. Patients may have a history of frequent 
fractures or may complain of bone pain, especially pain 
in the anterior margin of the tibia.

Because free intracellular calcium initiates or regulates 
muscle contraction, neurotransmitter signaling, hor-
mone secretion, enzyme action, and energy metabolism, 
abnormalities in these end organs are often symptoms of 
hyperparathyroidism. Patients may experience profound 
muscle weakness, especially in proximal muscle groups, 
as well as muscle atrophy. Depression, psychomotor 
retardation, and memory impairment may occur. Leth-
argy and confusion are frequent complaints.

Peptic ulcer disease is more common in these patients 
than in the rest of the population. Production of gastrin 
and gastric acid is increased. Anorexia, vomiting, and 
constipation may also be present.

Approximately one third of all hypercalcemic patients 
are hypertensive, but the hypertension usually resolves 
with successful treatment of the primary disease. Nei-
ther hypertension nor minimally invasive surgery seems 
to alter the perioperative risk associated with surgery in 
such patients in comparison with the usual hyperten-
sive patients.88,89 Even octogenarians with asymptom-
atic hyperparathyroidism can be operated on without 
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mortality and with morbidity no different from that in 
younger individuals, thus encouraging the use of para-
thyroidectomy as preventive therapy.90 Long-standing 
hypercalcemia can lead to calcifications in the myocar-
dium, blood vessels, brain, and kidneys. Cerebral calci-
fications may cause seizures, whereas renal calcifications 
lead to polyuria that is unresponsive to vasopressin.

The most useful confirmatory test for hyperparathy-
roidism is radioimmunoassay for PTH. In fact, two changes 
have radically reduced anesthesia involvement in the 
care of patients with primary hyperparathyroidism. One, 
use of the calcimimetic drug class, which modulates the 
calcium-sensitive PTH cell receptor and thereby decreases 
calcium levels, discussed earlier, has been emphasized in 
older individuals (see later). The other change is use of 
minimally invasive approaches after imaging procedures 
with just local anesthesia or a cervical plexus block—as 
with thyroidectomy.91,92 Most surgeons now perform-
ing minimally invasive parathyroid removal monitor 
PTH levels intraoperatively to determine whether the 
causative adenoma has been resected. The baseline PTH 
level should be determined before induction of anesthe-
sia because even monitored anesthesia care increases PTH 
levels.93 In hyperparathyroid patients, hormone levels 
are abnormal for a given level of calcium. The level of 
inorganic phosphorus in serum is usually low, but it may 
be within normal limits. Alkaline phosphatase levels are 
elevated if considerable skeletal involvement is present.

Glucocorticoid administration reduces the level of 
calcium in blood in many other conditions that cause 
hypercalcemia, but not usually in primary hyperpara-
thyroidism. In sarcoidosis, multiple myeloma, vitamin D 
intoxication, and some malignant diseases, all of which 
can cause hypercalcemia, administration of glucocorti-
coids may lower serum calcium levels through an effect 
on GI absorption. This effect occurs to a lesser degree in 
primary hyperparathyroidism.

Hypercalcemia may also occur as a consequence of sec-
ondary hyperparathyroidism in patients who have chronic 
renal disease. When phosphate excretion decreases as a 
result of decreased nephron mass, serum calcium levels 
fall because of deposition of calcium and phosphate in 
bone. Secretion of PTH subsequently increases, and this 
causes the fraction of phosphate excreted by each neph-
ron to increase. Eventually, the chronic intermittent 
hypocalcemia of chronic renal failure leads to chroni-
cally high levels of serum PTH and hyperplasia of the 
parathyroid glands—one of the entities termed secondary 
hyperparathyroidism.

Symptomatic primary hyperparathyroidism in patients 
younger than 50 years or with serum calcium levels more 
than 1 mg/dL higher than the upper limit of normal, a 
30% or greater reduction in the glomerular filtration rate 
(GFR), or severe bone demineralization is usually treated 
surgically. If the patient refuses surgery or if other illnesses 
render surgery inadvisable, medical management with the 
calcimimetic cinacalcet makes management much more 
feasible. The difficulty with such management is that the 
hyperfunctioning parathyroid glands secrete more hor-
mone as the serum calcium concentration is lowered—as 
though the calcium set point for feedback regulation of 
PTH secretion had been raised. Blanchard and colleagues 
demonstrated that patients with “asymptomatic” primary 
hyperparathyroidism have clinical improvement of their 
symptoms postoperatively even after 1 year.94 Younger 
patients and those with higher preoperative calcium lev-
els show the best improvement.

Patients with moderate hypercalcemia who have nor-
mal renal and cardiovascular function present no special 
preoperative and preprocedure problems. The ECG can be 
examined preoperatively and intraoperatively for short-
ened PR or QT intervals (Fig. 39-3). Because severe hyper-
calcemia can result in hypovolemia, normal intravascular 
volume and electrolyte status should be restored before 
commencement of anesthesia and surgery.

Management of hypercalcemia preoperatively should 
include (even in urgent or emergency situations) treat-
ment of the underlying cause—a frequent strategy in sur-
gical patients with malignancy-associated hypercalcemia. 
Antitumor therapy preoperatively for both malignant 
and nonmalignant causes of hypercalcemia can include 
hydration and diuresis to increase urinary calcium excre-
tion. Restoration of intravascular volume, augmentation 
and excretion of urinary sodium (with saline infusion), 
and administration of diuretics (furosemide is commonly 
used) generally increase urinary calcium excretion sub-
stantially. Infusion rates of 200 to 400 mL/hour preopera-
tively are commonly used, but monitoring is needed to 
avoid administration of an excessive amount of intrave-
nous fluids, especially because many patients have com-
promised cardiac pumping ability. Other complications 
of these interventions include hypomagnesemia and 
hypokalemia.

In emergency situations, vigorous expansion of intra-
vascular volume usually reduces serum calcium to a safe 
level (<14 mg/dL); administration of furosemide is also 
often helpful in these situations. Phosphate should be 
given to correct hypophosphatemia because it decreases 
calcium uptake into bone, increases calcium excretion, 
and stimulates breakdown of bone. Hydration and diure-
sis, accompanied by phosphate repletion, suffice in the 
management of most hypercalcemic patients. Other 
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Figure 39-3. Measurement of the QTc interval (properly termed QETC  
to indicate that it begins with the start of the Q wave, lasts throughout 
the QT interval, ends with the end of the T wave, and is corrected for 
heart rate). RR is the RR interval in seconds. (From Hensel P, Roizen MF: 
Patients with disorders of parathyroid function, Anesthesiol Clin North 
Am 5:287, 1987.)
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measures to decrease reabsorption of bone include the 
bisphosphonates pamidronate sodium (90 mg intrave-
nously) and zoledronate (4 mg intravenously), salmon 
calcitonin (100 to 400 units every 12 hours).

Calcitonin lowers serum calcium levels through direct 
inhibition of bone resorption. It can decrease serum cal-
cium levels within minutes after intravenous adminis-
tration. Side effects include urticaria and nausea. It is so 
rapid acting that it can be used to reduce calcium levels 
while waiting for hydration and a bisphosphonate to take 
effect. Dialysis can also be used when appropriate.

It is especially important to know whether the hyper-
calcemia has been chronic because serious cardiac, renal, 
or CNS abnormalities may have resulted.

Hypocalcemia
Hypocalcemia (caused by hypoalbuminemia, hypo-
parathyroidism, hypomagnesemia, hypovitaminosis D, 
hungry bones after correction of hyperparathyroidism, 
anticonvulsant therapy, citrate infusion, or chronic renal 
disease) is not usually accompanied by a clinically evi-
dent cardiovascular disorder. The most common cause of 
hypocalcemia is hypoalbuminemia. In true hypocalcemia 
(i.e., when the free calcium concentration is low), myocar-
dial contractility is affected. In other words, myocardial 
contractility varies directly with levels of blood ionized 
calcium, although contractility decreased only 20%  
when ionized calcium levels changed from 1.68 to 1.34 
mmol/L. The clinical signs of hypocalcemia are as fol-
lows: clumsiness; convulsions; laryngeal stridor; depres-
sion; muscle stiffness; paresthesia (oral and perioral); 
parkinsonism; tetany; Chvostek sign; dry and scaly skin, 
brittle nails, and coarse hair; low serum concentrations of 
calcium; prolonged QT intervals; soft tissue calcifications; 
and Trousseau sign.

Hypocalcemia delays ventricular repolarization, hence 
increasing the QTc interval (normal, 0.35 to 0.44 second). 
With electrical systole prolonged, the ventricles may fail 
to respond to the next electrical impulse from the sino-
atrial node, and a second-degree heart block results. 
Prolongation of the QT interval is a moderately reliable 
ECG sign of hypocalcemia, not for the population as a 
whole, but for the individual patient.95 Thus, monitoring 
the QT interval as corrected for the heart rate is a useful, 
but not always accurate means of monitoring hypocal-
cemia in any individual patient (see Fig. 39-3). CHF may 
also occur with hypocalcemia, but this is rare. Because 
CHF in patients with coexisting heart disease is reduced 
in severity when calcium and magnesium ion levels are 
restored to normal, these levels may be normalized pre-
operatively in a patient with impaired exercise tolerance 
or signs of cardiovascular dysfunction; normalization 
can be achieved intravenously over a 15-minute period if 
absolutely necessary. Sudden decreases in blood levels of 
ionized calcium (as with chelation therapy) can result in 
severe hypotension.

Patients with hypocalcemia may have seizures. They 
may be focal, jacksonian, petit mal, or grand mal in 
appearance, indistinguishable from such seizures in the 
absence of hypocalcemia. Patients may also have a type 
of seizure called cerebral tetany, which consists of gen-
eralized tetany followed by tonic spasms. Therapy with 
standard anticonvulsants is ineffective and may even 
exacerbate these seizures (by an anti–vitamin D effect). 
In long-standing hypoparathyroidism, calcifications 
may appear above the sella; these calcifications represent 
deposits of calcium in and around small blood vessels of 
the basal ganglia. They may be associated with a variety 
of extrapyramidal syndromes.

The most common cause of acquired hypoparathy-
roidism is surgery of the thyroid or parathyroid glands. 
Other causes include autoimmune disorders, therapy 
with iodine-131, hemosiderosis or hemochromatosis, 
neoplasia, and granulomatous disease. Idiopathic hypo-
parathyroidism has been divided into three categories: an 
isolated persistent neonatal form, branchial dysembryo-
genesis, and autoimmune candidiasis related to multiple 
endocrine deficiency.

Pseudohypoparathyroidism and pseudopseudohypo-
parathyroidism are rare hereditary disorders characterized 
by short stature, obesity, rounded face, and shortened 
metacarpals. Patients with pseudohypoparathyroidism 
have hypocalcemia and hyperphosphatemia despite high 
serum levels of PTH. These patients have a deficient end-
organ response to PTH as a result of abnormalities in 
G-protein function.

Because treatment of hypoparathyroidism is not sur-
gical, hypoparathyroid patients who come to the oper-
ating room are those who require surgery for unrelated 
conditions. Their calcium, phosphate, and magnesium 
levels should be measured both preoperatively and 
postoperatively. Patients with symptomatic hypocalce-
mia may be treated with intravenous calcium gluconate 
preoperatively. Initially, 10 to 20 mL of 10% calcium 
gluconate may be given at a rate of 5 mL/minute. The 
effect on serum calcium levels is of short duration, but 
a continuous infusion with 10 mL/minute of 10% cal-
cium gluconate in 500 mL of solution over a period of 
6 hours helps keep serum calcium at adequate levels. 
Magnesium and phosphate levels may also require nor-
malization to normalize cardiovascular and nervous 
system function.

The objective of therapy is to bring the symptoms 
under control before the surgical procedure and anesthe-
sia. For patients with chronic hypoparathyroidism, the 
objective is to keep the serum calcium level in the lower 
half of the normal range. A preoperative and preproce-
dure ECG is useful for maintaining the QTc interval. The 
preoperative and preprocedure QTc value may be used 
as a guide to the serum calcium level if rapid laboratory 
assessment is not possible. Changes in the calcium level 
may alter the duration of muscle relaxation, so such alter-
ations may be monitored by using a twitch monitor in 
these (as well as all other) patients.

The intimate involvement of the parathyroid gland 
with the thyroid gland can result in unintentional hypo-
calcemia during surgery for diseases of either organ. 
Because of the affinity of their bones for calcium, this 
relationship is crucial in patients with advanced oste-
itis. Internal redistribution of magnesium, calcium, or 
both ions may occur (into “hungry bones”) after para-
thyroidectomy and may cause hypomagnesemia, hypo-
calcemia, or both conditions. Because the tendency to 
tetany increases with alkalosis, hyperventilation is usually 
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assiduously avoided. The most prominent manifestations 
of acute hypocalcemia are distal paresthesias and muscle 
spasm (tetany). Potentially fatal complications of severe 
hypocalcemia include laryngeal spasm and hypocalcemic 
seizures. The clinical sequelae of magnesium deficiency 
include cardiac arrhythmias (principally ventricular 
tachyarrhythmias), hypocalcemic tetany, and neuromus-
cular irritability independent of hypocalcemia (tremors, 
twitching, asterixis, and seizures).

In addition to monitoring total serum calcium or 
ionized calcium postoperatively, one can test for the 
Chvostek and Trousseau signs. (Serum calcium, not 
ionized calcium, depends on the albumin level, with a 
decline of approximately 0.8 mg/dL for each 1 g/dL drop 
in serum albumin level.) Because the Chvostek sign can 
be elicited in 10% to 15% of patients who are not hypo-
calcemic, an attempt should be made to elicit this sign 
preoperatively to ensure that its appearance is mean-
ingful. The Chvostek sign is a contracture of the facial 
muscles produced by tapping the ipsilateral facial nerve 
at the angle of the jaw. The Trousseau sign is elicited by 
applying a blood pressure cuff at a level slightly above the 
systolic level for a few minutes. The resulting carpopedal 
spasm, with contraction of the fingers and inability to 
open the hand, stems from the increased muscle irritabil-
ity in hypocalcemic states, aggravated by ischemia pro-
duced by the blood pressure cuff.

Osteoporosis
Fifty percent of women who are older than 65 years sus-
tain an osteoporotic fracture. (Because men are living lon-
ger, osteoporosis has become an increasing problem for 
them, too, and reports indicate a 15% per decade hip frac-
ture rate for men >65 years old).95 Men with COPD (even 
without steroid treatment) are at high risk for vertebral 
fractures and thus may be allowed to position and move 
themselves onto and off surgical tables. Furthermore, in 
either gender, each vertebral fracture is associated with a 
10% decrease in lung capacity. Diagnosis and treatment 
of these conditions have increased with routine use of 
dual-energy x-ray absorptiometry or quantitative ultraso-
nography. Because T-scores and Z-scores were developed 
to relate changes in white postmenopausal women to 
those at age 21 years, care must be used in interpreting 
the results. Known risk factors include age, relative life-
time estrogen deficiency (late menarche, amenorrhea, 
early menopause, nulliparity), deficiency of dietary cal-
cium, tobacco use, increased aerobic exercise in combi-
nation with decreased weight-bearing exercise, decreased 
weight-bearing exercise by itself, use of soft drinks, and 
Asian or white ancestry. Although therapy for osteoporo-
sis (use of biphosphates, bone mineral depositors, weight-
bearing exercises, calcium, vitamin D, estrogen, and now 
designer estrogens that may be useful for men, such as ral-
oxifene [Evista]) does not have major known implications 
for anesthesia care,96-98 bone fractures in such patients 
have occurred on movement to and from an operating 
table. Recombinant PTH and calcitonin are also used, but 
again, no reports of perioperative interactions have been 
prominent. Thus, the precautions mentioned earlier for 
hyperparathyroid patients relative to self-positioning and 
careful positioning may be useful.
PITUITARY ABNORMALITIES

Anterior Pituitary Hypersecretion
The anterior pituitary gland (or master endocrine gland) 
consists of five identifiable types of secretory cells (and 
the hormones that they secrete): somatotrophs (GH), 
corticotrophs (ACTH), lactotrophs (prolactin), gonado-
trophs (luteinizing hormone [LH] and follicle-stimulat-
ing hormone [FSH]), and thyrotrophs (TSH). Secretion 
of these pituitary hormones is largely regulated by a 
negative-feedback loop by hypothalamic regulatory hor-
mones and by signals that originate from the target site 
of pituitary action. Six hypothalamic hormones have 
been characterized: dopamine, the prolactin-inhibit-
ing hormone; somatostatin, the GH release–inhibiting 
hormone; GH-releasing hormone (GHRH); corticotro-
pin-releasing hormone (CRH); gonadotropin-releasing 
hormone (GnRH or LHRH); and TRH. Most pituitary 
tumors (>60%) are hypersecretory and are classified 
according to the excess production of a specific anterior 
pituitary hormone.

The most common disorders of pituitary hypersecre-
tion are those related to excesses of prolactin (amen-
orrhea, galactorrhea, and infertility), ACTH (Cushing 
syndrome), and GH (acromegaly). In addition to knowing 
the pathophysiologic processes of the disease involved, 
the anesthesiologist must determine whether the patient 
recently underwent air pneumoencephalography (almost 
obsolete, but still used rarely). If so, nitrous oxide should 
not be used to lessen the risk of intracranial hypertension 
from gas collection. CT or MRI of the sella has largely 
replaced neuroencephalography.

More than 99% of cases of acromegaly are attribut-
able to pituitary adenoma (or use of recombinant GH 
for unapproved aging prevention, for which this sub-
stance is not effective, as of current data). Thus, the 
primary treatment of acromegaly is transsphenoidal 
surgery (or withdrawal of drug) and symptomatic treat-
ment of the carpal tunnel or other syndromes provoked. 
If the pituitary tumor is not totally removed, patients 
are often offered external pituitary irradiation. In the 
case of suprasellar extension, conventional transfrontal 
hypophysectomy is often performed. The dopaminergic 
agonist bromocriptine can lower GH levels, but the long-
term follow-up with this drug is not favorable. Octreo-
tide, a long-acting analogue of somatostatin, now given 
in depot form approximately once a month, produces 
effective palliation in 50% of patients. Other medical 
therapies such as pegvisomant or somatostatin analogues 
are also medications that have been tried before surgical 
intervention. In 2011, new guidelines were published 
with few changes to the available recommendations.99 
However, the new guidelines reported some evidence 
that medication taken preoperatively may result in a bet-
ter postoperative outcome.

Difficulty with endotracheal intubation should be 
anticipated in a patient with acromegaly; lateral neck 
radiographs or CT scans of the neck and direct or indirect 
visualization can identify patients with subglottic steno-
sis or an enlarged tongue, mandible, epiglottis, or vocal 
cords. If placement of an arterial line is necessary, a bra-
chial or femoral site may be preferable to a radial site.100
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Anterior Pituitary Hypofunction
Anterior pituitary hypofunction results in deficiency of 
one or more of the following hormones: GH, TSH, ACTH, 
prolactin, or gonadotropin. No special preoperative and 
preprocedure preparation is required for a patient defi-
cient in prolactin or gonadotropin; deficiency in GH, 
however, can result in atrophy of cardiac muscle, a condi-
tion that may necessitate preoperative and preprocedure 
cardiac evaluation. Nonetheless, anesthetic problems 
have not been documented in patients with isolated GH 
deficiency. Acute deficiencies are another matter.

Acute pituitary deficiency is often caused by bleeding 
into a pituitary tumor. In surgical specimens of resected 
adenomas, as many as 25% show evidence of hemor-
rhage. These patients often have acute headache, visual 
loss, nausea or vomiting, ocular palsy, disturbances of 
consciousness, fever, vertigo, or hemiparesis. In such 
patients, rapid transsphenoidal decompression should be 
accompanied by consideration of replacement therapy, 
including glucocorticoids, and treatment of increased 
intracranial pressure.

Obstetric anesthesiologists are often aware of these 
pituitary failure problems (see also Chapter 77); Sheehan 
syndrome is the clinical manifestation of pituitary infarc-
tion associated with hypotension after or during obstetric 
hemorrhage. Conditions that strongly suggest this diag-
nosis are failure to start postpartum lactation, increas-
ing fatigue, cold intolerance, and especially hypotension 
unresponsive to volume replacement and pressors.

Posterior Pituitary Hormone Excess  
and Deficiency
Secretion of vasopressin or antidiuretic hormone (ADH) 
is enhanced by increased serum osmolality or the pres-
ence of hypotension. Inappropriate secretion of vaso-
pressin, without relation to serum osmolality, results 
in hyponatremia and fluid retention. This inappro-
priate secretion can result from the following: a vari-
ety of CNS lesions; drugs such as nicotine, narcotics, 
chlorpropamide, clofibrate, vincristine, vinblastine, 
and cyclophosphamide; and pulmonary infections, 
hypothyroidism, adrenal insufficiency, and ectopic pro-
duction from tumors. Preoperative and preprocedure 
management of a surgical patient with inappropriate 
secretion of vasopressin includes appropriate treatment 
of the causative disorders and restriction of water. Occa-
sionally, drugs that inhibit the renal response to ADH 
(e.g., lithium or demeclocycline) should be adminis-
tered preoperatively to restore normal intravascular 
volume and electrolyte status.

Most of the clinical features associated with the syn-
drome of inappropriate secretion of antidiuretic hor-
mone (SIADH) are related to hyponatremia and the 
resulting brain edema; such features include weight 
gain, weakness, lethargy, mental confusion, obtunda-
tion, and disordered reflexes and may culminate in con-
vulsions and coma. This form of edema rarely leads to 
hypertension.

Investigators have recognized that 10% to 20% of 
long-distance and marathon runners have SIADH with 
increased vasopressin secretion. Because such people 
not infrequently undergo surgical treatment of injuries, 
SIADH symptoms and laboratory evaluation may be rou-
tine for that group as well.

SIADH should be suspected in any patient with hypo-
natremia who excretes urine that is hypertonic relative to 
plasma. The following laboratory findings further support 
the diagnosis:

 1.  Urinary sodium greater than 20 mEq/L
 2.  Low serum levels of BUN, creatinine, uric acid, and 

albumin
 3.  Serum sodium lower than 130 mEq/L
 4.  Plasma osmolality lower than 270 mOsm/L
 5.  Urine hypertonic relative to plasma
  

Noting the response to water loading is a useful way 
of evaluating patients with hyponatremia. Patients with 
SIADH are unable to excrete dilute urine even after water 
loading. Assay of ADH in blood can confirm the diag-
nosis. Too vigorous treatment of chronic hyponatremia 
can result in disabling demyelination.101,102 The increase 
in serum sodium should not be greater than 1 mEq/L/
hour101,102 (see the discussion of hyponatremia in the 
later section on electrolyte disorders).

Patients with mild to moderate symptoms of water 
intoxication can be treated with restriction of fluid 
intake to approximately 500 to 1000 mL/day. Patients 
with severe water intoxication and CNS symptoms 
may need vigorous treatment consisting of intravenous 
administration of 200 to 300 mL of a 5% saline solu-
tion over a period of several hours, followed by fluid 
restriction.

Treatment should be directed at the underlying prob-
lem. If SIADH is drug induced, use of the drug should be 
withdrawn. Inflammation should be treated with appro-
priate measures, and neoplasms should be managed by 
surgical resection, irradiation, or chemotherapy, which-
ever is indicated.

No drugs are available that can suppress release of ADH 
from the neurohypophysis or from a tumor. Phenytoin 
(Dilantin) and narcotic antagonists such as naloxone and 
butorphanol have some inhibiting effect on physiologic 
ADH release but are clinically ineffective in patients 
with SIADH. Drugs that block the effect of ADH on renal 
tubules include lithium, which is rarely used because its 
toxicity often outweighs its benefits, and demethylchlor-
tetracycline in doses of 900 to 1200 mg/day. Demethyl-
chlortetracycline interferes with the ability of the renal 
tubules to concentrate urine, thereby causing excretion 
of isotonic or hypotonic urine and lessening the hypona-
tremia. This drug can be used in ambulatory patients with 
SIADH when it is difficult to restrict fluids.

When a patient with SIADH comes to the operating 
room for any surgical procedure, fluids are managed by 
measuring central volume status by CVP, pulmonary 
artery lines, or the cross-sectional left ventricular area at 
end-diastole on transesophageal echocardiography and 
by frequent assays of urine osmolarity, plasma osmolar-
ity, and serum sodium, including the period immediately 
after the surgical procedure. Despite the common impres-
sion that SIADH is frequently seen in older patients in 
the postoperative period, studies have shown that the 
patient’s age and the type of anesthetic used have no 
bearing on the postoperative development of SIADH. It 
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is not unusual to see several patients in the neurosurgi-
cal ICU suffering from this syndrome. The diagnosis is 
usually one of exclusion. Patients with SIADH generally 
require only restriction of intravenous fluids; very rarely 
is hypertonic saline needed.

Lack of ADH, which results in diabetes insipidus, is 
caused by pituitary disease, brain tumors, infiltrative 
diseases such as sarcoidosis, head trauma (including 
trauma after neurosurgery), or lack of a renal response to 
ADH. The last can result from such diverse conditions as 
hypokalemia, hypercalcemia, sickle cell anemia, obstruc-
tive uropathy, and renal insufficiency. Preoperative or 
preprocedure treatment of diabetes insipidus consists 
of restoring normal intravascular volume by replac-
ing urinary losses, administering desmopressin acetate 
(DDAVP) nasally, and giving daily fluid requirements 
intravenously.

Perioperative management of patients with diabetes 
insipidus is based on the extent of the ADH deficiency. 
Management of a patient with complete diabetes insip-
idus and a total lack of ADH does not usually present 
any major problem as long as the side effects of the drug 
are avoided and the presence of the condition is known 
preoperatively. Just before the surgical procedure, the 
patient is given the usual dose of DDAVP intranasally 
or an intravenous bolus of 100 milliunits of aqueous 
vasopressin, followed by a constant infusion of 100 to  
200 milliunits/hour.1 The dose is usually adjusted to per-
mit the daily breakthrough polyuria that prevents the 
iatrogenic syndrome of SIADH. All the intravenous flu-
ids given intraoperatively should be isotonic to reduce 
the risk of water depletion and hypernatremia. Plasma 
osmolality should be measured every hour, both intra-
operatively and immediately postoperatively. If plasma 
osmolality rises much higher than 290 mOsm/L, hypo-
tonic fluids can be administered; the rate of the intraop-
erative vasopressin infusion can be increased to greater 
than 200 milliunits/hour.

For patients who have a partial deficiency of ADH, it is 
not necessary to use aqueous vasopressin perioperatively 
unless plasma osmolality rises to more than 290 mOsm/L. 
Nonosmotic stimuli (e.g., volume depletion) and the 
stress of surgery usually cause the release of large quanti-
ties of ADH perioperatively. Consequently, these patients 
require only frequent monitoring of plasma osmolality 
during this period.

Because of side effects, the dose of vasopressin should 
be limited to that necessary for control of diuresis. The 
oxytocic and coronary artery–constricting properties 
of vasopressin make this limit especially applicable to 
patients who are pregnant or have CAD.

DISEASES INVOLVING THE 
CARDIOVASCULAR SYSTEM

HYPERTENSION

Analysis of the perioperative treatment of hypertension 
is important because of the prevalence of the condition 
(30% of the general population in the United States), the 
great risk in perioperative care of a hypertensive patient, 
and the high cost of unnecessary delays in surgical treat-
ment. Numerous studies over the years have evaluated 
the impact of hypertension as one of the risk factors for 
cardiac morbidity. More recently, the need to delay sur-
gery because of poorly controlled hypertension has been 
questioned. Weksler and colleagues studied 989 hyper-
tensive patients who were treated on a long-term basis 
and who underwent noncardiac surgery with diastolic 
blood pressure between 110 and 130 mm Hg and no 
previous myocardial infarction (MI), unstable or severe 
angina pectoris, renal failure, pregnancy-induced hyper-
tension, left ventricular hypertrophy, previous coronary 
revascularization, aortic stenosis, preoperative dysrhyth-
mias, conduction defects, or stroke.103 The control group 
had their surgical procedures postponed and remained in 
the hospital for control of blood pressure, and the study 
patients received 10 mg of nifedipine intranasally. No 
statistically significant differences in postoperative com-
plications were observed, thus suggesting that this subset 
of patients without significant cardiovascular comorbid 
conditions can proceed with surgery despite elevated 
blood pressure on the day of the operation.

Several studies have assessed the relationship between 
cardiovascular disease and preoperative hypertension. 
In a multicenter study of patients undergoing coronary 
artery bypass graft (CABG), the presence of isolated sys-
tolic hypertension was associated with a 30% increased 
incidence of perioperative cardiovascular complica-
tions when compared with normotensive individuals.104 
Kheterpal and colleagues integrated data from their 
anesthesia information system (AIMS) and the American 
College of Surgeons National Surgical Quality Improve-
ment Project (NSQIP) and found hypertension to be 
one of the independent predictors of events.105 Wax 
and colleagues used their AIMS to identify independent 
predictors of troponin elevation or death, and indepen-
dent predictors of adverse outcome included increased 
baseline systolic blood pressure, intraoperative diastolic 
blood pressure lower than 85 mm Hg, increased intra-
operative heart rate, blood transfusion, and anesthetic 
technique, controlling for standard risk factors.106 A 
delay of surgery did not result in interval normalization 
of blood pressure.

Although preoperative blood pressure (both systolic 
and diastolic) is a significant predictor of postoperative 
morbidity, no data definitively establish whether preop-
erative treatment of hypertension reduces perioperative 
risk. Until a definitive study is performed, we recommend 
letting the weight of evidence guide preoperative treat-
ment of a patient with hypertension. Such treatment 
would be based on three general beliefs: (1) the patient 
should be educated regarding the importance of lifelong 
treatment of hypertension, even isolated systolic hyper-
tension; (2) perioperative hemodynamic fluctuations 
occur less frequently in treated than in untreated hyper-
tensive patients (as demonstrated by Prys-Roberts and 
colleagues107 and confirmed by Goldman and Caldera108 
and Mangano and associates109); and (3) hemodynamic 
fluctuations have some relation to morbidity. Kheterpal 
and colleagues demonstrated that patients who sustained 
a cardiac adverse event were more likely to experience an 
episode of mean arterial pressure lower than 50 mm Hg,  
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an episode of 40% decrease in mean arterial pressure, 
and an episode of heart rate higher than 100 beats/min-
ute.105 The data of Pasternack and colleagues and Weksler 
and associates imply that rapid correction of blood pres-
sure or prevention of increases in heart rate may be all 
that is needed.103,110 Taken together, these data suggest 
that maintenance of normal blood pressure is critical in 
patients with hypertension.

Preoperative data should be used to determine the 
individualized range of suitable arterial blood pressure 
values that are tolerable by a particular patient during 
and after a surgical procedure. That is, if blood pressure 
is 180/100 mm Hg and the heart rate is 96 beats/minute 
on admission with no signs or symptoms of myocardial 
ischemia, these levels can likely be tolerated during a 
surgical procedure. Conversely, if during the night blood 
pressure decreases to 80/50 mm Hg and the heart rate 
to 48 beats/minute and a new cerebral deficit does not 
occur, the patient can probably safely tolerate such lev-
els during anesthesia. Therefore, on the basis of preop-
erative data, we derive an individualized set of values 
for each patient. However, hypotension in patients at 
risk for a cerebrovascular event should be avoided. For 
example, the POISE (Perioperative Ischemic Evaluation) 
study demonstrated that short-term β-blocker admin-
istration resulted in an increased incidence of stroke 
and death that was associated with an increased rate of 
hypotension.111

Preoperative Administration of All 
Antihypertensive Drugs
Continuation of all antihypertensive drugs preoperatively 
should be considered, except ACE inhibitors or angioten-
sin II antagonists, for which no clear consensus exists. 
Coriat and colleagues found that ACE inhibitors were 
associated with hypotension in 100% of patients dur-
ing induction versus approximately 20% in whom ACE 
inhibitors were withheld on the morning of the surgical 
procedure.112 Bertrand and co-workers performed a pro-
spective randomized study that demonstrated that more 
severe hypotensive episodes requiring vasoconstrictor 
treatment occurred after induction of general anesthesia 
in patients treated on a long-term basis with an angioten-
sin II antagonist and receiving the drug on the morning 
before the operation than in those in whom angiotensin 
II antagonists were discontinued on the day before the 
surgical procedure.113 Kheterpal and colleagues performed 
a propensity-matched analysis of 12,381 noncardiac sur-
gical cases.114 Patients with long-term ACE inhibitor or 
angiotensin receptor blocker and diuretic therapy showed 
more periods with a mean arterial blood pressure lower 
than 70 mm Hg, periods with a 40% decrease in systolic 
blood pressure, periods with a 50% decrease in systolic 
blood pressure, and vasopressor boluses than did patients 
receiving diuretic therapy alone. If these drugs are con-
tinued, vasopressin is the drug of choice for refractory 
hypotension. Investigators at the Cleveland Clinic evalu-
ated 79,228 patients (9905 ACE inhibitor users [13%] 
and 66,620 [87%] non–ACE inhibitor users) who had 
noncardiac surgery between 2005 and 2009.115 These 
investigators did not find any association between use of 
ACE inhibitors and intraoperative or postoperative upper 
airway complications. ACE inhibitor use was not associ-
ated with in-hospital complications or increased 30-day 
mortality.

ISCHEMIC HEART DISEASE

Preoperative evaluation of a patient with ischemic heart 
disease (see also Chapter 67) and a discussion of the AHA/
ACC guidelines can be found in Chapter 38.116 New 
guidelines were published in 2014 by both the AHA/ACC 
and the European Society of Cardiology.116a,166b

Role of Coronary Artery Bypass Graft or 
Percutaneous Coronary Interventions 
Before Noncardiac Surgical Procedures
Coronary revascularization may reduce the periopera-
tive risk before noncardiac surgery (see also Chapter 67). 
Earlier successful preoperative revascularization may 
decrease postoperative cardiac risk twofold to fourfold 
in patients undergoing elective vascular surgery.117,118 
The strongest retrospective evidence comes from the 
Coronary Artery Surgery Study (CASS) registry, which 
enrolled patients from 1978 to 1981. Operative mortal-
ity in patients with CABG performed before noncardiac 
surgery was 0.9% but was significantly higher at 2.4% 
in patients without previous CABG. However, a 1.4% 
mortality rate was associated with the CABG procedure 
itself.

Eagle and colleagues reported on a long-term analysis 
of patients entered into the CASS.119 These investigators 
studied patients assigned to medical or surgical therapy 
for CAD for more than 10 years who subsequently under-
went 3368 noncardiac operations in the years after assign-
ment of coronary treatment. Intermediate-risk surgery 
such as abdominal, thoracic, or carotid endarterectomy 
were associated with a combined morbidity and mortality 
rate of 1% to 5% and a small but significant improvement 
in outcome in patients who had previously undergone 
revascularization. The most significant improvement in 
outcome occurred in patients who underwent major vas-
cular surgery such as abdominal or lower extremity revas-
cularization. However, this observational study did not 
randomize patients and was undertaken in the 1970s and 
1980s, before significant advances in medical, surgical, 
and percutaneous coronary strategies.119

Landesberg and coauthors retrospectively reviewed 
long-term outcomes in 578 major vascular procedures.120 
By multivariate analysis, age, type of vascular surgery, 
presence of diabetes, previous MI, and moderate to severe 
ischemia on preoperative thallium scanning indepen-
dently predicted mortality, and preoperative coronary 
revascularization predicted improved survival. Long-term 
survival after major vascular surgery was significantly 
improved if patients with moderate to severe ischemia on 
preoperative thallium scanning underwent selective coro-
nary revascularization.

The benefit of percutaneous coronary intervention 
(PCI) before noncardiac surgery has also been examined 
in several cohort studies. Posner and colleagues used an 
administrative data set of patients who underwent PCI 
and noncardiac surgery in Washington State.121 These 
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investigators matched patients with coronary disease 
who were undergoing noncardiac surgery with and with-
out previous PCI and looked at cardiac complications. In 
this nonrandomized design, Posner and colleagues noted 
a significantly lower rate of 30-day cardiac complications 
in patients who underwent PCI at least 90 days before 
the noncardiac surgery. However, PCI within 90 days of 
noncardiac surgery did not improve outcome. Although 
the explanation for these results is unknown, they may 
support the notion that PCI performed “to get the patient 
through surgery” may not improve perioperative outcome 
because cardiac complications may not occur in patients 
with stable or asymptomatic coronary stenosis. PCI may 
actually destabilize coronary plaque, which becomes 
manifest in the days or weeks after noncardiac surgery.

Godet and associates studied a cohort of 1152 patients 
after abdominal aortic surgery in which 78 patients 
underwent PCI.122 In the PCI group, the observed per-
centages of patients with a severe postoperative coronary 
event (9.0%; 95% confidence interval [CI], 4.4 to 17.4) or 
death (5.1% [95% CI, 2.0 to 12.5]) were not significantly 
different from the expected percentages (8.2% and 6.9%, 
respectively), which was confirmed by propensity analy-
sis. PCI did not seem to significantly limit cardiac risk or 
death after aortic surgery.

Several randomized trials have addressed the value 
of testing and CABG or PCI, or both, in a subset of 
patients. McFalls and colleagues reported the results of 
a multicenter randomized trial in the VA Health System 
in which patients with documented CAD on coronary 
angiography, excluding those with left main CAD or a 
severely depressed ejection fraction (<20%), were ran-
domized to CABG (59%) or percutaneous transluminal 
coronary angioplasty (PTCA) (41%) versus routine medi-
cal therapy.123 At 2.7 years after randomization, mortality 
in the revascularization group was not significantly dif-
ferent (22%) from that in the no-revascularization group 
(23%) (Fig. 39-4). Within 30 days after the vascular opera-
tion, postoperative MI, defined by elevated troponin lev-
els, occurred in 12% of the revascularization group and 
in 14% of the no-revascularization group (P = .37). The 
authors suggested that coronary revascularization is not 
indicated in patients with stable CAD, and their results 
further support the lack of efficacy of PCI or CABG for 
single- or double-vessel disease before noncardiac surgery. 
However, in a follow-up analysis, Ward and coauthors 
reported improved outcome in the subset of patients who 
underwent CABG versus PCI.124

Poldermans and colleagues randomized 770 patients 
about to undergo major vascular surgery and considered 
to have intermediate cardiac risk, defined as the presence 
of 1 or 2 cardiac risk factors, to either undergo further 
risk stratification with stress imaging or proceed directly 
to surgery.125 All patients received bisoprolol with a tar-
geted heart rate of 60 to 65 beats/minute initiated before 
and continued after the surgical procedure. The 30-day 
incidence of cardiac death and nonfatal MI was similar 
in both groups (1.8% in the no-testing group versus 2.3% 
in the tested group). The conclusions of the authors were 
that further risk stratification in this group of patients con-
sidered to be at intermediate risk based on clinical history 
alone was unnecessary as long as perioperative β-blockers 
were used and that testing only delayed necessary vascu-
lar surgery. In a pilot study, Poldermans and associates 
tested patients with more than 3 risk factors; 101 (23%) 
showed extensive ischemia and were randomly assigned 
to revascularization (n = 49) or no revascularization.126 
Revascularization did not improve 30-day outcome; the 
incidence of the composite end-point was 43% versus 
33% (odds ratio [OR], 1.4; 95% CI, 0.7 to 2.8; P = .30). In 
addition, no benefit during 1-year follow-up was observed 
after coronary revascularization (49% versus 44%; OR, 
1.2; 95% CI, 0.7 to 2.3; P = .48). Concern was expressed by 
Erasmus University (Rotterdam, the Netherlands) regard-
ing the scientific integrity of studies led by Poldermans, 
as detailed in Erasmus MC Follow-up Investigation Com-
mittee: Report on the 2012 follow-up investigation of pos-
sible breaches of academic integrity, September 30, 2012 (htt
p://www.erasmusmc.nl/5663/135857/3675250/370679
8/Integrity_report_2012-10.pdf?lang=en). At the time of 
writing this chapter, the articles have not been retracted, 
but these data should be viewed with some skepticism. 
The authors of the 2014 AHA/ACCF Guidelines decided 
that the nonretracted decrease publications and/or other 
derivative studies by Poldermans that are relevant to the 
topic can only be cited in the text with a comment about 
the finding compared with the current recommendation 
but did not form the basis of that recommendation.

One issue in interpreting the results is that the length 
of time between coronary revascularization and noncar-
diac surgery most likely has an impact on its protective 
effect and potential risks. Back and co-workers studied 
425 consecutive patients undergoing 481 elective major 
vascular operations at an academic VA Medical Cen-
ter.127 Coronary revascularization was classified as recent  
(CABG <1 year; PTCA <6 months) in 35 cases (7%), 
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Figure 39-4. Long-term survival in patients randomized to coronary 
revascularization or routine care in patients with coronary artery dis-
ease on angiography and undergoing major vascular surgical proce-
dures in the Coronary Artery Revascularization Prophylaxis trial. (From 
McFalls EO, Ward HB, Moritz TE, et al: Coronary-artery revascularization 
before elective major vascular surgery, N Engl J Med 351:2795-2804, 
2004.)
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prior (CABG >1 year and ≤5 years; PTCA >6 months and  
≤2 years) in 45 cases (9%), and remote (CABG ≥5 years; 
PTCA ≥2 years) in 48 cases (10%). Outcomes in patients with 
previous PTCA were similar to those after CABG (P = .7).  
Significant differences in adverse cardiac events and mor-
tality were found among patients with CABG performed 
within 5 years or PTCA within 2 years (6.3%, 1.3%, respec-
tively), individuals with remote revascularization (10.4%, 
6.3%), and nonrevascularized patients stratified at high 
risk (13.3%, 3.3%) or intermediate/low risk (2.8%, 0.9%). 
The authors concluded that previous coronary revascu-
larization (CABG <5 years; PTCA <2 years) may provide 
only modest protection against adverse cardiac events 
and mortality after major arterial reconstruction.

PCI using coronary stenting poses several special 
issues. Kaluza and associates reported on the outcome 
of 40 patients who underwent prophylactic coronary 
stent placement less than 6 weeks before major non-
cardiac surgery requiring general anesthesia.128 Among 
these patients, 7 MIs, 11 major bleeding episodes, and  
8 deaths were noted. All deaths and MIs, as well as 8 of 
the 11 bleeding episodes, occurred in patients subjected 
to surgical procedures less than 14 days after stenting. 
Four patients died after undergoing surgical procedures 
1 day after stenting. Wilson and colleagues reported on 
207 patients who underwent noncardiac surgery within 
2 months of stent placement.129 Eight patients died or 
suffered an MI, all of whom were among the 168 patients 
who had surgical procedures 6 weeks after stent place-
ment. Vicenzi and co-workers studied 103 patients and 
reported that the risk of suffering a perioperative cardiac 
event was 2.11-fold greater in patients with recent stents 
(<35 days before surgery) than in those who underwent 
PCI more than 90 days before surgical procedures.130 Lei-
bowitz and associates studied a total of 216 consecutive 
patients who underwent PCI within 3 months of non-
cardiac surgery (PTCA, 122; stent, 94).131 A total of 26 
patients (12%) died, 13 in the stent group (14%) and 13 
in the PTCA group (11%), a nonsignificant difference. 
The incidence of acute MI and death within 6 months 
was not significantly different (7% and 14% in the stent 
group and 6% and 11% in the PTCA group, respectively). 
Significantly more events occurred in the 2 groups when 
noncardiac surgery was performed within 2 weeks of PCI. 
Based on the accumulating data, elective noncardiac sur-
gery after PCI, with or without stent placement, should 
be delayed for 4 to 6 weeks.

Drug-eluting stents may represent an even greater 
problem during the perioperative period based on case 
reports. Nasser and coauthors described two patients with 
in-stent thrombosis occurring 4 and 21 months after the 
implantation of sirolimus-eluting stents.132 Drug-eluting 
stents may represent an additional risk over a prolonged 
period (≤12 months), particularly if antiplatelet drugs are 
discontinued.133 One study demonstrated that although 
the frequency of major noncardiac surgery in the year 
after drug-eluting stent placement was more than 4%, 
the overall risk of adverse outcomes was less than previ-
ously reported when surgical procedures were performed 
months after drug-eluting stent placement.134 However, 
the risk was significantly increased in the week after major 
noncardiac surgery. A population-based study in Canada 
using administrative health care databases demonstrated 
that the earliest optimal time for elective surgery is 46 to 
180 days after bare metal stent implantation or more than 
180 days after drug-eluting stent implantation.135 Hawn 
and colleagues used a national, retrospective cohort study 
of 41,989 VA and non-VA operations occurring in the  
24 months after coronary stent implantation between 
2000 and 2010.136 Among patients undergoing noncar-
diac surgery within 2 years of coronary stent placement, 
major adverse cardiac events were associated with emer-
gency surgery and advanced cardiac disease but not stent 
type or timing of surgery beyond 6 months after stent 
implantation (Fig. 39-5).

Perioperative Risk Factors for Cardiac 
Morbidity and Mortality
A thorough history should focus on cardiovascular risk 
factors and symptoms or signs of unstable cardiac disease 
states, such as myocardial ischemia with minimal exer-
tion, active CHF, symptomatic valvular heart disease, and 
significant cardiac arrhythmias. The presence of unstable 
angina is associated with a 28% incidence of periopera-
tive MI.137 Such patients would benefit from delaying 
elective surgery to address their CAD. For those patients 
with chronic stable angina, exercise tolerance appears to 
be a good method of assessing perioperative risk.

In virtually all studies, the presence of active CHF 
has been associated with increased perioperative car-
diac morbidity.138 In addition, multiple studies have 
demonstrated that reduced ejection fraction is associ-
ated with an increased incidence of perioperative cardiac 
events.139,140 Flu and colleagues performed echocardiog-
raphy in patients undergoing vascular surgery and found 
that for open surgical procedures, asymptomatic systolic 
left ventricular dysfunction and asymptomatic diastolic 
left ventricular dysfunction were both associated with 
increased 30-day cardiovascular event rates (OR, 2.3; 95% 
CI, 1.4 to 3.6; and OR, 1.8; 95% CI 1.1 to 2.9, respectively) 
and long-term cardiovascular mortality (hazard ratio, 4.6; 
95% CI 2.4 to 8.5; and hazard ratio, 3.0; 95% CI 1.5 to 6.0, 
respectively).141 In patients undergoing endovascular sur-
gery (n = 356), only symptomatic heart failure was associ-
ated with an increase in 30-day cardiovascular events and 
long-term cardiovascular mortality. These results suggest 
that stabilization of ventricular function and treatment of 
pulmonary congestion is prudent before elective surgery.

A recent MI has traditionally been an important predic-
tor of perioperative risk. The more recent the MI, particu-
larly within 3 to 6 months, the greater is the perioperative 
risk. However, like the Goldman Cardiac Risk Index, 
medicine has changed and outcomes are improved. The 
classic article by Rao and associates that was published in 
1983 cited a reinfarction rate of nearly 30% if noncardiac 
surgery occurred within 3 months of a prior infarction.142 
These reinfarctions had a very high mortality rate. With 
the advent of dedicated postoperative ICUs, more vigi-
lant monitoring, and early intervention, the postopera-
tive reinfarction rate has decreased by almost an order 
of magnitude. The 2014 AHA/ACC Foundation (AHA/
ACCF) guidelines advocate the use of 60 days as being 
high risk.116a After that time, further risk stratification 
depends on clinical symptoms.
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Figure 39-5. Proposed algorithm for antiplatelet management in patients with PCI and noncardiac surgery. ASA, Aspirin; BMS, bare metal stent; 
DAPT, dual antiplatelet therapy; DES, drug-eluting stent; PCI, percutaneous coronary intervention. (From Fleisher LA, Fleischmann KE, Auerbach AD, 
et al: 2014 ACC/AHA guidelines on perioperative cardiovascular evaluation and management of patients undergoing noncardiac srgery: a report of the 
American College of Cardiology/American Heart Association Task Force on Practice Guidelines, J Am Coll Cardiol 2014 Jul 29. [Epub ahead of print.])
For those patients without overt symptoms or a history 
of CAD, the probability of CAD varies with the type and 
number of atherosclerotic risk factors present. Diabetes 
accelerates the progression of atherosclerosis, which can 
frequently be silent, leading many clinicians to assume 
that diabetes is a CAD equivalent and treating patients 
as such. Diabetes is an independent risk factor for periop-
erative cardiac morbidity, and the preoperative treatment 
with insulin has been included in the Revised Cardiac Risk 
Index (RCRI). In attempting to determine the degree of 
the increased risk associated with diabetes, the treatment 
modality, duration of the disease, and other associated 
end-organ dysfunction should be taken into account.

Significant intraoperative factors that correlate with 
perioperative risk and that may be avoided or altered 
are (1) unnecessary use of vasopressors,143,144 (2) unin-
tentional hypotension145-147 (this point is controver-
sial, however, because some investigators have found 
that unintentional hypotension does not correlate with 
perioperative morbidity144), (3) hypothermia,148 (4) too  
low or too high a hematocrit,149,150 and (5) lengthy 
operations.146

Significant intraoperative factors that correlate with 
perioperative morbidity and probably cannot be avoided 
are (1) emergency surgery and (2) thoracic or intraperito-
neal surgery or above-the-knee amputations.146,151-164

Several risk indices were developed in a prospective 
cohort study by Lee and asociates.165 They studied 4315 
patients 50 years old or older who were undergoing elec-
tive major noncardiac procedures in a tertiary care teaching 
hospital. The 6 independent predictors of complications 
included in a RCRI were high-risk type of surgery, history 
of ischemic heart disease, history of CHF, history of cere-
brovascular disease, preoperative treatment with insulin, 
and preoperative serum creatinine greater than 2.0 mg/dL; 
increasing cardiac complication rates were noted with an 
increasing number of risk factors.165 The RCRI has become 
the standard tool in the literature for assessing periopera-
tive cardiac risk in a given individual and has been used 
to direct the decision to perform cardiovascular testing 
and implement perioperative management protocols. It 
has been validated for both short-term and long-term car-
diovascular outcomes.166 It has also been shown to pre-
dict long-term quality of life.166 Therefore, the RCRI can 
be used to help define both the short-term and long-term 
risks of cardiovascular disease in the surgical patient.

The American College of Surgeons NSQIP created a 
Surgical Risk Calculator from 525 participating hospitals 
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and more than 1 million operations.167 This risk calcula-
tor uses the specific current procedural terminology code 
of the procedure being performed to enable procedure-
specific risk assessment and includes 21 patient-specific 
variables (e.g., age, sex, body mass index, dyspnea, previ-
ous MI). From this input, it calculates the percentage of 
risk of a major adverse cardiac event, death, and 8 other 
outcomes. Use of this risk calculator may offer the best 
estimation for surgery-specific risk of a major adverse car-
diac event and death.

The American College of Surgeons NSQIP Myocardial 
Infarction and Cardiac Arrest (MICA) risk prediction rule 
is more specific for cardiac complications.168 Using these 
definitions of outcome and chart-based data collection 
methods, the authors derived a risk index that was robust 
in the derivation and validation stages and appeared to out-
perform the RCRI (which was tested in the same data set)  
in terms of discriminative power, particularly among 
patients undergoing vascular surgery.

A primary issue with all these indices is that a simple 
estimate of risk does not help in refining perioperative 
management for an individual patient. Therefore, the 
consultant must communicate the extent and stability of 
the patient’s CAD, rather than make a simple statement 
of risk classification.

The goal in providing anesthesia to patients with isch-
emic heart disease is to achieve the best preoperative 
condition obtainable by treating conditions that cor-
relate with perioperative risk. The next step is to intra-
operatively monitor for conditions that correlate with 
perioperative risk and avoid circumstances that lead to 
perioperative risk.

Preoperative and Preprocedure Therapy
The only way known to increase oxygen supply to the 
myocardium of patients with coronary artery stenosis is to 
maintain adequate diastolic blood pressure, hemoglobin 
concentration, and oxygen saturation (see also Chapter 
38). The main goals of anesthesia practice for these patients 
have been to decrease the determinants of myocardial oxy-
gen demand, heart rate, ventricular wall tension, and con-
tractile performance and to improve plaque stabilization. 
Thus, medical management designed to preserve all viable 
myocardial tissue may include the following:

 1.  Continuation of β-adrenergic receptor blocking drugs 
(propranolol, atenolol, esmolol, or metoprolol) to avoid 
β-blocker withdrawal leading to increased contractil-
ity and heart rate. Multiple studies have demonstrated 
improved outcome in patients given perioperative 
β-adrenergic blockers, especially if the heart rate is 
controlled.169,170 However, newer studies have demon-
strated that β-adrenergic blockers may not be effective 
if the heart rate is not well controlled or in lower-risk 
patients.171-173 The POISE trial enrolled 8351 high-risk 
β-blocker–naive patients who were randomized to high-
dose continuous-release metoprolol versus placebo.111 A 
significant reduction in the primary outcome of cardio-
vascular events was reported, along with a 30% reduc-
tion in the MI rate, but with a significantly increased 
rate of 30-day all-cause mortality and stroke. The cur-
rent ACC/AHA guidelines on perioperative β blockade 
advocate that perioperative β blockade is a class I indi-
cation and should be used in patients previously taking 
β-blockers and those with a positive stress test who are 
undergoing major vascular surgery, although short-term 
administration without titration may be associated with 
harm (Box 39-3).

 2.  Vasodilation (with nitroglycerin or its “long-acting” 
analogues nitroprusside, hydralazine, or prazosin) to 
decrease ventricular wall tension may be beneficial, 
although currently no randomized trials support the 
prophylactic use of these agents.109,110,174 The use 
of Swan-Ganz catheters and transesophageal echo-
cardiography for this type of patient is described in 
Chapter 45,159,175 and the intraoperative manage-
ment of patients with ischemic heart disease is dis-
cussed in further detail in Chapter 67 and in published 
guidelines.116

 3.  Aspirin, statins, exercise, and diet. These choices seem 
to be indicated in many patients. Briefly, we believe 
that drugs given on a long-term basis (e.g., antihyper-
tensive medications and some ACE inhibitors) should 
be continued through the morning of the surgical 
procedure (see earlier). The topic of long-term drug 

BOX 39-3 2014 ACCF/AHA Recommendations 
for Perioperative β-Blockade

CLass i

 •  β-Blockers should be continued in patients undergoing surgery 
who have been on β-blockers chronically.111-117 (Level of 
Evidence: B)

CLass iia

 •  It is reasonable for the management of β-blockers after surgery 
to be guided by clinical circumstances, independent of when 
the agent was started.110,117,118 (Level of Evidence: B)

CLass iib

 •  In patients with intermediate- or high-risk myocardial isch-
emia noted in preoperative risk stratification tests, it may be 
reasonable to begin perioperative β-blockers.119 (Level of 
Evidence: C)

 •  In patients with three or more RCRI risk factors (e.g., diabetes 
mellitus, heart failure, coronary artery disease, renal insuf-
ficiency, cerebrovascular accident), it may be reasonable to 
begin β-blockers before surgery.117 (Level of Evidence: B)

 •  In patients with a compelling long-term indication for 
β-blocker therapy but no other RCRI risk factors, initiating beta 
blockers in the perioperative setting as an approach to reduce 
perioperative risk is of uncertain benefit.111,117,120 (Level of 
Evidence: B)

 •  In patients in whom β-blocker therapy is initiated, it may be 
reasonable to begin perioperative β-blockers long enough in 
advance to assess safety and tolerability, preferably more than 
1 day before surgery.110,121-123 (Level of Evidence: B)

CLass iii: Harm

 •  β-Blocker therapy should not be started on the day of sur-
gery.110 (Level of Evidence: B)

From Fleisher LA, Fleischmann KE, Auerbach AD, et al: 2014 ACC/AHA 
guidelines on perioperative cardiovascular evaluation and management of 
patients undergoing noncardiac srgery: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines,  
J Am Coll Cardiol 2014 Jul 29. [Epub ahead of print]

RCRI, Revised Cardiac Risk Index.
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therapy is discussed in more detail in the last section 
of this chapter, on drug therapy.

 4.  Perioperative transfusion therapy is discussed in 
more detail in Chapter 61. The FOCUS (Functional 
Outcomes in Cardiovascular Patients Undergoing 
Surgical Repair of Hip Fracture) trial was unable 
to demonstrate benefit in high-risk patients with 
hip fracture between a high and low transfusion 
trigger.176

VALVULAR HEART DISEASE

Major alterations in the preoperative management of 
patients with valvular heart disease have been made 
regarding the use of anticoagulant therapy and are now 
based on the causes of the disease. Preoperative and intra-
operative management of patients with valvular heart 
disease is discussed in Chapters 38 and 67.

The prognosis and, presumably, the perioperative risk 
for patients with valvular heart disease depend on the 
stage of the disease. Although stenotic lesions progress 
faster than do regurgitant lesions, regurgitant lesions sec-
ondary to infective endocarditis, rupture of the chordae 
tendineae, or ischemic heart disease can be rapidly fatal. 
Left ventricular dysfunction is common in the late stage 
of valvular heart disease.

Preoperative maintenance of drug therapy can be cru-
cial; for example, the condition of a patient with aortic 
stenosis can deteriorate rapidly with the onset of atrial 
fibrillation or flutter because the atrial contribution to 
left ventricular filling can be critical in maintaining 
cardiac output. One of the most serious complications 
of valvular heart surgery and of preoperative valvular 
heart disease is cardiac arrhythmia. Conduction disor-
ders and long-term therapy with antiarrhythmic and 
inotropic drugs are discussed elsewhere in this chapter. 
The reader is referred to Chapter 94 and to other sources 
for discussion of the management of a child with con-
genital heart disease who is undergoing noncardiac 
surgery.177

Preoperative Antibiotic Prophylaxis  
for Endocarditis
Patients who have any form of valvular heart disease, as 
well as those with intracardiac (ventricular septal or atrial 
septal defects) or intravascular shunts, should be protected 
against endocarditis at the time of a known bacteremic 
event. Endocarditis has occurred in a sufficiently significant 
number of patients with hypertrophic cardiomyopathy 
(subvalvular aortic stenosis, asymmetric septal hypertro-
phy) and mitral valve prolapse to warrant the inclusion of 
these two conditions in the prophylaxis regimen.

Bacteremia occurs after the following events: dental 
extraction, 30% to 80%; brushing of teeth, 20% to 24%; 
use of oral irrigation devices, 20% to 24%; barium enema, 
11%; transurethral resection of the prostate (TURP), 10% 
to 57%; upper GI endoscopy, 8%; nasotracheal intubation, 
16% (4 of 25 patients); and orotracheal intubation, 0% (0 
of 25 patients). The most recent guidelines from the AHA 
consisted of an update in 2008 from the AHA/ACC on 
endocarditis in patients with valvular heart disease, with 
changes from the 2006 document shown in Table 39-7.178
Cardiac Valve Prostheses and Anticoagulant 
Therapy and Prophylaxis for Deep Vein 
Thrombosis
In patients with prosthetic valves, the risk of increased 
bleeding during a procedure in a patient receiving anti-
thrombotic therapy must be weighed against the increased 
risk of thromboembolism caused by stopping the ther-
apy. Common practice in patients undergoing noncar-
diac surgery with a mechanical prosthetic valve in place is 
cessation of anticoagulant therapy 3 days preoperatively. 
This time frame allows the international normalized ratio 
to fall to less than 1.5 times normal. The oral anticoagu-
lants can then be resumed on postoperative day 1. Using 
a similar protocol, Katholi and colleagues found no peri-
operative episodes of thromboembolism or hemorrhage 
in 25 patients.179 An alternative approach in patients at 
high risk for thromboembolism is conversion to heparin 
during the perioperative period. The heparin can then be 
discontinued 4 to 6 hours preoperatively and resumed 
shortly thereafter. Current prosthetic valves may have a 
lower incidence of this complication, and the risk associ-
ated with heparin may outweigh its benefit in the peri-
operative setting. According to the AHA/ACC guidelines, 
heparin can usually be reserved for patients who have had 
a recent thrombus or embolus (arbitrarily within 1 year), 
those with demonstrated thrombotic problems when pre-
viously off therapy, those with a Björk-Shiley valve, and 
those with more than three risk factors (atrial fibrillation, 
previous thromboembolism, hypercoagulable condition, 
and mechanical prosthesis).180 A lower threshold for rec-
ommending heparin should be considered in patients 
with mechanical valves in the mitral position, in whom 
a single risk factor would be sufficient evidence of high 
risk. Subcutaneous low-molecular-weight heparin offers 
an alternative outpatient approach.181 It is appropriate 
for the surgeon and cardiologist to discuss the optimal 
perioperative management for such a patient, including a 
review of the most recent guidelines.182 A new guideline 
publication was published in 2014.182a

Regional anesthetic techniques may be avoided, 
although this issue is controversial.183 Many practitio-
ners do not hesitate to use regional anesthesia in patients 
who are receiving prophylaxis for deep vein thrombo-
sis.184-186 However, epidural hematoma has been associ-
ated with anticoagulant therapy in many reports. Large 
retrospective reviews of outcome after epidural or spinal 
anesthesia, or both, during or shortly before initiation of 
anticoagulant therapy with heparin have not reported neu-
rologic dysfunction related to hematoma formation in any 
patient.187,188 This paucity of damaging epidemiologic evi-
dence, although reassuring, does not reduce the need for 
frequent evaluation of neurologic function and a search for 
back pain in the perioperative period after regional anesthe-
sia in any patient receiving any clotting function inhibitor, 
including aspirin.183,189-191 The risk of regional anesthesia 
concurrent with prophylaxis for deep vein thrombosis with 
heparin is greater with the use of low-molecular-weight 
heparin. (Heparin-induced thrombocytopenia has been 
treated successfully with intravenous immunoglobulin.185) 
The American Society of Regional Anesthesia and Pain 
Management has issued a consensus statement on the use 
of regional anesthesia in anticoagulated patients.192 They 
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TABLE 39-7 CHANGES RELATED TO ENDOCARDITIS PROPHYLAXIS: AMERICAN COLLEGE OF CARDIOLOGY/
AMERICAN HEART ASSOCIATION GUIDELINES ON VALVULAR HEART DISEASE 

2006 VHD Guideline Recommendations
2008 VHD Focused Update 

Recommendations Comments

Class I Class IIa

Prophylaxis against infective endocarditis is 
recommended for the following patients:
 •  Patients with prosthetic heart valves 

and patients with a history of infective 
endocarditis (level of evidence: C )

 •  Patients who have complex cyanotic 
congenital heart disease (e.g., single-ventricle 
states, transposition of the great arteries, 
tetralogy of Fallot) (level of evidence: C )

 •  Patients with surgically constructed systemic 
pulmonary shunts or conduits (level of 
evidence: C )

 •  Patients with congenital cardiac valve 
malformations, particularly those with 
bicuspid aortic valves, and patients with 
acquired valvular dysfunction (e.g., 
rheumatic heart disease) (level of evidence: C )

 •  Patients who have undergone valve repair 
(level of evidence: C )

 •  Patients who have hypertrophic 
cardiomyopathy when there is latent or 
resting obstruction (level of evidence: C )

 •  Patients with MVP and auscultatory evidence 
of valvular regurgitation and/or thickened 
leaflets on echocardiography* (level of 
evidence: C )

Prophylaxis against infective endocarditis is 
reasonable for the following patients at highest 
risk for adverse outcomes from infective 
endocarditis who undergo dental procedures 
that involve manipulation of either gingival 
tissue or the periapical region of teeth or 
perforation of the oral mucosa:
 •  Patients with prosthetic cardiac valves or 

prosthetic material used for cardiac valve 
repair (level of evidence: B)

 •  Patients with previous infective endocarditis 
(level of evidence: B)

 •  Patients with CHD (level of evidence: B)
 •  Unrepaired cyanotic CHD, including 

palliative shunts and conduits (level of 
evidence: B)

 •  Completely repaired congenital heart defect 
repaired with prosthetic material or device, 
whether placed by surgery or by catheter 
intervention, during the first 6 months after 
the procedure (level of evidence: B)

 •  Repaired CHD with residual defects at the 
site or adjacent to the site of a prosthetic 
patch or prosthetic device (both of which 
inhibit endothelialization) (level of evidence: B)

 •  Cardiac transplant recipients with valve 
regurgitation as a result of a structurally 
abnormal valve (level of evidence: C)

Modified recommendation (changed 
class of recommendation from 
I to IIa, changed text); no class 
I recommendations exist for 
infective endocarditis prophylaxis

CHD, Congenital heart disease; MVP, mitral valve prolapse; VHD, valvular heart disease.
*This footnote is obsolete. Please see 2006 VHD Guideline 3 for footnote text, in Bonow RO, Carabello BA, Kanu C, et al: ACC/AHA 2006 guidelines for 

the management of patients with valvular heart disease: a report of the American College of Cardiology/American Heart Association Task Force on 
Practice Guidelines (Writing Committee to Revise the 1998 Guidelines for the Management of Patients with Valvular Heart Disease). Developed in 
collaboration with the Society of Cardiovascular Anesthesiologists: Endorsed by the Society for Cardiovascular Angiography and Interventions and the 
Society of Thoracic Surgeons, Circulation 114:e84-e231, 2006.

From Nishimura RA, Carabello BA, Faxon DP, et al: ACC/AHA 2008 guideline update on valvular heart disease: focused update on infective endocarditis. A report 
of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines: Endorsed by the Society of Cardiovascular Anesthesiolo-
gists, Society for Cardiovascular Angiography and Interventions, and Society of Thoracic Surgeons, Circulation 118:887-896, 2008.
suggest that the decision to perform spinal or epidural 
anesthesia or analgesia and the timing of catheter removal 
in a patient receiving antithrombotic therapy should be 
made on an individual basis, with the small but definite 
risk of spinal hematoma weighed against the benefits of 
regional anesthesia for a specific patient.

Deep vein thrombosis is so common in postoperative 
patients that almost 1% of postsurgical patients die of 
fatal pulmonary embolism (Table 39-8).193 Because of this 
high mortality risk, prophylaxis against deep vein throm-
bosis has attained widespread acceptance; thus, pro-
phylaxis often begins with 5000 units of heparin given 
subcutaneously 2 hours preoperatively.193-195 Other trials 
have shown equal effect with external pneumatic com-
pression.194,196 Persuading surgeons to use this technique 
may provide greater assurance in using regional anesthe-
sia. Such an option, however, is not available for patients 
with a prosthetic valve. Newer recommendations are 
available from the American College of Chest Physicians 
for prophylaxis against venous thromboembolism.197
Another problem that can arise is managing a preg-
nant patient with a prosthetic valve during delivery. It is 
recommended that warfarin be replaced by subcutaneous 
heparin during the peripartum period. During labor and 
delivery, elective induction of labor is advocated with dis-
continuance of all anticoagulant therapy, as indicated for 
the particular valve prosthesis (discussed earlier).198

Auscultation of the prosthetic valve should be per-
formed preoperatively to verify normal functioning. 
Abnormalities in such sounds warrant preoperative con-
sultation and verification of functioning.

CARDIAC CONDUCTION DISTURBANCES: 
CARDIAC ARRHYTHMIAS

Bradyarrhythmias, especially if profound or associ-
ated with dizziness or syncope, are generally managed 
with pacemakers (see also Chapters 45 to 47). However, 
chronic bifascicular block (right bundle branch block 
with a left anterior or posterior hemiblock or left bundle 
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branch block with combined left anterior and posterior 
hemiblocks), even when only a first-degree heart block 
is present, can progress to complete heart block and sud-
den perioperative death on rare occasion. In 6 studies, less 
than 2% of the approximately 266 patients with bifas-
cicular block progressed to complete heart block periop-
eratively.199 Conversely, these patients have a high 5-year 
mortality rate (160 of 554 patients, or 29%). Most of the 
deaths were related to tachyarrhythmias or MI—events not 
usually preventable by traditional pacemakers.200 Thus, 
the presence of a bifascicular block on the ECG should 
make the anesthesiologist more worried about associated 
CAD or left ventricular dysfunction. Nevertheless, these 

TABLE 39-8 INCIDENCE OF DEEP VEIN 
THROMBOSIS AND FATAL PULMONARY 
EMBOLISM

Type of Surgery

Incidence of

Deep Vein 
Thrombosis 
(%)

Proximal 
Deep Vein 
Thrombosis 
(%)

Fatal 
Pulmonary 
Embolism 
(%)

General

Age >40 yr 10 <1 0.1
Age >60 yr 10-40 3-15 0.8
Malignancy 50-60
Thoracic 30

Vascular

Aortic repair 26
Peripheral 12

Urologic

Open 
prostatectomy

40

TURP 10
Other urologic 30-40

Major Gynecologic

With malignancy 40
Without 

malignancy
10-20

Neurosurgery

Craniotomy 20-80
Laminectomy 4-25 1.5-3.0

Orthopedic

Total hip 
replacement

40-80 10-20 1.0-5.0

Hip fracture 48-75 1.0-5.0
Tibial fracture 45
Total knee 

replacement
60-70 20 1.0-5.0

Head, neck, 
chest wall

11

Medical

Acute myocardial 
infarction

30 6

Stroke 60-75
Acute spine injury 60-100
Other bed bound 26

TURP, Transurethral resection of the prostate.
patients rarely have complete heart block perioperatively. 
Therefore, prophylactic preoperative insertion of tem-
porary pacing wires for bifascicular block does not seem 
warranted. However, a central route can be established 
in advance in the event that a temporary pacemaker 
needs to be inserted (most operating rooms do not rely 
on transthoracic pacing, although it may be attempted if 
available).201 The actual pacemaker equipment and appro-
priate personnel should be immediately available, and the 
equipment should be tested regularly, because symptom-
atic heart block does occur perioperatively in more than 
1% of patients. One study appears to have confirmed this 
rate of at least 1% for patients undergoing cardiac sur-
gery.202 One percent of patients in whom a pacing pul-
monary artery catheter was not inserted preoperatively 
subsequently required pacing before cardiopulmonary 
bypass. By contrast, 19% of patients who had such a cath-
eter in place underwent cardiac pacing before cardiopul-
monary bypass. Predictors of the need for pacing included 
previous symptomatic bradyarrhythmia, a history of tran-
sient complete AV block, and aortic valve disease.

Older studies demonstrated that a rate of more than 
five PVCs per minute on preoperative examination cor-
relates with perioperative cardiac morbidity.146,153-155 
To the classic criteria for treating PVCs (the presence of 
R-on-T couplets, the occurrence of more than three PVCs 
per minute, and multifocality of PVCs) must be added 
frequent (>10/hour over a 24-hour period) and repetitive 
ventricular beats. Electrophysiologic and programmed 
ventricular stimulation studies are being used to indi-
cate and guide treatment of patients with ischemic heart 
disease or recurrent arrhythmias and survivors of out-of-
hospital cardiac arrest. Although such patients are often 
treated with antiarrhythmic therapy, attention to their 
underlying condition should be a focus of our preopera-
tive management. Long-term antiarrhythmic therapy 
is discussed in the last section of this chapter, on drug 
therapy. Torsades de pointes is an arrhythmia character-
ized by episodes of alternating electrical polarity such 
that the major vector of the QRS complex seems to alter-
nate around an isoelectric line. The hallmark enabling 
differential diagnosis from ventricular tachycardia is the 
unusual response of this arrhythmia to commonly used 
antiarrhythmic drugs. In other words, the use of drugs 
that prolong the QT interval (e.g., quinidine, procain-
amide, disopyramide, some of the antihistamines, and 
the antipsychotic phenothiazines) may well make the 
arrhythmia more frequent or of longer duration. Reports 
of the sudden occurrence of torsades de pointes during 
surgical procedures have been rare in the anesthesia lit-
erature. Immediate therapy consists of the administra-
tion of magnesium or electrical cardioversion, followed 
by overdrive cardiac pacing or the administration of 
β-adrenergic agonists and discontinuation of drugs that 
prolong the QT interval.

Premature atrial contractions and cardiac rhythm other 
than sinus also correlate with perioperative cardiac mor-
bidity.146,154 These arrhythmias may be more a marker of 
poor cardiovascular reserve than a specific cause of peri-
operative cardiac complications.

Preexcitation syndrome is the name for supraven-
tricular tachycardias associated with AV bypass tracts.203 
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Successful treatment, which is predicated on an under-
standing of the clinical and electrophysiologic manifesta-
tions of the syndrome, consists of either catheter ablation 
techniques200 or surgery using preoperative and intraop-
erative techniques that avoid release of sympathetic and 
other vasoactive substances and therefore tachyarrhyth-
mias.204,205 Anesthesia for electrophysiologic procedures 
is discussed in Chapter 68.

DISORDERS OF THE RESPIRATORY AND 
IMMUNE SYSTEMS

GENERAL PREOPERATIVE AND 
PREPROCEDURE CONSIDERATIONS

Pulmonary complications after procedures requiring anes-
thesia are as common as cardiovascular complications—
even more common if deep vein thrombosis is included. 
Moreover, pulmonary complications are equally impor-
tant or more important to the patient and the health 
system in terms of morbidity, mortality, length-of-stay 
extension, and cost.

Although little may seem to have changed in the pre-
operative preparation of patients with respiratory dis-
ease, this impression is not true. Major changes in drug 
therapy have occurred, and appreciation of the effects of 
smoking and sleep apnea on perioperative and long-term 
care has increased.206-223 (Preoperative and preprocedure 
identification and perioperative care of patients with 
sleep apnea are discussed in the earlier section on obesity 
and in Chapter 71.)

The main purpose of preoperative testing is to identify 
patients at risk for perioperative complications so that 
appropriate perioperative therapy can be instituted to fos-
ter return to functional status. Preoperative assessment 
can also establish baseline function and the feasibility of 
surgical intervention. Whereas numerous investigators 
have used pulmonary function tests to define inoper-
ability or high-risk versus low-risk groups for pulmonary 
complications, few have been able to demonstrate that the 
performance of any specific preoperative or intraoperative 
measure, except perhaps smoking cessation and physical 
activity such as a walking program, reliably decreases peri-
operative pulmonary morbidity or mortality. Because rou-
tine preoperative pulmonary testing and care are discussed 
extensively in Chapter 51, the current discussion is limited 
to an assessment of the effectiveness of this type of care.

In fact, few randomized prospective studies indicate an 
outcome benefit of preoperative preparation. Stein and Cas-
sara randomly allocated 48 patients to undergo preoperative 
therapy (cessation of smoking, administration of antibiotics 
for purulent sputum, and use of bronchodilating drugs, pos-
tural drainage, chest physiotherapy, and ultrasonic nebu-
lizer) or no preoperative therapy.219 The no-treatment group 
had a mortality of 16% and morbidity of 60%, as opposed 
to 0% and 20%, respectively, for the treatment group. In 
addition, the treatment group spent an average of 12 post-
operative days in the hospital as compared with 24 days for 
the 21 survivors in the no-treatment group.

Collins and colleagues prospectively examined the 
benefits of preoperative antibiotics, perioperative chest 
physiotherapy and therapy with bronchodilating drugs, 
and routine postoperative analgesia (morphine) on post-
operative respiratory complications in patients with 
COPD.224 Of these therapies, only preoperative treatment 
with antibiotics had a beneficial effect.

Hulzebos and colleagues performed a single-center ran-
domized trial of intensive inspiratory muscle training.225 
Preoperative inspiratory muscle training reduced the inci-
dence of postoperative pulmonary complications and the 
duration of postoperative hospitalization in patients at 
high risk of developing a pulmonary complication who 
were undergoing CABG surgery.

Warner and co-workers collected data retrospectively 
about smoking history and prospectively (concurrently) 
about pulmonary complications for 200 patients under-
going CABG.226 These investigators documented that 8 
weeks or more of smoking cessation was associated with 
a 66% reduction in postoperative pulmonary complica-
tions. Smokers who stopped for less than 8 weeks actu-
ally had an increase (from 33% for current smokers to 
57.1% for recent quitters) in the rate of 1 or more of the 
6 complications surveyed: purulent sputum with pyrexia; 
need for respiratory therapy care; bronchospasm requir-
ing therapy; pleural effusion or pneumothorax (or both) 
necessitating drainage; segmental pulmonary collapse, as 
confirmed by radiography; or pneumonia necessitating 
antibiotic therapy. Other investigators have found that 
both shorter and longer periods of cessation of smok-
ing were needed before achieving cardiovascular227 and 
hematologic benefit.228 Bluman and associates performed 
a retrospective chart review of 410 patients undergoing 
noncardiac surgery at a VA hospital.229 Current smoking 
was associated with a nearly 6-fold increase in the risk of 
a postoperative pulmonary complication. Reduction in 
smoking within 1 month of surgery was not associated 
with a decreased risk for postoperative pulmonary com-
plications. Nakagawa and coauthors also reported higher 
pulmonary complication rates in patients undergoing pul-
monary surgery who quit within 4 weeks of surgery than 
in current smokers or those who had stopped smoking for 
more than 4 weeks.230 Wong and colleagues performed a 
systematic review of 25 studies of smoking cessation.231 At 
least 4 weeks of abstinence from smoking reduced respi-
ratory complications, and abstinence of at least 3 to 4 
weeks reduced wound healing complications. Short-term  
(<4 weeks) smoking cessation did not appear to increase or 
reduce the risk of postoperative respiratory complications.

Two randomized trials focused on smoking cessation. 
Wong and colleagues performed a prospective, multi-
center, double-blind, placebo-controlled trial, in which 
286 patients were randomized to receive varenicline or 
placebo.232 A perioperative smoking cessation interven-
tion with varenicline increased abstinence from smok-
ing 3, 6, and 12 months after elective noncardiac surgery 
with no increase in serious adverse events. Lee and col-
leagues randomized patients to a group receiving no spe-
cific smoking cessation intervention or to an intervention 
group that received (1) brief counseling by the preadmis-
sion nurse, (2) brochures on smoking cessation, (3) referral 
to the Canadian Cancer Society’s Smokers’ Helpline, and 
(4) a free 6-week supply of transdermal nicotine replace-
ment therapy.233 All outcome assessors and caregivers 
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on the operative day were blinded to group assignment. 
Smoking cessation occurred in 12 patients (14.3%) in the 
intervention group as compared with 3 patients (3.6%) in 
the control group (relative risk, 4.0; 95% CI, 1.2 to 13.7;  
P = .03). The overall rate of combined intraoperative and 
immediate postoperative complications was not signifi-
cantly different between intervention and control groups. 
At follow-up 30 days postoperatively, smoking cessation 
was reported in 22 patients (28.6%) in the intervention 
group compared with 8 patients (11%) in controls (rela-
tive risk, 2.6; 95% CI, 1.2 to 5.5; P = .008).

When Skolnick and co-workers studied 602 children 
prospectively, exposure to passive smoking (as measured 
by urinary cotinine, the major metabolite of nicotine) 
correlated directly with airway complications. Children 
with the least exposure to passive smoke had the fewest 
complications.217 Second-hand smoke may be a model 
for particulate air pollution with PM 2.5 particles, which 
have immediate and long-term effects in increasing lung 
dysfunction and inflammatory stimuli throughout the 
body.234,235 In this sense, reducing particulate and diesel 
exhaust exposure in the 2 weeks before surgical procedures 
may make sense, but such a hypothesis has not been tested 
(and outpatient surgery centers located next to busy free-
ways may prove to be appropriate sites for studying such 
subtle inhibition of healing secondary to diesel particles).

Celli and associates performed a randomized prospec-
tive controlled trial of intermittent positive-pressure 
breathing (IPPB) versus incentive spirometry and deep-
breathing exercises in 81 patients undergoing abdominal 
surgery.236 The groups exposed to a respiratory therapist 
(regardless of the treatment given) had more than a 50% 
lower incidence of clinical complications (30% to 33% 
versus 88%) and shorter hospital stays than did the con-
trol group. Thus, this third prospective study indicates 
that outcome improves when any concern about lung 
function is shown by someone knowledgeable in maneu-
vers designed to clear lung secretions.

Bartlett and co-workers randomly assigned 150 patients  
undergoing extensive laparotomy to 1 of 2 groups.237 One 
group received preoperative instruction in and postop-
erative use of incentive spirometry (10 times/hour). The 
other group received similar medical care but no incen-
tive spirometry. Only 7 of 75 patients using incentive 
spirometry had postoperative pulmonary complications, 
as opposed to 19 of 75 in the control group. However, 
other studies have not shown a benefit for specific treat-
ments or have been too contaminated with bias to have 
a clear result emerge. Lyager and colleagues randomly 
assigned 103 patients undergoing biliary or gastric sur-
gery to receive either incentive spirometry with preop-
erative and postoperative chest physiotherapy or only 
preoperative and postoperative chest physiotherapy.238 
No difference in the postoperative course or pulmonary 
complications was found between the groups. Other 
studies have shown a specific benefit (i.e., greater than 
that provided by routine care) for chest physiotherapy 
and IPPB. These studies are usually poorly controlled, 
not randomized, or retrospective in design (or any com-
bination); these deficiencies probably substantially bias 
the results toward finding a benefit in reducing postop-
erative pulmonary complications. Although randomized 
prospective studies showed no benefit or actual harm 
from chest physiotherapy and IPPB on the resolution of 
pneumonia or postoperative pulmonary complications, 
the studies cited earlier219,224,236,237 and numerous retro-
spective studies strongly suggest that preoperative evalu-
ation and treatment of patients with pulmonary disease 
actually decrease perioperative respiratory complications, 
even if only by causing a change in anesthetic techniques.

Meta-analyses have suggested a benefit of anesthetic 
and pain management with respect to respiratory out-
comes. Rodgers and associates reviewed 141 trials involv-
ing 9559 patients who had been randomized to receive 
neuraxial blockade or general anesthesia. Overall mortal-
ity was significantly less frequent in the neuraxial blockade 
group (2.1% versus 3.1%) (see also Chapter 56). The rela-
tive risk of pneumonia in the neuraxial blockade group was 
0.61 (CI, 0.48 to 0.81), and the relative risk of respiratory 
depression was 0.41 (CI, 0.23 to 0.73).218 Neuman and col-
leagues examined a retrospective cohort of 18,158 patients 
undergoing surgery for hip fracture in 126 hospitals in New 
York in 2007 and 2008.239 Patients receiving regional anes-
thesia experienced fewer pulmonary complications (359 
[6.8%] versus 1040 [8.1%]; P < .005). Regional anesthesia 
was associated with a lower adjusted odds of mortality  
(OR, 0.710; 95% CI, 0.541, 0.932; P = .014) and pulmo-
nary complications (OR, 0.752; 95% CI, 0.637, 0.887;  
P < .0001) relative to general anesthesia. In subgroup analy-
ses, regional anesthesia was associated with improved sur-
vival and fewer pulmonary complications among patients 
with intertrochanteric fractures but not among patients 
with femoral neck fractures (see also Chapter 56).

Not all studies demonstrate beneficial effects of phar-
macologic pretreatment. In afebrile outpatient American 
Society of Anesthesiologists (ASA) class I and II children 
with no lung disease or findings who underwent noncav-
itary, nonairway surgery lasting less than 3 hours, nei-
ther albuterol nor ipratropium premedication decreased 
adverse events (see also Chapter 94).240

Evaluation of dyspnea is especially useful (see also 
Chapter 96). Boushy and co-workers found that grades of 
preoperative dyspnea correlated with postoperative sur-
vival.241 (Grades of respiratory dyspnea are provided in 
Table 39-9.) Mittman demonstrated an increased risk of 

TABLE 39-9 GRADE OF DYSPNEA CAUSED BY 
RESPIRATORY PROBLEMS (ASSESSED IN TERMS 
OF WALKING ON A LEVEL SURFACE AT A 
NORMAL PACE) 

Category Description

0 No dyspnea while walking on a level surface at a 
normal pace

I “I am able to walk as far as I like, provided I take my 
time”

II Specific (street) block limitation (“I have to stop for 
a while after one or two blocks”)

III Dyspnea on mild exertion (“I have to stop and rest 
while going from the kitchen to the bathroom”)

IV Dyspnea at rest

Modified from Boushy SF, Billing DM, North LB, et al: Clinical course related to 
preoperative pulmonary function in patients with bronchogenic carcinoma, 
Chest 59:383, 1971.
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death after thoracic surgery, from 8% in patients with-
out dyspnea to 56% in patients who were dyspneic.242 
Similarly, Reichel found that no patients died after pneu-
monectomy if they were able to complete a preoperative 
treadmill test for 4 minutes at the rate of 2 mph on level 
ground.243 Other studies have found that the history and 
physical examination of an asthmatic subject can also 
predict the need for hospitalization.208 Wong and col-
leagues found that the risk index correlated with postop-
erative pulmonary complications (Table 39-10).244

Arozullah and associates developed the first validated 
multifactorial risk index for postoperative respiratory 
failure, defined as mechanical ventilation for more than 
48 hours after surgical procedures or reintubation and 
mechanical ventilation after postoperative extubation.245 
In a prospective cohort study of 181,000 male veterans 
as part of the National Veterans Administration Surgical 
Quality Improvement Program, 7 factors independently 
predicted risk (Table 39-11). With increasing numbers of 
risk factors present, the rate of complications increased 
from 0.5% (class 1) to 26.6% (class 4). Arozullah and col-
leagues subsequently developed a risk index for postop-
erative pneumonia by using data on 160,805 patients 
undergoing major noncardiac surgery and validated the 

TABLE 39-10 CLASSIFICATION OF RISK OF 
PULMONARY COMPLICATIONS FOR THORACIC 
AND ABDOMINAL PROCEDURES 

Category Points

I. Expiratory Spirogram
A. Normal (% FVC + [% FEV1/FVC] > 150) 0
B. % FVC + (% FEV1/FVC) = 100-150 1
C. % FVC + (% FEV1/FVC) <100 2
D. Preoperative FVC <20 mL/kg 3
E. Postbronchodilator FEV1/FVC <50% 3

II. Cardiovascular System
A. Normal 0
B. Controlled hypertension, myocardial infarction 

without sequelae for >2 yr
0

C. Dyspnea on exertion, orthopnea, paroxysmal 
nocturnal dyspnea, dependent edema, 
congestive heart failure, angina

1

III. Nervous System
A. Normal 0
B. Confusion, obtundation, agitation, spasticity, 

discoordination, bulbar malfunction
1

C. Significant muscular weakness 1
IV. Arterial Blood Gases

A. Acceptable 0
B. Paco2 >50 mm Hg or Pao2 <60 mm Hg on 

room air
1

C. Metabolic pH abnormality >7.50 or <7.30 1
V. Postoperative Ambulation

A. Expected ambulation (minimum, sitting at 
bedside) within 36 hr

0

B. Expected complete bed confinement for ≥36 hr 1

Modified from Wong DH, Weber EC, Schell MJ, et al: Factors associated with 
postoperative pulmonary complications in patients with severe COPD, 
Anesth Analg 80:276, 1995.

FEV1, Forced expiratory volume in 1 second; FVC, forced vital capacity; 
Paco2, arterial partial pressure of carbon dioxide; PaO2, arterial partial 
pressure of oxygen.
index by using data on an additional 155,266 patients.246 
Patients were divided into 5 risk classes by using risk 
index scores (Table 39-12). Pneumonia rates were 0.2% in 
patients with 0 to 15 risk points, 1.2% in those with 16 
to 25 risk points, 4.0% in those with 26 to 40 risk points, 
9.4% in those with 41 to 55 risk points, and 15.3% in 
those with more than 55 risk points.

Gupta and colleagues used the American College of 
Surgeons NSQIP to develop a risk model for postoperative 
respiratory failure.168 On multivariate logistic regression 
analysis, five preoperative predictors of postoperative 
respiratory failure were identified: type of surgery, emer-
gency case, dependent functional status, preoperative 
sepsis, and higher ASA class (Table 39-13).

SPECIFIC DISEASES

Pulmonary Vascular Diseases
Pulmonary vascular diseases include pulmonary hyperten-
sion secondary to heart disease (postcapillary disorders), 
parenchymal lung disease (pulmonary precapillary dis-
orders), pulmonary embolism, and cor pulmonale from 
COPD.247 Optimal preoperative management of these con-
ditions requires treatment of the underlying disease.247-249 
Because pulmonary embolism can be particularly difficult 
to diagnose, it is crucial to be especially alert to the pos-
sibility of this disease. The clinical findings of pulmonary 
emboli are not always present or specific for the diagnosis. 
The history may include tachypnea, dyspnea, palpitations, 

TABLE 39-11 PREOPERATIVE PREDICTORS OF 
POSTOPERATIVE RESPIRATORY FAILURE 

Variable
Odds Ratio (95% Confidence 
Interval)

Type of Surgery

Abdominal aortic aneurysm 14.3 (12.0-16.9)
Thoracic 8.14 (7.17-9.25)
Neurosurgery, upper 

abdominal, or peripheral 
vascular

4.21 (3.80-4.67)

Neck 3.10 (2.40-4.01)
Other surgery* 1.00 (reference)
Emergency surgery 3.12 (2.83-3.43)

Albumin <30 g/L 2.53 (2.28-2.80)

Blood Urea Nitrogen  
>30 mg/dL

2.29 (2.04-2.56)

Partially or Fully Dependent 
Status

1.92 (1.74-2.11)

History of COPD 1.81 (1.66-1.98)

Age (yr)

≥70 1.91 (1.71-2.13)
0-69 1.51 (1.36-1.69)
<60 1.00 (reference)

From Arozullah AM, Daley J, Henderson WG, et al: Multifactorial risk index for 
predicting postoperative respiratory failure in men after major noncardiac 
surgery: the National Veterans Administration Surgical Quality Improve-
ment Program, Ann Surg 232:242-253, 2000.

COPD, Chronic obstructive pulmonary disease.
*Other surgery includes ophthalmologic, ear, nose, mouth, lower 

abdominal, extremity, dermatologic, spine, and back surgery.
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syncope, chest pain, or hemoptysis. Physical examination 
can reveal a pleural rub, wheezing, rales, a fixed and split 
second heart sound, right ventricular lift, or evidence of 
venous thrombosis, none of which are present in most 
patients. If the ECG shows an S1Q3 pattern, spiral CT or 
lung perfusion scans can be obtained to rule out the diag-
nosis of pulmonary emboli. A high degree of suspicion is 
necessary to warrant angiography and anticoagulation or 
fibrinolytic therapy. If possible, the reactivity of the pul-
monary vasculature should be determined because it may 
be enhanced or decreased by such drugs as nifedipine, 
hydralazine, nitroglycerin, prazosin, tolazoline, phentol-
amine, sildenafil citrate, and nitric oxide. Monitoring of 
pulmonary artery pressure is often required. Preoperative 
measures should be undertaken to ensure that the patient 
is not exposed to conditions that elevate pulmonary vas-
cular resistance (e.g., hypoxia, hypercapnia, acidosis, lung 
hyperinflation, hypothermia)250 or that decrease blood 
volume (prolonged restriction of fluid intake) or systemic 
vascular resistance.

Infectious Diseases of the Lung
Preoperative evaluation and treatment should follow 
the basic guidelines outlined in the introduction to this 

TABLE 39-12 POSTOPERATIVE PNEUMONIA RISK 
INDEX 

Preoperative Risk Factor Point Value

Type of Surgery
Abdominal aortic aneurysm repair 15
Thoracic 14
Upper abdominal 10
Neck 8
Neurosurgery 8
Vascular 3

Age
80 yr 17
70-79 yr 13
60-69 yr 9
50-59 yr 4

Functional Status
Totally dependent 10
Partially dependent 6
Weight loss >10% in past 6 mo 7
History of COPD 5
General anesthesia 4
Impaired sensorium 4
History of cerebrovascular accident 4

Blood Urea Nitrogen Level
<2.86 mmol/L (0.8 mg/dL) 4
7.85-10.7 mmol/L (22-30 mg/dL) 2
≥10.7 mmol/L (≥30 mg/dL) 3

Transfusion >4 Units 3

Emergency Surgery 3

Steroid Use for Chronic Condition 3

Current Smoker Within 1 Yr 3

Alcohol Intake >2 Drinks/Day in Past 2 Wk 2

From Arozullah AM, Khuri SF, Henderson WG, et al: Development and valida-
tion of a multifactorial risk index for predicting postoperative pneumonia 
after major noncardiac surgery, Ann Intern Med 135:847-857, 2001.

COPD, Chronic obstructive pulmonary disease.
section and in Chapter 38. Treatment of the underlying 
disease should be completed before all but emergency 
surgery is performed.

Even though elective surgery should be postponed 
whenever infectious diseases of the lung are present, 
patients undergoing emergency surgery often have noso-
comial infections and immunocompromised systems. The 
predominant pathogens for nosocomial pneumonia are 
gram-negative bacilli, Staphylococcus aureus, Haemophilus 
influenzae, anaerobes, and pneumococci. Furthermore, 

TABLE 39-13 PREOPERATIVE VARIABLES 
SIGNIFICANTLY ASSOCIATED WITH AN INCREASED 
RISK FOR POSTOPERATIVE RESPIRATORY FAILURE 
IN 2007 MODEL FROM THE AMERICAN COLLEGE 
OF SURGEONS NATIONAL SURGICAL QUALITY 
IMPROVEMENT PROJECT* 

Parameter Adjusted OR 95% Wald CI

Totally dependent functional 
status†

4.07 3.68-4.51

Partially dependent functional 
status†

2.16 1.98-2.34

ASA class 1‡ 0.03 0.02-0.05
ASA class 2‡ 0.14 0.11-0.17
ASA class 3‡ 0.54 0.44-0.67
ASA class 4‡ 1.28 1.04-1.57
Preoperative sepsis (none)§ 0.46 0.42-0.50
Preoperative sepsis§ 1.32 1.16-1.49
Preoperative septic shock§ 2.47 2.16-2.82
Emergency case (absence 

versus presence)
0.56 0.52-0.61

Anorectal¶ 0.26 0.15-0.44
Aortic¶ 2.94 2.35-3.68
Bariatric¶ 0.36 0.27-0.49
Brain¶ 2.08 1.15-3.78
Breast¶ 0.07 0.04-0.12
Cardiac¶ 1.32 0.92-1.88
Ear, nose, and throat¶ 1.11 0.26-4.71
Foregut/

hepatopancreatobiliary¶
2.64 2.13-3.27

Gallbladder, appendix, 
adrenals, and spleen¶

0.57 0.45-0.71

Intestinal¶ 1.78 1.44-2.18
Neck¶ 0.59 0.33-1.07
Obstetrics and gynecology¶ 0.29 0.09-0.94
Orthopedic¶ 0.42 0.33-0.55
Other abdominal¶ 1.27 1.001-1.62
Peripheral vascular¶ 0.79 0.63-0.98
Skin¶ 0.73 0.55-0.95
Spine¶ 0.593 0.25-1.39
Thoracic¶ 1.96 1.43-2.68
Venous¶ 0.134 0.05-0.37
Urologic¶ 1.36 0.82-2.28

From Gupta H, Gupta PK, Fang X, et al: Development and validation of a risk 
calculator predicting postoperative respiratory failure, Chest 140:1207-
1215, 2011.

ASA, American Society of Anesthesiologists; CI, confidence interval; OR, odds 
ratio.

*The estimate and the standard error (SE) refer to the estimate of the 
logistic regression coefficient for the specific variable and its associated 
SE. C-statistic, 0.894.

†Reference group, independent functional status.
‡Reference group, ASA class 5.
§Reference group, preoperative systemic inflammatory response syndrome.
¶Reference group, hernia surgery.



PART IV: Anesthesia Management1194

t
1
p
o
i
c
n
m
d
p
f
s
p
e
t
t
t
a

C
T
u
(
i
e
i
a
r
m
a
r
s
(
c
g
a
a
a
t
f
N
l

he incidence of tuberculosis increased rapidly in the late 
980s and in the 1990s, probably because of reactivation in 
atients infected with HIV. Increased funding and directly 
bserved antituberculosis therapy have more than offset 
mmigrant and travel risk to cause the incidence of tuber-
ulosis to decrease. Tuberculosis leads to chronic pulmo-
ary and systemic symptoms. Affected patients may have 
alaise, headache, fever, hemoptysis, and extrapulmonary 

iseases affecting the skin, cervical lymph nodes, kidneys, 
ericardium, and meninges. Active disease is treated with 
our-drug therapy: isoniazid, pyrazinamide, ethambutol or 
treptomycin, and rifampin for 9 months. Therapy should 
robably be started preoperatively. Management of these 
mergency patients (many of whom have adult respira-
ory distress syndrome [ARDS]) before they are brought to 
he operating room may include initiation of antiinfective 
herapy, optimization of fluid status and gas exchange, 
nd therapy for the underlying pathophysiologic process.

hronic Diseases of the Lung
reatment of COPD (reactive airways) may include the 
se of β-adrenergic drugs, parasympatholytic agents 
especially for exercise-induced asthma), systemic or 
nhaled corticosteroids, and leukotriene antagonists. An 
stimated 5% of the population has bronchospasm. Some 
nvestigators recommend using inhaled bronchodilators 
s first-line drugs and reducing the dose of inhaled ste-
oids, such as beclomethasone dipropionate, budesonide, 
ometasone, and fluticasone, which are inactivated after 

bsorption. However, in large doses, these “inhaled” ste-
oids can suppress adrenal function, and supplemental 
ystemic corticosteroids may be needed at times of stress 
see the earlier discussion in the section on adrenocorti-
al malfunction). Preoperative assessment must include 
aining knowledge of drug regimens and their effects 
nd education of the patient regarding proper use of 
n inhaler (Box 39-4), given that these drugs can inter-
ct dangerously with anesthetics (see the last section of 
his chapter) or can be used inappropriately and there-
ore produce side effects without maximum benefit.206-216 
o known interaction between the inhaled anticho-

inergic ipratropium bromide and muscle relaxants has 

Remove the cap and hold the inhaler upright.
Shake the inhaler.
Tilt the head back slightly and exhale steadily to functional 

residual capacity.
Position the inhaler by using a spacer between the actuator and 

the mouth.
Press down on the inhaler while taking a slow, deep breath (3 to 

5 seconds).
Hold the full inspiration for at least 5 and up to 10 seconds, if 

possible, to allow the medication to reach deeply into the 
lungs.

Repeat inhalations as directed. Waiting 1 minute after inhala-
tion of the bronchodilator may permit subsequent inhalations 
to penetrate more deeply into the lungs and is necessary to 
ensure proper delivery of the dose. Rinse your mouth and 
expectorate after using the inhaler.

BOX 39-4 Procedures for Correct Use of a 
Metered-Dose Inhaler
been reported. Patients can feel fine at rest but must be 
tested by exercise or spirometry to document the degree 
of current bronchospasm. Furthermore, a symptomatic 
response to bronchodilators in an asymptomatic patient 
may not predict whether the patient will respond to 
bronchodilator therapy. An estimated 10% of asthmatic 
patients exhibit sensitivity to aspirin and may react not 
only to compounds containing aspirin but also to tartra-
zine, yellow dye number 5, indomethacin, other nonste-
roidal antiinflammatory drugs, and aminopyrine.251

Cystic fibrosis is characterized by dilatation and hyper-
trophy of the bronchial glands, mucous plugging of the 
peripheral airways, and frequently, bronchitis, bronchi-
ectasis, and bronchiolectasis. For all these conditions, the 
measures recommended earlier in this section, as well 
as appropriate hydration to allow mobilization of secre-
tions, constitute optimal preprocedure therapy.

Surgical resection is the primary therapy for non–small 
cell carcinomas (e.g., adenocarcinoma, squamous cell 
carcinoma, and large cell carcinoma). These carcinomas 
account for 75% of all lung carcinomas, 12% of all malig-
nant tumors, and 20% of all cancer deaths in the United 
States.252 Success of surgery can be predicted by the stage 
of the tumor.

The combination of chemotherapy and radiation ther-
apy is the current treatment of choice for small cell car-
cinomas of the lung.253 Oat cell (small cell) carcinoma 
of the lung and bronchial adenomas are known for their 
secretion of endocrinologically active substances, such as 
ACTH-like hormones. Squamous cell cancers in the supe-
rior pulmonary sulcus produce Horner syndrome, as well 
as characteristic pain in areas served by the eighth cer-
vical nerves and first and second thoracic nerves. These 
tumors are now treated with preoperative radiation; sur-
gical resection leads to an almost 30% “cure” rate.

Anaphylaxis, Anaphylactoid Responses, 
and Allergic Disorders Other Than Those 
Related to Lung Diseases and Asthma
AnAPhylActic And AnAPhylActoid reActions. Anaphy-
laxis is a severe life-threatening allergic reaction. Allergic  
applies to immunologically mediated reactions, as opposed 
to those caused by pharmacologic idiosyncrasy, by direct 
toxicity or drug overdosage, or by drug interaction.254-256 
Anaphylaxis is the typical immediate hypersensitivity 
reaction (type I). Such reactions are produced by immu-
noglobulin E (IgE)–mediated release of pharmacologically 
active substances. These mediators in turn produce spe-
cific end-organ responses in the skin (urticaria), the respi-
ratory system (bronchospasm and upper airway edema), 
and the cardiovascular system (vasodilation, changes in 
inotropy, and increased capillary permeability). Vasodila-
tion occurs at the level of the capillary and postcapillary 
venule and leads to erythema, edema, and smooth muscle 
contraction. This clinical syndrome is called anaphylaxis. 
By contrast, an anaphylactoid reaction denotes an identical 
or very similar clinical response that is not mediated by 
IgE or (usually) an antigen-antibody process.255,256

In anaphylactic reactions, an injected or inhaled 
(or ingested) substance—usually drugs, food, or insect 
venom—can serve as the allergen itself. Low-molecular-
weight agents are believed to act as haptens that form 
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immunologic conjugates with host proteins. The offend-
ing substance, regardless of whether it is a hapten, may 
be the parent compound, a nonenzymatically generated 
product, or a metabolic product formed in the patient’s 
body. When an allergen binds immunospecific IgE anti-
bodies on the surface of mast cells and basophils, hista-
mine and eosinophilic chemotactic factors of anaphylaxis 
are released from storage granules in a calcium- and 
energy-dependent process.255,256 Other chemical media-
tors are rapidly synthesized and are subsequently released 
in response to cellular activation. These mediators include 
the following: slow-reacting substance of anaphylaxis, 
which is a combination of three leukotrienes; other leu-
kotrienes255,256; kinins; platelet-activating factors; adenos-
ine; chemotactic factors; heparin; tryptase; chymase; and 
prostaglandins, including the potent bronchoconstrictor 
prostaglandin D2; eosinophil growth and activating fac-
tors; mast cell growth factors; and proinflammatory and 
other factors that contribute to the IgE isotype switch.

The end-organ effects of the mediators produce the 
clinical syndrome of anaphylaxis. Usually, a first wave of 
symptoms, including those caused by vasodilation and 
a feeling of impending doom, is quickly followed by a 
second wave as the cascade of mediators amplifies the 
reactions. In a sensitized patient, onset of the signs and 
symptoms caused by these mediators is usually immediate 
but may be delayed 2 to 15 minutes or, in rare instances, 
as long as 2.5 hours after the parenteral injection of anti-
gen.257,258 After oral administration, manifestations may 
occur at unpredictable times.

Mast cell proliferation, together with severe progres-
sive inflammation, contributes to the worsening of symp-
toms that occurs even after an allergen load is no longer 
present. The antigen present in cells and lymphocytes, 
as well as activated mast cells, starts to induce the pro-
duction of cytokines. These proinflammatory cytokines 
recruit more inflammatory cells, a process that leads to 
tissue edema and mediates a second wave of mast cell 
degranulation. This second wave can promote the recur-
rence of severe symptoms 6 to 8 hours later and necessi-
tates, some believe, at least 8 hours of continued ICU-like 
observation.

In addition, biologically active mediators can be gen-
erated by multiple effector processes to produce an ana-
phylactoid reaction. Activation of the blood coagulation 
and fibrinolytic systems, the kinin-generating sequence, 
or the complement cascade can produce the same inflam-
matory substances that result in an anaphylactic reaction. 
The two mechanisms known to activate the complement 
system are called classical and alternative. The classical 
pathway can be initiated through IgG or IgM (transfusion 
reactions) or plasmin. The alternative pathway can be acti-
vated by lipopolysaccharides (endotoxin), drugs (Althe-
sin), radiographic contrast media,259 membranes (nylon 
tricot membranes for bubble oxygenators), cellophane 
membranes of dialyzers, vascular graft material,260 latex 
or latex-containing products,261,262 and perfluorocarbon 
artificial blood. The most common drugs responsible for 
intraoperative anaphylaxis are muscle relaxants (see also 
Chapters 34 and 35).262 In addition, one of the primary 
concerns regarding the delayed approval of sugammadex 
in the United States has been “hypersensitivity reactions,” 
which includes anaphylaxis. However, latex accounts for 
a significant number of these reactions, and the incidence 
of intraoperative anaphylaxis caused by latex is increas-
ing. It is now probably the second most important cause 
of intraoperative anaphylaxis. In addition, histamine can 
be liberated independent of immunologic reactions.263 
Mast cells and basophils release histamine in response 
to chemicals or drugs. Most narcotics can release hista-
mine,263 and they can produce an anaphylactoid reaction, 
as can radiographic contrast media,259 d-tubocurarine, 
and thiopental. What makes some patients susceptible to 
release of histamine in response to drugs is unknown, but 
hereditary and environmental factors may play a role.

Intravenous contrast material is probably the most fre-
quently used agent that causes anaphylactoid reactions. 
Because diagnostic (skin and other) tests are helpful only 
in IgE-mediated reactions, pretesting is not useful for 
contrast reactions. Pretreatment with diphenhydramine,  
cimetidine (or ranitidine), and corticosteroids has been 
reported to be useful in preventing or ameliorating 
anaphylactoid reactions to intravenous contrast mate-
rial,259,264 as well as perhaps to narcotics. Unfortunately, 
very large doses of steroids (1 g of methylprednisolone 
intravenously) may be necessary to obtain a beneficial 
effect.265 The efficacy of large-dose steroid therapy has 
not been confirmed. Other common substances associ-
ated with anaphylactic or anaphylactoid reactions that 
may merit preoperative therapy include antibiotics, 
intravascular volume expanders, and blood products (see 
also Chapters 61 and 62).255 The anesthesiologist should 
always be prepared perioperatively to treat an anaphylac-
tic or anaphylactoid response.

In some cases, a patient with a history of an anaphy-
lactic or anaphylactoid reaction must receive a substance 
suspected of producing such a reaction (e.g., iodinated 
contrast material). In addition, some patients have a 
higher than average likelihood of having a reaction, thus 
warranting well-planned pretreatment and therapy for 
possible anaphylactic and anaphylactoid reactions.259

MiniMizing risks PreoPerAtively. Although virtually 
all evidence on this subject is merely anecdotal, enough 
consistent thought recurs through the literature to justify 
proposing an optimal approach to these problems. First, 
predisposing factors should be sought; patients with a 
history of atopy or allergic rhinitis should be suspected 
of being at risk. Because anaphylactic and anaphylactoid 
reactions to contrast media occur 5 to 10 times more fre-
quently in patients with a previously suspected reaction, 
consideration should be given to the administration of 
low-osmotic agents and both H1- and H2-receptor antag-
onists for 16 to 24 hours before exposing these patients 
to a suspected allergen. H1-receptor antagonists appear to 
require this much time to act on the receptor. Volume sta-
tus can be optimized,255 and perhaps large doses of steroids 
(1 g of hydrocortisone) should also be administered before 
exposing patients to agents associated with a high inci-
dence of anaphylactic or anaphylactoid reactions.265 Older 
patients and patients taking β-adrenergic blocking drugs 
present special problems; they are at higher risk of hav-
ing complications from both pretreatment (especially vig-
orous hydration) and therapy for anaphylactic reactions 
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(glucagon is useful here) and are less responsive to treat-
ment regimens.266 One approach is to avoid drugs likely to 
trigger anaphylactic or anaphylactoid reactions or alter the 
treatment protocol for this group. Drawing blood for later 
analysis, especially of tryptase, can be useful in clarifying 
the diagnosis.267

With the increasing incidence of latex hypersensitiv-
ity, attempts have been made to make much of the oper-
ating room environment latex free; however, costs and 
preferences have resulted in the continued use of latex-
containing gloves in many hospitals. Nonetheless, more 
hospitals are totally latex free. In allergic patients, care 
should be taken to ensure that no latex-containing prod-
ucts are present in the operating room.

Primary Immunodeficiency Diseases
Primary immunodeficiency diseases usually manifest 
early in life as recurrent infections. Along with survival 
achieved with antibiotic and antibody treatment have 
come new prominent features: cancer and allergic and 
autoimmune disorders. Hereditary angioneurotic edema 
is an autosomal dominant genetic disease characterized 
by episodes of angioneurotic edema involving the subcu-
taneous tissues and submucosa of the GI tract and airway 
and often manifested as abdominal pain. These patients 
have a functionally impotent inhibitor or deficiency of 
an inhibitor to complement component C1. Treatment 
of an acute attack is supportive because epinephrine, 
antihistamines, and corticosteroids often fail to work. 
Plasma transfusions have been reported to resolve attacks 
or make them worse (theoretically by supplying either 
C1 esterase inhibitor or previously depleted complement 
components). The severity of attacks can be prevented 
or decreased by drugs that are either plasmin inhibitors 
(e.g., ε-aminocaproic acid [EACA] and tranexamic acid) or 
androgens (e.g., danazol). Because trauma can precipitate 
acute attacks, prophylactic therapy with danazol, intrave-
nous EACA, plasma, or all three is recommended before 
elective surgery. A partially purified C1 esterase inhibitor 
has been used in two patients.

Most of the 1 in 700 persons who have selective IgA defi-
ciency (i.e., <5 mg/dL) have repeated serious infections or 
connective tissue disorders. These infections commonly 
involve the respiratory tract (e.g., sinusitis, otitis) or GI 
tract (manifested as diarrhea, malabsorption, or both). If 
the patient has rheumatoid arthritis, Sjögren syndrome, 
or systemic lupus erythematosus, the anesthetist should 
consider the possibility of isolated IgA deficiency. How-
ever, patients with this disorder can be otherwise healthy. 
Because antibodies to IgA may develop in these patients if 
they were previously exposed to IgA (as could occur from 
a previous blood transfusion), subsequent blood trans-
fusions can cause anaphylaxis, even when they contain 
washed erythrocytes. Transfusions should therefore con-
sist of blood donated by another IgA-deficient patient.

Many immunomodulators are now being given to aug-
ment cancer treatments268; no interactions among these 
modulators, no effects on the incidence of immune reac-
tions during anesthesia, and no interactions with anes-
thetic effects have been reported except those regarding 
immunosuppressant drugs (see the last section of this 
chapter).
Immunonutrition is increasingly being used prepro-
cedurally by patients and prescribed by providers to 
decrease inflammatory responses.261 Whereas excellent 
data on the benefits of probiotics in changing the intes-
tinal milieu to decrease inflammation can be found, lim-
ited data are available on their effects on periprocedural 
recovery or outcomes.

DISEASES OF THE CENTRAL NERVOUS 
SYSTEM, NEUROMUSCULAR DISEASES, 
AND PSYCHIATRIC DISORDERS

Evaluation of a patient with neurologic or psychiatric 
disease can be found in Chapter 38. Information gath-
ered from the history that warrants further investigation 
includes a previous need for postoperative ventilation in 
a patient without inordinate lung disease, which indi-
cates the possibility of metabolic neurologic disorders 
such as porphyria, alcoholic myopathy, other myopa-
thies, neuropathies, and neuromuscular disorders such as 
myasthenia gravis. Other historical information warrant-
ing further investigation includes the use of drugs such as 
the following: steroids; guanidine; anticonvulsant, anti-
coagulant, and antiplatelet drugs; lithium; tricyclic anti-
depressants; phenothiazines; and butyrophenones.

Although preoperative treatment of most neurologic 
disorders may not lessen perioperative morbidity, knowl-
edge of the pathophysiologic characteristics of these 
disorders is important in planning intraoperative and 
postoperative management. Thus, preoperative knowl-
edge about these disorders and their associated conditions 
(e.g., cardiac arrhythmias with Duchenne muscular dys-
trophy or respiratory and cardiac muscle weakness with 
dermatomyositis) may reduce perioperative morbidity. A 
primary goal of neurologic evaluation is to determine the 
site of the lesion in the nervous system. Such localiza-
tion to one of four levels (supratentorial compartment, 
posterior fossa, spinal cord, peripheral nervous system) is 
essential for accurate diagnosis and appropriate manage-
ment. (Disorders accompanied by increased intracranial 
pressure and cerebrovascular disorders are discussed in 
Chapters 17 and 70.)

COMA

Little is known about specific anesthetic or perioperative 
or periprocedural choices that alter outcome for a coma-
tose patient, but as for all other conditions, the cause of 
the coma should be known so that drugs can be avoided 
that may worsen the condition or that may not be metab-
olized because of organ dysfunction (see also Chapters 96 
and 101). First, the patient should be observed. Yawning, 
swallowing, or licking of the lips implies a “light” coma 
with major brainstem function intact. If consciousness is 
depressed but respiration, pupillary reactivity to light, and 
eye movements are normal and no focal motor signs are 
present, metabolic depression is likely. Abnormal pupil-
lary responses may indicate hypoxia, hypothermia, local 
eye disease, or drug intoxication with belladonna alka-
loids, narcotics, benzodiazepines, or glutethimide; pupil-
lary responses may also be abnormal, however, after the 
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use of eye drops. Other metabolic causes of coma include 
uremia, hypoglycemia, hepatic coma, alcohol ingestion, 
hypophosphatemia, myxedema, and hyperosmolar non-
ketotic coma. Except in extreme emergencies, such as 
uncontrolled bleeding or a perforated viscus, care should 
be taken to render the patient as metabolically normal as 
possible before the surgical procedure. This practice and 
documenting the findings on the chart preoperatively 
lessen any confusion regarding the cause of intraopera-
tive and postoperative problems. However, too rapid cor-
rection of uremia or hyperosmolar nonketotic coma can 
lead to cerebral edema, a shift of water into the brain as 
a result of a reverse osmotic effect caused by dysequilib-
rium of the urea concentration.

The physical examination can be extremely helpful 
preoperatively in assessing the prognosis. Arms flexed at 
the elbow (i.e., decorticate posture) imply bilateral hemi-
sphere dysfunction but an intact brainstem, whereas 
extension of the legs and arms (bilateral decerebrate pos-
ture) implies bilateral damage to structures at the upper 
brainstem or deep hemisphere level. Seizures are often 
seen in patients with uremia and other metabolic enceph-
alopathies. Hyperreflexia and upward-pointing toes sug-
gest a structural CNS lesion or uremia, hypoglycemia, or 
hepatic coma; hyporeflexia and downward-pointing toes 
with no hemiplegia generally indicate the absence of a 
structural CNS lesion.

EPILEPTIC SEIZURES

Epileptic seizures result from paroxysmal neuronal dis-
charges of abnormally excitable neurons. Six percent to 
10% of individuals younger than 70 years old will expe-
rience a seizure at some time during their lifetime. Fifty 
percent to 70% of patients with one seizure will never 
have another. However, 70% of people with two seizures 
will have an epileptic focus, be candidates for antisei-
zure medications, and be subject to withdrawal seizures 
after anesthesia if such medications are not continued.269 
A seizure is the term for the clinical event defined as a 
paroxysmal alteration in neurologic function caused by 
a synchronous, rhythmic depolarization of brain cortical 
neurons. Epilepsy is the condition manifested by recur-
rent, unprovoked seizures. Sometimes syncopal episodes 
can be mistaken for seizures, especially when interviews 
are compressed in the short time frame of a preoperative 
visit. Twenty-five percent of patients with a seizure have 
a normal electroencephalogram (EEG) when they are 
interictal. Thus, a negative EEG result does not indicate 
that someone with a seizure will not have a withdrawal 
seizure when emerging from anesthesia. Seizures can be 
generalized (arising from deep midline structures in the 
brainstem or thalamus, usually without an aura or focal 
features during the seizure), partial focal motor, or sen-
sory (the initial discharge comes from a focal unilateral 
area of the brain, often preceded by an aura). As with 
cerebrovascular accidents and coma, knowing the origin 
may be crucial to understanding the pathophysiologic 
processes of the disease and to managing the patient’s 
intraoperative and postoperative course.

Epileptic seizures can arise from discontinuation of 
sedative-hypnotic drugs or alcohol, use of narcotics, 
uremia, traumatic injury, neoplasms, infection, congen-
ital malformation, birth injury, drug use (e.g., amphet-
amines, cocaine), hypercalcemia or hypocalcemia, blood 
in the ventricle or hypoxia, and vascular disease and vas-
cular accidents. Thirty percent of epileptic seizures have 
no known cause. Most partial seizures are caused by struc-
tural brain abnormalities (secondary to tumor, trauma, 
stroke, infection, and other causes).

An epileptic patient requires no special anesthetic 
management other than that for the underlying disease. 
Most authorities believe that anticonvulsant medications 
should be given in the therapeutic range,269-271 and they 
should be continued through the morning of the surgi-
cal procedure, even in pregnant women. They should 
also be given postoperatively, even in mothers who plan 
to breastfeed, according to guidelines published by the 
American Academy of Neurology. Many of the epileptic 
drugs, including phenytoin, carbamazepine, and phe-
nobarbiturate, alter the hepatic metabolism of many 
drugs and induce cytochrome P450 enzyme activity. 
Drug-drug interactions are much less problematic with 
the newer epileptic drugs such as gabapentin and topiri-
mate.269 Appropriate treatment of status epilepticus may 
include general anesthesia.271 In one controlled trial, 
phenobarbital was more rapidly effective in controlling 
status epilepticus than was diazepam followed by phe-
nytoin.271 The frequency of side effects and of required 
tracheal intubation was similar for both regimens. Thus, 
other than the use of current drug therapy and heed-
ing precautions taken for the underlying disease, no 
known changes in perioperative management seem to 
be indicated.

INFECTIOUS DISEASES OF THE CENTRAL 
NERVOUS SYSTEM, DEGENERATIVE 
DISORDERS OF THE CENTRAL NERVOUS 
SYSTEM, AND HEADACHE

Many degenerative CNS disorders have been traced to 
slowly developing viral diseases or even the presence of 
certain proteins or viral particles (“prions”). No special 
perioperative anesthetic considerations appear to apply 
for infectious disorders of the CNS other than those for 
increased intracranial pressure and avoidance of occu-
pational exposure and transmission of disease to health 
care workers (see also Chapter 110). The appropriate pro-
phylactic measures to take if one comes in contact with 
meningococcal disease or other infectious CNS diseases 
are still not well established. The use of H. influenzae type 
b vaccine has made meningitis an adult disease.272

Parkinson disease is a degenerative disorder of the CNS 
that may or may not be caused by a virus (see also Chap-
ters 38 and 80). Clinically, Parkinson disease, chronic 
manganese intoxication, phenothiazine or butyrophe-
none toxicity, Wilson disease, Huntington chorea, trau-
matic boxing injury, the effects of street drug toxins such 
as methylphenyltetrahydropyridine (MPTP), and carbon 
monoxide encephalopathy all have similar initial fea-
tures: bradykinesia, muscular rigidity, and tremor.

Newer therapies have been developed to arrest or even 
reverse the progression of Parkinson disease. Therapy is 
directed at (1) increasing the neuronal release of dopamine 
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or the receptor’s response to dopamine, (2) stimulating 
the receptor directly with bromocriptine and lergotrile, 
(3) implanting dopaminergic tissue, or (4) decreasing  
cholinergic activity. Newer therapies using the mono-
amine oxidase inhibitor (MAOI) deprenyl or adrenal med-
ullary transplants to slow the progression of disease appear 
promising,273,274 and even treatment with high-dose 
coenzyme Q10 seems to be strikingly beneficial.28 Experi-
ence with deprenyl in the perioperative milieu is insuffi-
cient to make proscriptions about its use. Anticholinergic 
agents have been the initial drugs of choice because they 
decrease tremor more than muscle rigidity. Dopamine 
does not pass the blood-brain barrier, so its precursor 
l-dopa (levodopa) is used. Unfortunately, l-dopa is decar-
boxylated to dopamine in the periphery and can cause 
nausea, vomiting, and arrhythmia. These side effects are 
diminished by the administration of α-methylhydrazine 
(carbidopa), a decarboxylase inhibitor that does not pass 
the blood-brain barrier. Refractoriness to l-dopa devel-
ops, and it is now debated whether the drug should be 
used only when symptoms cannot be controlled with 
other anticholinergic medications. “Drug holidays” have 
been suggested as one means of restoring the effective-
ness of these compounds, but cessation of such therapy 
may result in marked deterioration of function and need 
for hospitalization. Therapy for Parkinson disease should 
be initiated preoperatively and be continued through 
the morning of the surgical procedure; such treatment 
seems to decrease drooling, the potential for aspiration, 
and ventilatory weakness.275,276 Reinstituting therapy 
promptly after surgery is crucial,270,273-277 as is avoiding 
drugs such as the phenothiazines and butyrophenones 
(droperidol, and perhaps alfentanil), which inhibit the 
release of dopamine (and perhaps alfentanil) or compete 
with dopamine at the receptor.275 Carbidopa or levodopa 
in low doses (20 to 200 mg nightly versus the usual 60 
to 600 mg/day for Parkinson disease) is commonly used 
in the nonparkinsonian restless leg syndrome of older 
adults (present in 2% to 5% of individuals >60 years old). 
This drug also should be given the night before and the 
night immediately after the surgical procedure. Clozapine  
(a benzodiazepine) does not appear to worsen the move-
ment disorders of Parkinson disease and has been used 
postoperatively to stop levodopa-induced hallucinations. 
Patients with Parkinson disease may also undergo deep 
brain stimulation under monitored anesthesia care.

Dementia, a progressive decline in intellectual func-
tion, can be caused by treatable infections (e.g., syphi-
lis, cryptococcosis, coccidioidomycosis, Lyme disease, 
tuberculosis), depression (a trial of antidepressants is 
indicated in most patients), side effects of medications 
(digitalis has slowed brain function more than the heart 
rate), myxedema, vitamin B12 deficiency, chronic drug 
or alcohol intoxication, metabolic causes (liver and 
renal failure), neoplasms, partially treatable infections 
(HIV), untreatable infections (Creutzfeldt-Jakob syn-
drome), or decreased acetylcholine in the cerebral cortex 
(Alzheimer disease). This last condition occurs in more 
than 0.5% of Americans.278-281 Although these patients 
are often given cholinergic agonists, controlled trials of 
these drugs have not as yet shown major significant ben-
efit.279,280,282 Gingko has improved subjective symptoms 
in 37% of patients versus 23% of those given placebo. 
Although later controlled trials failed to confirm its ben-
efit in early Alzheimer disease or in healthy older individ-
uals, gingko is still popular. However, the prevalence of 
Alzheimer disease and the desperation of the patients and 
their families have now widened such therapies. Cholin-
ergic medications improve functioning in patients with 
Alzheimer disease.283 These families often desire surgery, 
but the interactions of these drugs and therapies with 
perioperative analgesic and anesthetic drug therapies 
are not well established. One case report noted intraop-
erative bradycardia in such patients with two choliner-
gic drugs.284 A link may exist among Alzheimer disease, 
postoperative cognitive dysfunction, and inhaled anes-
thetics.285 Deposition of β-amyloid can occur in animals 
exposed to inhaled anesthetics.286-288 Whether this link is 
clinically relevant in humans remains to be determined. 
Most reversible dementias represent either drug-induced 
delirium or depression.279,280,289 At present, early results 
with stimulation at “threshold testing” are promising and 
seem to stimulate dendritic regrowth and may reverse 
some or much of the cognitive decline. Creutzfeldt-Jakob 
disease has been transmitted inadvertently by surgical 
instruments and corneal transplants; the causative virus 
or protein particle is not inactivated by heat, disinfec-
tants, or formaldehyde.

More than 90% of patients with chronic recurring 
headaches are categorized as having migraine, tension, 
or cluster headaches. The mechanism of tension or clus-
ter headaches may not differ qualitatively from that 
of migraine headaches; all may be manifestations of 
labile vasomotor regulation.290 A headache is said to be 
migraine if it is characterized by four of the following five 
“POUNDing” conditions: if it is Pulsating, if it lasts One 
day or more, if it is Unilateral, if Nausea occurs, and if it 
Disturbs daily activities.291

Treatment of cluster and migraine headaches cen-
ters on the use of serotonin drugs such as sumatriptan 
or ergotamine and its derivatives.290-292 Other drugs that 
may be effective are propranolol, calcium channel inhibi-
tors, cyproheptadine, prednisone, antihistamines, tricy-
clic antidepressants, phenytoin, and diuretic drugs, as 
well as biofeedback. Giant cell arteritis, glaucoma, and 
all the meningitides, including Lyme disease, are other 
causes of headache that may benefit from preoperative 
treatment.293 No other special treatment is indicated pre-
operatively for a patient who has a well-delineated cause 
for the headaches. Acute migraine attacks can some-
times be terminated by ergotamine tartrate aerosol or by 
injection of sumatriptan or dihydroergotamine mesylate 
intravenously; general anesthesia has also been used. We 
normally continue all prophylactic headache medicine, 
although the decision to continue aspirin through the 
morning of the surgical procedure is usually left to the 
surgeon.

BACK PAIN, NECK PAIN, AND SPINAL 
CANAL SYNDROMES

Acute spinal cord injury is discussed earlier in the sec-
tion on autonomic dysfunction. Although it is a com-
mon problem, little is written about the anesthetic 
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management of syndromes related to herniated disks, 
spondylosis (usually of advancing age), and the congeni-
tal narrowing of the cervical and lumbar spinal canal 
that gives rise to symptoms of nerve root compression. 
One report stresses the importance of the vascular com-
ponent in the mechanism of damage to the spinal cord 
and hence the theoretic desirability of slight hyperten-
sion perioperatively.294 Another report suggests the use of 
awake intubation, a fiberoptic bronchoscope, and moni-
toring of evoked potentials.295 Other than the common-
sense approach of seeking neurologic consultation or, if 
necessary, using awake positioning of patients in a com-
fortable position before emergency root decompression 
procedures, no special procedures appear to be necessary. 
Patients with back pain may be receiving large doses of 
narcotics that may influence the anesthetic plan.

DEMYELINATING DISEASES

Demyelinating diseases constitute a diffuse group of 
diseases ranging from those with uncertain cause (e.g., 
multiple sclerosis, in which genetic, epidemiologic, 
and immunologic factors are probably all involved and 
interferon-β appears to be a promising treatment296) to 
those that follow infection, vaccination (e.g., Guillain-
Barré syndrome), or antimetabolite treatment of cancer. 
Therefore, demyelinating diseases can have very diverse 
symptoms. Apparently, a risk of relapse of these diseases 
exists immediately after surgery. Because relapse may 
occur as a result of rapid electrolyte changes in the periop-
erative period, such changes may be avoided. In addition, 
perioperative administration of steroids may be a protec-
tive measure.100 Both spinal anesthesia and epidural anes-
thesia have been administered without problems.297,298 
Multiple sclerosis and demyelinating diseases in general 
are the most common causes of nontraumatic disability 
in young adults. The age-adjusted survival rate is 80% of 
that of unaffected individuals, or put another way, the 
average patient with multiple sclerosis ages 1.2 years for 
every year with the disease. However, the variability of 
the disease makes this average rate of aging almost mean-
ingless. No treatment alters most of these disease pro-
cesses, although ACTH, steroids, interferon-β, glatiramer 
acetate (Copaxone), and plasmapheresis may ameliorate 
or abbreviate a relapse, or even alter disease progression, 
especially progression of multiple sclerosis and (if started 
within 2 weeks of onset) Guillain-Barré syndrome.299 
Such an effect is consonant with the hypothesis of an 
immunologic disorder as the cause of these diseases. Care 
should be taken to avoid succinylcholine in these patients 
because of the risk of hyperkalemia.

METABOLIC DISEASES

Included in the category of metabolic diseases is nervous 
system dysfunction secondary to porphyrias, alcohol-
ism, uremia, hepatic failure, and vitamin B12 deficiency. 
The periodic paralysis that can accompany thyroid dis-
ease is discussed in the later section on neuromuscular 
disorders.

Alcoholism or heavy alcohol intake is associated with 
the following: acute alcoholic hepatitis (see also Chapter 
73), the activity of which declines as alcohol is with-
drawn; myopathy and cardiomyopathy, which can be 
severe; and withdrawal syndromes. Within 6 to 8 hours 
of withdrawal, the patient may become tremulous, a state 
that usually subsides within days or weeks. Alcoholic hal-
lucinosis and withdrawal seizures generally occur within 
24 to 36 hours. These seizures are generalized grand mal 
attacks; when focal seizures occur, other causes should 
be sought. Delirium tremens usually appears within  
72 hours of withdrawal and is often preceded by tremu-
lousness, hallucinations, or seizures. These three symp-
toms, combined with perceptual distortions, insomnia, 
psychomotor disturbances, autonomic hyperactivity, 
and, in a large percentage of cases, another potentially 
fatal illness (e.g., bowel infarction or subdural hematoma), 
are components of delirium tremens. This syndrome is 
now treated with benzodiazepines. Nutritional disorders 
of alcoholism include alcoholic hypoglycemia and hypo-
thermia, alcoholic polyneuropathy, Wernicke-Korsakoff 
syndrome, and cerebellar degeneration. In patients with 
alcoholism (i.e., those who drink at least two six packs of 
beer or 1 pint of whiskey/day or the equivalent), emer-
gency surgery and anesthesia (despite alcoholic hepatitis) 
are not associated with worsening abnormalities in liver 
enzymes. In addition, approximately 20% of patients 
with alcoholism also have COPD. A patient who has a 
history of alcohol abuse therefore warrants careful exami-
nation of many systems for quantification of preoperative 
physical status.

Although hepatic failure can lead to coma with high-
output cardiac failure, unlike uremia, it does not lead to 
chronic polyneuropathy. Uremic polyneuropathy is a 
distal symmetric sensorimotor polyneuropathy that may 
be improved by dialysis. The use of depolarizing muscle 
relaxants in patients with polyneuropathies has been 
questioned (see also Chapter 34). We believe that patients 
who have neuropathy associated with uremia should not 
be given succinylcholine because of a possible exagger-
ated hyperkalemic response.

Pernicious anemia caused by vitamin B12 deficiency 
may result in subacute combined degeneration of the spi-
nal cord; the signs are similar to those of chronic nitrous 
oxide toxicity. Both pernicious anemia and nitrous oxide 
toxicity are associated with peripheral neuropathy and dis-
orders of the pyramidal tract and posterior column (which 
governs fine motor skills and the sense of body position). 
Combined-system disease can also occur without anemia, 
as can nitrous oxide toxicity in dentists and nitrous oxide 
abusers. Patients with vitamin B12 deficiency and ane-
mia, if treated with folate, improve hematologically but  
pro gress to dementia and severe neuropathy. It may thus 
be prudent to give an intramuscular injection of 100 μg of 
vitamin B12 or 800 μg orally before giving folate to a patient 
who has signs of combined-system degeneration.300

The porphyrias are a constellation of metabolic dis-
eases that result from an autosomally inherited lack of 
functional enzymes active in the synthesis of hemoglo-
bin. Figure 39-6 schematically depicts the abnormalities 
that result from these enzyme deficits. Type 1, 3, and  
4 porphyrias can cause life-threatening neurologic abnor-
malities. These conditions are characterized by the pres-
ence of aminolevulinic acid (ALA) or porphobilinogen, 



PART IV: Anesthesia Management1200
ALA PBG

Uroporphyrinogen I Coproporphyrinogen I

Uroporphyrin I Coproporphyrin I

Uroporphyrinogen III Coproporphyrinogen III Protoporphyrinogen Protoporphyrin

Uroporphyrin III Coproporphyrin III

Block here Block here Block here

Diagnosis:
Acute
intermittent
porphyria

Porphyria
cutanea tarda

Coproporphyria
(hereditary porphyria)

Variegate
porphyria

Block here

ALA

PBG

ALA

PBG

UroporphyrinALA

PBG
In urine:

Neurologic
sequelae:

Drug
sensitization:

Yes

Yes

No

No

Yes

Yes Yes

Yes

Figure 39-6. Schematic depiction of the functional enzyme deficits that occur in some of the porphyrias. ALA, Aminolevulinic acid; PBG, 
porphobilinogen.
or both, in urine; these substances do not occur in por-
phyria cutanea tarda, a disease that does not incur neu-
rologic sequelae.301 In acute intermittent porphyria, the 
typical pattern consists of acute attacks of colicky pain, 
nausea, vomiting, severe constipation, psychiatric dis-
orders, and lesions of the lower motoneuron that can 
progress to bulbar paralysis. Certain drugs can induce 
the enzyme ALA synthetase and thereby exacerbate the 
disease process.302-304 Such sensitizing drugs include bar-
biturates, meprobamate, chlordiazepoxide, glutethimide, 
diazepam, hydroxydione, phenytoin, imipramine, pen-
tazocine, birth control pills, ethyl alcohol, sulfonamides, 
griseofulvin, and ergotamine preparations. Patients often 
have attacks during infection, fasting, or menstruation. 
Administration of glucose suppresses ALA synthetase 
activity and prevents or ablates acute attacks. Drugs used 
in anesthetic management that are reported to be safe 
for patients with porphyria include neostigmine (Prostig-
min), atropine, gallamine, succinylcholine, d-tubocura-
rine, pancuronium, nitrous oxide, procaine, propofol, 
propanidid, etomidate, meperidine, fentanyl, morphine, 
droperidol, promazine, promethazine, and chlorproma-
zine.302-304 Although ketamine has been used, postopera-
tive psychoses attributable to the disease may be difficult 
to distinguish from those possibly caused by ketamine. In 
addition, although ketamine and etomidate are reported 
to be safe in humans, they seem to be porphyrinogenic 
in rats. Propofol has been used without provoking por-
phyria in at least two susceptible patients.302,303
NEUROMUSCULAR DISORDERS

Neuromuscular disorders consist of conditions affecting 
any major component of the motor unit: motoneuron, 
peripheral nerve, neuromuscular junction, and muscle. 
Neuropathies may involve all components of the nerve, 
thereby producing sensory, motor, and autonomic dys-
function, or only one component. Myopathies may 
involve the proximal muscles, the distal muscles, or both.

Myasthenia gravis is a disorder of the muscular system 
caused by partial blockade or destruction of nicotinic ace-
tylcholine receptors by IgG antibodies (see also Chapters 
34, 38, and 80). The severity of the disease correlates with 
the ability of antibodies to decrease the number of avail-
able acetylcholine receptors.305 Treatment of myasthenia 
is usually begun with anticholinesterase drugs, but in 
moderate and severe disease, treatment progresses to ste-
roids and thymectomy.305,306 Immunosuppressive drugs 
and plasmapheresis are initiated if the more conservative 
measures fail, and intravenous immunoglobulin, a rapid-
onset therapy, is reserved for acute exacerbations and 
myasthenic crises.305,306

One major problem for the anesthesiologist involves 
the use of muscle relaxants and their reversal307 (see 
also Chapter 35). Because much of the care of patients 
with myasthenia gravis involves tailoring the amount 
of anticholinesterase medication to the maximal muscle 
strength of the patient, derangement of the course of the 
patient during the surgical procedure could necessitate 
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reassessment of the drug dosage. For that reason, all 
anticholinergic drugs may be withheld for 6 hours pre-
operatively, and medication should be reinstituted post-
operatively with extreme caution because the sensitivity 
of these patients to such drugs may have changed. Small 
doses of succinylcholine can be used to facilitate endo-
tracheal intubation; extremely small doses of nondepo-
larizing drugs can be used for intraoperative relaxation 
not achieved by regional anesthesia or volatile anesthet-
ics. Of prime importance is monitoring neuromuscular 
blockade as the guide for muscle relaxant administration 
and their reversal (see Chapter 53). Although controlled 
ventilation was frequently required for at least 24 to 48 
hours postoperatively, immediate extubation has become 
more common.306-308 Postoperative ventilation is espe-
cially important in patients with myasthenia gravis of 
more than 6 years’ duration, COPD, a daily pyridostig-
mine requirement of 750 mg in association with signifi-
cant bulbar weakness, and vital capacity of less than 40 
mL/kg.308 One study in myasthenic patients found rapid 
recovery of neuromuscular function in patients receiv-
ing rocuronium when sugammadex was used for rever-
sal.309 The authors suggest that the combination could be 
a rational alternative for myasthenic patients for whom 
neuromuscular blockade is mandatory during surgical 
procedures.

Lambert-Eaton syndrome (myasthenic syndrome) is 
characterized by proximal limb muscle weakness and is 
associated with antibodies directed against the voltage-
gated calcium channels in presynaptic nerve terminals. 
Strength or reflexes may increase with repetitive effort. 
Affected patients exhibit decreased release of acetylcho-
line at the neuromuscular junction. Guanidine therapy 
enhances the release of acetylcholine from nerve termi-
nals and improves strength. Men with this syndrome 
generally have small cell carcinoma of the lung or other 
malignant disease, whereas women often have malignant 
disease, sarcoidosis, thyroiditis, or a collagen-related vas-
cular disease. In addition, these patients have increased 
sensitivity to both depolarizing and nondepolarizing 
muscle relaxants.310 Lambert-Eaton syndrome is also 
associated with an autonomic nervous system defect 
manifested by gastroparesis, orthostatic hypotension, 
and urinary retention.

Dermatomyositis and polymyositis are characterized 
by proximal limb muscle weakness with dysphagia. These 
conditions are associated with malignant disease or colla-
gen-related vascular disease and often involve respiratory 
and cardiac muscle.

Periodic paralysis is another disease in which sensitiv-
ity to muscle relaxants increases. Periodic weakness starts 
in childhood or adolescence and is precipitated by rest 
after exercise, sleep, cold, surgery, or pregnancy. Hypo-
kalemic and hyperkalemic forms exist and are associated 
with cardiac arrhythmias. Like thyrotoxic periodic paral-
ysis, these hypokalemic and hyperkalemic forms usually 
spare the respiratory muscles. Anesthetic management 
consists of minimizing stress and maintaining normal 
fluid and electrolyte status and body temperature.310-313

Patients with muscular dystrophy now survive into 
their late 20s or early 30s. Because the disease involves 
the muscles themselves and not their innervation, 
conduction anesthesia cannot produce adequate relax-
ation of tonic muscles. Gastric dilation is also a problem, 
as is malignant hyperthermia. As with the other forms 
of muscular dystrophy, most problems in myotonic dys-
trophy arise from cardiac arrhythmias and inadequacy of 
the respiratory muscles.314 For all the forms of muscular 
dystrophy, as for all the neuropathies (discussed earlier), 
problems have been related to exaggerated release of 
serum potassium after the administration of depolarizing 
muscle relaxants.

Malignant hyperthermia in the patient or in a rela-
tive of the patient merits careful history taking and at 
least consideration of performing a test for susceptibility 
to the condition (see also Chapter 43). Prophylaxis with 
intravenous dantrolene sodium (Dantrium) may also be 
warranted. In some cases, malignant hyperthermia has 
been associated with recognizable musculoskeletal abnor-
malities such as strabismus, ptosis, myotonic dystrophy, 
hernias, kyphoscoliosis, muscular dystrophy, central core 
disease, and marfanoid syndrome. Appropriate prepa-
ration for a patient with previous masseter spasm, or 
trismus, is a matter of considerable debate. Malignant 
hyperthermia occurs most frequently in children and 
adolescents; the incidence is 1 in 14,000 administra-
tions of anesthesia. The incidence increases to 1 in 2500 
patients requiring strabismus (squint) surgery.

DOWN SYNDROME

Down syndrome (trisomy 21) occurs once in 1000 live 
births. It is associated with congenital cardiac lesions such 
as endocardial cushion defects (40%), ventricular septal 
defects (27%), patent ductus arteriosus (12%), and tetral-
ogy of Fallot (8%). Prophylactic antibiotics should be used 
before predictable bacteremic events. Down syndrome is 
also associated with upper respiratory infections, with 
atlanto-occipital instability (in ≈15% of patients,315-318 in 
whom it is asymptomatic in most cases, but all patients 
should be treated as though they have atlanto-occipital 
instability) and laxity of other joints, with thyroid hypo-
function (50%), with an increased incidence of subglot-
tic stenosis, and with enlargement of the tongue (or a 
decreased oral cavity size for a normal-sized tongue).317,319 
No abnormal responses to anesthetic agents or anesthetic 
adjuvants have been substantiated. A reported sensitiv-
ity to atropine has been disproved, although administra-
tion of atropine to any patient receiving digoxin for atrial 
fibrillation should be done with care.319 Examination for 
the conditions associated with Down syndrome should 
precede surgery.

PREOPERATIVE PREDICTION OF INCREASED 
INTRACRANIAL PRESSURE DURING 
NEUROSURGERY

Symptoms and signs of increased intracranial pressure 
include morning headache or headache made worse by 
coughing, nausea, vomiting, disturbances in conscious-
ness, history of large tumors, tumors involving the brain-
stem, neck rigidity, and papilledema. Patients with these 
signs, large ventricles (as seen on radiography or images 
of the brain), or edema surrounding supratentorial 
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tumors should be considered at risk for intraoperative 
intracranial hypertension. These patients may benefit 
from preoperative treatment or anesthetic management 
that assumes this possibility (see also Chapter 70).320

Other preoperative considerations for patients with 
neurologic disease that can cause intracranial hypertension 
are the associated hypoventilation and hypoxia in patients 
who have severe hemiplegia and the presence of subarach-
noid bleeding or other forms of intracranial hemorrhage 
(especially likely in women given heparin who have two 
or more cerebral infarcts noted on CT). Many strokes or 
transient ischemic attacks have a possible cardiac origin.

MENTAL DISORDERS

Perhaps the most important preoperative consideration 
for patients with mental disorders, in addition to develop-
ing rapport, is understanding their specific drug therapy 
and its effects and side effects. Lithium, tricyclic antide-
pressants, selective serotonin reuptake inhibitors (SSRIs), 
other antidepressants that defy classification (e.g., bupro-
pion), phenothiazines, butyrophenones, and MAOIs are 
used in these patients.321 These drugs have potent effects 
and side effects that are discussed in the last section of 
this chapter, on drug therapy.

RENAL DISEASE AND ELECTROLYTE 
DISORDERS

The anesthesiologist has an important role to play in pre-
venting the onset and consequences of renal failure and 
its initiators. The linking of renal failure to electrolyte dis-
orders is more obvious: the kidney is the primary organ 
for regulating body osmolality and fluid volume and has 
a major role in excretion of the end products of metabo-
lism. In performing these functions, the kidney becomes 
intimately involved in the excretion of electrolytes.

A patient with renal insufficiency whose own kidneys 
are still functioning is distinct not only from a patient 
with end-stage renal disease whose renal functions are 
provided by dialysis but also from a patient who has a 
transplanted kidney. These three groups of patients 
require very different preoperative preparation. In addi-
tion, acute changes in renal function present quite a dif-
ferent problem than do chronic alterations in function. 
Certain renal diseases require different preoperative prep-
aration than others, but generally, renal disease of any 
origin presents the same preoperative problems (see also 
Chapters 23, 38, and 52).

RENAL DISEASE

Causes and Systemic Effects of  
Renal Disorders
Nephrotic syndrome may develop in patients with glo-
merular diseases without disturbing tubular function. 
The soundness of tubular function is an important con-
sideration because tubular dysfunction with attendant 
uremia presents problems quite different from those 
presented by glomerular disease with only nephrotic 
syndrome. This is not to minimize the adverse effects 
of glomerular disease; nephrotic syndrome consists of 
massive proteinuria and consequent hypoalbuminemia. 
The resulting reduction in plasma oncotic pressure 
diminishes plasma volume and calls forth compensa-
tory mechanisms that result in retention of sodium 
and water. As a result, a common clinical finding in 
nephrotic syndrome is edema. Thus, patients with 
nephrotic syndrome may have excess total-body water 
and decreased intravascular volume. In addition, diuret-
ics are often given in an attempt to decrease edema. 
Although serum creatinine and creatinine clearance 
estimations have limitations as indices of the GFR (inu-
lin clearance is still the gold standard), these measure-
ments are, for now, the most readily available to the 
anesthesiologist. Plasma creatinine levels reflect endog-
enous muscle catabolism and dietary intake, as well as 
urinary excretion. Urinary excretion depends on both 
filtration and secretion by the kidney. Drugs that are 
commonly used in the preoperative and perioperative 
periods can distort this measure of glomerular filtration. 
Moreover, the commonly used methods for measuring 
creatinine have a 95% confidence limit of greater than 
20% for a GFR higher than 30 mL/minute. Thus, a nor-
mal creatinine level of 1.3 mg/dL may give a measured 
value ranging from 1.0 to 1.5 mg/dL.

Furthermore, in patients with nephrotic syndrome in 
whom renal tubular function has been preserved, hypo-
volemia appears to be a significant cause of deteriorating 
tubular renal function.322-324 No randomized study has 
shown that close control of intravascular volume status 
in these groups of patients preserves renal tubular func-
tion (or any other measure of perioperative morbidity) to 
a greater degree than does less rigid control.

Uremia, the end result of renal tubular failure (i.e., fail-
ure of the concentrating, diluting, acidifying, and filter-
ing functions) manifests in many ways. Changes occur 
in the cardiovascular, immunologic, hematologic, neuro-
muscular, pulmonary, and endocrine systems, as well as 
in bone. These alterations are ascribed either to the toxic 
end products of protein metabolism or to an imbalance 
in functioning of the kidney. As the number of function-
ing nephrons diminishes, the still-functioning nephrons 
attempt to increase some solute and body composition 
preservation functions at the expense of other functions, 
such as excretion of phosphate. The accumulation of 
phosphate increases PTH levels, which in turn produce 
osteodystrophy. Osteodystrophy can be managed by  
(1) restriction of dietary phosphate, (2) the use of gels 
(e.g., aluminum hydroxide or carbonate) that bind with 
intestinal phosphate, (3) calcium supplementation, or  
(4) parathyroidectomy.

Certain alterations in patients with uremia, such as 
neuropathy, are most logically attributed to an accu-
mulation of toxic metabolites. Peripheral neuropathy is 
most often sensory and involves the lower extremities, 
but it may also be motor; peripheral neuropathies are 
frequently improved with hemodialysis and can be dra-
matically reversed with renal transplantation. The use of 
depolarizing muscle relaxants in patients with periph-
eral neuropathy is controversial and is discussed in the 
section on neuropathies. Tubular function is commonly 
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assessed by acidifying and concentrating capabilities.325 
Although such tests are crude, these capabilities are usu-
ally readily evaluated by measuring urine pH and specific 
gravity. Better assessment of renal blood flow, for the pur-
pose of improving renal blood flow and its distribution, 
is promised by the use of contrast-enhanced ultrasound 
in the operating room.326 Along with the altered volume 
status and cardiac complications in uremic patients, auto-
nomic neuropathy may contribute to hypotension during 
anesthesia. Atherosclerosis is often accelerated in uremic 
patients; hypertension, with its attendant consequences, 
is very common.

Cardiac failure (especially episodic failure) frequently 
occurs in uremic patients because of the presence of 
many adverse conditions: anemia with increasing myo-
cardial work, hypertension, atherosclerosis, and altered 
volume status. Pericarditis can manifest by pericardial 
rub alone or by pain (with or without hemorrhage). 
Cardiac tamponade should be ruled out on the basis of 
clinical features and by echocardiography if this diag-
nosis is seriously suspected preoperatively. In addition, 
cardiac tamponade should be treated or planned for 
preoperatively.

If anemia is present, its severity generally parallels 
the degree of uremia; chronically uremic patients seem 
to adapt well to anemia. No hard data have substanti-
ated the need to give a preoperative blood transfusion to 
a chronically uremic patient, even when the preoperative 
hematocrit is as low as 16% to 18%. Even in nonuremic 
patients in an ICU, a randomized trial was unable to dem-
onstrate improved outcome with a liberal transfusion 
strategy,327 and transfusions increase the risk for immune 
system compromise (see also Chapter 61).328 Thus, one of 
the major historical reasons for not transfusing blood in 
patients with end-stage renal disease has been disproved 
by this finding: data show that the more blood transfu-
sions a transplant recipient receives before transplanta-
tion, the greater is the chance that the transplant will 
function successfully.329 In uremic patients, coagulation 
and platelet adhesiveness may be abnormal and factor III 
activity may be decreased. Even uremic patients who are 
not given corticosteroids or immunosuppressive drugs 
may demonstrate abnormal immunity, perhaps warrant-
ing increased attention regarding procedures that lessen 
patient cross-contamination.

Uremic patients exhibit a wide variety of metabolic 
and endocrinologic disorders in addition to hyperpara-
thyroidism, including impaired carbohydrate tolerance, 
insulin resistance, type IV hyperlipoproteinemia, auto-
nomic insufficiency, hyperkalemia, and anion-gap aci-
dosis (caused by an inability of the kidneys to reabsorb 
filtered bicarbonate and excrete sufficient ammonium 
into urine). Furthermore, the excretion and pharmacoki-
netics of drugs are different in uremic patients than in 
normal patients. In addition, complications of hemodial-
ysis include nutritional deficiencies, electrolyte and fluid 
imbalances, and mental disorders. Because these condi-
tions can lead to serious perioperative morbidity, they 
should be evaluated preoperatively. No data, however, 
have substantiated the hypothesis that preoperative opti-
mization of these metabolic and endocrinologic disorders 
reduces perioperative risk in uremic patients.
As with uremic patients, preoperative optimization 
of volume status is paramount in patients with kidney 
stones, and both are affected by carbohydrate intoler-
ance.330,331 Seventy-five percent of all kidney stones are 
composed of calcium oxalate. Patients with these stones 
frequently take diuretic drugs, consume calcium- and 
citrate-rich foods, and restrict salt intake. Prevention of 
dehydration by institution of intravenous fluid therapy 
along with restricted oral intake of protein may be as 
important for these patients as it is for patients with 
struvite or uric acid stones. Struvite stones often result 
from urinary infection. Uric acid stones can be pre-
vented by treatment with allopurinol, by preoperative 
hydration, or by alkalinization of urine. Acidosis may 
contribute to stone formation. Again, optimal intravas-
cular volume status is important in preventing stones 
and preserving renal function. More thorough discus-
sion of renal function and physiology is provided in 
Chapter 23. Chapter 72 deals with the complexities of 
managing patients for renal surgery and other urologic 
procedures.

Creatinine clearance in conjunction with free water 
clearance appears to be the most accurate way of quan-
tifying, for pharmacokinetic purposes, the degree of 
decreased renal function (see also Chapter 23).331 For a 
patient with stable renal function, creatinine clearance, 
which is a rough estimate of GFR, can be approximated 
by noting the serum creatinine level: a doubling of the 
creatinine level represents a halving of the GFR. Thus, a 
patient with a stable serum creatinine level of 2 mg/dL 
would have a GFR of approximately 60 mL/minute. A sta-
ble serum creatinine level of 4 mg/dL would accompany a 
GFR of approximately 30 mL/minute, and a stable serum 
creatinine level of 8 mg/dL would accompany a GFR of 
15 mL/minute or less. When pregnancy and considerable 
edema are not present and the serum creatinine level is 
stable, the following formulas can be used to estimate cre-
atinine clearance and free water clearance.331-333
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Note that renal function must be stable. Unstable renal 
function is often associated with changes in serum cre-
atinine levels that lag by several days. Although knowing 
the serum creatinine level is more useful than knowing 
the BUN level, the BUN value provides some information, 
as discussed in the next section.

Free water clearance is a measure of renal concentrat-
ing ability, and it is normally −25 to +100 mL/hour; it 
becomes more positive in renal insufficiency states. It 
may also become more positive in patients who have 
a head injury or high blood alcohol levels or in those 
undergoing aggressive fluid infusion or administration of 
diuretics.332
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Patients With Insufficient  
but Functioning Kidneys
One of the greatest challenges for the anesthesiologist 
is presented by patients with insufficient renal function 
whose renal function must be preserved during surgical 
procedures. Additionally, the presence of chronic renal fail-
ure is associated with higher rates of perioperative cardiac 
morbidity, which may warrant further evaluation for the 
presence of occult CAD.333 The many uremic symptoms 
and great perioperative morbidity associated with uremia 
can probably be avoided by attention to detail in the pre-
operative and perioperative management of patients with 
insufficient, but still functioning kidneys.322-324

First, studies demonstrate that acute postoperative 
renal failure is associated with an extremely high morta-
lity rate.334 The development of perioperative renal dys-
function has multiple risk factors, the most important 
of which include preexisting renal disease, heart surgery 
involving cardiopulmonary bypass or aortic surgery 
involving cross-clamping of the thoracic or abdominal 
aorta, and ongoing sepsis.

Moreover, acute perioperative renal failure is most 
likely to occur in patients who have renal insufficiency 
before the surgical procedure, are older than 60 years, 
and have preoperative left ventricular dysfunction.332,334 
Proper preoperative hydration probably decreases mor-
tality after acute renal failure induced by radiocontrast 
agents.324 Clues to the presence of hypovolemia or hyper-
volemia should be sought from the history and physical 
examination (e.g., weight loss or gain, thirst, edema, 
orthostatic hypotension and tachycardia, flat neck veins, 
dry mucous membranes, decreased skin turgor). In seriously 
ill patients, insertion of a pulmonary artery catheter permits 
more precise monitoring of intravascular fluid volume. 
Other causes of deterioration in function in chronic renal 
insufficiency are low cardiac output or low renal blood 
flow (in prerenal azotemia, whether because of cardiac 
failure or fluid depletion from diuretic drugs, BUN often 
increases disproportionately to increases in creatinine), 
urinary tract infection, use of nephrotoxic drugs, hyper-
calcemia, and hyperuricemia. These conditions and drugs 
should be avoided; if any of these conditions exist, they 
should be treated preoperatively.

Management of patients with renal disease is discussed 
in Chapter 72.

Patients Undergoing Dialysis
Patients with chronic (and at times acute) renal failure 
require renal replacement therapy, including conven-
tional intermittent hemodialysis, peritoneal dialysis, and 
continuous renal replacement therapy (CRRT). CRRT 
includes a wide variety of techniques whose periopera-
tive management has been reviewed (Table 39-14).335 
Although the primary indication for CRRT is acute renal 
failure, it can also be used for fluid clearance, correction 
of electrolyte abnormalities, and management of meta-
bolic acidosis. It can be used in surgical patients without 
significant hemodynamic abnormalities. These patients 
may return to the operating room, and their assessment 
and management may be complicated by the underlying 
disease and the use of systemic anticoagulation to pre-
vent filter and circuit clotting. In patients undergoing 
intermittent treatment with hemodialysis or perito-
neal dialysis, the procedure is discontinued before enter-
ing the operating room. For CRRT, the anesthesiologist 
must determine the appropriateness of discontinuing the 
therapy. With short procedures, the therapy can almost 
always be stopped and the arterial and venous ends of 
the circuit connected and run in the bypass mode. CRRT 
can also be used to manage fluids during the surgical pro-
cedure by changing the dialysate. If CRRT is continued, 
its effect on drug dosing must be recognized. In addition 
to effects on renal elimination of drugs, CRRT has effects 
resulting from changes in protein binding and volume of 
distribution, as well as drug removal effects from mem-
brane permeability, membrane surface area, the ultrafil-
tration rate, and the dialysate flow rate.

Because a patient undergoing dialysis has already lost 
natural renal functioning, the emphasis in preoperative 
assessment shifts toward protecting other organ systems 
and optimally maintaining vascular access sites for cannu-
lation. Usually, this does not require invasive monitoring. 
Emphasis is placed on intravascular fluid volume and elec-
trolyte status, which can be ascertained by knowing when 
the patient last underwent dialysis, how much weight was 
normally gained or lost with dialysis, whether the fluid 
loss was peritoneal or intravascular, and what electrolyte 
composition the blood was dialyzed against. Although 
preoperative dialysis may benefit patients who have 
hyperkalemia, hypercalcemia, acidosis, neuropathy, and 
fluid overload, the resulting dysequilibrium between fluid 
and electrolytes can cause problems. Because hypovolemia 
induced by dialysis can lead to intraoperative hypoten-
sion, we try to avoid weight and fluid reduction in patients 
undergoing preoperative dialysis. In addition, hypopnea 

TABLE 39-14 CHARACTERISTICS OF RENAL 
REPLACEMENT THERAPY 

Renal Replacement 
Therapy

Blood 
Pump

Replacement 
Fluid (RF)/
Dialysate (D)

Intraoperative 
Use

Conventional 
intermittent 
hemodialysis

Yes D No

Peritoneal dialysis No D No
Slow continuous 

ultrafiltration
Yes/

no
None Yes

Continuous 
arteriovenous 
hemodialysis

No D No

Continuous 
arteriovenous 
hemodiafiltration

No RF/D No

Continuous 
venovenous 
hemofiltration

Yes RF Yes

Continuous 
venovenous 
hemodialysis

Yes D Yes

Continuous 
venovenous 
hemodiafiltration

Yes RF/D Yes

From Petroni KC, Cohen NH: Continuous renal replacement therapy:  
anesthetic implications, Anesth Analg 94:1288-1297, 2002.
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has been found to occur during and after dialysis when the 
dialysate contained acetate. Avoiding an acetate bathing 
solution may prevent this cause of hypoventilation.

When renal transplant recipients have subsequent sur-
gical procedures, the status of their renal function must 
be determined (i.e., whether they have normal renal 
function, insufficient but still functioning kidneys, or 
end-stage renal disease requiring hemodialysis) (see also 
Chapter 74). Descriptions of side effects of immunosup-
pressive drugs should also be sought. The drugs used pre-
operatively and intraoperatively to prevent acute rejection 
themselves have serious side effects that encourage close 
monitoring of blood glucose and cardiovascular func-
tion.329,336 Because renal transplantation greatly increases 
the risk of infection, it is very important to avoid invasive 
monitoring and prevent patient cross-contamination.

Drugs in Patients With Renal Failure
Patients with renal azotemia have a threefold or higher 
risk of having an adverse drug reaction than do patients 
with normal renal function.337-339 The risk is increased 
by two conditions. First, excessive pharmacologic effects 
result from high levels of a drug or its metabolite (e.g., the 
metabolite of meperidine) in blood because of physiologic 
changes in target tissues induced by the uremic state. An 
example is excessive sedation in a uremic patient with 
standard blood levels of sedative-hypnotic drugs. Second, 
excessive administration of electrolytes with drugs also 
increases the risk of having an adverse drug reaction. 
Administration of standard doses of drugs that depend 
on renal excretion for their elimination can result in drug 
accumulation and enhanced pharmacologic effect. In 
one report, patients with end-stage renal disease required 
significantly higher propofol doses to achieve the clinical 
endpoint of hypnosis than did patients with normal renal 
function.339

INFECTIOUS DISEASE

Sepsis is a leading cause of postoperative morbidity,324,340 
probably through a decrease in systemic vascular resis-
tance related to activation of the complement system 
and other mediators. Thus, attention to the effects of 
antibiotic drugs must be supplemented by attention to 
intravascular volume status.322-324,340-342 The degree of 
impairment of the infected organ and its effect on anes-
thesia should be assessed. For instance, endocarditis 
merits examination of the following: intravascular vol-
ume status; antibiotic and other drug therapy and side 
effects343; myocardial function; and renal, pulmonary, 
neurologic, and hepatic function—organ systems that 
can be affected by endocarditis.

Although all surgery except emergency or essential 
operations is proscribed when an acute infectious dis-
ease is present, many such diseases (e.g., influenza and 
pneumococcal pneumonia) and even inflammatory con-
ditions are becoming less frequent because of successful 
immunization recommendations and programs.344 Fur-
thermore, even though acute infections are less com-
mon, surgery in patients with chronic viral diseases such 
as hepatitis and HIV infection is more frequent. Many of 
these patients may also harbor opportunistic infections 
such as tuberculosis or may have other systemic prob-
lems. Whether anesthesia or surgery, or both, exacerbates 
these infections or their systemic manifestations is not 
clear.

ELECTROLYTE DISORDERS

Disorders of calcium, magnesium, and phosphate balance 
are discussed in the earlier section on diseases involving 
the endocrine system and disorders of nutrition (see also 
Chapters 38 and 60).

Hyponatremia and Hypernatremia
Electrolyte disorders are usually detected by determin-
ing the levels of electrolytes in serum. These concentra-
tions reflect the balance between water and electrolytes. 
The osmolality of all body fluids is normally maintained 
within the narrow physiologic range of 285 to 290 
mOsm/kg H2O by integration of three key processes: 
thirst, release of ADH, and responsiveness of the medul-
lary collecting ducts to ADH. Because of the permeability of 
biologic membranes, intracellular osmolality and extra-
cellular osmolality are almost always equal and can be 
estimated by the following formula:
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This formula will become easier to calculate when 
we convert fully to the International System of Units  
(SI units; metric system) because millimoles (mmol) can 
be substituted for mg/(factor) in the foregoing formula 
to read
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with concentrations expressed in millimoles per liter 
(mmol/L). Although secretion of ADH is tightly controlled 
by osmotic stimuli at 285 to 290 mOsm/kg, the osmotic 
threshold for thirst is high (300 mOsm/kg), thus making 
this sign an important guide to volume deficiency.

Hyponatremia is perhaps the third most common fluid 
electrolyte abnormality in hospitalized patients. (Magne-
sium deficiency occurs in as many as 25% [see Chapter 
59], and potassium deficiency, discussed later in this sec-
tion, occurs in as many as 10%.) Hyponatremia can occur 
in isotonic, hypertonic, or hypotonic forms. For example, 
isotonic hyponatremia can develop in protein or liquid 
accumulation states such as myeloma. Hypertonic hypo-
natremia can be present with hyperglycemia or with infu-
sions of glycine (as in the TURP syndrome). Hypotonic 
hyponatremia is the largest classification and is subdi-
vided according to the status of the extracellular fluid 
into hypovolemic, isovolumic, or hypervolemic hypo-
tonic hyponatremia. All three types require that excretion 
of renal water be impaired despite continued intake of 
dilute fluid. Common causes of hypovolemic hypotonic 
hyponatremia are GI losses (vomiting, diarrhea), third-
space losses (diuretics or salt-wasting nephropathy), and 



PART IV: Anesthesia Management1206
adrenal insufficiency (Box 39-6). Hypervolemic hypotonic 
hyponatremic states complicate severe cardiac failure, 
cirrhosis, nephrotic syndrome, and renal failure and are 
characterized by retention of sodium with disproportiona-
tely larger amounts of water.

The more common isovolumic hypotonic hypona-
tremia is caused by retention of water without sodium. 
Because edema is not usually clinically apparent, such 
patients appear isovolumic. Edema is most often caused 
by SIADH, which in turn may be caused by CNS or 
pulmonary tumors or dysfunction. Secretion of ADH 
increases with age, thus rendering older adults more 
prone to hyponatremia. Drugs that potentiate the secre-
tion of ADH (tricyclic antidepressants and vincristine) or 
its effects on the medullary collecting duct system in the 
kidney (nonsteroidal antiinflammatory drugs and chlor-
propamide) or that have similar effects (oxytocin) may 
be more likely to cause hyponatremia in older adults. To 
establish the diagnosis of SIADH, the physician should 
determine that the patient is free of renal and cardiac 
dysfunction, has normal adrenal and thyroid function, 
and is normovolemic. Urine osmolality would then be 
found to exceed 100 mOsm/kg, serum osmolality would 
be low, and urine sodium excretion would be higher than 
20 mEq/L (20 mOsm/L).

Disturbances in serum sodium therefore reflect altera-
tions in glucose metabolism, renal function, or accu-
mulation of body water. The last can be affected by 
disturbances in thirst, release of ADH, and renal func-
tion. Thus, hyponatremia reflects a relative excess of free 
water and can occur when total-body sodium increases 
(as in edematous disorders), when total-body sodium is 
normal (as in excess of free water because of SIADH), or 
when total-body sodium decreases (as occurs with too 

HypovoLemiC

 •  Gastrointestinal losses
 •  Vomiting
 •  Diarrhea
 •  Skin losses
 •  Third-space losses
 •  Lung losses
 •  Renal losses
 •  Diuretics
 •  Renal damage
 •  Urinary tract obstruction
 •  Adrenal insufficiency

isovoLumiC

 •  Syndrome of inappropriate secretion of antidiuretic hormone
 •  Renal failure
 •  Water intoxication
 •  Hypokalemia
 •  Dysfunctional osmostat

HypervoLemiC

 •  Congestive heart failure
 •  Nephrosis
 •  Liver dysfunction

BOX 39-6 Types and Causes of Hypotonic 
Hyponatremia*

*Serum osmolality less than 280 mOsm/L.
aggressive use of diuretic drugs). Definition of the cause 
defines the treatment. For instance, water restriction is 
the mainstay of therapy for SIADH. Administration of 
demeclocycline is another option that corrects SIADH 
by inducing a reversible nephrogenic diabetes insipidus. 
The anesthesiologist is faced with the question of what 
levels of electrolytes require treatment before anesthesia. 
Although slowly developing hyponatremia usually pro-
duces few symptoms, the patient may be lethargic and 
apathetic. Chronic hyponatremia is better tolerated than 
acute hyponatremia because of mechanisms regulating 
intracellular fluid volume that alleviate brain edema; 
the loss of other solutes from cells decreases the osmotic 
movement of water into cells. Nonetheless, severe chronic 
hyponatremia (i.e., serum sodium levels <123 mEq/L) can 
cause brain edema.

By contrast, acute hyponatremia may be manifested 
by severe symptoms requiring emergency treatment: 
profound cerebral edema with obtundation, coma, con-
vulsions, and disordered reflexes and thermoregulatory 
control.100,101,345 Depending on the cause and relative 
total sodium and water content, treatment can range 
from the administration of hypertonic saline or manni-
tol (with or without diuretic drugs) to restriction of fluids 
or administration of other drugs.100,101,345 Because neu-
rologic damage may develop if the serum sodium con-
centration is increased too rapidly, the rate of increase 
should not exceed 1 mEq/L/hour.100,101,345 After the 
serum sodium concentration has reached 125 mEq/L, 
therapy may consist of water restriction; more rapid cor-
rection may result in CNS demyelination.100,101,345 In 
hyponatremic patients who have excess total-body water 
secondary to SIADH, serum levels can be corrected by giv-
ing furosemide, 1 mg/kg, and hypertonic saline to replace 
the loss of electrolytes in urine.100,101,345 The diagnosis of 
SIADH is discussed earlier in this chapter (see the section 
on pituitary abnormalities).

Neither acute nor chronic hyponatremia necessitates 
restoration of serum sodium to normal levels; brain swell-
ing usually disappears at a serum sodium level of 130 
mEq/L.

Hypernatremia occurs much less commonly than 
hyponatremia. It is often iatrogenic (e.g., it can be caused 
by failure to provide sufficient free water to a patient who 
is unconscious or who has had a recent stroke-induced 
deficit of the thirst mechanism) and can occur in the 
presence of low, normal, or excess total-body sodium. The 
primary symptoms of hypernatremia relate to brain cell 
shrinkage. Because too rapid correction of hypernatremia 
can lead to cerebral edema and convulsions, correction 
should be made gradually. Again, with no data to support 
this stance, we believe that all patients undergoing surgi-
cal procedures should have serum sodium concentrations 
of less than 150 mEq/L before anesthesia.

Hypokalemia and Hyperkalemia
Hypokalemia and hyperkalemia are also discussed in 
Chapters 38 and 59. The relationship between the mea-
sured potassium concentration in serum and total-body 
potassium stores can best be described with a scattergram. 
Only 2% of total-body potassium is stored in plasma 
(4200 mEq in cells and 60 mEq in extracellular fluid). In 
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normal persons, 75% of the 50 to 60 mEq/L of total-body 
potassium is stored in skeletal muscle, 6% in red blood 
cells, and 5% in the liver. Thus, a 20% to 25% change in 
potassium levels in plasma could represent a change in 
total-body potassium of 1000 mEq or more if the change 
were chronic or as little as 10 to 20 mEq if the change 
were acute.

As with serum sodium levels,100,101,345 acute changes 
in serum potassium levels are less well tolerated than 
chronic changes. Chronic changes are relatively well 
tolerated because of the equilibration of serum and intra-
cellular stores that takes place over time to return the 
resting membrane potential of excitable cells to nearly 
normal levels.

Hyperkalemia can result from the following: factitious 
increase of potassium administration (as in red blood cell 
hemolysis); excessive exogenous potassium from sources 
such as salt substitutes or, in large amounts, bananas; cel-
lular shifts in potassium (as a result of metabolic acidosis, 
tissue and muscle damage after burns, use of depolarizing 
muscle relaxants, or intense catabolism of protein); and 
decreased renal excretion (as occurs in renal failure, renal 
insufficiency with trauma, and therapy with potassium-
sparing diuretic drugs, especially when combined with 
ACE inhibitors or mineralocorticoid deficiency).346-348 
Factitious hyperkalemia can occur when a tourniquet is 
left on too long or even by simple fist clenching.349

The major danger in anesthetizing patients who have 
disorders of potassium balance appears to be abnormal 
cardiac function (i.e., both electrical disturbance346 and 
poor cardiac contractility). Hyperkalemia lowers the rest-
ing membrane potential of excitable cardiac cells and 
decreases the duration of the myocardial action potential 
and upstroke velocity. This decreased rate of ventricular 
depolarization, in addition to the beginning of repolar-
ization in some areas of the myocardium while other 
areas are still undergoing depolarization, produces a pro-
gressively widening QRS complex that merges with the  
T wave into a sine wave on the ECG.

At a potassium level greater than 6.7 mEq/L, the degree 
of hyperkalemia and the duration of the QRS complex 
correlate well.346 This correlation is even better than 
the correlation between the serum potassium level and 
T-wave changes. Nevertheless, the earliest manifesta-
tions of hyperkalemia are narrowing and peaking of 
the T wave. Although not diagnostic of hyperkalemia, 
T waves are almost invariably peaked and narrow when 
serum potassium levels are 7 to 9 mEq/L. When serum 
potassium levels exceed 7 mEq/L, atrial conduction dis-
turbances appear, as manifested by a decrease in P-wave 
amplitude and an increase in the PR interval. Supraven-
tricular tachycardia, atrial fibrillation, PVCs, ventricular 
tachycardia, ventricular fibrillation, or sinus arrest may 
all occur.

The ECG and cardiac alterations associated with 
hyperkalemia are potentiated by low serum levels of cal-
cium and sodium. Intravenous administration of saline, 
bicarbonate, glucose with insulin (1 unit/2 g glucose), 
and calcium can reverse these changes by shifting some 
extracellular potassium into the cell.
β-Adrenergic stimuli also cause redistribution of 

potassium into the cell. Indeed, the plasma potassium 
concentration measured in samples immediately before 
surgical procedures is usually 0.2 to 0.8 mEq/L lower 
than that measured during the less stressful period 1 to 
3 days before surgery.350 β-Adrenergic receptor block-
ing drugs can be used to prevent such an effect preop-
eratively. A β-adrenergic receptor stimulating agent  
(20 mg of nebulized albuterol for a 70-kg patient) can be 
used to treat hyperkalemia when it occurs; it decreases 
potassium levels 1.0 mEq/L within 30 minutes, and its 
effect lasts 2 hours.351 Although nebulized β2-agonists 
effectively lower plasma potassium concentrations by 
stimulating sodium- and potassium-dependent adenos-
ine triphosphatase, this therapy should be used as an 
adjunct to rather than a substitute for more established 
measures. Kayexalate (sodium polystyrene sulfonate) 
enemas can be given to bind potassium in the gut in 
exchange for sodium. Dialysis against a hypokalemic 
solution also decreases serum potassium levels. However, 
in a hyperkalemic patient, hypoventilation can be dan-
gerous during anesthesia because each 0.1 change in pH 
can produce a 0.4 to 1.5 mEq/L change in serum potas-
sium levels in the opposite direction. For example, if pH 
decreases from 7.4 to 7.3, serum potassium levels could 
increase from 5.5 to 6.5 mEq/L.

Hypokalemia can be caused by inadequate intake of 
potassium, excessive GI loss (through diarrhea, vomiting, 
nasopharyngeal suctioning, long-term use of laxatives, or 
ingestion of cation exchange resins, as in certain wines), 
excessive renal loss (because of the use of diuretic drugs, 
renal tubular acidosis, chronic chloride deficiency, meta-
bolic alkalosis, mineralocorticoid excess, excessive inges-
tion of licorice, use of antibiotics, ureterosigmoidostomy, 
and diabetic ketoacidosis), and shifts of potassium from 
extracellular to intracellular compartments (as occurs 
in alkalosis, insulin administration, administration of 
a β-adrenergic agonist or stress, barium poisoning, and 
periodic paralysis). As with hyperkalemia, knowledge 
of the cause of the potassium deficiency and appropriate 
preoperative evaluation and treatment of that cause may 
be as important as treatment of the deficiency itself. Also 
like hyperkalemia, hypokalemia may reflect small or vast 
changes in total-body potassium. Acute hypokalemia 
may be much less well tolerated than chronic hypoka-
lemia. The major worrisome manifestations of hypoka-
lemia pertain to the circulatory system, both the cardiac 
and peripheral components. In addition, chronic hypo-
kalemia results in muscle weakness, hypoperistalsis, and 
nephropathy.

Cardiovascular manifestations of hypokalemia include 
the following: autonomic neuropathy, which results 
in orthostatic hypotension and decreased sympathetic 
reserve; impaired myocardial contractility; and electri-
cal conduction abnormalities, which can result in sinus 
tachycardia, atrial and ventricular arrhythmias, and 
disturbances in intraventricular conduction that can  
progress to ventricular fibrillation. In addition to arrhyth-
mias, the ECG shows widening of the QRS complex, ST-
segment abnormalities, progressive diminution of the 
T-wave amplitude, and a progressive increase in the U-wave 
amplitude. Surawicz found these changes to be invariably 
present when serum potassium levels decreased to less 
than 2.3 mEq/L.346 Although U waves are not specific for 
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hypokalemia, they are sensitive indicators of the condi-
tion. Replenishing the total-body potassium deficit for a 
depletion reflected by a serum deficit of 1 mEq/L (e.g., 
from 3.3 to 4.3 mEq/L) may require 1000 mEq of potas-
sium. Even if this amount could be given instantaneously 
(and it should not be replenished at a rate exceeding 250 
mEq/day), it would take 24 to 48 hours to equilibrate in 
all tissues. Potassium-depleted myocardium is unusually 
sensitive to digoxin, calcium, and most important, potas-
sium. Rapid potassium infusion in a hypokalemic patient 
can produce arrhythmias as severe as those produced by 
hypokalemia itself.352 One potential strategy to prevent 
hypokalemia from anxiety and stress includes premedica-
tion with clonidine.353

Thus, the decision to proceed with surgery and anes-
thesia in the presence of acute or chronic depletions or 
excesses of potassium depends on many factors.354-359 The 
cause and treatment of the underlying condition creating 
the electrolyte imbalance and the effect of that imbal-
ance on perioperative risk and physiologic processes must 
be known. The urgency of the operation, the degree of 
electrolyte abnormality, the medications given, the acid-
base balance, and the suddenness or persistence of the 
electrolyte disturbance are all considerations. For exam-
ple, a small study of patients undergoing vascular access 
procedures with preoperative potassium levels of higher 
than 6 mmol/L demonstrated no adverse outcomes.357  
Similarly, in a cohort study in which 38 patients had a 
preoperative potassium level higher than 5.5 mEq/L, no 
dysrhythmias or major morbidity were associated with 
the use of succinylcholine.358

Retrospective epidemiologic studies attribute signifi-
cant risk to the administration of potassium (even long-
term oral administration).354 In one study, 1910 of 16,048 
consecutive hospitalized patients were given oral potas-
sium supplements. Of these 1910 patients, hyperkalemia 
contributed to death in 7, and the incidence of compli-
cations of potassium therapy was 1 in 250. Armed with 
such data, many internists do not prescribe oral potas-
sium therapy for patients given diuretic drugs. Yet these 
patients frequently become moderately hypokalemic.360 
Modest hypokalemia occurs in 10% to 50% of patients 
given diuretic drugs. Should surgery be delayed to subject 
such patients to the risks of potassium therapy?

Three studies investigated whether modest hypokale-
mia was a problem by prospectively seeking arrhythmias 
on the ECGs of patients who had various preoperative 
levels of potassium.355,356,359 No difference in the inci-
dence of arrhythmias occurred in 25 normokalemic  
(K+ > 3.4 mEq/L) patients, 25 moderately hypokalemic  
(K+ = 3 to 3.4 mEq/L) patients, and 10 severely hypoka-
lemic (K+ < 2.9 mEq/L) patients.355 Wahr and coauthors 
studied 2402 patients undergoing elective CABG and con-
cluded that a serum potassium level less than 3.5 mmol/L 
was a predictor of serious perioperative arrhythmia  
(OR, 2.2; 95% CI, 1.2 to 4.0), intraoperative arrhythmia 
(OR, 2.0; 95% CI, 1.0 to 3.6), and postoperative atrial 
fibrillation/flutter (OR, 1.7; 95% CI, 1.0 to 2.7).359 The 
inability of the eye to pick up these changes—or even 
the inability of Holter recordings for short periods (which 
seem not to have been used in this study)—points to the 
need for confirming studies.
Modest hypokalemia can have severe consequences.360,361  
Holland and co-workers treated 21 patients with 50 mg 
of hydrochlorothiazide twice a day for 4 weeks.361 These 
patients had a history of becoming hypokalemic during 
diuretic therapy; no patients had cardiac disease or were 
taking other medications. Before and after diuretic ther-
apy, 24-hour ambulatory ECGs were recorded. This study 
is also subject to the limitations of Holter monitoring. 
Ventricular ectopy, including complex ventricular ectopy 
(multifocal PVCs, ventricular couplets, ventricular tachy-
cardia), developed in 7 of the 21 patients (33%). Potassium 
repletion decreased the number of ectopic ventricular 
beats per patient from 71.2 to 5.4/hour. Apparently, some 
patients are sensitive to even minor potassium depletion. 
In the Multiple Risk Factor Intervention Trial involving 
361,662 patients, more than 2000 of whom were treated 
for hypertension with diuretics, the reduction in serum 
potassium after diuretic therapy was greater in patients 
with PVCs.360

GASTROINTESTINAL AND LIVER DISEASES

GASTROINTESTINAL DISEASE

Preoperative Search for Diverse Associated 
Disorders in Gastrointestinal Disease
Although preoperative preparation of the GI tract is 
usually the responsibility of the surgeon, GI disease 
can and often does cause derangements in many or all 
other systems (see also Chapter 38). Such disturbances 
can affect the safety of anesthesia for the patient. Pre-
operative preparation should include knowledge of 
disease processes and their effects to guide the patient 
smoothly through the perioperative period. The major 
advances of correcting fluid and electrolyte disorders 
and optimizing nutritional status preoperatively allow 
surgical procedures to be performed in patients with GI 
disease previously deemed to be at too great a risk and 
may have lessened the risk for others.45-47,362 Nonethe-
less, in patients with GI disease, thorough assessment of 
intravascular fluid volume, electrolyte concentrations, 
and nutrition is essential, including an evaluation of the 
supervening side effects of these therapies (e.g., hypo-
phosphatemia from parenteral nutrition, hyperkalemia 
or cardiac arrhythmias from too vigorous treatment of 
hypokalemia, and CHF from too rapid or too vigorous 
treatment of hypovolemia).

In addition to the vast alterations in fluids, electro-
lytes, and nutrition that can occur with such diverse GI 
diseases as neoplasms and pancreatitis, patients with GI 
disorders can have gastroesophageal reflux disease,363 
bowel obstruction, vomiting, or hypersecretion of acid. 
These effects may merit rapid induction of anesthesia 
with the application of cricoid pressure or endotracheal 
intubation with the patient unanesthetized (awake), pre-
operative nasogastric suctioning, or preoperative use of 
histamine receptor blocking drugs. Clotting abnormali-
ties may need to be corrected because fat-soluble vitamin 
K (often malabsorbed) is necessary for the synthesis of 
factors II, VII, IX, and X in the liver (see also Chapter 62). 
Liver disease is often associated with GI disease and, if 
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severe enough, can also result in a deficiency of clotting 
factors synthesized by the liver.

Other factors should be remembered in the periopera-
tive management of any patient with GI disease. First, 
closed spaces containing gas expand by absorbing nitrous 
oxide. Such expansion can lead to ischemic injury, rupture 
of GI viscera, or both. Second, GI surgery predisposes the 
patient to sepsis; sepsis and decreased peripheral vascular 
resistance can lead to massive fluid requirements, cardiac 
failure, and renal insufficiency. The surgical site infection 
rate has been declining. This decrease may be attributable 
to the use of better technique, more appropriate prophy-
lactic timing and use of antibiotics, better nutrition, less 
invasive (laparoscopic and endoscopic) surgery, mainte-
nance of normothermia, and surgical resection of even 
tumors.364-368 Third, patients with GI disease may have 
many other associated disorders not directly related to the 
GI tract. For example, they may be anemic from deficien-
cies in iron, intrinsic factor, folate, or vitamin B12. They 
may also manifest neurologic changes from combined-
system disease. Respiration may be impaired because of 
heavy cigarette smoking, peritonitis, abscess, pulmonary 
obstruction, previous incisions, aspiration, or pulmonary 
embolism (as occurs with ulcerative colitis or with throm-
bophlebitis in bedridden patients). These patients may 
also have hepatitis, cholangitis, side effects from antibi-
otic drugs or other medications, massive bleeding with 
anemia and shock, or psychological derangements.

Because GI disease can be accompanied by so many 
diverse associated disorders, the clinician must clearly 
search for involvement of other systems and preopera-
tively assess and treat such disorders appropriately. Dis-
cussion of two specific diseases, ulcerative colitis and 
carcinoid tumor, highlights the importance of involve-
ment of other systems in GI disease.

Ulcerative Colitis and Carcinoid Tumors 
as Examples of Gastrointestinal Disease 
Affecting Other Systems
Patients with ulcerative colitis often have psychologi-
cal problems. They may also have the following: phle-
bitis; deficiencies in iron, folate, or vitamin B12; anemia; 
or clotting disorders caused by malabsorption. They 
may be malnourished or dehydrated or have electro-
lyte abnormalities. In addition, ulcerative colitis can be 
accompanied by massive bleeding, bowel obstruction or 
perforation or toxic megacolon causing respiratory com-
promise, hepatitis, arthritis, iritis, spondylitis, or diabetes 
secondary to pancreatitis.

The site of origin of carcinoid tumors in more than 
75% of patients is the GI tract. Within the GI tract, car-
cinoid tumors have been documented to occur from the 
esophagus to the rectum. The most frequent site is the 
appendix, but carcinoids in this location rarely, if ever, 
metastasize or produce carcinoid syndrome. Tumors aris-
ing in the ileocecal region have the highest incidence 
of metastases. Carcinoid tumors originating from sites 
other than the GI tract, such as the head and neck, lung, 
gonads, thymus, breast, and urinary tract, have also been 
reported. Cardiac involvement, although frequently 
reported, is usually limited to right-sided valvular and 
myocardial plaque formation.369
Not all patients with carcinoid tumors have symptoms 
attributable to secretion of hormone by the tumor. Some 
do, however, and unexpected carcinoid can manifest intra-
operatively by hypersecretion of gastric fluid. The most 
comprehensive series in the literature indicates that only 
7% of patients have carcinoid syndrome, which typically 
consists of flushing, diarrhea, and valvular heart disease. 
Of those patients with the syndrome, approximately 74% 
have cutaneous flushing, 68% have intestinal hypermo-
tility, 41% have cardiac symptoms, and 18% have wheez-
ing. Factors influencing symptoms include the location 
of the tumor and the specific hormones produced and 
secreted. Although it is generally believed that if patients 
do not exhibit carcinoid syndrome, the tumors are not 
producing serotonin (5-hydroxytryptamine [5-HT]), such 
may not be the case. Approximately 50% of patients with 
carcinoid tumors of the GI tract demonstrate evidence of 
5-HT production as manifested by elevated urinary lev-
els of 5-hydroxyindoleacetic acid (5-HIAA), a metabolic 
product of 5-HT. Carcinoid syndrome is usually associ-
ated with ileal carcinoid tumors that have metastasized to 
the liver. Presumably, the liver clears mediators released 
from the tumor. Impairment of this clearing ability by 
the metastatic tumor results in carcinoid syndrome.

Most patients with carcinoid tumors and increased 
urinary 5-HIAA levels have typical carcinoid tumors 
originating from the midgut (ileum or jejunum). These 
patients excrete only small amounts of 5-hydroxytryp-
tophan (5-HTP). Patients with atypical carcinoid tumors 
that originate in the foregut (bronchus, stomach, and 
pancreas) excrete large amounts of 5-HT and 5-HTP, as 
well as moderately higher amounts of 5-HIAA.

Although it is generally agreed that 5-HT is responsible 
for the diarrhea experienced by patients with carcinoid 
tumors, other neurohumoral agents may contribute to 
the flushing and hypotension, including dopamine, 
histamine, and some of the neuropeptides such as sub-
stance P, neurotensin, vasoactive intestinal peptide, and 
somatostatin.

The net physiologic effect of circulating 5-HT repre-
sents a composite of both direct action (mediated by 5-HT 
receptors) and indirect action (mediated through modu-
lation of adrenergic neurotransmission). The existence of 
several subtypes of 5-HT receptors may account for the 
different effects of 5-HT on various serotonin-sensitive 
tissue beds. Indirect actions are effected through altera-
tions in catecholamine release and depend on the level of 
circulating 5-HT.

5-HT has little if any direct effect on the heart. With 
increased levels, however, positive chronotropic and 
inotropic myocardial effects may occur, mediated by the 
release of noradrenaline (norepinephrine). Effects of sero-
tonin on the vasculature include both vasoconstriction 
and vasodilation.

Alterations in GI function attributed to 5-HT include 
increased motility and net intestinal secretion of water, 
sodium chloride, and potassium. 5-HT reportedly causes 
bronchoconstriction in many animals, but rarely in 
humans. Patients with asthma are a possible excep-
tion. Carcinoid tumors frequently manifest as diarrhea 
with fluid and electrolyte abnormalities. Because these 
tumors secrete vasoactive substances, patients can exhibit 
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hyspotension or hypertension along with the flush asso-
ciated with release of vasoactive substances. Vasoactive 
substances can be released from the tumor by any num-
ber of substances, including catecholamines. Until the 
1990s, management of patients with this tumor was a real 
challenge for the anesthesiologist. Thus, anesthesiologists 
of that era had to tread a fine line between avoiding sub-
stances known to release 5-HT (e.g., d-tubocurarine and 
morphine) and inducing anesthesia so light that painful 
stimuli activated a sympathetic stress response.370 The 
anesthesiologist also needed to be ready and able to treat 
hypotension, decreased peripheral vascular resistance, 
bronchospasm, and hypertension. α-Adrenergic recep-
tor blockade with the phenothiazines, butyrophenones, 
or phenoxybenzamine and β-adrenergic receptor blockade 
with propranolol have been advocated to prevent cate-
cholamine-mediated release of vasoactive substances. 
These practices, however, can lead to hypotension. Nev-
ertheless, the difficulty in managing carcinoid syndrome 
seemed to change with the availability of a somatostatin 
analogue. In fact, somatostatin is now such a powerful 
inhibitor of the release of peptides from carcinoid tumors 
and an inhibitor of the peptic effects on receptor cells that 
it is the therapy of choice for preoperative, intraoperative, 
and postoperative management of carcinoid symptoms 
and crises.370,371 In cardiac surgical patients, mortality has 
declined over time, and vasopressors have been shown 
to be safe in conjunction with octreotide.372 However, 
the ease of management of most patients370,371,373-376 
should not lull the anesthesiologist into being unpre-
pared—in fact, somatostatin has caused problems of its 
own and has failed to prevent severe hypotension and 
bronchospasm.377,378

In patients with severe hypotension that is not treat-
able with somatostatin, the drug of choice is either angio-
tensin or vasopressin. (Angiotensin is not commercially 
available in the United States.) However, the vasoactive 
substances released by carcinoid tumors cause fibrosis of 
the heart valves that often results in pulmonic stenosis 
or tricuspid insufficiency. To increase cardiac output in a 
patient with tricuspid insufficiency, the anesthesiologist 
should avoid drugs or situations that increase pulmonary 
vascular resistance (e.g., angiotensin, vasopressin, acidosis, 
hypercapnia, hypothermia). In addition, the produc-
tion of large amounts of 5-HT (equal to 200 mg/day of 
5-HIAA) can lead to the development of niacin deficiency 
with pellagra (as occurs with diarrhea, dermatitis, and 
dementia).

Acute increase of plasma kinin activity in patients with 
carcinoid tumors has been the explanation for the symp-
toms of carcinoid syndrome. The physiologic effects of 
kinins are known to include vasodilation of smaller resis-
tance vessels and stimulation of the release of histamine 
from mast cells. The latter action potentiates their own 
vasodilating properties and further reduces systolic and 
diastolic blood pressure. In addition, increases in vascular 
permeability may lead to edema. Kinins do not affect the 
myocardium directly.

Steroids have been effective in treating the symptoms 
of bronchial carcinoid tumors. Although prophylactic 
preoperative administration and intraoperative therapeutic 
use have been described, controlled studies of beneficial 
effects are lacking. Aprotinin, like steroids, inhibits the 
kallikrein cascade. This drug is capable of blocking the 
proteinase activity of kallikrein, and some reports have 
described a dramatic clinical response.

A subset of patients with symptoms of carcinoid syn-
drome excretes histamine at increased levels in their 
urine. Histamine causes vasodilation of small blood vessels, 
which leads to flushing and decreased total peripheral 
resistance. Histamine is known to cause bronchoconstric-
tion, particularly in patients with bronchial asthma and 
other pulmonary diseases. Its role in carcinoid broncho-
spasm, if any, is uncertain. Histamine receptor blocking 
drugs have been used with some success in alleviating 
the flushing associated with carcinoid syndrome. H2 
antagonism alone was found to be just as effective as 
combination therapy in preventing symptoms; pure H1 
antagonism, however, was ineffective. These therapies 
have been relegated to a second-line defense since the use 
of somatostatin.

Catecholamines aggravate the symptoms of carci-
noid syndrome, presumably by stimulating release of 
hormone by the tumor. The mechanism by which this 
release occurs remains obscure. Adrenergic receptors have 
not been demonstrated in carcinoid tumors, nor do these 
tumors usually have neural innervation. Perhaps adrenergic 
stimuli work through their mechanical effects on the gut 
and vessels to stimulate the release of tumor products. 
Treatment of patients with carcinoid tumors by means 
of α- and β-adrenergic antagonists has been beneficial in 
ameliorating flushing in some instances but ineffective 
in others.

The results of prospective studies on somatostatin to 
ameliorate the symptoms of carcinoid syndrome have 
been dramatic. Somatostatin appears to be a major 
advance in the treatment of carcinoid syndrome.

Bronchospasm with or without flushing also develops in 
many patients when vasoactive substances are released. 
Thus, a patient with carcinoid tumor may be well or 
may be severely incapacitated by pulmonary, neurologic, 
nutritional, fluid, electrolytic, or cardiovascular distur-
bances. Therefore, although the GI system in itself may 
not require extensive preoperative preparation, GI disease 
can cause disturbances in any or all other systems that 
require extensive preoperative preparation to optimize the 
patient’s condition in addition to preoperative knowledge 
of physiology and the effects of diseases to guide patients 
through the perioperative period smoothly. In addition, 
the anesthesiologist’s understanding of the nature of the 
surgical procedure probably aids in determining the sys-
tem involvement caused by the GI disorder.

Another perioperative consideration is that patients 
with GI diseases (perhaps even more so than those with 
other diseases) have had to endure the psychosocial 
trauma of having to live with their disease for long periods 
or the necessity of facing such a prospect.379 They need 
emotional support and holistic kindnesses as much as, if 
not more than, other patients without sacrificing scientific 
rigor in the treatment of their condition. Obtaining rel-
evant psychological data while gathering medical infor-
mation, sitting (not standing) while taking the history, 
and empathizing with the patient about how difficult it 
must be to accomplish tasks with this disease (stressing 



Chapter 39: Anesthetic Implications of Concurrent Diseases 1211
accomplishments, we have found) legitimize the physi-
cian’s interests in and support of the patient’s pain and 
other psychosocial issues. The time spent sitting and talk-
ing with the patient also allows the anesthesiologist to 
discuss options for pain therapy with the patient, why 
systemic morphine may be avoided in a patient with a 
fresh bowel anastomosis,380 and other issues that show 
the anesthesiologist to be both a competent physician 
and particularly concerned with that patient’s well-being. 
In addition to an appreciation of the organic effects of the 
disease, attention to emotional support of these patients 
perioperatively presents opportunities to use one’s full 
skills as a physician to bring about healing.

LIVER DISEASE

What are the risks of giving anesthesia to patients with 
acute liver disease who require emergency surgery? What 
are the risks of giving anesthesia to patients with chronic 
impairment of liver function? What can be done to 
minimize these risks? Although one may think that the 
experiences gained from providing anesthesia for liver 
transplantation would answer many of these questions, 
a substantial difference exists between optimizing cardio-
vascular function to meet the needs of a new liver (e.g., 
supply of nutrients) and maintaining liver function in a 
diseased liver. Hepatic physiology and pathology are dis-
cussed in Chapter 22.

HEMATOLOGIC DISORDERS AND 
ONCOLOGIC DISEASE

HEMATOLOGIC DISORDERS

Sickle Cell Anemia and Related 
Hemoglobinopathies
The sickle cell syndromes constitute a family of hemoglo-
binopathies caused by abnormal genetic transformation 
of amino acids in the heme portion of the hemoglobin 
molecule. The sickle cell syndromes arise from a mutation 
in the β-globin gene that changes the sixth amino acid 
from valine to glutamic acid. A major pathologic feature 
of sickle cell disease is the aggregation of irreversibly sick-
led cells in blood vessels. The molecular basis of sickling is 
the aggregation of deoxygenated hemoglobin B molecules 
along their longitudinal axis.381 This abnormal aggrega-
tion distorts the cell membrane and thereby produces a 
sickle shape. Irreversibly sickled cells become dehydrated 
and rigid and can cause tissue infarcts by impeding blood 
flow and oxygen to tissues.381-384 Some investigators have 
challenged this hypothesis, with several studies show-
ing enhanced adhesion of sickled erythrocytes to vascu-
lar endothelium.385 Some other abnormal hemoglobins 
interact with hemoglobin S to various degrees and give 
rise to symptomatic disease in patients heterozygous for 
hemoglobin S and one of the other hemoglobins such as 
the hemoglobin of thalassemia (hemoglobin C).

Three tenths of 1% of the African American popula-
tion in the United States have sickle cell–thalassemia dis-
ease (hemoglobin SC); these patients also have end-organ 
disease and symptoms suggestive of organ infarction. 
For these patients, perioperative considerations should 
be similar to those for patients with sickle cell disease 
(hemoglobin SS).

Whereas 8% to 10% of African Americans have the 
sickle cell trait (hemoglobin AS), 0.2% are homozygous 
for sickle cell hemoglobin and have sickle cell anemia. 
Sickle cell trait is a heterozygous condition in which the 
individual has one βS globin gene and one βA globin gene, 
which results in the production of both hemoglobin  
S and hemoglobin A, with a predominance of hemoglo-
bin A. Sickle cell trait should not be considered a disease 
because hemoglobin AS cells begin to sickle only when 
the oxygen saturation of hemoglobin is less than 20%. 
No difference has been found between physiologically 
normal persons (those with hemoglobin AA) and those 
with hemoglobin AS regarding survival rates or the inci-
dence of severe disease, with one exception: patients 
with hemoglobin AS have a 50% increase in pulmonary 
infarction. However, single case reports of a perioperative 
death and a perioperative brain infarct in two patients 
with hemoglobin AS disease do exist, as does a report of 
death believed to be caused by aortocaval compression 
during general anesthesia that resulted in a sickling cri-
sis.386 The need for exchange transfusion before cardiac 
surgery has been debated.387,388 Frequent measurement of 
oxygen saturation (pulse oximetry) in multiple areas of 
the body is recommended, including the ear and toe in 
pregnant patients.386

The pathologic end-organ damage that occurs in sickle 
cell states is attributable to three processes: the sickling or 
adhesion (or both) of cells in blood vessels, which causes 
infarcts and subsequent tissue destruction secondary to 
tissue ischemia; hemolytic crisis secondary to hemolysis; 
and aplastic crises that occur with bone marrow exhaus-
tion, which can rapidly result in severe anemia. Logic dic-
tates that patients currently in crisis not undergo surgery 
except for extreme emergencies, and then only after an 
exchange transfusion.383,385-389

Because sickling is increased with lowered oxygen ten-
sions, acidosis, hypothermia, and the presence of more 
desaturated hemoglobin S, current therapy includes keep-
ing the patient warm and well hydrated, giving supple-
mental oxygen, maintaining high cardiac output, and 
not creating areas of stasis with pressure or tourniquets. 
Meticulous attention to these practices in periods when 
we do not usually pay most careful attention (i.e., wait-
ing in the preinduction area) or when gas exchange may 
be most unmatched to the cardiovascular-metabolic 
demands (early postoperative period) may be important 
in lessening morbidity. Even following these measures 
routinely, with no special emphasis placed on the periods 
described, succeeded in reducing mortality to 1% in several 
series of patients with sickle cell syndromes.386,389,390 Retro-
spective review of patients’ charts led the authors of those 
studies to conclude that, at most, a 0.5% mortality rate 
could be attributed to the interaction between sickle cell 
anemia and anesthesia.

Several investigators have advocated using partial 
exchange transfusions perioperatively. In children with 
sickle cell anemia and acute lung syndromes, partial 
exchange transfusion improved clinical symptoms and 
blood oxygenation. In addition, serum bilirubin levels 
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decreased in patients with acute liver injury. Clinical 
improvement of pneumococcal meningitis and cessa-
tion of hematuria in papillary necrosis also accompanied 
exchange transfusion.382 The goal of exchange transfu-
sion is to increase the concentration of hemoglobin A to 
40% and the hematocrit to 35%. The 40% figure is an arbi-
trary one because no controlled studies have established 
a threshold ratio of hemoglobin A to hemoglobin S that 
would render blood unable to sickle in vivo. To achieve 
the 40% ratio in a 70-kg adult, approximately 4 units of 
washed erythrocytes would have to be exchanged; the 
system is inexpensive but efficient.

The possible decrease in perioperative morbidity after 
partial exchange transfusion has not been compared with 
the risks of exchange, except in 2 studies,384,391 in which 
the risks of exchange were found to exceed the benefits. 
In the first study, a retrospective review of 82 surgical pro-
cedures performed between 1978 and 1986 in 60 patients, 
no advantage was noted for preoperative exchange trans-
fusion as measured by a decrease in postoperative compli-
cations.391 (However, only the sickest patients may have 
received exchange transfusions because patients were not 
randomly allocated to exchange or nonexchange groups.) 
A slight increase in postoperative atelectasis requiring 
treatment was seen in patients given preoperative trans-
fusions. More than 50% of the patients given transfusions 
had a postoperative complication. Patients who began 
with a hematocrit higher than 36% had a lower rate of 
complications.391 In the second study, a randomized 
comparison of aggressive versus conservative transfusion 
practices in 551 patients (604 operations), perioperative 
sickling complications were not different between groups, 
and transfusion-related complications were substantially 
less in the conservatively treated group.384 A more recent 
retrospective review of 14 patients with sickle cell ane-
mia who were undergoing total hip revision supports the 
decision to perform a simple transfusion preoperatively 
only if the patient’s hemoglobin is significantly lower 
than their steady-state hemoglobin level.392 Transfusion 
can be used intraoperatively according to hemoglobin 
level or blood loss volume. Other conditions are common 
in sickle cell syndromes: pulmonary dysfunction with 
increased shunting, renal insufficiency, gallstones, small 
MIs, priapism, stroke, aseptic necrosis of bones and joints, 
ischemic ulcers, retinal detachment as a result of neovas-
cularization, and complications of repeated transfusions.

In thalassemia, globin structures are normal, but 
because of gene deletion, the rate of synthesis of either 
the α or β chains of hemoglobin (α- and β-thalassemia, 
respectively) decreases.393-395 Two copies of the gene that 
codes for the α-globin chain are located on chromosome 
16. Deletion of all four of these genes causes cell death in 
utero, and three deletions cause severe chronic hemolysis 
and a shortened life span. α-Thalassemia-1 (trait) occurs 
when two genes have been deleted and mild anemia 
results; α-thalassemia-2 (silent) occurs when the two genes 
have been deleted but no mild anemia or microcytosis 
results. In α-thalassemia trait, the hemoglobin A2 level is 
normal. β-Thalassemia is associated with an excess of α 
chains, which denature developing erythrocytes, thereby 
leading to their premature death in marrow or to short-
ened survival in the circulation. An elevated hemoglobin 
A2 level is the hallmark of β-thalassemia trait, a com-
mon cause of mild anemia and microcytosis. Bone mar-
row transplantation and pharmacologic manipulation of 
hemoglobin F synthesis are being tried in these hemoglo-
binopathies, as is direct gene replacement therapy. These 
therapies seem to be promising in even reversing liver 
failure from previous iron overload.396 These syndromes 
are common in Southeast Asia, India, and the Middle East 
and in people of African descent.

In thalassemia, facial deformity from erythropoietin-
stimulated ineffective erythropoiesis (ineffective because 
of a genetic inability to produce useful hemoglobin) was 
reported to make endotracheal intubation difficult.393,394 
This one case report has not been amplified,394 and no 
reports of this complication in patients with sickle cell 
anemia have been published. However, the anemia asso-
ciated with these syndromes often produces compensatory 
hyperplasia of the erythroid marrow, which in turn is 
associated with severe skeletal abnormalities.393-395

Cytoskeletal Anemias (Hereditary 
Spherocytosis and Elliptocytosis), Enzyme-
Deficient Anemias, and Autoimmune 
Hemolytic Anemias
Congenital abnormalities of the erythrocyte membrane 
are becoming better understood. In elliptocytosis and 
hereditary spherocytosis, the membrane is more permeable 
to cations and is more susceptible to lipid loss when cell 
energy is depleted than is the membrane of a normal red 
blood cell. Both hereditary spherocytosis (present in 1 in 
5000 people) and hereditary elliptocytosis are inherited 
as autosomal dominant traits. In both disorders, defects 
in the membrane are thought to result from a muta-
tion of spectrin, a structural protein of the membrane 
cytoskeleton.397 Although the therapeutic role of sple-
nectomy in these diseases is not fully defined, in severe 
disease, splenectomy is known to improve the shortened 
life span of the red blood cell 100% (from 20 to 30 days 
to 40 to 70 days). Because splenectomy predisposes the 
patient to gram-positive septicemia (particularly pneu-
mococcal), perhaps patients should be given pneumococ-
cal vaccine preoperatively before predictable bacteremic 
events. No specific problems related to anesthesia have 
been reported for these disorders.

Glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency (a gender-linked recessive trait) is also reported to 
occur in approximately 8% of African American men.398 
Young cells have normal activity, but older cells are 
grossly deficient when compared with normal cells. A 
deficiency in G6PD results in hemolysis of the erythro-
cyte and the formation of Heinz bodies. Red blood cell 
hemolysis can also occur with intercurrent infections or 
after the administration of drugs that produce substances 
requiring G6PD for detoxification (e.g., methemoglobin, 
glutathione, and hydrogen peroxide). Drugs to be avoided 
are sulfa drugs, quinidine, prilocaine, lidocaine, antima-
larial drugs, antipyretic drugs, nonnarcotic analgesics, 
vitamin K analogues, and perhaps sodium nitroprusside.

The autoimmune hemolytic anemias include cold anti-
body anemia, warm antibody anemia (idiopathic), and 
drug-induced anemia.399-401 Cold antibody hemolytic 
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anemias are mediated by IgM or IgG antibodies, which 
at room temperature and lower temperatures cause red 
blood cells to clump. When these patients are given blood 
transfusions, the cells and all fluid infusions must be 
warm, and body temperature must be meticulously main-
tained at 37° C if hemolysis is to be prevented. Warm 
antibody (or idiopathic) hemolytic anemia is a difficult 
management problem characterized by chronic anemia, 
the presence of antibodies active against red blood cells, a 
positive Coombs test, and difficulty crossmatching blood. 
For patients undergoing elective surgery, autologous 
transfusions, predeposit of blood with or without eryth-
ropoietin stimulation,402 and blood from rare Rh-negative 
red blood cell donors or the patient’s first-degree relatives 
(or both) can be used. In emergency situations, the pos-
sibility of autotransfusion, splenectomy, or corticoste-
roid treatment should be discussed with a hematologist 
knowledgeable in this area.

Drug-induced anemias have three mechanisms. In 
receptor-type hemolysis, a drug (e.g., penicillin) binds 
to the membrane of the red blood cell, and the com-
plex stimulates the formation of an antibody against 
the complex. In “innocent bystander” hemolysis, a drug 
(e.g., quinidine, sulfonamide) binds to a plasma protein, 
thereby stimulating an antibody (IgM) that cross-reacts 
with an erythrocyte. In autoimmune hemolysis, the drug 
stimulates the production of an antibody (IgG) that cross-
reacts with the erythrocyte. Drug-induced hemolytic ane-
mias generally cease when therapy with the drug ends. In 
emergency situations, the least incompatible cells available 
should be used for blood transfusion.

Granulocytopenia
Granulocyte mechanisms have undergone experimental 
elaboration since 2000, partly because of the molecular  
biologic revolution: in addition to erythropoietin (dis-
cussed earlier), more than 14 hemolymphopoietic growth 
factors or cytokines have been characterized biochemically 
and cloned genetically. These growth factors interact 
with cell-surface receptors to produce their major actions 
(Table 39-15).403 Use of the colony-stimulating factors 
has permitted more intense oncologic treatment. The 
few reports related to their perioperative effects detail the 
unfavorable adverse consequences that such therapies 
can have on gas exchange when adverse immunologic 
effects occur.404

In patients who have fewer than 500 granulocytes/mL  
of blood and established sepsis, the use of growth fac-
tor and granulocyte transfusion has been shown to 
prolong life.405-407 Although bone marrow transplanta-
tion is being used increasingly, complications usually 
occur after transplantation, not on harvesting of cells 
(at which time the anesthesiologist who is not involved 
in critical care is most frequently involved). Abnor-
mal results on pulmonary function testing before bone 
marrow transplantation seem to predict complications 
after transplantation, but not so strongly as to preclude 
transplantation.408

Platelet Disorders
Although inherited platelet disorders are rare, acquired 
disorders are quite common and affect at least 20% of 
all patients in medical and surgical ICUs, with infections 
and drug therapies being the leading causes (see also 
Chapter 61).409 Both acquired and inherited platelet condi-
tions cause skin and mucosal bleeding, whereas defects 
in plasma coagulation produce deep tissue bleeding or 
delayed bleeding. Perioperative treatment of inherited 
platelet disorders (e.g., Glanzmann thrombasthenia, 
Bernard-Soulier syndrome, Hermansky-Pudlak syndrome) 
consists of platelet transfusions. EACA has been used suc-
cessfully (experimentally, 1 g/70 kg four times daily) to 
decrease perioperative bleeding in thrombocytopenic 
patients. The much more common acquired disorders 
may respond to one of several therapies (see Chapter 61). 
Immune thrombocytopenias, such as those associated 
with lupus erythematosus, idiopathic thrombocytopenic 
purpura, uremia, hemolytic-uremic syndrome, platelet 
transfusions, heparin, and thrombocytosis, may respond 
to steroids, splenectomy, plateletpheresis, eradication of 
Helicobacter pylori, or alkylating agents or may require 
platelet transfusions, plasma exchange, whole blood 
exchange, or transfusion; sometimes these disorders do 
not respond to anything.185,410,411 Traditionally, splenec-
tomy is performed when steroid therapy fails or reaches 
a dosage that poses unacceptable risks of toxicity. Newer 
agents such as anti-D immune globulin and rituximab 
may induce desirable remissions in idiopathic thrombo-
cytopenic purpura without splenectomy.

Thrombotic thrombocytopenic purpura is a rare dis-
order of unknown cause. Despite various therapies, this 
disorder carries a very high mortality rate. However, the 
introduction of plasmapheresis has improved response 
rates dramatically in patients with this disease. One 
uncontrolled study implies that the benefit lies not only 
in improvement of the hematologic picture but also in 
prevention of ARDS, a leading cause of death in these 
patients.411 In that study, early institution of plasmapher-
esis improved oxygenation.

By far the largest number of platelet abnormalities con-
sists of drug-related defects in the aggregation and release 
of platelets. Aspirin irreversibly acetylates platelet cyclo-
oxygenase, the enzyme that converts arachidonic acid to 
prostaglandin endoperoxidases. Because cyclooxygenase 
is not regenerated in the circulation within the life span 
of the platelet and because this enzyme is essential for 
the aggregation of platelets, one aspirin tablet may affect 
platelet function for a week. All other drugs that inhibit 
platelet function (e.g., vitamin E, indomethacin, sulfin-
pyrazone, dipyridamole, tricyclic antidepressant drugs, 
phenothiazines, furosemide, steroids) do not inhibit 
cyclooxygenase function irreversibly; these drugs disturb 
platelet function for only 24 to 48 hours. If emergency 
surgery is needed before the customary 8-day period for 
platelet regeneration after aspirin therapy or if the 2-day 
period for other drugs has not elapsed, administration of 
2 to 5 units of platelet concentrate will return platelet 
function in a 70-kg adult to an adequate level and plate-
let-induced clotting dysfunction to normal. Only 30,000 
to 50,000 normally functioning platelets per milliliter 
are needed for normal clotting. Because low-dose aspirin 
therapy (<650 mg/day) allows aspirin to be gone from 
the body 24 hours after the last dose and because the 
body makes 70,000 platelets/mL blood per day, a 48-hour 
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TABLE 39-15 MAJOR EFFECTS OF HEMOLYMPHOPOIETIC GROWTH FACTORS AND CYTOKINES 

Cytokine Other Names Biologic Effects

Erythropoietin Erythrocyte production
Interleukin-3 (IL-3) Multicolony-stimulating factor

Stem cell–activating factor
Persisting cell-stimulating  

factor
Hemopoietin-2

Stimulates proliferation and differentiation of granulocyte, macrophage, 
eosinophil, mast cell, megakaryocyte, and T- and B-cell lineage and early 
myeloid stem cells

Interacts with erythropoietin to stimulate erythroid colony formation, stimulates 
proliferation of AML blasts, and stimulates histamine release by mast cells

Granulocyte colony-
stimulating factor 
(G-CSF)

Differentiation factor MGI-2 Stimulates granulocyte lineage proliferation and differentiation
Acts on early myeloid stem cells, especially in association with other factors; 

synergizes with IL-3 to stimulate megakaryocyte colony formation
Increases neutrophil phagocytes and antibody-dependent cell-mediated 

cytotoxicity
Releases neutrophils from bone marrow and is chemotactic for neutrophils and 

monocytes
Enhances phagocytosis and antibody-dependent cell-mediated cytotoxicity and 

oxidative metabolism of neutrophils
Stimulates monocyte killing of Mycobacterium avium-intracellulare and Candida 

species, tumoricidal activity of monocytes, antibody-dependent cell-mediated 
cytotoxicity, and expression of cell-surface proteins

Granulocyte-
macrophage 
colony-stimulating 
factor (GM-CSF)

Stimulates granulocyte, macrophage, and megakaryocyte proliferation 
and differentiation, early myeloid stem cells, and—in the presence of 
erythropoietin—erythropoiesis

Enhances the cytotoxic and phagocytic colony-stimulating factor activity of 
neutrophils against bacteria, yeast, parasites, and antibody-coated tumor cells

Increases surface expression of neutrophil adhesion proteins and enhances 
eosinophil cytotoxicity, macrophage phagocytosis, and basophil histamine release

Amplifies IL-2–stimulated T-cell proliferation and stimulates B-cell lines to 
proliferate

Colony-stimulating 
factor-1

Macrophage colony-
stimulating factor

Stimulates predominantly macrophage-monocyte proliferation and 
differentiation with lesser effects on granulocytes

Acts synergistically with other factors on earlier myeloid stem cells
Stimulates macrophage phagocytosis, killing, migration, antitumor activity, and 

metabolism
Stimulates secretion of plasminogen activator, G-CSF, interferon, IL-3, or tumor 

necrosis factor by peritoneal macrophages
Interleukin-1  

(α and β)
Endogenous pyrogen
Hemopoietin-1
Osteoclast-activating factor
Lymphocyte-activating factor

Induces synthesis of acute-phase proteins by hepatocytes
Activates resting T cells, cofactor for T- and B-cell proliferation
Chemotactic for monocytes and neutrophils
Induces production of growth factors, including G-CSF, GM-CSF, IL-6, CSF-1, 

IL-3, and interferon by many cells
Radioprotective in mice

Interleukin-2 T-cell growth factor Growth factor for T cells, activates cytotoxic T lymphocytes, promotes synthesis 
of other cytokines, enhances natural killer cell function

Interleukin-4 B-cell–stimulating factor-1 
(BSF-1)

B-cell differentiation factor 
(BCDF)

IgG induction factor

Enhances antibody production (IgG and IgE) and up-regulates class II MHC 
molecules and Fc receptors on B cells

Costimulant with anti-IgM antibodies for induction of DNA synthesis in resting 
B cells

Stimulates growth of activated T cells
In the presence of IL-3, enhances mast cell growth; with G-CSF, enhances 

granulocytes of GM colony formation; and with erythropoietin and/or IL-1, 
stimulates erythroid and megakaryocyte colony formation

Interleukin-5 Eosinophil differentiation  
factor (EDF)

T-cell–replacing factor (TRF)
B-cell growth factor-II  

(BCGF-II)
B-cell differentiation factor 

(BCDF)

Enhances antibody production (IgA)
Promotes proliferation and IgG secretion by B-cell lines and induces hapten-

specific IgG secretion in vitro by in vivo–primed B cells
Promotes differentiation by normal B cells
Stimulates eosinophil production and differentiation (GM-CSF and IL-3 

act synergistically with IL-5 to stimulate eosinophil proliferation and 
differentiation)

Enhances synthesis of IL-2 receptors
Interleukin-6 B-cell–stimulating factor-2 

(BSF-2)
Interferon-β2

T-cell activation factor
Hybridoma growth factor

B-cell differentiation and IgG secretion
T cells activated to cytotoxicity
Synergizes with IL-3 on early marrow myeloid stem cells and stimulates 

proliferation and differentiation of granulocytes, macrophages, eosinophils, 
mast cells, and megakaryocytes, as well as platelet production (may be a 
thrombopoietin)

Continued
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TABLE 39-15 MAJOR EFFECTS OF HEMOLYMPHOPOIETIC GROWTH FACTORS AND CYTOKINES—cont’d

Cytokine Other Names Biologic Effects

Interleukin-7 Lymphopoietin-1 Stimulates pre–B-cell production
Stimulates T-cell proliferation

Interleukin-8* Neutrophil-activating factor
T-cell chemotactic factor

Inflammatory mediator; stimulates activation of neutrophils

Interleukin-9 Stimulates erythroid colony formation and proliferation of a megakaryocyte  
cell line

Interleukin-10 Cytokine synthesis–inhibiting 
factor

Inhibits cytokine production by TH1 cells

Interleukin-11 Stimulates B-cell, megakaryocyte, and mast cell lineages
C-kit ligand Mast cell factor

Stem cell factor
Hemolymphopoietic  

growth factor-1

Acts on relatively early stem cells synergistically with other cytokines
Stimulates pre-B cells

AML, Acute myeloblastic leukemia; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; MHC, major histocompatibility complex; 
TH1, first of the thymus-derived cells.

*Not considered a true growth factor but included here for completeness.
Modified from Quesenberg PJ, Schafer AI, Schreiber AD, et al: Hematology. In American College of Physicians, editor: Medical knowledge self-assessment.  

Philadelphia, 1991, American College of Physicians, p 374.
period after the last aspirin in minidose therapy should 
be sufficient time for platelet aggregation to become nor-
mal. This may be the period that must pass to avoid plate-
let transfusions and their associated risks. One platelet 
transfusion will increase the platelet count from 4000 to 
20,000/mL blood; the platelet half-life is approximately 
8 hours.

Heparin-induced thrombocytopenia can develop 
within hours on reexposure to heparin in a previously 
sensitized patient. Lepirudin and argatroban are direct 
thrombin inhibitors effective as therapy for heparin-
induced thrombocytopenia.412

Major risk factors for thrombosis include factor V Leiden 
and prothrombin 20210A mutations, elevated plasma 
homocysteine, and the antiphospholipid antibody syn-
drome.413,414 Clinicians facing these challenging patients 
may seek expert local consultation for help with manage-
ment. This issue is discussed more fully in Chapter 62.

Hemophilia and Related Clotting Disorders
Abnormalities in blood coagulation as a result of defects 
in plasma coagulation factors are either inherited or 
acquired. Inherited disorders include X-linked hemo-
philia A (a defect in factor VIII activity), von Willebrand 
disease (defect in the von Willebrand component of fac-
tor VIII), hemophilia B (a sex-linked deficiency of fac-
tor IX activity), and other less common disorders. The 
sex-linked origin of some of these disorders means that 
hemophilia occurs almost exclusively in the male chil-
dren of female carriers; men do not transmit the disease 
to their male children.

In elective surgery, levels of the deficient coagulation 
factor should be assayed 48 hours preoperatively and the 
level restored to 40% of normal before the surgical pro-
cedure. One unit of factor concentrate per kilogram of 
body weight normally increases the factor concentration 
by 2%. Thus, in an individual essentially devoid of activ-
ity, administration of 20 units/kg body weight would 
be required as an initial dose. Because the half-life is  
6 to 10 hours for factor VIII and 8 to 16 hours for factor 
IX, approximately 1.5 units/hour/kg of factor VIII or  
1.5 units/2 hours/kg of factor IX should be given.  
Additional administration of factors VIII and IX should be 
guided by the activity of the clotting factors for approxi-
mately 6 to 10 days postoperatively.415-417

These factors are available in various preparations; 
the newer genetically engineered von Willebrand factor, 
cryoprecipitate, which contains 20 units/mL, is obtained 
from regular donors (the risk of hepatitis being 1 in 200 
for 5-mL lots) or from fresh frozen plasma (which con-
tains 1 unit/mL). Some risk of transmitting hepatitis 
virus and HIV (the agent of acquired immunodeficiency 
syndrome [AIDS]) accompanies transfusion but, with 
better testing, much less than formerly.418-421 Current 
screening of blood for aspartate or alanine aminotrans-
ferase levels is believed to result in a much lower risk of 
hepatitis C and even AIDS from transfusion. Theoreti-
cally, antigenic testing for HIV should further decrease 
the risk of transmission by blood products. Heat treat-
ment is also reported to reduce the risk substantially. 
Factor IX, but not factor VIII, is contained in prothrom-
bin complex concentrates; however, these concentrates 
may contain activated clotting factors, which can lead 
to disseminated intravascular coagulation (DIC) and a 
high risk for hepatitis. In addition, although EACA or 
tranexamic acid is sometimes administered as a fibrino-
lytic inhibitor, these substances carry with them a signif-
icant risk for DIC. Additional hazards of modern therapy 
include acute and chronic hepatitis, AIDS, hypersensi-
tivity reactions, psychic trauma, chronic pain with nar-
cotic addiction, and inhibition of factors, especially VIII.

An antibody that inactivates factor VIII or IX (fresh 
frozen plasma fails to increase clotting factor activity 
after incubation with the patient’s plasma) develops in 
approximately 10% of patients with either hemophilia A 
or B. These acquired anticoagulants are usually composed 
of IgG, are poorly removed by plasmapheresis, and are 
variably responsive to immunosuppressive drugs. The use 
of prothrombin complex concentrates can be lifesaving 
but carries the risk of DIC and hepatitis.
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Vitamin K deficiency is discussed in the section on 
liver disease. To review, vitamin K–dependent clotting 
factors (II, VII, IX, and X) require vitamin K for the post-
synthetic addition of γ-carboxyl groups to glutamate resi-
dues; administration of vitamin K or fresh frozen plasma 
can correct these deficiencies.

Patients who come to the operating room after having 
received many units of blood (as in massive GI bleeding) 
may have deficient clotting. This impaired clotting is ini-
tially caused by depletion of platelets, which occurs after 
administration of approximately 10 to 15 units of blood 
and, later, by depletion of coagulation factors (see Chap-
ter 62). Treatment of these deficiencies can be corrected 
with platelet concentrates—each concentrate is normally 
suspended in 50 mL of fresh plasma; thus, coagulation 
factors are also replaced.

Urokinase, streptokinase, and tissue-type plasmino-
gen activator (t-PA) have been used to treat pulmonary 
embolism, deep vein thrombosis, stroke, and arterial 
occlusive disease. These drugs accelerate the lysis of 
thrombi and emboli, in contrast to heparin, which may 
prevent, but not dissolve a thrombus. Bleeding com-
plications associated with these fibrinolytic agents are 
the result of dissolution of hemostatic plugs and can be 
quickly reversed by discontinuing the medication and 
replenishing plasma fibrinogen with cryoprecipitate 
or plasma. However, cryoprecipitate and plasma are 
seldom needed preoperatively because the fibrinolytic 
activity of urokinase and streptokinase usually dissi-
pates within 1 hour of discontinuing their administra-
tion. Nonetheless, insufficient data have accumulated 
to prescribe the ideal preoperative preparation and 
intraoperative management of hemostasis in patients 
recently treated with urokinase, streptokinase, or t-PA. 
Postponing surgery for three half-lives of the drug 
(increases in plasmin activity in blood can be assayed 
for ≥4 to 8 hours) may not be possible, and meticulous 
observation of the operative field for hemostasis may 
not suffice.422,423 The process may be even more com-
plex in a patient with a vascular or cardiac condition 
who requires heparin administration intraoperatively. 
To correct the fibrinogen deficiency in these patients, 
some clinicians administer fibrinogen preoperatively 
and EACA at heparin administration.

DDAVP has been used in operations associated with 
high blood loss as a routine measure to decrease bleed-
ing and transfusion requirements. DDAVP therapy began 
as treatment of platelet dysfunction in von Willebrand 
disease but has since expanded to routine use in patients 
undergoing cardiovascular surgery and to frequent use 
in other high–blood loss operations. A meta-analysis of 
cardiac surgery concluded that DDAVP was not associ-
ated with a clinically significant reduction in exposure to 
blood transfusion in unselected patients, and therefore 
the authors were unable to recommend the routine use of 
DDAVP in patients exposed to CPB.424 However, DDAVP 
may reduce postoperative bleeding in patients who have 
received preoperative aspirin within 7 days of surgery, 
patients with CPB times in excess of 140 minutes, and 
patients with demonstrable platelet dysfunction. The 
authors suggested that DDAVP could be used selectively 
in these subgroups.
ONCOLOGIC DISEASE

Patients with malignant tumors may be otherwise 
healthy or may be desperately ill with nutritional, 
neurologic, metabolic, endocrinologic, electrolyte, car-
diac, pulmonary, renal, hepatic, hematologic, or phar-
macologic disabilities. Thus, determining the other 
disabilities accompanying malignant tumors requires 
evaluation of all systems. Abnormalities frequently 
accompanying such tumors include hypercalcemia 
either by direct bone invasion or by ectopic elabora-
tion of PTH or other bone-dissolving substance, uric 
acid nephropathy, hyponatremia (especially with small 
cell, or oat cell, carcinoma of the lung), nausea, vom-
iting, anorexia and cachexia, fever, tumor-induced 
hypoglycemia, intracranial metastases (10% to 20% of 
all cancers), peripheral nerve or spinal cord disorders, 
meningeal carcinomatosis, toxic neuropathies second-
ary to anticancer therapy, and paraneoplastic neu-
rologic syndromes (dermatomyositis, Eaton-Lambert 
syndrome, myopathies, and distal neuropathies).

Many patients with malignant tumors are given large 
doses of analgesics and should be kept comfortable dur-
ing the perioperative period. Avoiding drug dependence 
is of no practical importance in terminally ill patients.425 
Marijuana (tetrahydrocannabinol) depresses the CNS 
vomiting center and may be more effective than the 
phenothiazines or butyrophenones in suppressing the 
nausea associated with cancer and its therapy; marijuana 
decreases anesthetic requirements 15% to 30%. Immu-
nomodulators, stimulating factors or cytokines, gene 
identification,426,427 and drugs for treating side effects 
(e.g., midazolam or ondansetron) have given new hope 
for safer, more effective therapy with fewer limiting side 
effects. The effect of ondansetron in preventing vomit-
ing and the effect of midazolam in preventing memory-
stimulated vomiting have been important additions. The 
neurokinin-1 (NK-1) antagonists have also been approved 
for treatment in oncologic patients.

The toxicity of cancer chemotherapy is related to 
the drugs used and the dose. For radiation therapy, 
damage occurs when the following doses are exceeded: 
lungs, 1500 rad; kidneys, 2400 rad; heart, 3000 rad; 
spinal cord, 4000 rad; intestine, 5500 rad; brain, 6000 
rad; and bone, 7500 rad. The toxicities of biologic and 
immunomodulating therapies are related to the change 
in immune function that they cause. Alkylating agents 
cause bone marrow depression, including thrombocy-
topenia, as well as alopecia, hemorrhagic cystitis, nau-
sea, and vomiting. The alkylating agents, including 
cyclophosphamide and mechlorethamine, can act as an 
anticholinesterase and prolong neuromuscular block-
ade.428 The antineoplastic alkaloid vincristine produces 
peripheral neuropathy and SIADH, and vinblastine 
produces myelotoxicity. Cisplatin is also associated 
with peripheral neuropathy and severe nausea. Nitro-
soureas can produce severe hepatic and renal damage, 
as well as bone marrow toxicity, myalgia, and pares-
thesia. Folic acid analogues such as methotrexate have 
been linked to bone marrow depression, ulcerative sto-
matitis, pulmonary interstitial infiltrates, GI toxicity, 
and occasionally, severe liver dysfunction. Fluorouracil 
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and floxuridine, both pyrimidine analogues, cause 
bone marrow toxicity, megaloblastic anemia, nervous 
system dysfunction, and hepatic and GI alterations. 
Purine analogues (mercaptopurine, thioguanine) have 
bone marrow depression as their primary toxic effect. 
Anthracycline antibiotics (doxorubicin, daunorubicin, 
mithramycin, mitomycin C, bleomycin) can all cause 
pulmonary infiltrates, cardiomyopathy (especially 
doxorubicin and daunorubicin), myelotoxicity, and GI, 
hepatic, and renal disturbances.

The wisdom of anesthetizing patients given bleomy-
cin has been questioned. A retrospective study by Gold-
iner and coauthors reported postoperative deaths in 5 
consecutive patients given bleomycin.429 All 5 patients 
died of postoperative respiratory failure. Using the same 
anesthetic technique, Goldiner and coauthors then anes-
thetized 12 patients, limited the inspired oxygen con-
centration to 22% to 25% perioperatively, and replaced 
much of the blood loss with colloids rather than crystal-
loids.429 None of the 12 patients died. These investigators 
postulated that bleomycin caused epithelial cell edema 
that progressed to necrosis of type I alveolar cells, leak-
age of fluid into the alveolar space, and the formation 
of hyaline membranes similar to those associated with 
oxygen toxicity. Goldiner and coauthors believe that 
this pathophysiologic similarity indicates a possible syn-
ergistic relationship between oxygen and bleomycin.429 
However, LaMantia and co-workers retrospectively ana-
lyzed the changes in 16 patients undergoing surgery 
after bleomycin therapy.430 Thirteen patients were given 
oxygen at inspired concentrations of 37% to 45%. No 
instances of postoperative respiratory failure occurred. 
Using data from the Mayo Clinic registry, the incidence 
of postoperative ARDS after major surgery with gen-
eral anesthesia is approximately 1.3% (95% CI, 0.6% to 
2.6%).431 The authors found a history of smoking as a 
major risk factor. Therefore, general anesthesia appears 
safe with appropriate perioperative management.

PATIENTS GIVEN DRUG THERAPY 
FOR CHRONIC AND ACUTE MEDICAL 
CONDITIONS

A steadily increasing number of potent drugs are being 
used to treat disease, and the average hospitalized patient 
receives more than 10 drugs (see also Chapter 38). Many 
drugs have side effects that may make anesthesia more 
risky or patient management more difficult. Knowing 
the pharmacologic properties and potential side effects 
of commonly used drugs helps the anesthesiologist avoid 
pitfalls during anesthesia and surgery.

ANTIHYPERTENSIVE DRUGS

ACE inhibitors (captopril, enalapril, lisinopril, enalaprilat, 
and ramipril) and angiotensin II receptor blockers are being 
used increasingly as first-line drugs and appear to improve 
the quality of life of patients taking antihypertensive 
drugs. One of the angiotensin II receptor blockers—val-
sartan—when combined with a diuretic, actually increases 
libido in both men and women while decreasing arterial 
blood pressure. However, ACE inhibitors and angiotensin 
II receptor blockers may be associated with more periph-
eral vasodilation and hypotension on induction of anes-
thesia than are sympatholytic agents. Added to this group 
are the ACE receptor blocking agents. Both ACE inhibitors 
and ACE receptor blocking agents are associated with such 
severe hypotension with standard anesthetic induction 
that we discontinue or at least consider discontinuing the 
use of these drugs preoperatively (see earlier).

Catecholamine or sympathetic receptor blocking drugs 
affect the three major types of catecholamine receptors: 
α-adrenergic, β-adrenergic, and dopaminergic. The exis-
tence of subdivisions (e.g., β1 and β2) suggested the pos-
sibility that some drugs would be found to affect only 
one set of receptors. For example, terbutaline is used 
more frequently than isoproterenol because terbutaline 
is said to exert a preferential effect on α2 receptors (i.e., 
dilation of bronchial smooth muscle), thereby avoiding 
the cardiac stimulation produced by drugs that stimulate 
β1-receptors. In fact, the selectivity is dose related. At a 
certain dose, a direct β2-receptor stimulating drug affects 
only those receptors but, at a higher dose, stimulates 
both β1 and β2 receptors. The effect of a given dose varies 
with each patient. A certain dose may stimulate β1 and β2 
receptors in one patient but neither receptor in another 
patient. More and more selective blocking drugs are being 
developed in hope of widening the margin among β1-, β2-, 
and α-adrenergic effects. Ultimately, however, even more 
selectivity is desired. It would be advantageous to be able 
to decrease the heart rate without changing myocardial 
contractility or to increase contractility without chang-
ing the heart rate. Such is the goal of much drug research 
and the development of dobutamine and fenoldopam. 
However, to date, all such selectivity appears to be dose 
related, even for dobutamine.

Metoprolol (Lopressor) and atenolol (Tenormin) (both 
β1-adrenergic receptor blocking drugs) and propranolol, 
betaxolol, timolol, esmolol, pindolol, oxprenolol, ace-
butolol, carteolol, penbutolol, and nadolol are widely 
available β-adrenergic receptor blocking drugs used for 
long-term therapy in the United States. Because nadolol 
has poor lipid solubility, it has a long elimination half-
life (17 to 24 hours) and does not cross the blood-brain 
barrier readily. Although selective β-adrenergic receptor 
blocking drugs should be more appropriate in patients 
with increased airway resistance or diabetes, this advan-
tage is apparent only when low doses are used. The use 
of β-adrenergic receptor blocking drugs has become wide-
spread because these drugs treat everything from angina 
and hypertension to priapism and stage fright. These 
drugs appear to decrease morbidity and mortality in 
patients who have initially survived MI,432,433 and they 
may increase perioperative survival in selected patients.

When administration of β-adrenergic receptor block-
ing drugs is terminated, sympathetic stimulation often 
increases, as though the body had responded to the pres-
ence of these drugs by increasing sympathetic neuron 
activity. Thus, propranolol and nadolol (to name just two) 
withdrawal can be accompanied by a hyper–β-adrenergic 
condition that increases myocardial oxygen demands. 
Administering propranolol or metoprolol can cause bra-
dycardia, CHF, fatigue, dizziness, depression, psychoses, 
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bronchospasm, and Peyronie disease. The POISE study 
emphasized the concerns that inadequate titration of 
these agents can lead to stroke or increased mortality.111 
Side effects of dopaminergic receptor blocking drugs are 
discussed later. Prazosin (Minipress), terazosin, and oxazo-
cin are α1-adrenergic receptor blocking drugs used to treat 
hypertension, ischemic cardiomyopathy, receding hair-
lines, and benign prostatic hypertrophy because they dilate 
both veins and arteries and reduce sphincter tone. These 
drugs are associated with vertigo, palpitations, depression, 
dizziness, weakness, and anticholinergic effects.

Some sympathomimetic drugs stimulate α-adrenergic 
receptors in the brainstem. Clonidine (Catapres), a drug 
with a half-life of 12 to 24 hours, guanabenz, and guan-
facine (Tenex) are α2-adrenergic receptor stimulants. Pre-
sumably, α2-adrenergic agonists, including clonidine, 
guanabenz, and guanfacine, lower arterial blood pressure 
on a long-term basis through the central brainstem adren-
ergic stimulation referred to previously. They may also be 
used on a long-term basis to treat opiate, cocaine, food, 
and tobacco withdrawal. Occasionally, withdrawal from 
clonidine can precipitate a sudden hypertensive crisis, 
analogous to that occurring on withdrawal from propran-
olol, and it can cause a hyper–β-adrenergic condition. The 
degree of hypertensive crisis after clonidine withdrawal is 
now being debated. (Although intravenous clonidine is 
not available in the United States, a skin patch of cloni-
dine is used preoperatively to ablate sympathomimetic 
responses perioperatively.) Tricyclic antidepressant drugs 
and presumably phenothiazines and the butyrophenones 
interfere with the action of clonidine. Although adminis-
tration of a butyrophenone (e.g., droperidol) to a patient 
taking clonidine, guanabenz, or guanfacine on a long-
term basis could theoretically precipitate a hypertensive 
crisis, this has not been reported. Clonidine adminis-
tration can be accompanied by drowsiness, dry mouth, 
orthostatic hypotension, bradycardia, and impotence. 
Acute clonidine or dexmedetomidine administration 
decreases anesthetic requirements by at least 40% to 60%; 
long-term administration decreases requirements by 10% 
to 20%.434,435 Because of the relative safety of these drugs 
and their ability to decrease anesthetic requirements, 
block narcotic-induced muscle rigidity, and provide pain 
relief, their popularity preoperatively, intraoperatively, 
and in ICU sedation is increasing dramatically.434-438

Three other classes of antihypertensive drugs affect the 
sympathetic nervous system indirectly: diuretics, arterio-
lar dilators, and slow-(calcium) channel blocking agents. 
Thiazide diuretic drugs are associated with hypochlore-
mic alkalosis, hypokalemia, hyperglycemia, hyperurice-
mia, and hypercalcemia. The potassium-sparing diuretic 
drug spironolactone is associated with hyperkalemia, 
hyponatremia, gynecomastia, and impotence. All diuretic 
drugs can cause dehydration. The thiazide diuretics and 
furosemide appear to prolong neuromuscular blockade. 
The arteriolar dilator hydralazine can cause a lupus-like 
condition (usually with renal involvement), nasal con-
gestion, headache, dizziness, CHF, angina, and GI distur-
bances. Such a syndrome is nonexistent with the other 
direct vasodilator on the U.S. market, minoxidil.

The slow-channel calcium ion antagonists (calcium 
channel blocking drugs) inhibit the transmembrane 
influx of calcium ions into cardiac and vascular smooth 
muscle. Such inhibition reduces the heart rate (negative 
chronotropy), depresses contractility (negative inotropy), 
decreases conduction velocity (negative dromotropy), 
and dilates coronary, cerebral, and systemic arterioles 
(Fig. 39-7).439 Verapamil, diltiazem, and nifedipine all 
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Figure 39-7. Schematic drawing of a smooth muscle cell showing calcium (Ca2+) flux and possible sites of interference by halothane and nife-
dipine. The concentration of calcium in the cytoplasm increases (green arrows) because of entry through the plasma membrane (PM) and release 
from surface vesicles (SV) or the sacroplasmic reticulum (SR). When the concentration of cytoplasmic Ca2+ is sufficiently high, adenosine triphos-
phate (ATP) is activated. Splitting of ATP by adenosine triphosphatase (ATPase) into phosphatidylinositol (Pi) and adenosine diphosphate (ADP) 
provides the interaction and contraction of actin filaments and myosin particles constituting muscle fibers. The concentration of cytoplasmic Ca2+ 
decreases (white arrows) with the return of Ca2+ to cellular stores and the extracellular transport of Ca2+. Both halothane and nifedipine probably 
(1) inhibit the entry of Ca2+ and (2) may also interfere with cytoplasmic Ca2+ flux by reducing the release of Ca2+ by the SR, by (3) reducing storage 
and reuptake, or by (4) blocking ATPase or the contractile mechanism (or both). (Redrawn from Tosone SR, Reves JG, Kissin I, et al: Hemodynamic 
responses to nifedipine in dogs anesthetized with halothane, Anesth Analg 62:903, 1983.)
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produce such effects, but to varying degrees and appar-
ently by similar, but different mechanisms. These mech-
anisms relate to the three different classes of calcium 
channel antagonists that they represent: the phenylalkyl 
amines, the benzothiazepines, and the dihydropyridines, 
respectively. Nifedipine is the most potent of the three as 
a smooth muscle dilator, whereas verapamil and diltia-
zem have negative dromotropic and inotropic effects and 
vasodilating properties. Diltiazem has weak vasodilating 
properties when compared with nifedipine and has less 
of an AV conduction effect than does verapamil. Thus, 
verapamil and diltiazem can increase the PR interval and 
produce AV block. In fact, reflex activation of the sym-
pathetic nervous system may be necessary during the 
administration of diltiazem, and especially during vera-
pamil therapy, to maintain normal conduction. Clearly, 
verapamil and diltiazem must be titrated very carefully 
when a patient is already taking a β-adrenergic recep-
tor blocking drug or when adding β-blocking drugs to a 
patient already taking verapamil or diltiazem.

The use of calcium channel blocking drugs has several 
important implications for anesthetic management.439-441 
First, the effects of inhaled and narcotic anesthetics and 
nifedipine in decreasing systemic vascular resistance, 
arterial blood pressure, and contractility may be additive. 
Similarly, verapamil and anesthetics (inhaled anesthet-
ics, nitrous oxide, and narcotics) increase AV conduc-
tion times and additively decrease arterial blood pressure, 
systemic vascular resistance, and contractility. Second, 
verapamil and presumably the other calcium channel 
blocking drugs have been found to decrease anesthetic 
requirements by 25%. These drugs can produce neuro-
muscular blockade, potentiate both depolarizing and 
nondepolarizing neuromuscular blocking drugs, and, in at 
least one type of myopathy (Duchenne muscular dystro-
phy), even precipitate respiratory failure. Finally, because 
slow-channel activation of calcium is necessary to cause 
spasms of cerebral and coronary vessels, bronchoconstric-
tion, and normal platelet aggregation, these drugs may 
have a role in treating ischemia of the nervous system, 
bronchoconstriction, and unwanted clotting disorders 
perioperatively. All three drugs are highly protein bound 
and may displace or be displaced by other drugs that are 
also highly protein bound (e.g., lidocaine, bupivacaine, 
diazepam, disopyramide, and propranolol). Adverse con-
sequences can be minimized by titrating the inhaled or 
narcotic drug to the hemodynamic and anesthetic effects. 
Hemodynamic, but not electrophysiologic, changes can 
usually be reversed by administering calcium. Reversal of 
the electrophysiologic effects may occur if “industrial” 
doses of β-adrenergic agonists are given.

MOOD-ALTERING DRUGS

Mood-altering drugs are the most frequently prescribed 
medications in the United States.442,443 They include 
MAOIs, SSRIs, phenothiazines, tricyclic antidepressant 
drugs, other antidepressants that do not fall into previ-
ous drug category classifications such as bupropion, and 
drugs of abuse such as cocaine. MAOIs, which include 
isocarboxazid (Marplan), phenelzine (Nardil), pargyline 
(Eutonyl), tranylcypromine (Parnate), and deprenyl, bind 
irreversibly to the enzyme MAO, thereby increasing intra-
neuronal levels of amine neurotransmitters (serotonin, 
norepinephrine, dopamine, epinephrine, octopamine). 
This increase is associated with an antidepressant effect, 
an antihypertensive effect, an antinarcoleptic effect, 
elevation of liver enzymes, and delayed onset of Parkin-
son disease (deprenyl). Because two forms of the enzyme 
(MAO-A and MAO-B) are selective in vitro for substrate 
(MAO-A is selective for serotonin, dopamine, and norepi-
nephrine; MAO-B for tyramine and phenylethylamine), 
presumably MAOIs selective for MAO-A or MAO-B would 
have different effects.444 This is not known for certain 
inasmuch as deprenyl (selegiline [Eldepryl]), an MAO-
B–selective drug, improves a dopamine deficiency state, 
parkinsonism.

Interactions between MAOIs and a variety of foods and 
drugs containing indirect-acting sympathomimetic sub-
stances such as ephedrine or tyramine (found especially 
in aged cheeses) can occur for as long as 2 weeks after the 
last dose of MAOI is given. The most serious effects of 
this interaction are convulsions and hyperpyrexic coma 
(particularly after narcotics).

Anesthetic management of a patient given an MAOI 
can be chaotic; for this reason it is widely accepted prac-
tice to discontinue MAOIs at least 2 to 3 weeks before any 
planned operation.442-448 An alternative point of view has 
been expressed regarding severely psychotic patients or 
emergency surgery.444,449-451 Clearly, the risk of discon-
tinuing MAOIs must be weighed against the risk of sui-
cidal tendencies in some patients deprived of MAOIs. No 
reported experiences of interactions between narcotics 
and deprenyl have been published, so judgments about 
possible worsening of Parkinson disease and continu-
ing MAOIs have no basis in data. Severe reactions have 
occurred when too short an interval existed between the 
administration of MAOIs and tricyclic antidepressants. 
Emergency surgery in patients given MAOIs can be punc-
tuated by hemodynamic instability. A regional block can 
be attempted as treatment of postoperative pain to avoid 
having to give narcotics. Cases of hyperpyrexic coma after 
the administration of most narcotics have been reported 
in humans, and animal studies document a 10% to 50% 
incidence of hyperpyrexic coma in animals pretreated 
with MAOIs and then given a variety of narcotics.442-448 
These reactions appear to be treated best by therapy sup-
porting vital functions.

Alternative drugs for the treatment of severe depres-
sion include the tricyclic antidepressant drugs: amitrip-
tyline (Elavil, Endep), imipramine (Tofranil, Presamine), 
desipramine (Norpramin), doxepin (Adapin, Sinequan), 
nortriptyline (Aventyl), fluoxetine (Prozac), trazodone 
(Desyrel), and others.442,443 Tricyclic antidepressant drugs 
also block the reuptake of neurotransmitters and cause 
their acute release. Given on a long-term basis, these 
drugs decrease stores of noradrenergic catecholamines. 
Tricyclic antidepressant drugs also produce side effects 
similar to those of atropine (dry mouth, tachycardia, 
delirium, urinary retention) and can cause changes on 
the ECG (changes in the T wave, prolongation of the 
QRS complex, bundle branch block or other conduc-
tion abnormalities, or PVCs). Although arrhythmias 
induced by tricyclic antidepressants have been treated 
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successfully with physostigmine, bradycardia has some-
times occurred.442,443 Drug interactions with tricyclic 
antidepressants include those related to blockade of 
the reuptake of norepinephrine (e.g., interference with 
the action of guanethidine) and fatal arrhythmias after 
halothane and pancuronium.452,453 Such interactions, 
although predictable for a population of patients, may 
not alter a patient’s threshold for arrhythmias. The newer 
antidepressants (the SSRIs) can also have serious side 
effects. Fluoxetine, a tricyclic antidepressant that also has 
an SSRI effect, causes nausea, vomiting, headaches, ner-
vousness, and possibly paranoia and ideas of suicide more 
commonly than do the other tricyclics442,443; however, it 
is less likely to cause anticholinergic effects or orthostatic 
hypotension. Bupropion, which is fundamentally differ-
ent than the SSRIs, may cause nausea, vomiting, seizures, 
agitation, tremor, excitement, and increased motor activ-
ity, but it only rarely causes anticholinergic effects or 
orthostatic hypotension. Discontinuing drugs can cause 
withdrawal symptoms or precipitate recurrence of psychi-
atric illness. Switching among drugs for depression can 
cause hyperpyrexia and coma. Thus, switching drugs pre-
operatively should not be requested casually.442,443

The effectiveness of phenothiazines and butyrophe-
nones in schizophrenia suggests a dopamine receptor 
blocking action. In addition, these drugs possess vary-
ing degrees of parasympathetic stimulation and ability to 
block α-adrenergic receptors. The phenothiazines include 
chlorpromazine (Thorazine, Chlor-PZ), promazine (Spa-
rine), triflupromazine (Vesprin), fluphenazine (Prolixin), 
trifluoperazine, prochlorperazine (Compazine), and many 
others. The butyrophenones include droperidol and halo-
peridol (Haldol). Both the phenothiazines and butyrophe-
nones produce sedation, depression, and antihistaminic, 
antiemetic, and hypothermic responses. They are also 
associated with cholestatic jaundice, impotence, dystonia, 
and photosensitivity. Other side effects associated with 
phenothiazines include orthostatic hypotension (partly 
as a result of α-adrenergic blockade) and abnormalities on 
the ECG such as prolongation of the QT or PR intervals, 
blunting of T waves, depression of the ST segment, and on 
rare occasion, PVCs and torsades de pointes.442,443,452,453 
Although few data are available on the antidepressant 
drugs selective for serotonin (the SSRIs), occasional case 
reports of severe hypotension and cardiac arrest with 
severe bradycardia have been presented in abstract form.

Several important drug interactions are noteworthy for 
the phenothiazine derivatives. The effects of CNS depres-
sants (especially narcotics and barbiturates) are enhanced 
by the concomitant administration of phenothiazines. 
In addition, the CNS seizure threshold is lowered by 
the administration of phenothiazines, which should be 
avoided in patients who are epileptic or withdrawing 
from any drug that depresses the CNS. The antihyperten-
sive effects of guanethidine and guanadrel are blocked by 
tricyclic antidepressant drugs and the phenothiazines.454 
Lithium carbonate is used to treat manic depression, but 
it is more effective in preventing mania than in relieving 
depression. In excitable cells, lithium mimics sodium and 
decreases the release of neurotransmitters both centrally 
and peripherally. Lithium prolongs neuromuscular block-
ade and may decrease anesthetic requirements because it 
blocks brainstem release of norepinephrine, epinephrine, 
and dopamine.

Psychoactive drugs such as the amphetamines (includ-
ing methamphetamines and their smokable derivative in 
crystal form known as “ice”) and cocaine acutely release 
norepinephrine, epinephrine, and dopamine and block 
their reuptake. Taken on a long-term basis, they deplete 
nerve endings of these neurotransmitters.

Drugs that appear to increase central α-adrenergic 
release increase anesthetic requirements, whereas drugs 
that appear to decrease central α-adrenergic release 
decrease anesthetic requirements. (This may not be the 
mechanism by which they alter anesthetic requirements, 
but it is a convenient way of remembering the alteration.) 
Drugs that affect only the β-adrenergic receptors do not 
alter anesthetic requirements.

ANTIARRHYTHMIC DRUGS

Antiarrhythmic drugs include local anesthetics (lido-
caine, procaine), anticonvulsant (phenytoin) or antihy-
pertensive (propranolol) drugs, calcium channel blocking 
drugs, or primary antiarrhythmic drugs (see also Chapters 
67 and 68). These drugs are classified into five major cat-
egories: local anesthetics that alter phase 0 and phase 4 
depolarization (quinidine, procainamide, and flecainide), 
local anesthetics that affect only phase 4 depolarization 
(lidocaine, tocainide, phenytoin, encainide), β-adrenergic 
receptor antagonists, antiadrenergic drugs (bretylium, 
disopyramide, amiodarone), and calcium entry blockers. 
These drugs are discussed elsewhere in this chapter. A lack 
of adverse reports does not indicate that all these drugs 
should be continued through the time of surgery; phar-
macokinetic studies have not yet determined whether 
anesthesia (or anesthesia with specific agents) alters the 
volume of distribution or clearance of these drugs to an 
extent sufficient to warrant changing the dosage or dos-
age schedule in the perioperative period. The dearth of 
reports on this subject may reflect a lack of significant 
drug interaction or a lack of awareness that untoward 
events could be caused by such an interaction.

The pharmacologic characteristics of the various antiar-
rhythmic drugs can affect anesthetic management. Diso-
pyramide is similar to quinidine and procainamide in its 
antiarrhythmic effectiveness. Disopyramide is excreted 
mainly by the kidneys, but hepatic disease increases its 
half-life. This drug often produces anticholinergic effects, 
including tachycardia, urinary retention, and psychosis. 
Hepatitis has also been reported to have occurred after 
its use.455 Little is known of the interaction of bretylium 
with anesthetic agents. Because bretylium blocks the 
release of catecholamines, long-term therapy with this 
drug has been associated with hypersensitivity to vaso-
pressors.455 Quinidine depends on the kidneys for excre-
tion, can produce vagolytic effects that can decrease AV 
block, and is associated with blood dyscrasias and GI dis-
turbances.455 Most of the antiarrhythmic drugs enhance 
nondepolarizing neuromuscular blockade. Reports have 
confirmed this enhancement for quinidine, phenytoin, 
lidocaine, procainamide, and propranolol.456-464 No data 
document such an effect for depolarizing muscle relax-
ants. Amiodarone, an antiadrenergic drug used to treat 
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recurrent supraventricular and ventricular tachycardia, 
causes thyroid dysfunction as a result of the large amount 
of iodine in its structure (see the section on thyroid dis-
orders earlier in this chapter), as well as peripheral neu-
ropathy, and has been associated with hypertension, 
bradyarrhythmias, and reduced cardiac output during 
anesthesia.465 The drug has a half-life of 29 days, and its 
pharmacologic effects persist for more than 45 days after 
discontinuance.466

ANTIBIOTICS

Many antibacterial drugs are nephrotoxic or neu-
rotoxic, or both, and many prolong neuromuscular 
blockade (see also Chapters 34 and 35).458-464 The only 
antibiotics devoid of neuromuscular effects appear 
to be penicillin G and the cephalosporins.463 Most 
enzyme-inducing drugs do not increase the metabolism 
of enflurane or isoflurane. However, isoniazid induces 
the microsomal enzymes responsible for the metabo-
lism of at least enflurane and thereby increases the 
possibility of fluorine-associated renal damage after 
enflurane administration.467 Appropriate antibiotic 
prophylaxis for surgery requires a knowledge of the 
probability of infection for that type of surgical pro-
cedure and, if the incidence of infection warrants, the 
use of a drug regimen directed against the most likely 
infecting organisms.468

MEDICATIONS FOR GLAUCOMA

Medications for glaucoma include two organophos-
phates: echothiophate and isoflurophate (see also Chap-
ter 84). These drugs inhibit serum cholinesterase, which 
is responsible for the hydrolysis and inactivation of suc-
cinylcholine and ester-type local anesthetics such as 
procaine, chloroprocaine, and tetracaine (see also Chap-
ters 34 and 36).469,470 These ester-type local anesthetics 
should be avoided in patients treated with eye drops con-
taining organophosphate. Table 39-16 lists other medica-
tions related to anesthesia and their side effects (from the 
National Registry for Drug-Induced Ocular Side Effects, 
TABLE 39-16 COMMON OPHTHALMOLOGIC DRUGS AND THEIR ANESTHETICALLY IMPORTANT 
INTERACTIONS 

Drug (Trade Name) Toxicities and Specific Treatments

Glaucoma: Primary Goal Is to Reduce IOP By
Miotics and epinephrine: increase outflow of aqueous humor
β-Blockade and carbonic anhydrase inhibitors: reduce production of 

aqueous humor
Osmotic drugs: transiently decrease volume

Miotics
Parasympathomimetics

Pilocarpine (Adsorbocarpine, Isopto Carpine, Pilocar, Pilocel)
 Carbachol

Acetylcholinesterase Inhibitors Tox: Hypersalivation, sweating, N/V, bradycardia, hypotension, 
bronchospasm, CNS effects, coma, respiratory arrest, death

Rx: Atropine, pralidoxime (Protopam)
Ix: Succinylcholine—prolonged apnea (drugs must be discontinued 

4 wk before)

Physostigmine
Demecarium
Isoflurophate (Floropryl)
Echothiophate (Echodide, Phospholine)

Epinephrine (Epitrate, Murocoll, Mytrate, Epifrin, Glaucon, Epinal, 
Eppy)

Tox: (rare) Tachycardia, PVCs, HTN, headache, tremors
Ix: Avoid drugs that sensitize to catecholamines (e.g., halothane)

β-Blockers Tox: β-Blockade with bradycardia, exacerbation of asthma, CNS 
depression, lethargy, confusion

Synergy noted with systemic drugs
Timolol (Timoptic)
Betaxolol (Betoptic)
Levobunolol (Betagan)

Carbonic Anhydrase Inhibitors Tox: Anorexia, GI disturbances, “general miserable feeling” and 
malaise, paresthesias, diuresis, hypokalemia (transient), renal colic 
and calculi, hyperuricemia, thrombocytopenia, aplastic anemia, 
acute respiratory failure in patients with COPD

Acetazolamide (Diamox)
Dichlorphenamide (Daranide, Oratrol)
Ethoxzolamide (Cardrase, Ethamide)
Methazolamide (Neptazane)

Osmotic Drugs Tox: Dehydration, hyperglycemia, nonketotic hyperosmolar coma 
(rare); fatalities with mannitol secondary to CHF or intracranial 
bleeding; urea may cause thrombosis

Glycerin (Glyrol, Osmoglyn)
Isosorbide (Ismotic)
Urea (Urevert, Ureaphil)
Mannitol (Osmitrol)
Intraocular acetylcholine (Miochol) Tox: Hypotension, bradycardia

Rx: Atropine
Mydriatics and Cycloplegics: Provide Pupillary Dilatation and Paralysis of Accommodation
Anticholinergics block muscarinic receptors; paralyzing in iris
α-Adrenergics contract the dilator of the iris

Continued
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Drug (Trade Name) Toxicities and Specific Treatments

Anticholinergics Tox: Dry mouth, flushing, thirst, tachycardia, seizure, hyperactivity, 
transient psychosis, rare coma, and death

Rx: Physostigmine
Atropine (Atropisol, Bufopto, Isopto Atropine)
Cyclopentolate, alone (Cyclogyl) or with phenylephrine-

homatropine (Cyclomydril)
Homatropine (Homatrocel, Isopto Homatropine)
Scopolamine (Isopto Hyoscine, Murocoll 19)
Tropicamide (Midriacyl)

β-Adrenergics Tox: Tachycardia, HTN, PVCs, myocardial ischemia, agitation

Phenylephrine (Efricel, Mydfrin, Neo-Synephrine)
Hydroxyamphetamine (Paredrine)

Modified from the National Registry for Drug-Induced Ocular Side Effects, Portland, Ore., Oregon Health Sciences University.
CHF, Congestive heart failure; CNS, central nervous system; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; HTN, hypertension; IOP, 

intraocular pressure; Ix, interaction; N/V, nausea and vomiting; PVCs, premature ventricular contractions; Rx, treatment; Tox, toxicity.

TABLE 39-16 COMMON OPHTHALMOLOGIC DRUGS AND THEIR ANESTHETICALLY IMPORTANT 
INTERACTIONS—cont’d
Oregon Health Sciences University, 3181 SW Sam Jackson 
Park Road, Portland, Ore 97201; 503-279-8456).
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Anesthetic Implications of 
Complementary and Alternative 
Medications
CHONG-ZHI WANG • CHUN-SU YUAN • JONATHAN MOSS

K e y  P o i n t s

 •  Herbal medication use has increased dramatically in the overall population and 
particularly in preoperative patients.

 •  Patients might not volunteer information unless they are queried specifically about 
herbal medication use.

 •  Although many commonly used herbs have side effects that affect drug 
metabolism, bleeding, and neuronal function, they are not subject to regulations 
on purity, safety, and efficacy.

 •  Although discontinuing herbal medications up to 2 weeks preoperatively can 
eliminate many of these problems, patients often arrive for surgery without having 
had a preoperative visit 2 weeks before surgery. Knowledge of specific interactions 
and metabolism of herbs can provide practical guidelines to facilitate perioperative 
management.

 •  Other complementary therapies, including acupuncture and music therapy, have 
become increasingly popular, although less is known about their effectiveness.

Acknowledgment: The editors and publisher would like to thank Dr. Michael Ang-Lee, who was a 
contributing author to this topic in the prior edition of this work. It has served as the foundation for the 
current chapter.
Complementary and alternative medicine (CAM) has 
implications for physicians in general, but has particular 
importance for perioperative physicians because of spe-
cific complications associated with certain therapies often 
used as anesthesia adjuvants. Complementary medicine 
is defined as the addition of nonconventional therapies 
to accepted treatments; alternative medicine describes the 
use of nonconventional therapies in lieu of accepted treat-
ments. They have become an important part of contem-
porary health care. In 2007, 38% of Americans used CAM 
therapies in the preceding year.1 Visits to CAM practitio-
ners exceed those to American primary care physicians,2 
and CAM is even more widely used in Europe, where 
herbal medicines are prescribed more frequently than 
conventional drugs are. Furthermore, patients undergoing 
surgery appear to use CAM more than the general popula-
tion does.3 Aside from the widespread use of CAM, periop-
erative physicians have a special interest in CAM therapies 
for several reasons. First, several commonly used herbal 
medications exhibit direct effects on the cardiovascular 
and coagulation systems. Second, some CAMs can inter-
fere with conventional medications that are commonly 
given in the postoperative period. Finally, the therapeutic 
potential of CAM in the perioperative period is increas-
ingly being described in the literature.

Despite the public enthusiasm for CAM, scientific knowl-
edge in this area is still incomplete and often confusing for 
practitioners and patients. One recent study confirmed 
poor knowledge of this subject among physicians.4 Recom-
mendations for clinicians are often based on small clinical 
trials, case reports, animal studies, predictions derived from 
known pharmacology, and expert opinion. Research is 
essential because CAM therapies are often widely adopted 
by the public before adequate data are available to support 
their safety and efficacy. In 1991, Congress established the 
Office of Alternative Medicine, which became the National 
Center for Complementary and Alternative Medicine 
within the National Institutes of Health in 1998. In 2006, 
more than twice as many CAM-related English-language 
research articles were published compared with 1996.

Practices encompassed by CAM are heterogeneous and 
evolving. The most commonly used CAM were natural 
products (17.7%), deep breathing exercises (12.7%), medi-
tation (9.4%), chiropractic or osteopathic manipulation 
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(8.6%), massage (8.3%), and yoga (6.1%). CAM practices 
can be classified into five general categories (Box 40-1).5 This 
chapter is not intended as a comprehensive review of CAM. 
Specific therapies relevant to anesthesia are discussed, and 
we focus primarily on herbal medicines. Nonherbal dietary 
supplements, acupuncture, and music are also considered 
because they are relevant to anesthesia practice.

HERBAL MEDICINES

Preoperative use of herbal medicines has been associated 
with adverse perioperative events.6 Surveys estimate that 
22% to 32% of patients undergoing surgery use herbal 
medications.7-9 In a recent retrospective review, 23% of 
surgery patients indicated the use of natural products, 
and older patients preferred dietary supplements.10

Herbal medicines can affect the perioperative period 
through several classic mechanisms: direct effects (i.e., 
intrinsic pharmacologic effects), pharmacodynamic inter-
actions (i.e., alteration of the action of conventional drugs 
at effector sites), and pharmacokinetic interactions (e.g., 
alteration of the absorption, distribution, metabolism, and 
elimination of conventional drugs). Because approximately 
50% of herbal medicine users take multiple herbs concomi-
tantly7 and 25% of herbal medicine users take prescription 
drugs,11 adverse effects are difficult to predict and attribute.

Herbal medicines are associated with unique prob-
lems not usually found with conventional drugs.12 Many 
of the issues complicating the understanding of herbal 
medications derive from the fact that they are classified 
as dietary supplements under the Dietary Supplement 
Health and Education Act of 1994. As such, the introduc-
tion of herbal medications does not require animal stud-
ies, clinical trials, or postmarketing surveillance. Under 
current law, the burden is shifted to the U.S. Food and 
Drug Administration (FDA) to prove products unsafe 
before they can be withdrawn from the market. In one 
well-publicized action, more than 130 reports of per-
sistent anosmia (thought to be zinc related) led to the 
withdrawal of intranasal Zicam (Matrixx Initiatives, 
Inc., Bridgewater, New Jersey), which is widely used for 
colds.13 Commercial herbal medicine preparations can 
have unpredictable pharmacologic effects resulting from 

 1.  Alternative medical systems (e.g., homeopathic medicine, 
naturopathic medicine, traditional Chinese medicine, 
ayurveda)

 2.  Mind-body interventions (e.g., meditation; prayer; art, music, 
or dance therapy)

 3.  Biologically based treatments (e.g., herbal medicines, dietary 
supplements)

 4.  Manipulative and body-based methods (e.g., chiropractic 
manipulation, osteopathic manipulation, massage)

 5.  Energy therapies (e.g., acupuncture, electromagnetic fields, 
reiki, qi gong)  

BOX 40-1 Five Major Categories of 
Complementary and Alternative Medicine

Adapted from the National Center for Complementary and Alterna-
tive  Medicine. <http://nccam.nih.gov/health/whatiscam>. (Accessed 
02.06.12.)
inaccurate labeling, misidentified plants, adulterants, 
variations in natural potency, and unstandardized pro-
cessing methods. Two of the major problems confront-
ing herbal medicine research involve quality control and 
added adulterants.

In a recent clinical trial to treat human H1N1 influenza, 
an herbal formulation containing 12 different Chinese 
herbal medicines including licorice (genus Glycyrrhiza) was 
used.14 Some of the other botanicals in the formula were 
not accurately identified. There are three Glycyrrhiza spe-
cies on the market, and the author did not identify the spe-
cies used in the trial. The content of glycyrrhizin, a major 
marker compound of licorice, showed a twofold difference 
when the three species were compared, suggesting that the 
chemical composition of different Glycyrrhiza species var-
ies.15 Labeled active ingredients can vary tenfold in dif-
ferent commercial preparations.16 In June 2007, the FDA 
issued regulations for current good manufacturing prac-
tices (GMPs) for dietary supplements.17 This rule requires 
that proper controls be in place so that dietary supple-
ments are processed in a consistent manner and meet 
quality standards. Especially emphasized are the identity, 
purity, strength, and composition of the products. Dietary 
product GMPs undoubtedly reduce the potential risk in 
the use of herbal medicines. Because this rule is somewhat 
similar to that for prescription drug GMPs, many supple-
ment manufacturers believe that it is not practical for 
botanicals.18

Beyond quality control is the inclusion of biologi-
cally active pharmacologic adulterants in herbal medica-
tions and supplements. There are clinical consequences 
when quality control is lacking or herbal preparations 
are adulterated. In one popular weight-loss remedy, a 
manufacturing error resulted in the substitution of one 
herb (Stephania tetranda) by another with the carcinogen 
aristolochic acid. The substitution led to an outbreak of 
nephropathy and urothelial carcinoma, first noted when 
a renal transplant patient developed an unusual form 
of this cancer.19 The effect of misidentified ingredients 
or adulterants can be acute. In another well-publicized 
event, more than 14 million capsules of Zotrex (TSN 
Labs, Inc., Salt Lake City, Utah), a sexual enhancement 
supplement, were recalled because the compound on the 
label did not actually exist. However, the supplement did 
contain an analogue of sildenafil, which has not been 
tested in humans.20 In July 2011, the FDA drafted a guid-
ance because of the popularity of dietary supplements 
and several egregious cases of pharmacologic adulterants 
in supplements.21 The FDA’s new guidance proposes to 
evaluate the safety of supplements on their history of use, 
formulation, proposed daily dose, and recommended 
duration of use. Although the proposal represents only 
a fraction of what is necessary for a new drug applica-
tion, it requires some testing for tolerability in animals 
when products are marketed for consumption at doses 
substantively greater than those historically ingested. 
Any ingredient formulated or prepared in a novel man-
ner is considered a new ingredient. Under the guidance, 
a tolerability study of even a single dose in humans is not 
required for approval.21

In this section, we discuss the preoperative assessment 
and management of patients who use herbal medicines 

http://nccam.nih.gov/health/whatiscam/
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TABLE 40-1 CLINICALLY IMPORTANT EFFECTS, PERIOPERATIVE CONCERNS, AND RECOMMENDATIONS FOR 
PERIOPERATIVE DISCONTINUATION OF 11 COMMONLY USED HERBAL MEDICINES

Herbs (Common Names) Pharmacologic Effects Perioperative Concerns
Discontinue 
Before Surgery

Echinacea (purple coneflower 
root)

Activation of cell-mediated immunity Allergic reactions No data

Decreases effectiveness of 
immunosuppressants

Potential for immunosuppression with 
long-term use

Ephedra (ma huang) Increases heart rate and blood  
pressure through direct and  
indirect sympathomimetic  
effects

Risk of myocardial ischemia and stroke 
from tachycardia and hypertension

24 hours

Ventricular arrhythmias with halothane

Long-term use depletes endogenous 
catecholamines and may cause 
intraoperative hemodynamic instability

Life-threatening interaction with MAO 
inhibitors

Garlic (ajo) Inhibits platelet aggregation (may  
be irreversible)

May increase risk of bleeding, especially 
when combined with other medications 
that inhibit platelet aggregation

7 days

Increases fibrinolysis

Equivocal antihypertensive activity

Ginger Anti-emetic
Antiplatelet aggregation

May increase risk of bleeding No data

Ginkgo (duck-foot tree, 
maidenhair tree, silver 
apricot)

Inhibits platelet-activating factor May increase risk of bleeding, especially 
when combined with other medications 
that inhibit platelet aggregation

36 hours

Ginseng (American ginseng, 
Asian ginseng, Chinese 
ginseng, Korean ginseng)

Lowers blood glucose Hypoglycemia 7 days

Inhibits platelet aggregation (may  
be irreversible)

May increase risk of bleeding

May decrease anticoagulant effect of 
warfarinIncreased PT/PTT in animals

Green tea Inhibits platelet aggregation
Inhibits thromboxane A2 formation

May increase risk of bleeding
May decrease anticoagulant effect of 

warfarin

7 days

Kava (awa, intoxicating 
pepper, kawa)

Sedation May increase sedative effect of anesthetics 24 hours

Anxiolysis Increase in anesthetic requirements with 
long-term use unstudied

Saw palmetto (dwarf palm, 
Sabal)

Inhibits 5α-reductase May increase risk of bleeding No data

Inhibits cyclooxygenase

St. John’s wort (amber, goat 
weed, hardhay, hypericum, 
Klamath weed)

Inhibits neurotransmitter reuptake Induction of cytochrome P450 enzymes; 
affects cyclosporine, warfarin, steroids, 
and protease inhibitors; may affect 
benzodiazepines, calcium channel 
blockers, and many other drugs

5 days

MAO inhibition unlikely

Decreased serum digoxin levels

Delayed emergence

Valerian (all heal, garden 
heliotrope, vandal root)

Sedation May increase sedative effect of anesthetics No data
Benzodiazepine-like acute withdrawal
May increase anesthetic requirements with 

long-term use

MAO, Monoamine oxidase; PT, prothrombin time; PTT, partial thromboplastin time.
and examine 11 herbal medicines that have the greatest 
effect on perioperative patient care: Echinacea, ephedra, 
garlic, ginger, Ginkgo biloba, ginseng, green tea, kava, saw 
palmetto, St. John’s wort, and valerian (Table 40-1). These 
11 medicines account for 30% of the dietary supplements 
sold in the United States.22
PREOPERATIVE ASSESSMENT AND 
MANAGEMENT

Preoperative assessment should address the use of herbal 
medicines (see Chapter 38). One study found that 90% 
of anesthesia providers do not routinely ask about herbal 
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medicine use.23 Moreover, more than 70% of patients are 
not forthcoming about their herbal medicine use during 
routine preoperative assessment.7 When a positive history 
of herbal medicine use is elicited, one in five patients is 
unable to properly identify the preparation being taken.24 
Asking patients to bring their herbal medicines and other 
dietary supplements with them at the time of the preop-
erative evaluation would be helpful. A positive history of 
herbal medicine use should alert one to the presence of 
undiagnosed disorders causing symptoms leading to self-
medication. Patients who use herbal medicines may be 
more likely to avoid conventional diagnosis and therapy.25

In general, herbal medicines should be discontinued 
preoperatively. In clinical practice, patients who require 
nonelective surgery are not evaluated until the day of sur-
gery or are noncompliant with instructions to discontinue 
herbal medications preoperatively. They may take herbal 
medicines until the day of surgery. In this situation, anes-
thesia can usually proceed safely at the discretion of the 
anesthesia provider, who should be familiar with com-
monly used herbal medicines. For example, recent use of 
herbal medicines that inhibit platelet function (e.g., gar-
lic, ginseng, Ginkgo biloba) may warrant specific strategies 
for procedures with substantial intraoperative blood loss 
(e.g., platelet transfusion) and those that alter the risk/
benefit ratio of using certain anesthetic techniques (e.g., 
neuraxial blockade).

Preoperative discontinuation of all herbal medicines 
might not eliminate complications related to their use. 
Withdrawal of regular medications can increase morbid-
ity and mortality after surgery.26 Alcoholics who abstain 
from drinking alcohol preoperatively may have poorer 
postoperative outcomes than those who continue drink-
ing preoperatively.27 The danger of abstinence after long-
term use may be similar with herbal medicines such as 
valerian, which can produce acute withdrawal after long-
term use.

Although the American Society of Anesthesiologists 
has no official standards or guidelines for the preopera-
tive use of herbal medications, public and professional 
educational information released by this organization 
suggests that herbals be discontinued at least 2 weeks 
before surgery.26 Our review of the literature favors a 
more targeted approach, because evaluating patients 
2 to 3 weeks before elective surgery may be impossible. 
Moreover, some patients require nonelective surgery 
or are noncompliant with instructions to discontinue 
herbal medications preoperatively. These factors and the 
extensive use of herbal medicines could mean that herbal 
medications are taken until the time of surgery. Pharma-
cokinetic data on selected active constituents indicate 
that some herbal medications are eliminated quickly and 
may be discontinued closer to the time of surgery. When 
pharmacokinetic data for the active constituents in an 
herbal medication are available, the timeframe for preop-
erative discontinuation can be tailored. For other herbal 
medicines, 2 weeks is recommended.28

Evidence-based estimates of herbal safety in the peri-
operative period are limited. One study of 601 patients 
who used traditional Chinese herbal medications sug-
gested an infrequent rate of potential serious complica-
tions.29 Clinicians should be familiar with commonly 
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used herbal medications to recognize and treat any com-
plications that might arise. Table 40-1 summarizes the 
clinically important effects, perioperative concerns, and 
recommendations for preoperative discontinuation of 
the 11 herbal medications discussed in this chapter. The 
type of surgery and potential perioperative course should 
be considered in these clinical recommendations.

ECHINACEA

Three species of Echinacea, a member of the daisy fam-
ily, are used for the prophylaxis and treatment of viral, 
bacterial, and fungal infections, particularly those of 
upper respiratory origin, although its efficacy in the latter 
is doubtful.30 A recent meta-analysis showed the benefit 
of Echinacea in decreasing the incidence and duration of 
the common cold.31 Its pharmacologic activity cannot 
be attributed to a single compound, although the lipo-
philic fraction, which contains alkylamides, polyacety-
lene, and essential oils, appears to be more active than 
the hydrophilic fraction. The biological activity of Echi-
nacea could be immunostimulatory, immunosuppres-
sive, or antiinflammatory depending on the portion of 
the plant and extraction method.32 Although no studies 
have specifically addressed interactions between Echina-
cea and immunosuppressive drugs, expert opinion gen-
erally warns against the concomitant use of Echinacea 
and these drugs because of the probability of diminished 
effectiveness.33,34 Therefore, patients who might require 
perioperative immunosuppression, such as those await-
ing organ transplantation, should be counseled to avoid 
Echinacea. In contrast to its immunostimulatory effects 
with short-term use, long-term use of more than 8 weeks 
is accompanied by the potential for immunosuppres-
sion34 and a theoretically increased risk for certain post-
surgical complications, such as poor wound healing and 
opportunistic infections. A recent phytochemical study 
identified a potential immunosuppressant compound 
from Echinacea—cynarine.35

Echinacea can cause allergic reactions, including one 
reported case of anaphylaxis.36 Therefore, Echinacea 
should be used with caution in patients with asthma, 
atopy, or allergic rhinitis. Concern for potential hepa-
toxicity has also been raised, but documented cases are 
lacking.37 Although several in vitro and in vivo phar-
macokinetics studies of Echinacea have been reported, 
information about its pharmacokinetics is still limited.38 
Echinacea significantly reduced plasma concentrations 
of S-warfarin, but did not significantly affect warfarin 
pharmacodynamics and platelet aggregation in healthy 
subjects.39 However, this herb should be discontinued as 
far in advance of surgery as possible when compromises 
in hepatic function or blood flow are anticipated.40 In 
the absence of definitive information, patients with pre-
existing liver dysfunction should be cautious in using 
Echinacea.

EPHEDRA

Ephedra, known as ma huang in Chinese medicine, is a 
shrub native to central Asia. It is used to promote weight 
loss, increase energy, and treat respiratory conditions 
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such as asthma and bronchitis. Ephedra contains alka-
loids, including ephedrine, pseudoephedrine, norephed-
rine, methylephedrine, and norpseudoephedrine.26 
Commercial preparations can be standardized to a fixed 
ephedrine content. Publicity about adverse reactions to 
this herb prompted the FDA to bar its sale in 2004, but 
ephedra is still widely available via the Internet.

Ephedra causes dose-dependent increases in arterial 
blood pressure and heart rate. Ephedrine, the predomi-
nant active compound, is a noncatecholamine sympa-
thomimetic that exhibits α1, β1, and β2 activity directly 
at adrenergic receptors and indirectly by releasing endog-
enous norepinephrine (noradrenaline). These sympa-
thomimetic effects have been associated with more than 
1070 reported adverse events, including fatal cardiac and 
central nervous system complications.41

Although ephedrine is widely used as first-line 
therapy for intraoperative hypotension and brady-
cardia, the unsupervised preoperative use of ephedra 
raises certain concerns. Vasoconstriction and, in some 
cases, vasospasm of coronary and cerebral arteries can 
cause myocardial infarction and thrombotic stroke.42  
Ephedra can also affect cardiovascular function by 
causing hypersensitivity myocarditis, characterized by  
cardiomyopathy with myocardial lymphocyte and 
eosinophil infiltration.43 Long-term use results in tachy-
phylaxis from depletion of endogenous catecholamine 
stores and can contribute to perioperative hemodynamic 
instability. In these situations, direct-acting sympatho-
mimetics may be preferred as first-line therapy for intra-
operative hypotension and bradycardia. Concomitant 
use of ephedra and monoamine oxidase inhibitors can 
result in life- threatening hyperpyrexia, hypertension, 
and coma. Finally, continuous ephedra is a rare cause of 
radiolucent kidney stones.44

The pharmacokinetics of ephedrine have been studied 
in humans.45,46 Ephedrine has an elimination half-life of 
5.2 hours, with 70% to 80% of the compound excreted 
unchanged in urine. Based on the pharmacokinetic 
data and the known cardiovascular risks associated with 
ephedra, including myocardial infarction, stroke, and 
cardiovascular collapse from catecholamine depletion, 
this herb should be discontinued at least 24 hours before 
surgery.

GARLIC

Garlic is one of the most extensively researched medici-
nal plants. It has the potential to modify the risk for ath-
erosclerosis by reducing arterial blood pressure, thrombus 
formation, and serum lipid and cholesterol concen-
trations.47 These effects are primarily attributed to its 
 sulfur-containing compounds, particularly allicin and its 
transformation products. Commercial garlic preparations 
can be standardized to a fixed alliin and allicin content.

Garlic inhibits platelet aggregation in vivo in a  
concentration-dependent fashion. The effect of one of its 
constituents, ajoene, is irreversible and can enhance the 
effect of other platelet inhibitors such as prostacyclin, for-
skolin, indomethacin, and dipyridamole.48 Although the 
effects are not consistently demonstrated in volunteers, 
there is one case described in an 80 year old who had a 
spontaneous epidural hematoma develop that was attrib-
uted to continuous garlic use.49 Garlic has interacted with 
warfarin, resulting in an increased international normal-
ized ratio (INR).50

In addition to bleeding concerns, garlic can decrease 
systemic and pulmonary vascular resistance in labora-
tory animals, but this effect is marginal in humans.51 
Although there are insufficient pharmacokinetic data on 
garlic’s constituents, the potential for irreversible inhibi-
tion of platelet function may warrant discontinuation of 
garlic at least 7 days before surgery, especially if postop-
erative bleeding is a particular concern or other antico-
agulants are given.

GINGER

Ginger (Zingiber officinale) is a popular spice with a long 
history of use in Chinese, Indian, Arabic, and Greco-
Roman herbal medicines. Ginger has a wide range of 
reported health benefits for those with arthritis, rheuma-
tism, sprains, muscular aches, pains, sore throats, cramps, 
constipation, indigestion, nausea, vomiting, hyperten-
sion, dementia, fever, infectious diseases, and helmin-
thiasis.52 Ginger contains up to 3% volatile oil, mostly 
monoterpenoids and sesquiterpenoids.53 Gingerols are 
representative compounds in ginger.54

Ginger is an antiemetic and has been used to treat 
motion sickness and to prevent nausea after laparos-
copy.55 The number of postoperative antiemetic medica-
tions was significantly reduced after aromatherapy with 
essential oil of ginger.56 In another recent trial, ginger 
supplementation reduced the severity of acute chemo-
therapy-induced nausea in adult cancer patients.57 This 
response compared favorably to conventional antiemet-
ics (see Chapter 97).

In an in vitro study, gingerols and related analogues 
inhibited arachidonic acid–induced human platelet sero-
tonin release and aggregation, with a potency similar 
to that of aspirin.54 In another in vitro study, the anti-
platelet effects of 20 ginger constituents were evaluated. 
Five constituents showed antiplatelet activities at rela-
tively low concentrations. One of the ginger compounds 
(8-paradol) was the most potent COX-1 inhibitor and 
antiplatelet aggregation drug.58 In a case report, a ginger-
phenprocoumon combination resulted in an increased 
INR and epistaxis.59

Although the sample size was relatively small, the 
platelet inhibition potential of ginger has been suggested 
in a pilot clinical study.60 This result may warrant the dis-
continuation of ginger at least 2 weeks before surgery,

GINKGO

Ginkgo is derived from the leaf of Ginkgo biloba and has 
been used for cognitive disorders, peripheral vascular dis-
ease, age-related macular degeneration, vertigo, tinnitus, 
erectile dysfunction, and altitude sickness. Studies have 
suggested that ginkgo can stabilize or improve cognitive 
performance in patients with Alzheimer disease and multi-
infarct dementia,61 but not in healthy geriatric patients.62 
The compounds that might be responsible for its pharma-
cologic effects are the terpenoids and flavonoids. The two 
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ginkgo extracts used in clinical trials are standardized to 
ginkgo-flavone glycosides and terpenoids.

Ginkgo alters vasoregulation, acts as an antioxidant, 
modulates neurotransmitter and receptor activity, and 
inhibits platelet-activating factor. Of these effects, inhi-
bition of platelet-activating factor is of primary concern 
for the perioperative period. Although bleeding compli-
cations have not occurred in clinical trials, four cases 
of spontaneous intracranial bleeding,63-65 one case of 
spontaneous hyphema,66 and one case of postoperative 
bleeding after laparoscopic cholecystectomy67 have been 
described when ginkgo was being taken.

Terpene trilactones are highly bioavailable when 
administered orally. The elimination half-lives of the ter-
pene trilactones after oral administration are between 3 
and 10 hours. For ginkgolide B, a dosage of 40 mg twice 
daily resulted in a higher area under the curve, and a lon-
ger half-life and residence time, than after a single 80-mg 
dose. A once daily dose of 80 mg guaranteed a larger maxi-
mum concentration peak (Tmax) that was reached 2 to 3 
hours after administration.68 The pharmacokinetics of 
terpene trilactones in three different ginkgo preparations 
in human plasma69 indicate that ginkgo should be discon-
tinued at least 2 weeks before surgery to avoid bleeding.40

GINSENG

Among the several species of ginseng used for their phar-
macologic effects, Asian ginseng (Panax ginseng) and 
American ginseng (Panax quinquefolius) are the most com-
monly described.70 Ginseng has been labeled an “adapto-
gen” because it reputedly protects the body against stress 
and restores homeostasis.71 Because its pharmacologic 
actions are attributed to the ginsenosides, a group of com-
pounds known as steroidal saponins, many commercially 
available ginseng preparations have been standardized to 
ginsenoside content.70,72

The many heterogeneous and sometimes opposing 
effects of different ginsenosides73,74 give ginseng a broad 
but incompletely understood pharmacologic profile 
including general health, fatigue, immune function, can-
cer, cardiovascular disease, diabetes mellitus, cognitive 
function, viral infections, sexual function, and athletic 
performance.71 The underlying mechanism is similar to 
that classically described for steroid hormones. This herb 
decreases postprandial blood glucose in healthy patients 
and those with type 2 diabetes,75 an effect that can create 
unintended hypoglycemia in patients who have fasted 
before surgery.

Ginseng can alter coagulation pathways. The anti-
platelet activity of panaxynol, a constituent of ginseng, 
may be irreversible in humans.76 Ginseng extract and 
ginsenosides inhibit platelet aggregation in vitro77,78 and 
prolong thrombin time and activated partial thrombo-
plastin time in in vivo animal models.79,80

The clinical evidence implicating ginseng as a cause of 
bleeding is weak and based on only a few case reports.81 
Although ginseng may inhibit the coagulation cascade, 
in one case its use was associated with a significant 
decrease in warfarin anticoagulation.82 Subsequently, a 
study in volunteers showed that American ginseng inter-
fered with warfarin-induced anticoagulation,83 reducing 
its anticoagulant effect. When prescribing warfarin, cli-
nicians should specifically ask about ginseng use. In 
another clinical trial, warfarin’s clearance was moderately 
increased with Asian ginseng.84 Because warfarin is often 
used after orthopedic or vascular procedures, this herbal 
drug interaction can affect perioperative management in 
many patients.

In rats, after an intravenous infusion of ginseng, 
ginsenosides Re and Rg1 were eliminated quickly from 
the body with elimination half-lives between 0.7 and 4 
hours; ginsenosides Rb1 and Rd were eliminated slowly 
from the body with half-lives between 19 and 22 hours.85 
After oral administration of ginseng, ginsenoside Rb1 
reached the maximum plasma concentration at approxi-
mately 4 hours with a prolonged half-life.86,87 These data 
suggest that ginseng should be discontinued at least 48 
hours before surgery. Because platelet inhibition by gin-
seng may be irreversible, ginseng use should be stopped 
at least 2 weeks before surgery.40

GREEN TEA

Tea from the Camellia sinensis is one of the most ancient 
and the second most widely consumed beverage in the 
world.88,89 Tea can be classified into three types: green, 
oolong, and black. Green tea, which is not fermented 
and is derived directly from drying and steaming fresh 
tea leaves, contains polyphenolic compounds. Catechins 
in green tea account for 16% to 30% of its dry weight. 
Epigallocatechin-3-gallate (EGCG), the most predomi-
nant catechin in green tea, is responsible for much of the 
biological activity mediated by green tea.88

In an early in vitro and in vivo study, both green tea 
and EGCG significantly prolonged mouse tail bleeding 
time in conscious mice. They inhibited adenosine diphos-
phate- and collagen-induced rat platelet aggregation in a 
dose-dependent manner.90 The antiplatelet activity can 
result from the inhibition of thromboxane A2 formation. 
Because adenosine triphosphate release from a dense 
granule is inhibited by catechins in washed platelets, 
thromboxane A2 formation may have been inhibited by 
preventing arachidonic acid liberation and thromboxane 
A2 synthase.91,92 Regarding a possible adverse effect of 
green tea on platelets, one case report showed that after a 
patient consumed a weight-loss product containing green 
tea, thrombotic thrombocytopenic purpura developed.93 
Because green tea contains vitamin K, drinking green tea 
could antagonize the anticoagulant effects of warfarin.94

In a randomized, double-blind, placebo-controlled 
study, eight subjects received oral EGCG in a single dose 
of 50 to 1600 mg. In each dosage group, the kinetic profile 
revealed rapid absorption with a one-peak plasma con-
centration versus time course, followed by a multiphasic 
decrease consisting of a distribution phase and an elimi-
nation phase. The mean half-life values were observed 
between 1.9 and 4.6 hours.95 In another pilot clinical 
study, after five healthy subjects took tea extract orally, 
the concentration of EGCG in plasma was determined. 
The half-life of EGCG was between 2.2 and 3.4 hours.96 
Based on pharmacokinetic data and possible antiplatelet 
activity, green tea should be discontinued at least 7 days 
before surgery.
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KAVA

Kava is derived from the dried root of the pepper plant 
Piper methysticum. Kava has gained widespread popularity 
as an anxiolytic and sedative. The kavalactones appear to 
be the source of kava’s pharmacologic activity.97

Because of its psychomotor effects, kava was one of the 
first herbal medications expected to interact with anes-
thetics. The kavalactones have dose-dependent effects 
on the central nervous system, including antiepileptic, 
neuroprotective, and local anesthetic properties. Kava 
can act as a sedative-hypnotic by potentiating inhibitory 
neurotransmission of γ-aminobutyric acid (GABA). The 
kavalactones increased barbiturate sleep time in labo-
ratory animals.98 This effect might explain the mecha-
nism underlying the report of a coma attributed to an 
alprazolam-kava interaction.99 Although kava has abuse 
potential, whether long-term use can result in addiction, 
tolerance, and acute withdrawal after abstinence is not 
known. Continuous kava use can increase γ-glutamyl 
transpeptidase levels, thus raising concern about hepa-
totoxicity.100 With continuous use, kava produces “kava 
dermopathy,” characterized by reversible scaly cuta-
neous eruptions.101 Continuous kava use can elevate 
γ-glutamyl transpeptidase levels, raising concerns about 
hepatotoxicity.100

Kava use can influence coagulation and cardiovascu-
lar and hepatic functions. In an in vitro investigation, 
a kava compound (+)-kavain suppressed the aggrega-
tion of human platelets.102 Kava inhibits cyclooxygenase 
with the potential to decrease renal blood flow and to 
interfere with platelet aggregation. Consumption of kava 
has potential cardiovascular effects that could manifest 
in the perioperative period.103 The hepatotoxic effect is 
clinically important. Although kava has been banned 
in Europe since 2002, it is available in North America 
and many countries in the Pacific region. A concentra-
tion-based response relationship can occur with hepa-
totoxicity.104 Despite safety concerns regarding liver 
toxicity,105,106 even leading to numerous cases of liver 
transplantation, kava is still available in the United 
States.

Peak plasma levels occur 1.8 hours after an oral dose, 
and the elimination half-life of kavalactones is 9 hours.107 
Unchanged kavalactones and their metabolites undergo 
renal and fecal elimination.108 Pharmacokinetic data and 
the possibility for enhancement of the sedative effects 
from anesthetics suggest that kava should be discon-
tinued at least 24 hours before surgery. Earlier discon-
tinuation probably should be considered when surgical 
procedures are expected to compromise hepatic function 
or blood flow.

SAW PALMETTO

Saw palmetto, which is used by more than 2 million men 
in the United States to treat symptoms associated with 
benign prostatic hypertrophy, is of questionable efficacy 
for this purpose.109 The major constituents of saw pal-
metto are fatty acids and their glycerides (i.e., triacylglyc-
erides and monoacylglycerides), carbohydrates, steroids, 
flavonoids, resin, pigment, tannin, and volatile oil. The 
pharmacologic activity of saw palmetto has not been 
attributed to a single compound.

Although the mechanism of action of saw palmetto 
is not known, multiple mechanisms have been pro-
posed.110 Saw palmetto extract, like finasteride, inhibits 
5α-reductase in vitro; however, results of in vivo studies 
have been inconsistent.110 Other proposed mechanisms 
are inhibition of estrogen and androgen receptors, bind-
ing of autonomic receptors, blocking of prolactin receptor 
signal transduction, interference with fibroblast prolifera-
tion, induction of apoptosis, inhibition of α1-adrenergic 
receptors, and antiinflammatory effects.

In a patient undergoing craniotomy, saw palmetto was 
associated with excessive intraoperative bleeding that 
required termination of the procedure (see Chapter 70).111 
Another case of hematuria and coagulopathy in a patient 
who used saw palmetto was reported.112 This complica-
tion was attributed to saw palmetto’s antiinflammatory 
effects, specifically the inhibition of cyclooxygenase and 
subsequent platelet dysfunction. Because there are no 
pharmacokinetic or clinical data for saw palmetto, spe-
cific recommendations for preoperative discontinuation 
cannot be made.

ST. JOHN’S WORT

St. John’s wort is the common name for Hypericum per-
foratum. A multicenter clinical trial concluded that St. 
John’s wort is not effective in the treatment of major 
depression.113 The compounds believed to be responsible 
for its pharmacologic activity are hypericin and hyperfo-
rin.114 Commercial preparations are often standardized to 
a fixed hypericin content of 0.3%.

St. John’s wort exerts its effects by inhibiting reup-
take of serotonin, norepinephrine, and dopamine.115 
Concomitant use of this herb with or without serotonin 
reuptake inhibitors can create a syndrome of central sero-
tonin excess.116 Although early in vitro data implicated 
monoamine oxidase inhibition as a possible mechanism 
of action, a number of later investigations have demon-
strated that monoamine oxidase inhibition is insignifi-
cant in vivo.117

Use of St. John’s wort can significantly increase the 
metabolism of many concomitantly administered drugs, 
some of which are vital to the perioperative care of cer-
tain patients. There is induction of the cytochrome P450 
3A4 isoform, with approximate doubling of its metabolic 
activity.118 Interactions with substrates of the 3A4 iso-
form, including indinavir sulfate,119 ethinylestradiol,120 
and cyclosporine,121 have been documented. There are 
important clinical consequences of this metabolic effect, 
particularly in transplant patients. In two case reports of 
heart transplant patients, after taking St. John’s wort, the 
patients’ plasma cyclosporine concentrations became sub-
therapeutic and acute transplant rejection resulted. After 
stopping St. John’s wort, plasma cyclosporine remained 
within the therapeutic range with no further episodes of 
rejection (Fig. 40-1).122 In one series of 45 organ transplant 
patients, St. John’s wort was associated with an average 
49% decrease in blood cyclosporine levels.123 Other P450 
3A4 substrates commonly used in the perioperative period 
include alfentanil, midazolam, lidocaine, calcium channel 
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Figure 40-1. Cyclosporine concentrations in two patients (A and B) after heart transplantation. Treatment with St. John’s wort extract contain-
ing 900 μg of hypericin was associated with a drop in cyclosporine values below the therapeutic range and acute transplant rejection.122
blockers, and 5-hydroxytryptamine receptor antagonists. 
In addition to the 3A4 isoform, the cytochrome P450 2C9 
isoform also may be induced. The anticoagulant effect of 
warfarin, a substrate of the 2C9 isoform, was reduced in 
seven reported cases.120 Other 2C9 substrates include the 
nonsteroidal antiinflammatory drugs. Furthermore, the 
enzyme induction caused by St. John’s wort may be more 
pronounced when other enzyme inducers, which could 
include other herbal medications, are taken concomi-
tantly. St. John’s wort also affects digoxin pharmacokinet-
ics.117 St. John’s wort markedly altered the intracellular 
accumulation of irinotecan and its major metabolite SN-38 
in hepatocytes and glucuronidation of SN-38 in rats.124

The single-dose and steady-state pharmacokinet-
ics of hypericin, pseudohypericin, and hyperforin have 
been determined in humans.125,126 After oral adminis-
tration, peak plasma levels of hypericin and hyperforin 
are achieved in 6.0 and 3.5 hours, respectively, and their 
median elimination half-lives are 43.1 and 9.0 hours, 
respectively. Long half-life and altered metabolism of 
many drugs make concomitant use of St. John’s wort a par-
ticular risk in the perioperative setting. Pharmacokinetic 
data suggest that this herbal medication should be dis-
continued at least 5 days before surgery. Discontinuation 
is especially important in patients awaiting organ trans-
plantation or in those who might require oral anticoagu-
lation postoperatively. Moreover, these patients should be 
advised to avoid taking St. John’s wort postoperatively.

VALERIAN

Valerian (Valeriana officinalis) is an herb that is native 
to temperate regions of the Americas, Europe, and Asia. 
It is used as a sedative, particularly in the treatment of 
insomnia, and virtually all herbal sleep aids contain vale-
rian.127 Valerian contains many compounds acting syner-
gistically, but the sesquiterpenes are the primary source of 
valerian’s pharmacologic effects. Commercially available 
preparations may be standardized to valerenic acid.

Valerian produces dose-dependent sedation and hyp-
nosis.128 These effects are probably mediated through 
modulation of GABA neurotransmission and receptor 
function.129 Valerian increased barbiturate sleep time in 
experimental animals.130 In several randomized, placebo-
controlled trials in humans, there was a mild subjective 
improvement in sleep with valerian, especially when used 
for 2 weeks or more.131,132 Objective tests have had less 
consistent results, with little or no improvement in sleep 
noted.133 In one patient, valerian withdrawal appeared 
to mimic an acute benzodiazepine withdrawal syndrome 
characterized by delirium, cardiac complications after 
surgery, and attenuation of the symptoms by administra-
tion of a benzodiazepine.134 Based on these findings, vale-
rian should potentiate the sedative effects of anesthetics 
and adjuvants that act at the GABA receptor, such as mid-
azolam (see Chapter 30).

The pharmacokinetics of valerian’s constituents have 
not been studied, although their effects may be short-
lived. Abrupt discontinuation in patients who may be 
physically dependent on valerian risks benzodiazepine-like 
withdrawal. In these individuals, this herbal medication 
should be gradually decreased with close medical supervi-
sion over the course of several weeks before surgery. If such 
tapering is not feasible, physicians can advise patients to 
continue taking valerian until the day of surgery. Based on 
the mechanism of action and a reported case of efficacy,134 
benzodiazepines can treat withdrawal symptoms should 
they develop in the postoperative period.

OTHER HERBAL MEDICINES

In a survey conducted in 2007,1 the top 10 herbal medi-
cines also included soy isoflavones, grape seed extract, 
and milk thistle. There are no reports of adverse effects or 
perioperative risks from these herbs.

Although boldo (Peumus boldus), Danshen (Salvia 
miltiorrhiza), Dong quai (Angelica sinensis), and papaya 
(Carica papaya) are encountered less frequently, it may be 
prudent to discontinue their use 2 weeks before surgery 
because they have shown antiplatelet aggregation activity 
and herb-drug interactions.135

COMMON DIETARY SUPPLEMENTS

Herbal medicines fall into the broader category of dietary 
supplements that also includes vitamins, minerals, amino 
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acids, enzymes, and animal extracts. Data on the safety of 
these agents in the perioperative period are scant. High-
dose vitamin use, particularly of the fat-soluble vitamins 
(i.e., A, D, E, and K), can be associated with acute and 
chronic toxicity. Drug interactions for coenzyme Q10, 
glucosamine, chondroitin, sulphate, and fish oil have 
been sufficiently documented to merit inclusion in this 
chapter.

COENZYME Q10

Coenzyme Q10 (CoQ10), or ubidecarenone, is a single-con-
stituent antioxidant compound that is structurally related 
to vitamin K. It is widely promoted as an antioxidant. 
Endogenous CoQ10 can prevent the membrane transition 
pore from opening, because it counteracts several apop-
totic events, such as DNA fragmentation, cytochrome 
c release, and membrane potential depolarization.52 Of 
importance, this compound interacts with warfarin.

Interaction between CoQ10 and warfarin was investi-
gated in rats.136 Following oral administration of 1.5 mg/
kg of racemic warfarin to rats during an 8-day oral regi-
men of CoQ10 (10 mg/kg daily), no apparent effect was 
observed on serum protein binding of warfarin enantio-
mers. Treatment with CoQ10 did not affect the absorption 
and distribution of the S- and R-enantiomers of warfa-
rin, but it increased total serum clearance of both R- and 
S-warfarin. The increased clearance values are likely due 
to acceleration of certain metabolic pathways and renal 
excretion of the warfarin enantiomers.

An in vitro study using human liver microsomes led to 
a relatively accurate pharmacokinetic prediction of CoQ10 
activity. A 32% and 17% increase in the total clearance of S- 
and R-warfarin, respectively, was predicted with coadminis-
tration of 100 mg CoQ10.137 CoQ10 may decrease the effects 
of warfarin,138 but results were inconsistent in another con-
trolled, clinical trial.139 In 171 patients, coadministration of 
CoQ10 with warfarin appeared to increase the risk of bleed-
ing.140 Based on the clinical information regarding drug 
interaction and reported prolonged elimination half-life 
(38 to 92 hours) after a single oral dose,141 CoQ10 should be 
discontinued at least 2 weeks before surgery.

GLUCOSAMINE AND CHONDROITIN 
SULFATE

Glucosamine and chondroitin sulfate are widely used for 
joint disorders by many patients undergoing orthopedic 
procedures. Standard therapies can alleviate the symp-
toms of osteoarthritis (OA) to some extent, but cannot 
prevent disease progression. A number of alternative 
substances are beneficial for OA. Although their mode 
of action may be complex, glucosamine and chondroitin 
sulfate have been widely accepted as supplements in the 
management of OA because they are the essential com-
ponents of proteoglycan in normal cartilage.142 When a 
large-scale trial evaluated glucosamine and chondroitin 
sulfate alone or in combination, pain was not reduced 
in a group of patients with OA of the knee. Exploratory 
analyses suggested that the two in combination might 
be effective in a subgroup of patients with moderate-  
to-severe knee pain.143
Long-term clinical data regarding the safety of glucos-
amine and chondroitin sulfate alone or in combination are 
limited. Use of chondroitin sulfate alone is well tolerated 
and without significant adverse drug interaction.142 One 
concern regarding the use of glucosamine is its potential to 
cause or worsen diabetes in animal models144; this effect is 
supported by clinical studies.145 However, in a report from 
the FDA MedWatch database, there were 20 cases of compli-
cations involving glucosamine or glucosamine-chondroitin 
sulfate use with warfarin. Coagulation was altered as mani-
fested by increased INR or increased bleeding or bruising.146

When glucosamine is taken orally, 90% is absorbed. 
Because of extensive first-pass metabolism, only 25% bio-
availability is achieved by oral administration compared 
with bioactivity of 96% with intravenous administration.147 
Peak plasma levels occurred 4 hours after an oral dose and 
declined to baseline after about 48 hours.148 Chondroi-
tin sulfate was absorbed slowly after oral ingestion with a 
plasma peak at 8.7 hours and decline to baseline at about 
24 hours.149 Considering the reported interaction between 
glucosamine-chondroitin and warfarin, these supplements 
should be discontinued 2 weeks before surgery, especially 
if warfarin will be given during the perioperative period.

FISH OIL

Intake of fish oil supplements containing omega-3 fatty 
acids (eicosapentaenoic acid and docosahexaenoic acid) 
reduces the incidence of many chronic diseases that involve 
inflammatory processes, including cardiovascular diseases, 
inflammatory bowel disease, cancer, rheumatoid arthritis, 
and neurodegenerative illnesses.150 In a recent study, how-
ever, omega-3 did not reduce the rate of death in patients 
with cardiovascular risk factors.151 A recent meta-analysis 
of efficacy concluded that omega-3 polyunsaturated fatty 
acid (PUFA) supplementation does not decrease the risk 
of all-cause mortality, cardiac death, sudden death, myo-
cardial infarction, or stroke based on relative and absolute 
measures of association152 This article included many stud-
ies of patients with complex risk factors.

Omega-3 fatty acids, however, can inhibit platelet 
aggregation and increase bleeding risk. In vitro experi-
ments have demonstrated an antiplatelet aggregate 
effect of omega-3 fatty acids,153 and inhibition correlated 
with platelet cyclic adenosine monophosphate levels.154 
In vivo studies show that omega-3 fatty acids decrease 
platelet aggregation but do not influence bleeding 
time.155,156 In a clinical study, the inhibition of platelet 
aggregation by omega-3 fatty acid was gender specific.157

Although evidence for significant bleeding concerns is 
not found in clinical trials,158,159 several case reports have 
illustrated a possible interaction between warfarin and 
omega-3 fatty acids.160 Extremely elevated INR associated 
with warfarin in combination with omega-3 fatty acids 
was found in two cases.161,162 These reports suggest that 
fish oil be discontinued 2 weeks before surgery, especially 
for patients taking large doses.

OTHER DIETARY SUPPLEMENTS

Other top 10 dietary supplements include flax-
seed oil, fiber or psyllium, cranberry, melatonin, 
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methylsulfonylmethane (MSM), and lutein.1 No special 
concerns have been published associated with bleed-
ing or other perioperative risks from the use of these 
supplements.

SUMMARY

Commonly used herbal medications can have direct and 
indirect effects in the perioperative period. Although 
there is little direct evidence for discontinuation tim-
ing, emerging knowledge of the underlying biology of 
these medications and review of case reports suggest that 
herbal medications should be considered in the periop-
erative plan.

ACUPUNCTURE

MECHANISM AND GENERAL PRACTICE

Although acupuncture can reduce preoperative anxioly-
sis, intraoperative anesthetic requirements, postoperative 
ileus and support cardiovascular function, it has been 
most widely studied to control postoperative pain and to 
prevent or treat nausea and vomiting (see Chapter 97).163

Acupuncture is the stimulation of anatomic locations 
on the skin by a variety of techniques that can be clas-
sified as invasive (e.g., needles, injections) or noninva-
sive (e.g., transcutaneous electrical stimulation, pressure, 
laser). Needles inserted into the skin can be stimulated by 
manual manipulation, moxibustion (i.e., burning a sub-
stance to produce heat), pressure, laser, and electricity. 
There are Chinese, Japanese, Korean, French, and other 
acupuncture systems for identifying acupuncture points, 
but little research has compared these different systems. 
As a result, there are no standard or optimal acupuncture 
points. Practitioners consider acupuncture an art as much 
as a science.

The traditional theory of acupuncture is that it corrects 
disruptions in the flow of energy (i.e., qi) and restores 
the balance of dual forces (i.e., ying-yang) in the body. 
A scientific basis may exist for acupuncture. Acupunc-
ture stimulates high-threshold, small-diameter nerves 
that activate the spinal cord, brainstem (i.e., periaque-
ductal gray area), and hypothalamic (i.e., arcuate) neu-
rons, which trigger endogenous opioid mechanisms.164 
The effect of acupuncture analgesia can be reversed by 
administration of naloxone.165 Other mechanisms such 
as modulation of immune function,166 inhibition of the 
inflammatory response,167 regulation of neuropeptide 
gene expression,168 and alteration in hormonal levels169 
have been proposed. The development of neuroimaging 
tools, such as positron emission tomography170 and func-
tional magnetic resonance imaging (fMRI),171,172 make 
noninvasive studies of acupuncture’s effects on human 
brain activity possible. Studies using positron emission 
tomography have demonstrated that the thalamic asym-
metry present in patients suffering from chronic pain was 
reduced after acupuncture treatment. Other studies using 
fMRI have pointed to relationships between particular 
acupoints and activation of the visual cortex.173
Many of the clinical acupuncture studies that have 
been published are of poor quality and suffer from insuffi-
cient sample size, high dropout rates, inadequate follow-
up, and poorly defined illnesses, enrollment criteria, and 
outcome measures.164 Acupuncture studies suffer from 
inherent methodologic problems, including difficulties 
in blinding patients and acupuncturists, using placebo or 
sham acupuncture, and choosing between different acu-
puncture techniques.

Although acupuncture was used clinically for centuries, 
the first trial of acupuncture for anesthesia was performed 
in China around 1960. Because anesthesia produced by 
acupuncture varies and takes too long to induce,174 acu-
puncture has been used rarely as anesthesia for surgery175 
and more for pain relief afterward. Since 1970, clinical 
studies have been conducted on acupuncture for post-
operative pain,176 lower back pain,177 osteoarthritis of 
the knee,178 chronic headache,179 shoulder pain,180 and 
neck pain.181 When compared with placebo, acupuncture 
treatment has proven efficacy for relieving pain.182

A review article that evaluated nine clinical trials found 
that auricular acupuncture to reduce postoperative pain 
was promising but not compelling.183 Another review of 
six articles discussed the effect of acupuncture on post-
operative pain.182 Although early trials showed both 
equivocal184 and negative results,185 a later trial demon-
strated short-term analgesia after acupuncture in patients 
who had oral surgery.186 Such efficacy was supported by 
another clinical trial in 100 patients; the total amount of 
morphine required to control pain was significantly less 
in patients who received preoperative acupuncture than 
in patients in the control group.176 The trial also demon-
strated that acupuncture and electrical nerve stimulation 
at specific acupoints are valid for postoperative analgesia, 
and electrical stimulation increases the effect of acupunc-
ture anesthesia.

ACUPUNCTURE FOR POSTOPERATIVE 
NAUSEA AND VOMITING

One of the most promising indications for acupuncture 
is to prevent postoperative nausea and vomiting (PONV; 
see Chapter 97). PONV results in patient dissatisfaction, 
delayed discharge, unanticipated hospital admission, and 
the use of resources. Drugs, the mainstay of management, 
have limited effectiveness, are associated with adverse 
effects, and can be costly. Acupuncture prevents PONV 
compared with placebo (e.g., sham acupuncture, no 
treatment).163 In two early controlled trials, acupuncture 
prevented PONV in the pediatric population187,188; how-
ever, one review of 10 research studies of acupressure in 
adults concluded that it is not effective in preventing and 
managing PONV.189 Other clinical studies have found 
that acupuncture prevents PONV and results in a greater 
degree of adult patient satisfaction.190,191 For many of the 
trials in both adults and children, the PONV acupunc-
ture point was P6 (i.e., Nei-guan or pericardium-6).189,192 
Intraoperative stimulation of the P6 acupuncture point 
reduced the incidence of PONV, and its efficacy was simi-
lar to that of antiemetic drugs.193

The P6 (i.e., Nei-guan or pericardium-6) acupuncture 
point is located between the palmaris longus and flexor 
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carpi radialis muscle tendons, 4 cm proximal to the distal 
wrist crease and 1 cm below the skin (Fig. 40-2). Korean 
hand acupuncture may be equally effective.194 Studies 
often differ in acupuncture method: duration and tim-
ing of stimulation, unilateral versus bilateral stimulation, 
and type of stimulation (i.e., needles with or without 
additional stimulation, acupressure, transcutaneous elec-
trical stimulation, cutaneous laser stimulation, injection 
of a 50% dextrose solution, or capsicum plaster). Data to 
compare the effectiveness, safety, and costs of different 
methods of stimulation are inadequate. Stimulation of the 
acupuncture point should be initiated before induction of 
anesthesia.195 Postoperative stimulation may be just as or 
more effective.196 In children, stimulation immediately 
before emergence and in the recovery room has been effec-
tive. Some anesthesiologists anecdotally report tapping a 
small needle cap or other piece of smooth plastic over the 
P6 point as an effective means of acupressure stimulation.

DEEP BREATHING

Deep breathing exercises are performed as part of a relax-
ation technique. With this method, a subject consciously 
slows breathing and focuses on taking deep breaths.197 
Deep breathing can help reduce abdominal and surgical 
pain.198,199

Studies of postoperative pain relief with breath con-
trol were reported in the 1970s.200,201 Its efficacy against 
postoperative pain was reported by subsequent controlled 
trials in adult patients.198,202 This intervention prevented 
postoperative pulmonary complications in patients who 
had upper abdominal surgery.203 In a study of 50 children 
from 3 to 7 years of age who underwent dental treatment, 
deep breathing and exhalation decreased pain during 
treatment199 (see Chapters 92 and 93).

Fast or forced deep breathing can also increase post-
operative pain.204 Thus, those who assist patients in 
postoperative pain management should encourage deep 
breathing exercises that are performed slowly, smoothly, 
and gently. Slow, deep breathing relaxation exercises 

Distal wrist crease

Palmaris longus tendon

Flexor carpi radialis tendon

P6 acupuncture site

Figure 40-2. The P6 acupuncture point is located between the pal-
maris longus and flexor carpi radialis muscle tendons, 4 cm proximal 
to the distal wrist crease and 1 cm below the skin.
have been used successfully as an adjunct to opioids for 
postoperative pain management in patients who had cor-
onary bypass surgery;205 however, after abdominal sur-
gery, deep breathing was ineffective for pain reduction in 
older patients because pulmonary complications devel-
oped postoperatively.206 Most patients who receive deep 
breathing education think it is useful, and the exercise 
was effective in increasing their feelings of rapport with 
staff and intention to follow their doctor’s directives.207 
Results from a recent trial demonstrated that slow, deep 
breathing had analgesic effects with increased vagal car-
diac activity.208 Slow, deep breathing relaxation can also 
decrease the sensation of postoperative nausea.209,210

MUSIC THERAPY

Music therapy is the clinical, evidence-based use of music 
interventions to accomplish individualized therapeutic 
goals. Because music can be used for diverse applications, 
music therapists practice in a variety of health care and 
education settings.211 Music for pain relief benefits indi-
viduals experiencing a low to moderate amount of pain 
more than those experiencing a high degree of pain.212 A 
patient’s preferred music should be considered when it is 
used for pain relief. The increase of endogenous opioids 
through music may be the reason for pain relief.211

Perioperatively, music can decrease preoperative anxi-
ety, reduce intraoperative sedative and analgesic require-
ments, and increase patient satisfaction. Patient-selected 
music can reduce patient-controlled sedative requirements 
during spinal anesthesia and analgesic requirements dur-
ing lithotripsy.213 Music in the preoperative setting can 
reduce anxiety without affecting physiologic measures of 
stress.214,215 Music can also increase patient satisfaction 
and reduce systolic blood pressure during cataract sur-
gery after retrobulbar block.216 Perioperative music can 
reduce arterial pressure, anxiety, and pain among women 
undergoing mastectomy for breast cancer.217 As a nonin-
vasive intervention, the low sensory stimulation of music 
reduced anxiety and increased cooperation in children 
undergoing induction of anesthesia.218

Music therapy interventions that have targeted nau-
sea, both anticipatory or after treatment, have had con-
flicting results.211 One study showed that a patient’s 
preferred music for listening during chemotherapy infu-
sion was effective in decreasing the onset and occasion of 
nausea.219 In another study, listening to music with a per-
sonal message from the physician yielded no difference 
in chemotherapy-induced side effects compared with not 
listening to music during chemotherapy.220 Some studies 
have found no effect on PONV from music therapy,221,222 
yet PONV was reduced in hospitalized transplant patients 
postoperatively.223 Although the exact mechanism is not 
well understood, music therapy has been an alternative 
option to mainstream therapies in health care settings to 
reduce patient pain, anxiety, and perioperative stress.224 
Another use of music is in the intensive care unit. A recent 
clinical trial observed that among patients in the inten-
sive care unit who received acute ventilatory support 
for respiratory failure, patient-directed music interven-
tion resulted in more reduction in anxiety and sedation 
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TABLE 40-2 PRINTED AND WORLD WIDE WEB SOURCES OF HERBAL MEDICINE INFORMATION

Source Comments

Physicians’ Desk Reference for Herbal Medicines
Encyclopedia of Dietary Supplements
Commission E Monographs
Textbook of Complementary and Alternative Medicine
Center for Food Safety and Applied Nutrition, Food and Drug 

Administration: http://www.fda.gov/AboutFDA/CentersOffices/ 
OrganizationCharts/ucm135675.htm

Clinicians should use this site to report adverse events associated 
with herbal medicines and other dietary supplements. Sections 
also contain safety, industry, and regulatory information

National Center for Complementary and Alternative Medicine, 
National Institutes of Health: http://nccam.nih.gov/

This site contains fact sheets about alternative therapies, consensus 
reports, and databases

Agricultural Research Service, U.S. Department of Agriculture: 
http://www.ars-grin.gov/duke

The site contains an extensive phytochemical database with search 
capabilities

Quackwatch: http://www.quackwatch.com Although this site addresses all aspects of health care, there is a 
considerable amount of information covering complementary and 
herbal therapies

National Council Against Health Fraud: http://www.ncahf.org This site focuses on health fraud with a position paper on over-the-
counter herbal remedies

HerbMed: http://www.herbmed.org This site contains information on numerous herbal medications, 
with evidence for activity, warnings, preparations, mixtures, and 
mechanisms of action. There are short summaries of important 
research publications with Medline links.

ConsumerLab: http://www.consumerlab.com This site is maintained by a corporation that conducts independent 
laboratory investigations of dietary supplements and other health 
products
frequency and intensity compared with usual care.225 In 
addition, music can attenuate cardiovascular variability 
and nociceptive effects.226,227

CONCLUSION

One of the fastest changing aspects of health care is the 
growing public and scientific interest in CAM. To man-
age herbal medications in the perioperative period, their 
possible direct and indirect effects should be recognized 
based on an understanding of the underlying pharmacol-
ogy. Surgery and anesthesia can usually proceed safely 
if potential complications are anticipated and can be 
minimized. As CAM therapies generally gain popularity 
in the United States, patients are likely to accept some 
alternative modalities such as acupuncture, deep breath-
ing, and musical intervention. These modalities are easy 
to administer, have a rapid onset of action, are cost effec-
tive, and produce minimal side effects. Based on prelimi-
nary studies, perioperative use of CAM therapies may 
be an adjunct for management of pain, anxiety, nausea, 
and vomiting. Additional large, well-designed trials are 
required to verify current observations on the effective-
ness of CAM and to answer the concerns of possible side 
effects. Although medical schools are beginning to incor-
porate CAM into their curricula, it is important for anes-
thesiologists already in practice to stay informed about 
CAM therapies (Table 40-2).
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Patient Positioning and  
Associated Risks
LYDIA CASSORLA • JAE-WOO LEE

K e y  P o i n t s

 •  Patient positioning is a major responsibility that requires the cooperation of the 
entire surgical team. A compromise between optimal surgical positioning and 
patient well-being is sometimes required.

 •  Many patient positions that are used for surgery result in undesirable physiologic 
consequences including significant cardiovascular and respiratory compromise. 
Anesthetic agents blunt natural compensatory mechanisms, rendering surgical 
patients vulnerable to positional changes.

 •  Peripheral nerve injuries, although rare, represent 22% of cases in the 1990-2007 
American Society of Anesthesiologists (ASA) Closed Claims Project, second only 
to death.1 The mechanisms of injury are stretching, compression, and ischemia. 
Longer procedures are a risk factor. Patient positioning is often suspected, 
although many times precautions have been taken and no specific cause for the 
injury is known.

 •  Brachial plexus injuries have become the most common postoperative nerve injury 
associated with general anesthesia in more recent closed claims data, followed by 
injuries to the ulnar nerve, spinal cord, and lumbosacral nerve roots.2

 •  Not all postoperative neuropathies, including ulnar neuropathy, are currently 
explainable and may not be entirely preventable. Many postoperative ulnar nerve 
deficits may not be related to intraoperative patient positioning since they appear 
days after surgery.

 •  The ASA issued a Practice Advisory in 2000 for the prevention of perioperative 
peripheral neuropathies that was updated in 2011. However, very few of the 
studies reviewed met the standard for a scientifically proven relationship between 
intervention and outcome.

 •  Postoperative visual loss is a rare but devastating complication that is associated 
with the prone position. It has multifactorial causes and is incompletely 
understood.

 •  Anesthetics administered outside the classic surgical unit present special challenges 
with regard to patient positioning because of monitoring and equipment 
limitations and differences in the work environment and culture.
INTRODUCTION

Positioning of patients in the operating room is a critical 
responsibility that requires the cooperation of the entire 
surgical team. Positions deemed optimal for surgery often 
result in undesirable physiologic changes such as hypo-
tension from impaired venous return to the heart or 
oxygen desaturation as a result of ventilation-perfusion 
mismatching. In addition, peripheral nerve injuries dur-
ing surgery remain a significant source of perioperative 
morbidity.1-4 The surgeon primarily dictates the desired 
position; however, to maximize patient well-being and 
safety, anesthesiologists, surgeons, and intraoperative 
nurses must work together to achieve the optimal patient 
position. Vigilance regarding potential risks of posi-
tion-related injuries involves foresight and monitoring, 
although all injuries may not be preventable.

Whenever possible, the patient’s position during anes-
thesia care should be natural—one that would be well tol-
erated if the patient were awake and unsedated. Because 
optimal surgical exposure may require unusual position-
ing of the body and positions may be maintained for 
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long periods, preventing complications requires clinical 
judgment and, at times, compromise. Jewelry and hair 
ornaments are removed. Weight-bearing surfaces of the 
extremities and joints are well padded, and the curvatures 
of the body, including the lumbar spine, are supported. 
The head should ideally remain midline without substan-
tial extension or flexion. The eyes are kept closed without 
external pressure. When more extreme positions cannot 
be avoided, their duration should be limited as much as 
possible. The need for tilting the surgical table during sur-
gery should be anticipated and rehearsed before draping, 
and the patient should be secured accordingly. The use of 
safety straps and the prevention of falls from the surgical 
table to the floor are fundamental.

CARDIOVASCULAR CONCERNS

Complex arterial, venous, and cardiac physiologic 
responses have evolved to blunt the effects of positional 
changes on arterial blood pressure and to maintain perfu-
sion to vital organs. Central, regional, and local mecha-
nisms are involved. These mechanisms are particularly 
important for animals such as humans who maintain an 
upright posture, because of the vertical distance from the 
heart to the brain and its need for constant perfusion.

Normally, as a person reclines from an erect to a supine 
position, venous return to the heart increases as pooled 
blood from the lower extremities redistributes toward the 
heart. Preload, stroke volume, and cardiac output are aug-
mented. The resultant increase in arterial blood pressure 
activates afferent baroreceptors from the aorta (via the 
vagus nerve) and within the walls of the carotid sinuses 
(via the glossopharyngeal nerve) to decrease sympathetic 
outflow and to increase parasympathetic impulses to the 
sinoatrial node and myocardium. The result is a compen-
satory decrease in heart rate and, ultimately, cardiac out-
put. Mechanoreceptors from the atria and ventricles are 
also activated to decrease sympathetic outflow to mus-
cle and splanchnic vascular beds. Lastly, atrial reflexes 
are activated to regulate renal sympathetic nerve activ-
ity, plasma renin, atrial natriuretic peptide, and arginine 
vasopressin levels.5 As a result, during postural changes 
without anesthesia, systemic arterial blood pressure is 
normally maintained within a narrow range.

General anesthesia, muscle relaxation (paralysis), 
positive-pressure ventilation, and neuraxial blockade 
all interfere with the venous return to the heart, arterial 
tone, and autoregulatory mechanisms. Therefore patients 
receiving general and major regional anesthesia are par-
ticularly vulnerable to poorly compensated circulatory 
effects of changes in position. Volatile anesthetics for 
induction and the maintenance of anesthesia decrease 
venous return and systemic vascular resistance, frequently 
decreasing arterial blood pressure. Positive-pressure venti-
lation increases mean intrathoracic pressure, diminishing 
the venous pressure gradient from peripheral capillaries 
to the right atrium. Because relatively small pressure gra-
dients are active in the venous circulation, cardiac fill-
ing, and, consequently, cardiac output may be adversely 
affected.6 Positive end-expiratory pressure (PEEP) further 
increases mean intrathoracic pressure, as do conditions 
associated with low lung compliance such as airways 
disease, obesity, ascites, and light anesthesia (i.e., “fight-
ing the vent”). Venous return and cardiac output may 
be further compromised.7 The use of spinal or epidural 
anesthesia causes a significant sympathectomy across all 
anesthetized dermatomes, independent of the presence 
of general anesthesia, reducing preload and potentially 
blunting cardiac response. The sympathetic output to the 
heart is often affected even when the sensory blockade 
does not reach high thoracic levels.

For these reasons, arterial blood pressure is often par-
ticularly labile immediately after the start of anesthesia 
and during patient positioning. The anesthesia provider 
needs to anticipate, monitor, and treat these effects, as 
well as assess the safety of positional changes for each 
patient. Frequent blood pressure measurements should 
be made after the induction of anesthesia or when the 
neuraxial blockade is initiated. During this hemody-
namic transition, adjustments to the level of anesthe-
sia and administration of additional intravenous fluid 
or vasopressors may be required. Temporary use of the 
Trendelenburg head-down position can be helpful. At 
times, a delay in repositioning the patient for surgery 
may be necessary until the systemic blood pressure 
reaches an acceptable level of homeostasis. Interrup-
tions in monitoring to facilitate positioning or turning 
of the surgical table should be minimized during this 
dynamic period. Patient positioning is always secondary 
to patient safety.

In addition, regional oxygen delivery to critical organs 
such as the brain and optic nerve may be compromised 
because of positional factors that limit perfusion pressure. 
Examples include reduced arterial pressure as a result of a 
position above the heart or increased venous pressure as 
a result of a position below the heart. In addition, patient 
positioning may inadvertently compress tissue or blood 
vessels, increasing the risk for ischemia or compartment 
syndrome, which is discussed in the section on the lithot-
omy position later in this chapter.

PULMONARY CONCERNS

Gas exchange depends largely on matching ventilation 
and perfusion. Anesthetized persons who are spontane-
ously breathing have a reduced tidal volume and func-
tional residual capacity and an increased closing volume 
when compared with the nonanesthetized state. Positive-
pressure ventilation with muscle relaxation may ame-
liorate ventilation-perfusion mismatches under general 
anesthesia by maintaining adequate minute ventilation 
and limiting atelectasis. However, the diaphragm assumes 
an abnormal shape because of the loss of muscle tone and 
is displaced less in the dependent portions of the lung.8 
These physiologic changes decrease ventilation-perfusion 
matching and, consequently, PaO2 Patients undergoing 
neuraxial anesthesia lose abdominal and thoracic muscle 
function in affected dermatomes. However, diaphrag-
matic function may be retained if general anesthesia 
and muscle relaxation are not concurrently administered 
and if the neuraxial anesthesia is restricted to the lower 
dermatomes. In addition to these effects of anesthesia, 
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patient position has distinct effects on pulmonary func-
tion. In particular, any position that limits the movement 
of the diaphragm, chest wall, or abdomen may increase 
atelectasis and intrapulmonary shunt.

Spontaneous ventilation results from relatively small 
negative intrathoracic pressure shifts during inspiration 
because of diaphragmatic displacement and chest wall 
expansion. This pressure decrease also promotes venous 
return to the thorax by reducing the pressure in the great 
veins and right atrium, compared with the periphery. 
Normal distribution of ventilation is more complex than 
classically theorized, with factors including the excur-
sion of the diaphragm, compliance of the lung, and the 
shape and movement of the lung and thorax.9 When a 
person shifts from standing to a supine position, func-
tional residual capacity decreases because of the cephalad 
displacement of the diaphragm. The relative contribu-
tion to ventilation of the chest wall, compared with the 
diaphragm, decreases from 30% to only 10%. With spon-
taneous ventilation in either position, diaphragmatic 
movement is greatest adjacent to the most dependent 
portions of the lung, helping to bring new ventilation 
to the zones of the lung that are preferentially perfused. 
Although less than previously thought, gravity affects 
the preferential perfusion of the dependent portions of 
the lung. The importance of other factors, such as pul-
monary vascular length and the structure of the pulmo-
nary vascular tree, are now increasingly appreciated as 
a result of newer, high-resolution imaging techniques.8 
Perfusion appears to follow a central-to-peripheral spec-
trum in each lobe that is maintained with changes in 
cardiac output.10-12

When patients are in the prone position, weight 
should be distributed to the thoracic cage and bony pel-
vis, allowing the abdomen to move with respiration as 
subsequently described. The prone position has been used 
to improve respiratory function in patients with adult 
respiratory distress syndrome (ARDS).13,14 Under anesthe-
sia, the prone position has advantages over the supine 
position with regard to lung volumes and oxygenation 
without adverse effects on lung mechanics,15,16 includ-
ing patients who are obese17 (see also Chapter 71) and 
pediatric patients (see also Chapter 93).18 Newer inves-
tigations using high-resolution imaging have shown the 
prone position to provide superior ventilation-perfusion 
matching in the posterior segments of the lung near the 
diaphragm when compared with the supine position. The 
aeration and ventilation of these posterior segments are 
better, while blood flow is maintained, despite their non-
dependent position.9

SPECIFIC POSITIONS

SUPINE

The most common position for surgery is the supine or 
dorsal decubitus position (Fig. 41-1). Because the entire 
body is close to the level of the heart, hemodynamic 
reserve is best maintained. However, because compen-
satory mechanisms are blunted by anesthesia, even a 
few degrees of head-down (Trendelenburg) or head-up 
(reverse Trendelenburg) position (Fig. 41-2) are suffi-
cient to cause significant cardiovascular changes and are 
frequently used to effect temporary changes in venous 
return and cardiac output. Steep Trendelenburg and 
reverse Trendelenburg positions (up to 45 degrees) are 
used for some surgeries, including lengthy laparoscopic 
and robotic procedures with pneumoperitoneum. These 
positions impart associated risks, which are discussed in 
the section on the Trendelenburg position.

Associated Arm Position
In a supine position, one or both of the patient’s arms 
may be abducted out to the side or adducted (tucked) 
alongside the body. It is recommended that upper 
extremity abduction be limited to less than 90 degrees 
to minimize the likelihood of brachial plexus injury 
by caudal pressure in the axilla from the head of the 
humerus.19,20 The hand and forearm are either supinated 
or kept in a neutral position with the palm toward the 
body to reduce external pressure on the spiral groove of 
the humerus and the ulnar nerve20-22 (Fig. 41-3). When 
the arms are adducted, they are usually held alongside 
Figure 41-1. Supine position. The 
base of the table is asymmetrical. 
When positioned in the usual direc-
tion, the patient’s center of grav-
ity is over the base. Weight limits 
decrease when in reverse orientation 
to the base.
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the body with a “draw sheet” that passes under the body, 
over the arm, and is then tucked directly under the torso 
(not the mattress) to ensure that the arm remains prop-
erly placed next to the body. Alternatively, in surgeries 
where access to the chest or abdomen is not necessary, 
curved arm cradles may be used. In all cases, the arms 
are placed in a neutral position.20 The elbows and any 
protruding objects, such as intravenous fluid lines and 
stopcocks, are padded (Fig. 41-4).

Variations of the Supine Position
Several variations of the supine position are frequently 
used. The lawn chair position in which the hips and knees 
are slightly flexed (Fig. 41-5) reduces stress on the back, 
hips, and knees and is better tolerated by patients who 
are awake or undergoing monitored anesthesia care (see 
also Chapter 89). In addition, because the legs are slightly 
above the heart, venous drainage from the lower extremity 
is facilitated. In addition, the xiphoid-to-pubic distance is 
decreased, reducing the tension on the ventral abdominal 
musculature and easing the closure of laparotomy incisions. 
Proper positioning of the patient’s hips at the break of the 
surgical table, adjusting the table back and leg sections, and 
using a slight tilt are required to achieve this position. Typi-
cally, the back of the bed is raised, the legs below the knees 
are lowered to an equivalent angle, and a slight Trendelen-
burg tilt is used to level the hips with the shoulders. These 
adjustments reduce venous pooling in the legs. The ability 
Figure 41-2. Head-down tilt (Tren-
delenburg) position and head-up tilt 
(reverse Trendelenburg) position. 
Shoulder braces should be avoided 
to prevent brachial plexus compres-
sion injuries.

Figure 41-3. Arm position using the arm board. 
Abduction of the arm is limited to less than 90 
degrees whenever possible. The arm is supinated, 
and the elbow is padded.
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to use an arm board or table for upper extremity surgery is 
retained as the back is parallel with the floor.
The frog-leg position, in which the hips and knees are 
flexed and the hips are externally rotated with the soles of 
the feet facing each other, allows access to the perineum, 
medial thighs, genitalia, and rectum. Care must be taken 
to minimize stress and postoperative pain in the hips 
and to prevent dislocation by appropriately supporting 
the knees.

Tilting a supine patient head down, the Trendelenburg 
position (see Fig. 41-2), is often used to increase venous 
return during hypotension, to improve exposure during 
abdominal and laparoscopic surgery, and during central 
line placement to prevent air embolism and distention 
of the central vein. This position is linked by name to 
a nineteenth-century German surgeon, Friedrich Tren-
delenburg, who described its use for abdominal surgery.

Figure 41-4. Arm tucked at patient side. The arm is in the neutral 
position with the palm to the hip. The elbow is padded, and the arm 
is well supported by the mattress.
The Trendelenburg position increases central venous, 
intracranial, and intraocular pressures and can have sig-
nificant cardiovascular and respiratory consequences. A 
steep (30 to 45 degree) head-down position is now fre-
quently used for robotic prostate and gynecologic surger-
ies. Robotic surgeries are often relatively long and present 
special challenges because once robotic instruments are 
set into position the table cannot be moved until the 
robotic portion is concluded without important conse-
quences for the surgeon and additional procedure time. 
Patients undergoing robotic prostatectomies (see also 
Chapter 87) appeared in one study to tolerate the pro-
longed hemodynamic, respiratory, and neurophysiologic 
changes well, without evidence of harmful deviations 
from safe norms and cerebral perfusion pressures.23

Because of the augmented effects of gravity, care must 
be taken to prevent patients in steep head-down positions 
from slipping cephalad on the surgical table and to avoid 
compression of the brachial plexus by the torso against the 
shoulder girdle.24,25 Techniques to restrain the patient from 
sliding include antiskid bedding, knee flexion, shoulder 
braces, beanbag cradling, and padded cross-torso straps.26 
Shoulder braces are not recommended because of the con-
siderable risk of compression injury to the brachial plexus. 
Beanbag pads become rigid when suction is applied to set 
the shape, and their use in the Trendelenburg position has 
been associated with brachial plexus injuries.27-29 If either 
shoulder braces or beanbag shoulder immobilization is 
used to prevent sliding, additional caution is recommended 
regarding abducting the arm; brachial plexus injuries on 
the side of the abducted arm have been reported in con-
junction with beanbag shoulder immobilization and steep 
Trendelenburg positioning.30 These injuries may be due to 
the fact that abduction of the arm stretches the upper and 
middle trunks of the brachial plexus as they course around 
the head of the humerus (Fig. 41-6).

Prolonged head-down positioning can also lead to 
swelling of the face, conjunctiva, larynx, and tongue with 
an increased potential for postoperative upper airway 
Figure 41-5. Lawn chair posi-
tion. Flexion of the hips and knees 
decreases tension on the back.
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obstruction. The cephalad movement of abdominal vis-
cera against the diaphragm also decreases functional 
residual capacity and pulmonary compliance. In patients 
who are spontaneously ventilated, the work of breathing 
increases. In patients who are mechanically ventilated, 
airway pressures must be higher to ensure adequate ven-
tilation. The stomach also lies above the glottis. Therefore 
endotracheal intubation is often preferred to protect the 
airway from aspiration of gastric contents related to reflux 
and to reduce atelectasis. Because of the risk of edema to 
the trachea and mucosa surrounding the airway during 
surgeries with patients in the Trendelenburg position for 
prolonged periods, verifying an air leak around the endo-
tracheal tube or visualizing the larynx before extubation 
may be prudent.

The reverse Trendelenburg position (head-up tilt) (see 
Fig. 41-2) is often used to facilitate upper abdominal 
surgery by shifting the abdominal contents caudad. 
This position is increasingly popular because of the 
growing number of laparoscopic surgeries. Again, cau-
tion is advised to prevent patients from slipping on the 
table, and more frequent monitoring of arterial blood 
pressure may be prudent because hypotension may 
result from decreased venous return. In addition, the 
position of the head above the heart reduces perfusion 
pressure to the brain and should be taken into consid-
eration when determining optimal blood pressure and 
the zero position of an arterial pressure transducer, 
when present.

In all positions in which the head is at a different level 
than the heart, the effect of the hydrostatic gradient on 
cerebral arterial and venous pressures should be consid-
ered when estimating cerebral perfusion pressure. Careful 
documentation of any potential arterial pressure gradi-
ents is especially prudent.
Supine Positions—Complications
Pressure alopecia, caused by ischemic hair follicles, is 
related to prolonged immobilization of the head with its 
full weight falling on a limited area, usually the occiput. 
Lumps such as those caused by monitoring cable connec-
tors, should not be placed under the head; they may cre-
ate focal areas of pressure. Hypothermia and hypotension 
during surgery, such as during cardiopulmonary bypass 
surgery, may increase the incidence of this complication. 
Consequently, ample cushioning of the head and, if pos-
sible during prolonged surgery, periodic rotation of the 
head, are prudent to redistribute the weight.

Backache may occur in the supine position because 
the normal lumbar lordotic curvature is often lost during 
general anesthesia with muscle relaxation or a neuraxial 
block due to their effects on the tone of the paraspinous 
muscles. Consequently, patients with extensive kyphosis, 
scoliosis, or a history of back pain may require extra pad-
ding of the spine or slight flexion at the hip and knee. 
Lastly, tissues overlying all bony prominences such as the 
heels and sacrum must be padded to prevent soft tissue 
ischemia as a result of pressure, especially during pro-
longed surgery.31

Peripheral nerve injury (discussed later in this chapter) 
is a complex phenomenon with multifactorial causes. 
The ASA published a Practice Advisory to help prevent 
perioperative neuropathies.20,32 Ulnar neuropathy has 
historically been the most common lesion, although bra-
chial plexus injuries have superseded ulnar neuropathies 
in more recent closed claims data associated with gen-
eral anesthesia.1,4 Regardless of the position of the upper 
extremities, maintaining the head in a relatively midline 
position can help minimize the risk of stretch injury to 
the brachial plexus.27 Although no direct evidence sug-
gests that positioning or padding alone can prevent 
Avoid
head rotation

away from
abducted arm

Avoid shoulder
compression

Figure 41-6. The brachial plexus, shown in yellow, is vulnerable to stretch and compression due to its long course. Arm abduction is limited to 
less than 90 degrees when supine because when the arm is raised the head of the humerus rotates caudad and stretches the plexus. Shoulder 
braces should be avoided; they may cause direct compression of the plexus medially between the clavicle and first rib or laterally below the head 
of the humerus. Excessive head rotation should be avoided, especially away from an abducted arm. Abduction of the arm should be avoided when 
in a steep head-down position if shoulder braces or a beanbag holds the shoulders.
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Figure 41-7. Lithotomy position. Hips are flexed 80 to 100 degrees with the lower leg parallel to the body. Pressure near the fibular head is 
absent. Arms are on armrests away from the hinge point of the foot section.
perioperative ulnar neuropathies, the ASA Practice Advi-
sory recommends limiting arm abduction in the supine 
patient to less than 90 degrees at the shoulder with the 
hand and forearm either supinated or kept in a neutral 
position.20

The base of the surgical table is asymmetric, with the 
patient’s torso generally over the base of the table (see 
Fig. 41-1). However, patients are often positioned with 
the torso over the open side of the table to improve sur-
gical access or to permit the use of equipment such as 
C-arm x-ray devices. This position places the heaviest part 
of the body, and therefore the patient’s center of gravity, 
opposite the weighted base of the table, with substantial 
leverage. When patients are heavy, caution is advised 
when placing them in reverse axis on the surgical table 
(see Chapter 71). The surgical table weight limits are sig-
nificantly different when a patient is reversed, and should 
be strictly observed. The table can tilt and tip over if suf-
ficient weight is placed away from the base, particularly if 
the leverage is increased yet further with table extensions 
or the Trendelenburg position.

LITHOTOMY

The classic lithotomy position (Figs. 41-7 to 41-9) is fre-
quently used during gynecologic, rectal, and urologic 
surgeries. The hips are flexed 80 to 100 degrees from the 
trunk, and the legs are abducted 30 to 45 degrees from 
the midline. The knees are flexed until the lower legs are 
parallel to the torso, and supports or stirrups hold the 
legs, usually “candy cane,” knee crutch, or calf support 
style. The foot section of the surgical table is lowered. If 
the arms are on the surgical table alongside the patient, 
then the hands and fingers may lie near the open edge of 
the lowered section of the table. When raising the foot 
of the table at the end of surgery, strict attention to the 
position of the hands must be paid to avoid a potentially 
disastrous crush injury to the fingers (Fig. 41-10). For this 
reason, when patients are in the lithotomy position, the 
recommended position of the arms is on armrests far 
from the table hinge point. If the arms must be tucked at 
the patient’s side, then the hands need to be visualized 
and confirmed to be safe whenever the leg section of the 
surgical table is manipulated.

Initiation of the lithotomy position requires coordi-
nated positioning of the lower extremities by two assis-
tants to avoid torsion of the lumbar spine. Both legs 
should be raised together, simultaneously flexing the 
hips and knees. The lower extremities should be padded 
to prevent compression against the stirrups. After surgery, 
the patient must also be returned to the supine position 
in a coordinated manner. As previously mentioned, the 
hands should be positioned to prevent entrapment in any 
moving or articulating sections of the surgical table. The 
legs should be simultaneously removed from the holders, 
the knees brought together in the midline, and the legs 
slowly straightened and lowered onto the surgical table.

The lithotomy position may also cause significant 
physiologic changes. When the legs are elevated, venous 
return increases, causing a transient increase in cardiac 



Figure 41-8. Lithotomy position with “candy cane” stirrup leg holders.

Figure 41-9. Lithotomy position. The correct position of “candy cane” supports is well away from the lateral fibular head.
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Incorrect 
hand position

Figure 41-10. Improper position of arms in 
lithotomy position. The fingers are at risk for 
compression when the lower section of the 
bed is raised.
output and, to a lesser extent, cerebral venous and intra-
cranial pressure in otherwise healthy patients. In addi-
tion, the lithotomy position causes the abdominal viscera 
to displace the diaphragm cephalad, reducing lung com-
pliance and potentially resulting in a decreased tidal vol-
ume. If obesity or a large abdominal mass is present (e.g., 
tumor, gravid uterus), abdominal pressure may increase 
significantly enough to obstruct venous return to the 
heart. Lastly, the normal lordotic curvature of the lumbar 
spine is lost in the lithotomy position, potentially aggra-
vating any previous lower back pain.33

In a retrospective review of 198,461 patients undergo-
ing surgery in the lithotomy position from 1957 to 1991, 
injury to the common peroneal nerve was the most com-
mon lower extremity motor neuropathy, representing 
78% of nerve injuries. A potential cause of the injury was 
the compression of the nerve between the lateral head of 
the fibula and the bar holding the legs. When the “candy 
cane” stirrups are used, special attention must be paid to 
avoid compression (see Fig. 41-9). The injury was more 
common with patients who had low body mass index, 
recent cigarette smoking, or prolonged duration of sur-
gery.34 Perhaps as a result of an increased awareness of 
potential injuries, no lower extremity motor neuropa-
thies were reported in a prospective review of 991 patients 
undergoing surgery in the lithotomy position from 1997 
to 1998. Paresthesias in the distribution of the obturator, 
lateral femoral cutaneous, sciatic, and peroneal nerves 
were reported in 1.5% of patients, and nearly all recov-
ered. Surgical times longer than 2 hours were significantly 
associated with this complication.35

Lower extremity compartment syndrome is a rare 
complication caused by inadequate tissue perfusion that 
is associated with the lithotomy position.36,37 Local arte-
rial pressure decreases 0.78 mm Hg for each centimeter 
the leg is raised above the right atrium.38 Leg compart-
ment pressures initially increase in the lithotomy posi-
tion for reasons that remain incompletely explained. This 
increase, combined with the decreased perfusion pressure 
in the elevated extremities, causes a vicious cycle of isch-
emia, edema, further ischemia, and eventually rhabdo-
myolysis. Reperfusion after an ischemic injury further 
increases edema, exacerbating the problem. Decompres-
sion fasciotomy is generally performed if tissue pressures 
are measured to be greater than 30 mm Hg. Irreversible 
muscle damage occurs with pressures over 50 mm Hg for 
several hours. In a large retrospective review of 572,498 
surgeries, the incidence of compartment syndromes was 
higher in the lithotomy (1 in 8720) and lateral decubitus 
(1 in 9711) positions, as compared with the supine (1 in 
92,441) position. Long procedure time was the only dis-
tinguishing characteristic of the surgeries during which 
patients developed lower extremity compartment syn-
dromes.36 A survey of urologists in the United Kingdom 
suggested that compartment syndrome after surgery in 
the lithotomy position is underreported and more com-
mon than appreciated. Compartment syndrome may 
occur in as many as 1 in 500 radical cystectomy proce-
dures, which represented 78% of their cases. Affected 
patients had undergone surgeries with durations longer 
than 3½ hours.39 Compartment pressures increase over 
time in the lithotomy position, and the legs should be 
periodically lowered to the level of the body if the surgery 
extends beyond 2 to 3 hours.39-41 Additional risk factors 
include high body mass index and factors known to com-
promise tissue oxygenation such as blood loss, peripheral 
vascular disease, hypotension, and reduced cardiac out-
put. The potential role of intermittent leg compression 
devices remains controversial.38,42

LATERAL DECUBITUS

The lateral decubitus position (Fig. 41-11) is most fre-
quently used for surgery involving the thorax, retro-
peritoneal structures, or hip. The patient rests on the 
nonoperative side and is balanced with anterior and 
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Figure 41-11. Lateral decubitus position. The lower leg is flexed with padding between the legs, and both arms are supported and padded.

Figure 41-12. Lateral decubitus position showing place-
ment of arms and head. Additional padding is under the 
headrest to ensure the alignment of the head with the 
spine. The headrest is kept away from the dependent eye.
posterior support, such as bedding rolls or a deflatable 
beanbag, and a flexed dependent leg. The arms are usu-
ally positioned in front of the patient, leading to some 
position-related risks to both the dependent and non-
dependent arms. The dependent arm rests on a padded 
arm board perpendicular to the torso. The nondependent 
arm is often supported over folded bedding or suspended 
with an armrest or foam cradle (Fig. 41-12). If possible, 
neither arm should be abducted more than 90 degrees. 
For some high thoracotomies, the nondependent arm 
may need to be elevated above the shoulder plane for 
exposure; however, vigilance is warranted to prevent 
neurovascular compromise.

The act of positioning a patient in the lateral decubi-
tus position requires the cooperation of the entire surgi-
cal staff to prevent potential injuries. The patient’s head 
must be kept in a neutral position to prevent excessive 
lateral rotation of the neck and stretch injuries to the 
brachial plexus. This adjustment may require additional 
head support (see Fig. 41-12). The dependent ear should 
be checked to avoid folding and undue pressure. The eyes 
should be securely taped closed before repositioning if the 
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Keep
axilla clear

Roll

Figure 41-13. Use of chest roll in the lateral decubitus position. The roll, in this case, is a bag of intravenous fluid and is placed well away from 
the axilla to prevent compression of the axillary artery and brachial plexus.
patient is asleep. The dependent eye must be frequently 
checked for external compression.

To avoid compression to the dependent brachial 
plexus or blood vessels, an axillary roll, which is generally 
a bag of intravenous fluid, is frequently placed between 
the chest wall and the bed just caudal to the dependent 
axilla (Fig. 41-13). This roll should never be placed IN the 
axilla. The purpose of the axillary roll is to ensure that the 
weight of the thorax is borne by the chest wall caudad to 
the axilla and to avoid compression of the shoulder and 
axillary contents. Many practitioners do not use a roll if 
a deflatable beanbag is used to cradle the torso; however, 
the beanbag must not compress the axilla. Regardless 
of the technique, the pulse should be monitored in the 
dependent arm for early detection of compression to axil-
lary neurovascular structures. Vascular compression and 
venous engorgement in the dependent arm may affect the 
pulse oximetry reading; a low saturation reading may be 
an early warning sign of compromised circulation. Hypo-
tension measured in the dependent arm may be due to 
axillary arterial compression; therefore retaining the abil-
ity to measure blood pressure in both arms is useful. When 
a kidney rest is used, it must be properly placed under the 
dependent iliac crest to prevent inadvertent compression 
of the inferior vena cava. Lastly, a pillow or other padding 
is generally placed between the knees with the dependent 
leg flexed to minimize excessive pressure on bony promi-
nences and stretch of lower extremity nerves.

The lateral decubitus position is also associated with 
pulmonary compromise.43 In a patient who is mechani-
cally ventilated, the combination of the lateral weight of 
the mediastinum and the disproportionate cephalad pres-
sure of abdominal contents on the dependent lung favors 
overventilation of the nondependent lung. At the same 
time, the effect of gravity causes the pulmonary blood 
flow to the underventilated, dependent lung to increase. 
Consequently, ventilation-perfusion matching worsens, 
potentially affecting gas exchange and ventilation.

The lateral decubitus position is usually preferred dur-
ing pulmonary surgery and one-lung ventilation. When 
the nondependent lung is collapsed, the minute ventila-
tion is allocated to the dependent lung. This, combined 
with decreased compliance as a result of positioning, may 
further exacerbate the airway pressure required to achieve 
adequate ventilation. Head-down tilt in the lateral posi-
tion worsens pulmonary function yet further, increasing 
shunt fraction.44 Patients may be flexed while in the lat-
eral position to spread the ribs during thoracotomies or 
to improve exposure of the retroperitoneum for renal sur-
geries. The point of flexion and the kidney rest, if raised, 
should lie under the iliac crest rather than the flank or 
ribcage to minimize compression of the dependent lung 
(Fig. 41-14). This position is often accompanied by a com-
ponent of reverse Trendelenburg positioning, creating 
the potential for venous pooling in the lower body. For 
these reasons, the use of the flexed, lateral position is dis-
couraged when not actively needed for surgical exposure.

PRONE

The prone or ventral decubitus position (Fig. 41-15) is pri-
marily used for surgical access to the posterior fossa of 
the skull, the posterior spine, the buttocks and perirec-
tal area, and the lower extremities. Regardless of whether 
the patient requires monitored anesthesia care or gen-
eral anesthesia, the patient’s legs should be padded and 
flexed slightly at the knees and hips. The head may be 
supported facedown with its weight borne by the bony 
structures or turned to the side. Both arms may be posi-
tioned to the patient’s sides and tucked in the neutral 
position as described for the supine patient or placed 
next to the patient’s head on arm boards—sometimes 
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Figure 41-14. Flexed lateral decu-
bitus position. The point of flexion 
should lie under the iliac crest, 
rather than under the flank or lower 
ribs to optimize ventilation of the 
dependent lung.

Figure 41-15. Prone position with Wilson frame. Arms are abducted less than 90 degrees whenever possible, although greater abduction may be 
better tolerated while prone. Pressure points are padded, and the chest and abdomen are supported away from the bed to minimize abdominal 
pressure and to preserve pulmonary compliance. Soft head pillow has cutouts for eyes and nose and a slot to permit endotracheal tube exit. Eyes 
must be checked frequently.
called the prone superman position. Extra padding under 
the elbow may be needed to prevent compression of the 
ulnar nerve. Again, unless necessary, the arms should not 
be abducted greater than 90 degrees to prevent excessive 
stretching of the brachial plexus, especially in patients 
with the head turned. Because of the effects of alterations 
in shoulder position on the brachial plexus, abduction of 
the arm greater than 90 degrees may be better tolerated in 
the prone position than in the supine position.19 Finally, 
elastic stockings and active compression devices are used 
to minimize pooling of venous blood, especially with any 
flexion of the body.

When general anesthesia is planned, the trachea is first 
intubated on the stretcher, and all intravascular access is 
obtained as needed. The endotracheal tube is well secured 
to prevent dislodgement and the loosening of tape as a 
result of the drainage of saliva when prone. The anes-
thesia provider should consider using a wire-reinforced 
endotracheal tube to avoid kinking and obstruction as it 
exits the patient’s mouth while in the prone position. If a 
head support device is used, then a corrugated extension 
of the endotracheal tube ensures that the anesthesia cir-
cuit Y is easily accessible, although this adds another con-
nection in the airway circuit and a small amount of dead 
space ventilation. With the coordination of the entire 
surgical staff, the patient is then turned prone onto the 
surgical table, keeping the neck in line with the spine dur-
ing the move. The anesthesiologist is primarily respon-
sible for coordinating the move and for repositioning the 
head. An exception might be the patient in whom rigid 
pin fixation is used when the surgeon often holds the pin 
frame. Disconnecting blood pressure cuffs and arterial 
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and venous lines that are on the outside arm that rotates 
furthest is recommended to avoid dislodgment, although 
some prefer to disconnect all lines and monitors before 
moving. Pulse oximetry can usually be maintained if 
applied to the inside arm, and full monitoring should be 
reinstituted as rapidly as possible. Endotracheal tube posi-
tioning and adequate ventilation are immediately reas-
sessed after the move.

Head position is critical. The patient’s head may be 
turned to the side when prone if neck mobility is ade-
quate. As in the lateral decubitus position, the dependent 
eye must be frequently checked for external compression. 
In addition, in patients with cervical arthritis or cerebro-
vascular disease, lateral rotation of the neck may com-
promise carotid or vertebral arterial blood flow or jugular 
venous drainage. In most cases, the head is kept in a neu-
tral position using a surgical pillow, horseshoe headrest, 
or Mayfield head pins. A number of commercially avail-
able pillows are specially designed for the prone position. 
Most pillows, including disposable foam versions, sup-
port the forehead, malar regions, and chin, with a cutout 
for the eyes, nose, and mouth (see Fig. 41-15). The face is 
not always visible, however, making eye checks more dif-
ficult. Mirror systems are available to facilitate intermit-
tent visual confirmation that the eyes are not impinged, 
although direct visualization or tactile confirmation is 
prudent (Fig. 41-16). The horseshoe headrest supports 
only the forehead and malar regions and allows excellent 
access to the airway; however, this headrest is rigid and 
therefore potentially dangerous if the head moves (Figs. 
41-17 and 41-18). Mayfield rigid pins support the head 
without any direct pressure on the face. These pins allow 
access to the airway and firmly hold the head in one posi-
tion that can be finely adjusted for optimal neurosurgi-
cal exposure (Fig. 41-19). Rigid pin fixation is rarely used 
outside cranial or cervical spine surgeries. When properly 
applied, the pins will cause significant periosteal stimu-
lation. Patient movement must be prevented when the 

Figure 41-16. Mirror system for prone position. Bony structures of 
head and face are supported, and monitoring of the eyes and airway 
is facilitated with a plastic mirror. Although not illustrated, the eyes 
should be taped closed.
head is held in rigid pins; skidding out of pins can result 
in scalp lacerations or a cervical spine injury. Because 
horseshoe and pin headrests attach to adjustable articu-
lating supports, any slippage or failure of this bracketing 
device may lead to complications if the head suddenly 
drops. Regardless of the head-support technique, the face 
must be periodically checked to ensure that the weight 
is borne only by the bony structures, that the airway is 
uncompromised, and that no pressure is placed on the 
eyes. Verification of proper positioning is frequently 
performed and noted in the anesthetic record. The face 
should be rechecked if any patient motion occurs during 

Figure 41-17. Prone position with horseshoe adapter. Head height 
is adjusted to position the neck in a natural position without undue 
extension or flexion.

Figure 41-18. Prone position with horseshoe adapter. The face is 
seen from below. The horseshoe adapter permits superior access to 
the airway and visualization of eyes. The width may be adjusted to 
ensure proper support by facial bones.
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Figure 41-19. Prone position with Mayfield head pins. Rigid fixation is provided for the cervical spine and posterior intracranial surgeries. The 
head position may include neck torsion or flexion that affects the depth of the endotracheal tube, and extreme head positions may increase the 
risk of cervical cord injury.
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 
 

 
 

 

surgery or if the table position is significantly altered. 
The prone position is a risk factor for perioperative visual 
loss, which is discussed in a separate section later in this 
chapter. In addition, if motor-evoked potentials are used 
during spine or neurosurgery, then the position of the 
tongue and placement of bite blocks must be frequently 
checked; bite injuries are a vexing complication and can 
be severe if the tongue lies between the teeth.45

If the legs are in plane with the torso while in the prone 
position, then hemodynamic reserve is relatively main-
tained; however, if any significant lowering of the legs 
or tilting of the entire table occurs, then venous return 
may increase or decrease accordingly. The prone position 
does not alter the ability of pulse pressure variation to 
predict fluid responsiveness. However, the variation has 
been shown to be augmented at baseline; therefore fluid 
responsiveness is observed at a slightly greater level of 
variation than when supine.46

Because the abdominal wall is easily displaced, exter-
nal pressure on the abdomen may elevate both intraab-
dominal and intrathoracic pressures. Therefore careful 
attention must be paid to the ability of the abdomen to 
hang relatively free and to move with respiration. During 
posterior spinal surgery, relatively low venous pressure 
is desirable to minimize bleeding and to facilitate surgi-
cal exposure. Abdominal pressure can transmit elevated 
venous pressures to the abdominal and spine vessels, 
including the epidural veins, which lack valves. Abdomi-
nal pressure may also impede venous return through 
compression of the inferior vena cava, decreasing cardiac 
output.

Pulmonary function may be superior to the supine 
and lateral decubitus positions if no significant abdomi-
nal pressure is present and if the patient is properly posi-
tioned.47,48 External pressure on the abdomen may push 
the diaphragm cephalad, decreasing functional residual 
capacity and pulmonary compliance and increasing 
peak airway pressure. In one study of patients undergo-
ing spine surgery in the prone position using the Wilson 
frame, pressure-controlled ventilation was found to cause
less elevation of peak inspiratory pressures than volume-
controlled ventilation with equal tidal volumes and end-
tidal carbon dioxide concentrations.49 In a randomized
controlled trial studying patients undergoing spine sur-
gery and ventilated with low versus high-tidal volume in
the prone position, no difference in inflammatory mark-
ers or postoperative pulmonary function was exhibited.50

To promote low abdominal and thoracic pressures,
firm rolls or bolsters placed along each side from the
clavicle to the iliac crest generally support the torso.
Multiple commercial rolls and bolsters are available
including the Wilson frame (see Fig. 41-15), Jackson
table, Relton frame, Mouradian/Simmons modification
of the Relton frame, and gel bolsters. All devices serve
to minimize abdominal compression by the surgical
table and to maintain normal pulmonary compliance.
To prevent tissue injury, pendulous structures, such as
male genitalia and female breasts, should be clear of
compression; the breasts should be placed medial to
the gel bolsters. The lower portion of each roll or bol-
ster must be placed under its respective iliac crest to
prevent pressure injury to the genitalia and the femoral
vasculature.51 The prone position presents special risks
for patients who are morbidly obese, whose respiration
is already compromised, and who may be difficult to
reposition quickly. At times, discussing alternate posi-
tioning options with the surgeon may be necessary to
ensure patient safety.

SITTING

The sitting position, although infrequently used because
of the perceived risk from venous and paradoxical air
embolism, offers advantages to the surgeon in approach-
ing the posterior cervical spine and the posterior fossa
(Fig. 41-20) (see also Chapter 70). The main advantages of
the sitting position over the prone position for neurosur-
gical and cervical spine procedures are excellent surgical
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Figure 41-20. Sitting position with Mayfield head 
pins. The patient is typically semirecumbent rather 
than sitting; the legs are kept as high as possible to 
promote venous return. Arms must be supported to 
prevent shoulder traction and stretching of the bra-
chial plexus. In a commonly used variation, the arms 
are placed on the abdomen and supported. The head 
support is preferably attached to the back section of 
the table to allow the back to be adjusted or lowered 
emergently without first detaching the head holder.
exposure, decreased blood in the operative field, and, 
possibly, reduced perioperative blood loss.52 The main 
advantages to the anesthesiologist are superior access to 
the airway, reduced facial swelling, and improved ven-
tilation, particularly in patients who are obese (see also 
Chapter 71).

The head may be fixed in pins for neurosurgery or 
taped in place with adequate support for other surgeries. 
Because gravity pulls the arms caudad, they must be sup-
ported to the point of slight elevation of the shoulders 
to avoid traction on the shoulder muscles and potential 
stretching of upper extremity neurovascular structures. 
The knees are usually slightly flexed for balance and to 
reduce stretching of the sciatic nerve, and the feet are 
supported and padded.53

The hemodynamic effects of placing a supine patient 
in the sitting position are dramatic. Because of the pool-
ing of blood into the lower body under general anesthe-
sia (see discussion earlier in this chapter), patients are 
particularly prone to hypotensive episodes. Incremental 
positioning and the use of intravenous fluids, vasopres-
sors, and appropriate adjustments of anesthetic depth 
can reduce the degree and duration of hypotension. Elas-
tic stockings and active leg compression devices can help 
maintain venous return.

The head and neck position while in the sitting position 
has been associated with complications during surgery to 
the posterior spine or skull. In a review of all cervical spi-
nal cord injuries in the ASA Closed Claims Project data-
base from 1970 to 2007, surgery in the sitting position 
was found to be associated with injury, whereas other fac-
tors often thought to be more important, such as airway 
management in the setting of neck trauma or cervical 
spine instability, were not.54 The authors theorized that 
positional factors, such as sitting or hyperextension of the 
neck combined with unrecognized degenerative cervical 
spine disease, resulted in many of the cervical cord inju-
ries in the ASA Closed Claims Project database. Excessive 
cervical flexion, which may occur with the head in pins, 
has a number of adverse consequences. It can impede 
both arterial and venous blood flow, causing hypoperfu-
sion or venous congestion of the brain, and may impede 
normal respiratory excursion. Excessive flexion can also 
obstruct the endotracheal tube and place significant pres-
sure on the tongue, leading to macroglossia. In general, 
maintaining at least two fingers’ distance between the 
mandible and the sternum is recommended for a normal-
sized adult, and patients should not be positioned at the 
extreme of their range of motion.55 Extra caution with 
neck flexion is advised if transesophageal echocardiogra-
phy (TEE) is used for air embolism monitoring, because 
the esophageal probe lies between the flexed spine and 
the airway and endotracheal tube, adding to the potential 
for compression of laryngeal structures and the tongue.

Because of the elevation of the surgical field above the 
heart and the inability of the dural venous sinuses to col-
lapse because of their bony attachments, the risk of venous 
air embolism is a constant concern. Arrhythmia, desatu-
ration, pulmonary hypertension, circulatory compromise, 
or cardiac arrest may occur if sufficient quantities are 
entrained. If the foramen ovale is patent, then even small 
amounts of venous air may result in a stroke or myocar-
dial infarction as a result of paradoxical embolism. TEE has 
demonstrated some degree of venous air in a large major-
ity of patients studied during neurosurgery in the sitting 
position.56,57 Because of the risk of paradoxical embolus, 
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Figure 41-21. Sitting position 
adapted for shoulder surgery, often 
called the beach chair position. The 
arms must be supported to prevent 
stretching of the brachial plexus with-
out pressure on the ulnar area of the 
elbow. As with all head-up positions, 
blood pressure should be regulated 
with the height of the brain in mind.
screening contrast echocardiography to investigate the 
patency of the interatrial septum is often performed before 
considering the sitting position for intracranial or cervical 
spine surgery. However, a patent foramen ovale may not 
always be detected.58 Adequate hydration and early detec-
tion of entrained air with the use of TEE or precordial Dop-
pler ultrasound may decrease the incidence and severity of 
venous air embolism.56

A variation of the sitting position, the beach chair posi-
tion is increasingly used for shoulder surgeries, including 
arthroscopic procedures (Fig. 41-21). For the surgeon, its 
advantages versus the lateral decubitus position are supe-
rior access to the shoulder from both the anterior and 
posterior aspect and the potential for great mobility of 
the arm at the shoulder joint.59 The beach chair position 
has been associated with neurologic injury, cervical neura-
praxia, and hypotensive bradycardic events in association 
with the use of an epinephrine-containing interscalene 
block anesthetic.59-62 The cause and incidence of these rare 
but catastrophic neurologic injuries are unknown. Theo-
ries include reduced cerebral perfusion in the beach chair 
position caused by reduced cardiac output, deliberate or 
permissive hypotension, loss of compensatory mecha-
nisms caused by anesthesia, failure to compensate for the 
height of the head in the regulation of the blood pressure, 
dynamic vertebral artery narrowing or occlusion with the 
rotation of the head, and air emboli. Investigators have 
demonstrated positional effects on cerebral oxygen satura-
tion,62 as well as transient reductions in cerebral oxygen 
saturation associated with hypotensive periods during 
shoulder surgeries in the sitting position that reversed after 
use of ephedrine and phenylephrine to restore cerebral 
perfusion pressure.62-64 Variation in the anatomy of the 
circle of Willis has been postulated as a cause of vulner-
ability to cerebral ischemia when sitting; however, causa-
tion remains unproven.65,66 An observational study of 124 
patients undergoing shoulder arthroscopy demonstrated 
cerebral desaturation by oximetry in 80% of those who 
were in the beach chair position and none in the lateral 
decubitus position.67 Cerebral oxygen saturation monitor-
ing may be helpful; however, no gold standard limits exist, 
and values may change along with alterations in patient 
position and carbon dioxide concentration. Therefore, if 
measured, trends in cerebral oxygen saturation are best 
interpreted during periods of constant ventilation and 
patient position.68,69 Reasonable recommendations for 
patients undergoing shoulder surgery in the sitting posi-
tion are to monitor blood pressure carefully in reference 
to the level of the brain, avoid and rapidly treat any hypo-
tension or bradycardia, and position the head carefully to 
avoid extreme positions that may compromise cerebral 
vessels.61 Monitoring of cerebral oxygen saturation, if 
available, may be useful when patients are in a steep head-
up position. However, its value has not been established,69 
and the incidence of cerebral injury during shoulder sur-
gery is estimated to be approximately 1 in 22,000.70 The 
Anesthesia Patient Safety Foundation and the ASA Com-
mittee on Professional Liability in collaboration with the  
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ASA Closed Claims Project established the Neurologic 
Injury After Non-Supine Shoulder Surgery (NINS) Regis-
try in 2010. They hope to collect a greater amount of data 
on such cases to clarify the details and risks associated 
with positioning. The NINS Registry can be accessed via 
the ASA Closed Claims Project web site (www.asaclosed 
claims.org).

PERIPHERAL NERVE INJURY

Peripheral nerve injury remains a serious perioperative 
complication and a significant source of professional lia-
bility, despite the low incidence of approximately 0.11% 
of 81,000 anesthetics reviewed from 1987 to 1993,71 and 
0.03% of 380,680 anesthetics reviewed from 1997 to 
2007.72 Injuries occur when peripheral nerves are sub-
jected to stretch, ischemia, or compression during sur-
gery73; however, the precise mechanism of injury cannot 
be determined in many cases.3 Injuries to patients under 
monitored anesthesia care, although infrequent, occur as 
well. During general or regional anesthesia, early warning 
symptoms of pain and the normal spontaneous reposi-
tioning that would occur are absent. Prolonged duration 
of surgery appears to be a risk factor.

Because scientific studies regarding rare events, such 
as position-related injuries, are difficult to conduct, 
much of what is known comes from case reports and the 
liability insurance industry. In 1984 the ASA developed 
a Closed Claims Project to evaluate adverse anesthetic 
outcomes from the closed claims files of 35 U.S. liabil-
ity insurance companies. The most common cause for 
claims is death, representing 22% to 41% of claims, with 
a decreasing fraction over time. Since the initial report 
in 1990, nerve injury has remained the second most 
frequent cause for claims. The fraction has increased, 
from 15% during the 1970s, to 22% in the 2000s.1,3,74,75 
However, this increase appears to track growth in the 
use of regional anesthesia for both surgical and obstet-
ric patients and is unlikely to represent an increase in 
position-related nerve injuries.1 Although most patients 
with nerve injuries recover, in the 5280 closed claims 
from 1990 to 2007, 23% of the injuries were permanent; 
15% occurred after regional anesthesia, 5% occurred 
after general anesthesia, and a few cases occurred after 
monitored anesthesia care.1

The ASA Closed Claims database recorded 1564 cases 
of nerve injury between 1970 and 2010. Overall, injuries 
to the ulnar nerve represent 21% of cases, followed by 
the brachial plexus (20%), spinal cord (19%), and lum-
bosacral nerve roots or cord (17%).2 The distribution 
of nerve injuries resulting in claims has changed over 
time, with ulnar nerve injury decreasing from 33% in 
the first 2 decades of the project to 14% in the second 
2 decades. Over the same periods, claims filed after bra-
chial plexus injuries decreased from 21% to 19% and 
claims filed after spinal cord injuries increased from 
9% to 25% (Table 41-1A). Subsets of claims from 1990 
TABLE 41-1A TYPES OF NERVE INJURY—FOLLOWING ALL ANESTHETIC TYPES 

Total Nerve Injuries (1970-2010) 1970-1989 1990-2010

Count % of 1564 Count % of 570 Count % of 994

Ulnar nerve damage 332 21% 188 33% 144 14%
Brachial plexus nerve damage 311 20% 122 21% 189 19%
Spinal cord injury 296 19% 51 9% 245 25%
Lumbrosacral nerve root or cord 268 17% 90 16% 178 18%
Sciatic nerve damage 100 6% 35 6% 65 7%
Median nerve damage 91 6% 30 5% 61 6%
Radial nerve damage 61 4% 21 4% 40 4%
Femoral nerve damage 53 3% 17 3% 36 4%
Other nerve injuries 159 10% 36 6% 123 12%

Nerve injury claims following all anesthesia types in the American Society of Anesthesiologists (ASA) Closed Claims Database 1970-2010 (N = 1564 of 
5436 total claims in the database). Note the change in distribution over time, particularly a decrease in the fraction of ulnar nerve injuries and an 
increase in the fraction of spinal cord injuries.

Data from personal communication from Posner KL for publication in Miller’s Anesthesia.
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Nerve injury closed claims following all anesthesia types, 1990-2010, (N = 994).

http://www.asaclosedclaims.org
http://www.asaclosedclaims.org
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to 2010 show that, after general anesthesia, the larg-
est fractions were damage to the brachial plexus (27%) 
followed by the ulnar nerve (22%) and the spinal cord 
(19%) (Table 41-1B). For claims filed after regional anes-
thesia, the distribution included large fractions of inju-
ries to the lumbosacral nerve roots (39%) and spinal cord 
(29%),2 which are less likely to be related to positioning  
(Table 41-1C). Over the past 4 decades, the total number 
of claims for nerve injuries includes only 18 cases under 
monitored anesthesia care. In addition, 97 cases were 
recorded after combined general and regional anesthet-
ics were administered, as well as a few cases for which 
the primary anesthetic was not recorded or no anes-
thetic was administered.
TABLE 41-1B TYPES OF NERVE INJURY—FOLLOWING GENERAL ANESTHESIA 

Total Nerve Injuries (1970-2010) 1970-1989 1990-2010

Count % of 886 Count % of 346 Count % of 540

Ulnar nerve damage 280 32% 161 47% 119 22%
Brachial plexus nerve damage 235 27% 91 26% 144 27%
Spinal cord injury 123 14% 22 6% 101 19%
Lumbosacral nerve root or cord 30 3% 6 2% 24 4%
Sciatic nerve damage 66 7% 22 6% 44 8%
Median nerve damage 51 6% 13 4% 38 7%
Radial nerve damage 40 5% 11 3% 29 5%
Femoral nerve damage 26 3% 9 3% 17 3%
Other nerve injuries 98 11% 22 6% 76 14%

Nerve injury claims following general anesthesia in the American Society of Anesthesiologists (ASA) Closed Claims Database 1970-2010 (N = 886). Note 
that claims for brachial plexus injury outnumber those for ulnar nerve damage in the more recent data. 

Personal communication from Posner KL for publication in Miller’s Anesthesia.
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Nerve injury closed claims following general anesthesia, 1990-2010, (N = 540).

TABLE 41-1C TYPES OF NERVE INJURY FOLLOWING REGIONAL ANESTHESIA 

Total Nerve Injuries (1970-2010) 1970-1989 1990-2010

Count % of 552 Count % of 202 Count % of 350

Ulnar nerve damage 44 8% 23 11% 21 6%
Brachial plexus nerve damage 59 11% 29 14% 30 9%
Spinal cord injury 124 22% 23 11% 101 29%
Lumbosacral nerve root or cord 220 40% 83 41% 137 39%
Sciatic nerve damage 28 5% 11 5% 17 5%
Median nerve damage 33 6% 14 7% 19 5%
Radial nerve damage 10 2% 7 3% 3 1%
Femoral nerve damage 24 4% 8 4% 16 5%
Other nerve injuries 41 7% 11 5% 30 9%

Nerve injury claims following regional anesthesia in the American Society of Anesthesiologists (ASA) Closed Claims Database 1970-2010 (N = 552).
Note: Claims associated with chronic pain management excluded; claims with missing event decade excluded. The results from Tables 41-1B and 41-1C 

do not add up to the totals in Table 41-1A because of claims associated with monitored anesthesia care, combined anesthetic techniques, unknown 
primary anesthetic, or no anesthetic administered.

Personal communication from Posner KL for publication in Miller’s Anesthesia.
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In a detailed report published in 1999 of 670 claims 
related to peripheral nerve injury, the ulnar nerve was 
the most frequent site of injury (28%), followed by the 
brachial plexus (20%), lumbosacral nerve root (16%), 
and spinal cord (13%).3 Data in that report showed the 
beginnings of a significant evolution in the distribu-
tion of nerve injuries. Ulnar neuropathy decreased from 
37% of injuries in the early 1980s to 17% in the 1990s. 
Spinal cord injury increased from 8% of injuries in the 
early 1980s to 27% in the 1990s. Spinal cord injury and 
lumbosacral nerve root neuropathy were predominantly 
associated with regional anesthesia. Epidural hema-
toma and chemical injuries represented 29% of the 
known mechanisms of injury among the claims filed. 
The injuries were probably related to the use of neur-
axial block in patients on anticoagulant therapy and the 
increased use of blocks to manage chronic pain.3,76,77 In 
two reports on claims arising from anesthesia outside 
the surgical unit, nerve injuries appeared rare, making 
up only 4% to 7% of claims. Death represented 54% of 
claims in this subset, versus 24% for surgical cases. This 
high proportion was associated with the large fraction 
(58%) of monitored anesthesia care outside the surgi-
cal unit.78 For claims after monitored anesthesia care, 
40% were for patient death79; therefore the nonsurgical 
environment seems to impart additional risk of death as 
a cause for a claim.

In a 10-year retrospective study of 380,680 patients at 
a single university tertiary care institution, 112 periph-
eral nerve injuries were observed in the perioperative 
period, an incidence of 0.3%.80 Risk factors were hyper-
tension, diabetes, and tobacco use. General and epi-
dural anesthesia appeared to be risk factors, compared 
with monitored anesthesia care, spinal anesthesia, and 
peripheral nerve blocks. Most injuries were sensory 
(60%) or combined sensory and motor (24%) with only 
14% pure motor injuries. This study provides a signifi-
cantly different numerator and denominator than the 
ASA Closed Claims Project, and its data contrast with 
the most recent claims data in which a greater fraction 
of claims were filed after the administration of regional 
anesthesia.

With the exception of spinal cord injuries, the mecha-
nism of nerve injury remains incompletely explained 
by scientific studies. Most nerve injuries, particularly 
those to nerves of the upper extremity such as the ulnar 
nerve and brachial plexus, occurred in the presence 
of adequate positioning and padding. In a retrospec-
tive study of 1000 consecutive spine surgeries that used 
somatosensory-evoked potential (SSEP) monitoring, five 
arm positions were compared regarding SSEP changes 
in the upper extremities. A modification of arm position 
reversed 92% of upper extremity SSEP changes. The inci-
dence of position-related upper extremity SSEP changes 
was significantly higher in the prone “superman” (7%) 
and lateral decubitus (7.5%) positions, compared with 
the supine arms out, supine arms tucked, and prone arms 
tucked positions (1.8% to 3.2%). Reversible SSEP changes 
were not associated with postoperative deficits80 (see also 
Chapter 49).

Because of the significant morbidity associated with 
peripheral nerve injury, the ASA published a Practice 
Advisory for the prevention of peripheral neuropathies 
in 2000 that was updated in 2011.20,32 However, the 
advisories were not based on scientific evidence but 
on the consensus of a group of expert consultants. 
Only 6 out of 509 studies reviewed for the original 
advisory “…exhibited sufficiently acceptable methods 
and analyses that provided a clear indication of the 
relationships between interventions and outcomes of 
interest”32 (Box 41-1). Despite the addition of 50 new 
citations, the 2011 advisory stated, “No evidence link-
age contained sufficient literature with well-defined 
experimental designs and statistical information to 
conduct an analysis of aggregated studies (i.e., a meta-
analysis)…. In conclusion, the current literature has 
not been helpful in determining the efficacy of periop-
erative positioning techniques in reducing the occur-
rence of peripheral neuropathies.”20

Because of the paucity of clear data on the causes and 
the prevention of peripheral injuries, individual prac-
tices vary. Good sense would avoid positions that permit 
stretching of the nerves and pressure to anatomic loca-
tions known to carry nerves prone to injury, such as the 
ulnar cubital tunnel and the peroneal nerve coursing over 
the fibular head (Table 41-2). Padding and support should 
distribute weight over as wide an area as possible; how-
ever, no padding material has been shown to be superior. 
Whenever possible, the patient’s position should appear 
natural. Anesthesia and muscle relaxation increase the 
danger of malposition-induced injuries. Extremes of 
weight remain risks as well.

SPECIFIC NEUROPATHIES

ULNAR NERVE INJURY

The manner of causation of perioperative ulnar neu-
ropathy is complex and incompletely understood. The 
ulnar nerve lies in a superficial position at the elbow. 
Although the incidence is low, the morbidity associated 
with ulnar neuropathy can be severe. In a prospective 
study among 1502 patients undergoing noncardiac sur-
gery, 7 patients developed perioperative ulnar neuropa-
thy, of which 3 patients had residual symptoms after 
2 years.81 The neuropathy, if permanent, results in the 
inability to abduct or oppose the fifth finger, diminished 
sensation in the fourth and fifth fingers, and eventual 
atrophy of the intrinsic muscle of the hands creating a 
clawlike hand.

Previously, the injury was thought to be associated 
with hyperflexion of the elbow and compression by the 
surgical table of the nerve at the condylar groove and the 
cubital tunnel against the posterior aspect of the medial 
epicondyle of the humerus. In a study on the effect of 
arm position on the ulnar nerve SSEPs in 15 healthy 
awake male volunteers, the supinated position was asso-
ciated with the least pressure on the ulnar nerve, and 
the neutral position was the next most favorable. When 
in the neutral position on a surgical armrest, pressure 
decreased as the arm was abducted between 30 and 90 
degrees. Interestingly, not all patients had symptoms 
of nerve compression when the SSEP was abnormal.82 
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PreoPerative assessment

 •  When judged appropriate, it is helpful to ascertain that patients 
can comfortably tolerate the anticipated operative position.

 •  Body habitus, preexisting neurologic symptoms, diabetes, 
peripheral vascular disease, alcohol dependence, arthritis, and 
sex (e.g., male sex and its association with ulnar neuropathy) are 
risk factors for perioperative neuropathy.

UPPer extremity Positioning

 •  Limit arm abduction to 90 degrees in supine patients; patients 
who are positioned prone may tolerate arm abduction greater 
than 90 degrees.

 •  Arms should be positioned to decrease pressure on the post-
condylar groove of the humerus (ulnar groove). When arms are 
tucked at the side, a neutral forearm position is recommended. 
When arms are abducted on armboards, either supination or a 
neutral forearm position is acceptable.

 •  Flexion of the elbow may increase the risk of ulnar neuropathy; 
however, there is no consensus on the degree of acceptable 
flexion.

 •  Prolonged pressure on the radial nerve in the spiral groove of the 
humerus should be avoided.

 •  Extension of the elbow beyond a comfortable range may stretch 
the median nerve.

 •  Periodic perioperative assessments may ensure maintenance of 
the desired position.

Lower extremity Positioning

 •  Lithotomy positions that stretch the hamstring muscle group 
beyond a comfortable range may stretch the sciatic nerve.

 •  Extension of the hip and flexion of the knee stretch the sciatic 
nerve and branches. Consider the effect of both when determin-
ing the degree of hip flexion.

 •  Avoid prolonged pressure on the peroneal nerve at the fibular head.
 •  Neither extension nor flexion of the hip increases the risk of 

femoral neuropathy.

Protective Padding

 •  The risk of neuropathy may be decreased by:
 •  Padded armboards.
 •  The use of chest rolls in laterally positioned patients.
 •  Padding at the elbow.
 •  Padding at the fibular head.
 •  If too tight, however, padding may increase the risk of 

neuropathy.

eqUiPment

 •  Properly functioning and positioned automated blood pres-
sure cuffs on the arms do not affect the risk of upper extremity 
neuropathies.

 •  Shoulder braces in steep head-down positions may increase the 
risk of brachial plexus neuropathies.

PostoPerative assessment

 •  A simple postoperative assessment of extremity nerve function 
may lead to early recognition of peripheral neuropathies.

docUmentation

 •  Documentation of specific positioning actions may improve care by:
 •  Helping practitioners focus attention on relevant aspects of 

patient positioning.
 •  Providing information on positioning strategies that eventually 

leads to improvements in patient care.

BOX 41-1 Summary of the 2011 American Society of Anesthesiologists Practice Advisory for the 
Prevention of Perioperative Peripheral Neuropathies

From the Practice Advisory for the prevention of perioperative peripheral neuropathies: an updated report by the American Society of Anesthesiologists Task Force 
on prevention of perioperative peripheral neuropathies, Anesthesiology 114:741-754, 2011.

TABLE 41-2 MOST COMMON NERVE INJURIES IN THE ASA CLOSED CLAIMS DATABASE 1990-20104 

Nerve Injury Recommendations for Prevention

Ulnar nerve (14%)  •  Avoid excessive pressure on the postcondylar groove of the humerus.
 •  Keep the hand and forearm either supinated or in a neutral position.

Brachial plexus (19%)  •  When utilizing a steep head-down (Trendelenburg) position:
 •  Avoid the use of shoulder braces and beanbags when possible (use nonsliding mattresses).
 •  Avoid abduction of the arm(s) when possible.
 •  Avoid excessive lateral rotation of the head, either in the supine or prone position.
 •  Limit abduction of the arm to <90 degrees in the supine position.
 •  Avoid the placement of high “axillary” roll in the decubitus position— keep the chest roll out 

of the axilla to avoid neurovascular compression.
 •  Use ultrasound to locate the internal jugular vein for central line placement.

Spinal cord (25%) and lumbosacral 
nerve root or cord (18%)

 •  Be aware that the fraction of spinal cord injuries is increasing, probably in relation to use of 
regional anesthesia.

 •  Avoid severe cervical spine flexion or extension when possible.
 •  Follow current guidelines for regional anesthesia in patients on anticoagulant therapy.*

Sciatic and peroneal nerves (7%)  •  Minimize the time in the lithotomy position.
 •  Use two assistants to coordinate simultaneous movement of both legs to and from the 

lithotomy position.
 •  Avoid excessive flexion of the hips, extension of the knees, or torsion of the lumbar spine.
 •  Avoid excessive pressure on peroneal nerve at the fibular head.

ASA, American Society of Anesthesiologists.
Data from ASA Closed Claims Project 1990-2010.
N = 994 nerve injuries. Excludes claims associated with chronic pain management. Personal communication from Posner KL.2

*Horlocker TT, Wedel DJ, Benzon H, et al: Regional anesthesia in the anticoagulated patient: defining the risks (The second ASRA Consensus Conference 
on Neuraxial Anesthesia and Anticoagulation), Reg Anesth Pain Med 28:172-197, 2003.
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Current consensus is that the cause of ulnar nerve palsy 
is multifactorial and not always preventable.83,84 In a 
large retrospective review of perioperative ulnar neurop-
athy lasting longer than 3 months, the onset of symp-
toms occurred more than 24 hours postoperatively in 
57% of patients; 70% were men, and 9% experienced 
bilateral symptoms. Very thin or obese patients were at 
increased risk, as were those with prolonged postopera-
tive bed rest. No association with intraoperative patient 
position or anesthetic technique was confirmed.85 The 
ASA Closed Claims Project also demonstrated that peri-
operative ulnar neuropathy occurred predominately in 
men, in an older population, and with a delayed onset 
(median of 3 days).3 In addition, although most ulnar 
damage claims were associated with general anesthesia, 
payment was also made for claims where the patient 
had been awake or sedated during regional anesthesia 
involving the lower extremity. Interestingly, in a pro-
spective study of patients who did not undergo surgical 
procedures, 2 of 986 patients developed ulnar neuropa-
thy.86 The large predominance of ulnar injury in men 
may possibly be explained by anatomic differences. 
Men have a more developed and thickened flexor reti-
naculum with less protective adipose tissue and a larger 
(1.5×) tubercle of the coronoid process that can pre-
dispose this patient population to nerve compression 
in the cubital tunnel.87,88 Other risk factors, including 
diabetes mellitus, vitamin deficiency, alcoholism, ciga-
rette smoking, and cancer, require further studies to be 
substantiated. In the published ASA Closed Claims Proj-
ect data, only 9% of ulnar injury claims had an explicit 
mechanism of injury, and in 27% of claims, the pad-
ding of the elbows were explicitly stated.3 Postoperative 
ulnar nerve palsy can occur without any apparent cause, 
even when padding and positioning of the patient’s arm 
were carefully managed and documented in the anes-
thetic record.22

BRACHIAL PLEXUS INJURY

The brachial plexus is susceptible to stretching because 
of its long superficial course from the neck to the arm 
via the axilla with two points of fixation—the cervical 
vertebrae and the axillary fascia. The nerves of the bra-
chial plexus sling under the clavicle and the pectoralis 
muscles and are therefore variably stretched with many 
movements of the arm or head. The nerves are vulner-
able to compression as they pass between the clavicle 
and the first rib because of the proximity and mobil-
ity of both the clavicle and the humerus (see Fig. 41-6). 
Among patients undergoing noncardiac surgeries, the 
incidence of brachial plexus injury is reported to be 
0.02%.89 After brachial plexus injury, the patient often 
complains of sensory deficit in the distribution of the 
ulnar nerve. This symptom is most commonly associ-
ated with intraoperative arm abduction greater than 90 
degrees, lateral rotation of the head away from the side 
of the injury, asymmetric retraction of the sternum for 
internal mammary artery dissection during cardiac sur-
gery, or direct trauma or compression. To avoid injury, 
patients should ideally be positioned with the head mid-
line, arms kept at the sides, the elbows mildly flexed, 
and the forearms supinated, without pressure on the 
shoulders or the axilla.

Brachial plexus injury is particularly associated with 
the use of shoulder braces in patients undergoing surgery 
in the Trendelenburg position. Medial placement of the 
braces can compress the proximal roots, and lateral place-
ment of the braces can stretch the plexus by displacing the 
shoulders against the thorax (see Fig. 41-6). The patient 
with injury often complains of painless motor deficit in 
the distribution of the radial and median nerves; how-
ever, pain may also be present. A report of three cases of 
upper- and middle-trunk brachial plexopathy after robotic 
prostatectomy highlights the potential risk of a combi-
nation of compression of the shoulder girdle against the 
thorax in the steep Trendelenburg position with abduc-
tion of an arm.30 Signs of vascular compromise to the 
upper extremities, such as difficulty obtaining consistent 
blood pressure or a poor pulse oximetry signal, may be 
indications of compromise to the neurovascular bundle 
as reported in a case of bilateral injury related to shoulder 
braces with abduction of the arms in the Trendelenburg 
position.90 Studies of the brachial plexus tension test in 
human volunteers and nerve strain in cadavers have dem-
onstrated deleterious positional elements including arm 
abduction, rotation or flexion of the head away from the 
affected arm, elbow and wrist extension, and depression 
of the shoulder girdle.29,91 For transaxillary robotic thy-
roidectomy, a recently developed approach has the arm 
abducted to 180 degrees. An incidence of brachial plexus 
injury has been reported to be 0.3%.92 When an extreme 
position is used, neurophysiologic monitoring, such as 
motor-evoked potentials and SSEPs, has been shown to 
detect an evolving injury and allow for repositioning to 
prevent permanent damage.93,94 Nerve function moni-
toring may therefore become increasingly common with 
newer surgical techniques that carry increased risk related 
to patient positioning.

In patients undergoing cardiac surgery requiring 
median sternotomy, brachial plexus injury has been 
specifically associated with the C8-T1 nerve roots. In a 
prospective study in which the incidence of injury was 
4.9%, the authors found that 73% of the injuries occurred 
on the same side as the internal jugular vein cannula-
tion; however, this study antedated the widespread use 
of ultrasound to guide cannulation.95 Unilateral sternal 
retraction to harvest the mammary artery is associated 
with brachial plexus dysfunction, presumably caused by 
stretching the nerves. SSEP monitoring of the brachial 
plexus during sternal retraction has been shown to pre-
dict injury.96

In the 1999 ASA Closed Claims Project report, 10% 
of brachial plexus injuries were directly attributed to 
patient positioning. Of those, one half involved the use 
of shoulder braces in patients in the Trendelenburg posi-
tion.3 Consequently, nonsliding mattresses should be 
used, along with a concerted effort to avoid compression 
of the shoulders as much as possible.25,26 Of the 311 bra-
chial plexus injuries in the ASA Closed Claims Project, 
59 (19%) occurred after a regional block without general 
anesthesia,2 including axillary and interscalene blocks.3 
In those cases, the role of patient positioning cannot be 
determined.3



OTHER UPPER EXTREMITY NERVE INJURY

Although quite rare, the radial nerve can be injured 
from direct pressure as it traverses the spiral groove of 
the humerus in the lower one third of the arm. The 
injury often exhibits a wrist drop with an inability to 
abduct the thumb or extend the metacarpophalangeal 
joints. An isolated median nerve injury most often 
occurs during the insertion of an intravenous needle 
into the antecubital fossa in a patient who has been 
anesthetized where the nerve is adjacent to the medial 
cubital and basilic veins. Patients with this injury are 
unable to oppose the first and fifth digits and have 
decreased sensation over the palmar surface of the 
lateral three and one half fingers. Surprisingly, in an 
evaluation of the ASA Closed Claim database from 1970 
to 2001, peripheral intravenous and arterial line inser-
tion accounted for 2.1% of all claims filed, particularly 
among patients who underwent cardiac surgery where 
the arms were tucked and the lines were not visible for 
inspection.97 Nerve injury accounted for 17% of intra-
venous line complications, second only to skin slough 
or necrosis (28%) and swelling, inflammation, and 
infection (17%).

LOWER EXTREMITY NERVE INJURY

Injuries to the sciatic and common peroneal nerves occur 
most often in the lithotomy position. Because of its fixa-
tion between the sciatic notch and the neck of the fibula, 
the sciatic nerve can be stretched with external rotation 
of the leg. The sciatic nerve and its branches cross the 
hip and knee joints and are stretched by hyperflexion of 
the hips or extension of the knees. The common pero-
neal nerve, a branch of the sciatic, is most often damaged 
from the compression between the head of the fibula and 
an external structure, such as the frame of a leg support. 
Most often, patients who suffer a peroneal nerve injury 
will complain of a foot drop and the inability to extend 
the toes in a dorsal direction or evert the foot. In a pro-
spective study of 991 patients undergoing surgery under 
general anesthesia in the lithotomy position, the inci-
dence of lower extremity neuropathies was 1.5%, with 
injuries to the sciatic and peroneal nerves representing 
40% of the cases. Interestingly, symptoms were predomi-
nantly paresthesia with onset within 4 hours of surgery 
and resolution generally within 6 months. No motor defi-
cits were noted, but in a previous retrospective study, the 
same authors found the incidence of severe motor disabil-
ity in patients who underwent surgery in the lithotomy 
position to be 1 in 3608.34,35

Injury to the femoral or obturator nerves generally 
occurs from lower abdominal surgical procedures with 
excessive retraction. The obturator nerve can also be 
injured during a difficult forceps delivery or by excessive 
flexion of the thigh to the groin. A femoral neuropathy 
will exhibit decreased flexion of the hip, decreased exten-
sion of the knee, or a loss of sensation over the superior 
aspect of the thigh and medial or anteromedial side of the 
leg. An obturator neuropathy will exhibit an inability to 
adduct the leg with decreased sensation over the medial 
side of the thigh.
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PERIOPERATIVE EYE INJURY AND  
VISUAL LOSS

Although quite rare, with an incidence of 0.056% in 
one retrospective review,98 perioperative eye injuries are 
a source of significant morbidity and liability (see also 
Chapter 100). In the ASA Closed Claims database, eye 
complications made up 3% of all claims and were associ-
ated with greater monetary settlements as compared with 
nonocular injuries.3

Corneal abrasion continues to be the most common 
type of perioperative eye injury and is associated with 
direct trauma to the cornea from facemasks, surgical 
drapes, or other foreign objects. Corneal abrasion can 
also be associated with decreased basal tear production or 
swelling of the dependent eye in patients in the prone posi-
tion. Patients complain of pain associated with a foreign 
body sensation in the eye upon awakening from surgery. 
This pain can also occur from a dried section of cornea. 
Symptoms are generally transient, and treatment is made 
up of supportive care and antibiotic ointment to prevent 
bacterial infection. In a prospective study of 671 patients 
undergoing nonocular surgery, 4.2% of patients reported 
a new onset of blurred vision lasting at least 3 days after 
surgery. For most patients, the symptoms resolved within 
2 months without complication. However, 1% of patients 
required visits to eye care providers.99 Precautionary mea-
sures to reduce the incidence of corneal abrasion include 
early and careful taping of the eyelids after the induction 
of anesthesia, an awareness of dangling objects when 
leaning over patients, and close observation as patients 
awaken. Before they are completely awake, patients often 
try to rub their eyes or nose with pulse oximeter probes, 
armboards, and intravenous lines attached, inadvertently 
endangering their eyes.

Postoperative visual loss is a devastating complica-
tion that has been associated with specific surgeries and 
patient risk factors. Chapter 100, “Postoperative Visual 
Loss,” of this text is dedicated to this subject. Risk var-
ies with the type of surgery. The incidence varies from a 
range of 1 in 60,965 to 1 in 125,234 for patients under-
going noncardiac, nonocular surgeries,98,100 to 0.06% 
to 0.113% for patients undergoing cardiac surgery with 
cardiopulmonary bypass,101,102 and 0.09% for patients 
undergoing spine surgery in the prone position.103 Isch-
emic optic neuropathy (ION) and, to a lesser extent, cen-
tral retinal arterial occlusion from direct retinal pressure 
are the conditions most cited as potential causes. Periop-
erative factors associated with an increased risk of ION 
include prolonged hypotension, long duration of surgery 
especially in the prone position, large blood loss, large 
crystalloid use, anemia or hemodilution, and increased 
intraocular or venous pressure from the prone posi-
tion.104,105 Intraocular pressure increases in the depen-
dent eye in the lateral decubitus position as well.106 In 
addition, steep Trendelenburg positioning for robotic 
prostatectomies has been shown to cause a time-depen-
dent increase in intraocular pressure that is positively 
correlated with end-tidal carbon dioxide (ETcO2) concen-
tration.107 Patient risk factors associated with ION include 
hypertension, diabetes, atherosclerosis, morbid obesity, 
and tobacco use. However, with the exception of obvious 
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external compression of the eyes, the cause of periopera-
tive visual loss appears to be multifactorial in nature with 
no consistent underlying mechanism.

In 1999, the ASA Committee on Professional Liabil-
ity established the ASA Postoperative Visual Loss (POVL) 
Registry to better understand the complication. By 2005, 
131 cases were reported to the registry, of which 73% of 
reported cases involved patients who underwent spine 
surgeries and 9% who underwent cardiac surgery.108-110 
Of the 93 patients with postoperative visual loss after 
prone spine surgery, Lee and associates reported that 
89% were diagnosed with ION, predominantly posterior, 
and 11% with central retinal artery occlusion (CRAO). In 
patients who were diagnosed with ION, 66% had docu-
mented bilateral involvement, of which 42% had even-
tual improvement in vision, although often clinically 
insignificant. Compared with CRAO, patients with ION 
had significantly higher anesthetic duration (9.8 ± 3.1 
versus 6.5 ± 2.2 hours), estimated blood loss (median 2 
versus 0.75 liters) and crystalloid infusion (9.7 ± 4.7 ver-
sus 4.6 ± 1.7 liters). Patients with ION were also relatively 
healthy (64% ASA class I and II), and 73% were men.110 
Using a multicenter case-control design in a 2012 follow-
up study, Lee and associates compared 80 patients who 
developed ION after spine surgery with 315 adult control 
patients without ION after spine fusion surgery, randomly 
selected from 17 institutions. After a multivariate analy-
sis, they found that independent risk factors for ION after 
spine fusion surgery included obesity, male sex, Wilson 
frame use, longer anesthetic duration, greater estimated 
blood loss, and decreased percent of colloid administra-
tion.111 However, although all of these patients were 
prone, the report does not include data on the tilt of the 
table, and cases for which multiple data fields (including 
table tilt) are missing, were eliminated from the POVL 
reports.

In 2006, the ASA issued a Practice Advisory for periop-
erative visual loss associated with spine surgery that was 
updated in 2012.112,113 Positioning-related recommenda-
tions were the following:

 •  Avoid direct pressure on the eye to prevent CRAO.
 •  Position the high-risk patient to ensure that the head is 

level with or higher than the heart, when possible.
 •  Position the high-risk patient without significant neck 

flexion, extension, lateral flexion, or rotation, when 
possible.

 •  Avoid external compression of the abdomen or chest.
  

Although not scientifically proven, many consultants 
believed that the horseshoe head holder may increase 
intraocular pressure. No evidence suggests that facial 
edema or ocular compression causes anterior or posterior 
ION. Additional recommendations include frequent eye 
checks during surgery, although the required frequency 
has not been established; frequent checks may help pre-
vent central retinal artery occlusion.113 In addition, careful 
attention to factors related to oxygen delivery, including 
oxygen tension and the maintenance of adequate intra-
vascular volume and cardiac output, is recommended.114 
The patient’s vision should also be checked postopera-
tively when the patient is alert.113 Unfortunately, no defi-
nite recommendations were made concerning the issue of 
induced hypotension, the use of vasopressors, specifically 
α-adrenergic agonists, or transfusion threshold because 
of the multifactorial nature and the low incidence of the 
injury.

Despite a lack of direct evidence, additional sugges-
tions for patients at high risk for eye injury or visual loss 
who are undergoing complex spine surgery include the 
following:112,113

 •  Discuss the possibility of staging the spine surgery in 
consultation with the surgeon.

 •  Use colloids along with crystalloids to maintain 
intravascular volume. Consider placement of a central 
venous line for monitoring preload.

 •  For patients who are preoperatively anticipated to 
undergo procedures that are prolonged and have 
substantial blood loss (or both), consider informing the 
patients of a small, unpredictable risk of perioperative 
visual loss.

  

Until the causative factors of this devastating type of 
injury are better defined, debate regarding patient man-
agement strategies will likely continue. Intraocular pres-
sures are increased in the dependent eye in the lateral 
position and in both eyes in the prone position in the 
absence of any external pressure. External eye pressure 
should be avoided at all times, time in the prone position 
should be limited whenever possible, and frequent eye 
checks should be documented when patients are in the 
prone position.

EVALUATION AND TREATMENT OF 
PERIOPERATIVE NEUROPATHIES

When a nerve injury becomes postoperatively apparent, 
performing and documenting a directed physical exami-
nation to correlate the extent of sensory or motor deficits 
with the preoperative examination and any intraopera-
tive events is essential. Whether or not a cause is sus-
pected, seeking consultation with a neurologist to help 
define the neurogenic basis, localize the site of the lesion, 
and determine the severity of injury is prudent to help 
determine the prognosis.115,116 With proper diagnosis 
and management, most nerve injuries resolve; however, 
months to years may be required.73 In addition, perioper-
ative neuropathies associated with pain must be differen-
tiated from surgically induced neuropathic pain, which is  
receiving increasing attention by surgeons because it post-
operatively affects an estimated 10% to 40% of surgical 
patients postoperatively.117

For motor neuropathy, an electromyogram (EMG) can 
be performed to characterize the injury. An EMG exami-
nation involves recording the electrical activity of mus-
cle from a needle electrode inserted within it. If present, 
abnormalities may point to the affected component in 
the motor unit, which consists of the anterior horn cell, 
its axon and neuromuscular junctions, and the muscle 
fibers that it innervates. Certain findings are suggestive of 
denervation, including the presence of abnormal spon-
taneous activity in the resting muscle (fibrillation poten-
tials and positive sharp waves, which results from muscle 
irritability) and increased insertion activity. Insertion 
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activity increases within a few days of muscle denerva-
tion, whereas abnormal spontaneous activity takes 1 to 
4 weeks to develop, depending on the distance from the 
nerve lesion to the muscle. From a medicolegal standpoint 
(see also Chapter 11), the presence of abnormal sponta-
neous activity in the acute setting may suggest the nerve 
injury was preoperatively present. In addition, depend-
ing on the pattern of abnormalities, an EMG study may 
distinguish between radiculopathies, plexopathies, and 
neuropathies. Electrodiagnostic testing will not, however, 
identify the cause of the neuropathy.

For anesthesiologists, nerve conduction studies may be 
more useful to evaluate potential peripheral nerve inju-
ries, such as ulnar neuropathy. Nerve conduction studies 
permit the assessment of both motor and sensory nerves. 
To evaluate motor integrity, the nerve is supramaximally 
stimulated at two points along its course, and a recording 
is made of the electrical response of one of the muscles 
that it innervates. The size of the muscle action potential 
provides an estimate of the number of motor axons and 
muscle fibers that are activated by the stimulus. For sen-
sory conduction studies, the nerve fiber is supramaximally 
stimulated at one point and the sensory nerve action 
potential is recorded from another point. The latency 
of the response can be interpreted as a reflection of the 
number of functioning sensory axons. Nerve conduction 
studies are useful for several reasons; they may reveal the 
presence of a subclinical polyneuropathy that made the 
individual nerves more susceptible to injury and help 
distinguish between axon loss and demyelination, which 
has significant implications regarding course and overall 
prognosis.

Most sensory neuropathies are generally transient and 
require only reassurance to the patient with follow-up vis-
its, whereas most motor neuropathies include demyelin-
ation of peripheral fibers of a nerve trunk (neurapraxia) 
and generally take 4 to 6 weeks for recovery. Injury to 
the axon within an intact nerve sheath (axonotmesis) or 
complete nerve disruption (neurotmesis) can cause severe 
pain and disability. When reversible, recovery often takes 
3 to 12 months. Interim physical therapy is recommended 
to prevent contractures and muscle atrophy.115,116

If a new sensory or motor deficit is found postopera-
tively, then electrophysiologic evaluation by a neurolo-
gist within the first week may provide useful information 
concerning the characteristic and temporal pattern of the 
injury. Another examination after 4 weeks, when enough 
time has elapsed for the electrophysiologic changes to 
evolve, will provide more definitive information about 
the site, nature, and severity of the nerve injury. Regard-
less, electrophysiologic testing must be interpreted within 
the clinical content for which it was obtained. No single 
test can define the cause of injury.

With regard to professional liability for perioperative 
nerve injuries, it is important for anesthesia providers 
to appreciate that case laws on assignment and appor-
tionment of liability remain unsettled, largely because 
determining the patient’s position during a procedure 
is not a core responsibility of the anesthesia provider.118 
In addition, injuries occur despite best practices. For 
perioperative ulnar neuropathy, opinion regarding its 
cause has evolved. Although once largely attributed to 
positioning in the surgical unit, the current consensus is 
that the cause is poorly understood, and injuries are not 
entirely preventable.86,91 However, jurors and judges are 
not familiar with the surgical environment or practices, 
and the variety of “expert” opinions have contributed 
to a wide range of judicial outcomes with regard to the 
liability of anesthesiologists. Although the cooperation 
of the entire surgical team is required, the position for 
surgery is largely dictated and accepted or modified by 
the surgeon. National guidelines and institutional poli-
cies and procedures may help address the responsibility 
of team members regarding patient positioning and high-
light the primary roles of the anesthesia provider, which 
are to protect the airway and vascular access and to pro-
mote physiologic homeostasis while the patient is in the 
requested position.118

ANESTHESIA OUTSIDE THE  
OPERATING ROOM

Anesthesia care providers are increasingly involved with 
procedures performed for gastrointestinal endoscopy, 
cardiac catheterization, interventional radiology, neuro-
radiology, magnetic resonance imaging, and computed 
tomography, as well as for office-based procedures (see 
also Chapter 90).119 Anesthesia care may be specifically 
requested because an individual is not expected to tolerate 
the position required for the procedure because of comor-
bidities such as congestive heart failure, pulmonary dis-
ease, or morbid obesity. Additionally, although positions 
that are customarily used for procedures without anesthe-
sia may be generally safe for patients who are awake, they 
may pose serious risks to those under anesthesia.

Because of the less familiar environment, relative 
lack of positioning equipment, and a variability in staff 
and nursing training with regard to patient positioning, 
vigilance is particularly important in settings outside the 
surgical unit to maintain patient safety. Many locations 
have not routinely had safety straps or arm supports avail-
able, for example. Diagnostic tables may not lend them-
selves to established intraoperative solutions to patient 
positioning challenges. The ability to initiate the Tren-
delenburg position to augment venous return and car-
diac output rapidly is often lacking. When procedures are 
performed without securing the airway, accurate carbon 
dioxide monitoring is difficult. Detection of respiratory 
depression requires constant attention, because decreases 
in oxygen saturation are delayed if supplemental oxygen 
is being delivered. In some settings, such as magnetic res-
onance imaging and radiation therapy, the anesthesiolo-
gist is not in direct proximity to the patient, and vigilance 
is more challenging. Special monitors and video cameras 
are often required to supplement limited or no direct vis-
ibility of the patient or anesthesia equipment.

Currently, the number of claims in the ASA Closed 
Claims database for injuries during anesthesia care out-
side the surgical unit is extremely small (33 versus 4291 
claims for intraoperative surgical anesthesia). However, 
54% of these claims are associated with death, 63% with 
substandard care (predominantly the result of inadequate 
monitoring), and 58% involve monitored anesthesia 
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care among patients who were ASA class III to V, most of 
whom were at the extremes of age.78 In such an environ-
ment, where practice patterns often evolve in the context 
of nonanesthetized patients, the anesthesiologist is espe-
cially important for verifying the safety of each patient’s 
position and for implementing guidelines for patients 
under anesthesia.

CONCLUSION

The positioning of patients under anesthesia care is a 
major responsibility requiring great attention to detail 
and constant vigilance. Rapid positioning and optimal 
surgical exposure are virtues that may be instantly appre-
ciated; however, the potential for lasting harm to patients 
from improper positioning and physiologic compromise 
must guide our actions. Each position has significant 
physiologic effects on ventilation and circulation. In 
addition, despite increased awareness, position-related 
complications, including peripheral nerve injuries, con-
tinue to remain a significant source of patient morbidity. 
As surgical techniques evolve, extreme positions some-
times permit advantages, such as smaller incisions and 
more effective displacement of internal organs to facili-
tate surgical exposure. Unfortunately, associated risks 
may increase with positions that would not be tolerated 
when patients are awake. Anesthesiologists, surgeons, 
and nurses must work together when each patient is 
positioned to promote comfort and safety in addition to 
the desired surgical exposure. Ideally, the final position 
should appear natural; that is, a position that the patient 
would comfortably tolerate if awake and unsedated for 
the anticipated duration of the procedure.
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Neuromuscular Disorders  
and Other Genetic Disorders
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K e y  P o i n t s

 •  Management of anesthesia in patients with acquired or inherited neuropathies 
introduces challenges for protecting the involved nerves against pressure, 
entrapment, or trauma associated with positioning of nerve blocks. Neurologic 
deficits are assessed and documented before the administration of regional 
anesthesia (see Chapters 56 and 57).

 •  Patients with autonomic dysfunction caused by conditions such as diabetes 
neuropathy or Guillain-Barré syndrome (GBS) are at increased risk for exaggerated 
hemodynamic response to anesthetics, as well as for aspiration of gastric contents 
from delayed gastric emptying.

 •  Prolonged immobility in patients who are critically ill is associated with a relative 
increase in immature acetylcholine receptors that can lead to insensitivity 
to nondepolarizing neuromuscular blocking drugs (NMBDs) or sensitivity to 
depolarizing neuromuscular blockers with the risk for increased potassium efflux 
(see also Chapter 34).

 •  Monitoring the neuromuscular transmission is mandatory in patients with myasthenia 
gravis (MG) if nondepolarizing NMBDs are to be administered. These patients may 
be extremely sensitive to nondepolarizing NMBDs and yet require a larger dose of 
succinylcholine than patients who do not have MG (see also Chapter 53).

 •  Lambert-Eaton myasthenic syndrome (LEMS) is caused by antibodies to the 
voltage-gated calcium channels on the presynaptic motoneuron terminals, 
with decreased acetylcholine release in the neuromuscular junction. Sensitivity 
to depolarizing and nondepolarizing NMBDs is increased, and the response to 
anticholinesterases is insufficient.

 •  Spinal anesthesia has been implicated in the postoperative exacerbation of 
multiple sclerosis (MS), but epidural application of low concentrations of local 
anesthetics has been successfully used in these patients.

 •  Because of the risk for rhabdomyolysis and hyperkalemia, succinylcholine should 
be avoided in patients with amyotrophic lateral sclerosis (ALS), Duchenne muscular 
dystrophy (DMD), and Becker muscular dystrophy (BMD) (see also Chapters 34 
and 43).

 •  Cardiomyopathy and a progressive decline of pulmonary function are common 
in patients with DMD and may predispose them to perioperative pulmonary and 
cardiac complications. Volatile anesthetics are best avoided, and the use of total 
intravenous (IV) anesthesia should be considered in these patients when possible.

 •  Pulmonary complications caused by hypotonia, chronic aspiration of gastric 
contents, and central and peripheral hypoventilation are common in patients with 
myotonic dystrophy (DM) (see also Chapter 43). The possibility of prolonged 
postoperative mechanical ventilation should be considered. Cardiac manifestations 
of this disease include conduction abnormalities, arrhythmias, and cardiomyopathy.

 •  The extent of organ system involvement should be carefully assessed and documented 
in patients with mitochondrial disease, with particular emphasis on the degree of 
myopathy, endocrine and metabolic derangements, and neurologic function.

Acknowledgment: The editors and publisher would like to thank Drs. Jie Zhou, Paul D. Allen, Isaac N. Pessah,  
and Mohamed Naguid for contributing a chapter on this topic to the prior edition of this work. It has served as  
the foundation for the current chapter.
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Chapter 42: Neuromuscular Disorders and Other Genetic Disord

 •  Evidence does not suggest that patients with hyperkalemic periodic paralysis 
(HyperPP) are susceptible to malignant hyperthermia (MH). Maintaining 
normothermia, preventing hyperkalemia, and avoiding hypoglycemia are 
important in these patients (see also Chapter 43).

 •  The genetics of mitochondrial disorders is a special case of mendelian disorders, 
and defects may be in mitochondrial DNA (mtDNA)–encoded or nuclear DNA 
(nDNA)–encoded structural or regulatory components of the mitochondrion. 
Recent genetic research has begun to unlock the basis for other complex diseases, 
which will facilitate a better understanding of perioperative implications and 
provide more effective and safe treatments for individual patients.

K e y  P o i n t s — c o n t ’ d
Diseases that affect peripheral nerves, neuromuscular 
junction, and muscles are rarely encountered in routine 
anesthetic practice but pose significant challenges to the 
perioperative management of the affected patient. Car-
diovascular and respiratory systems are often involved, 
posing an increased risk for perioperative dysrhythmias, 
hypotension, or respiratory failure. Adverse reactions to 
neuromuscular blocking drugs (NMBDs) should be con-
sidered and may include severe hyperkalemia or pro-
longed paralysis. Autonomic dysreflexia, when present, 
increases the risk for cardiovascular instability or aspira-
tion upon anesthesia induction. A thorough knowledge 
of organ system involvement is mandatory, and the 
choice of anesthetics and NMBDs has to be tailored to the 
specific needs of each patient.

In this chapter, some of the most common neuro-
muscular disorders and their anesthetic implications are 
reviewed. An overview of the genetics of the mendelian 
disorders and mitochondrial and complex diseases is also 
provided, and their implications for clinical translation 
and perioperative care are discussed. Lastly, because some 
of these disorders are related to malignant hyperthermia 
(MH), they are also discussed in Chapter 43. A compari-
son of these two conditions will provide additional points 
of view for the reader.

ACQUIRED AND HEREDITARY 
NEUROPATHIES

Lesions of peripheral nerves produce motor weakness or 
sensory disturbance and are accompanied by decreased 
muscle stretch reflexes. Mononeuropathies involve a 
single nerve and are commonly due to a compression 
associated with immobilization, entrapment, ischemia, 
or trauma with stretch or laceration. Carpal tunnel 
syndrome is the most common entrapment neuropa-
thy caused by compression of the median nerve in the 
wrist, which results in pain, paresthesias of the hand 
and fingers, and sensory loss in the distal median nerve 
territory, including the thenar eminence.1 Weakness of 
thumb adduction and opposition, resulting in a loss of 
grip strength, is a typical symptom. Comorbid conditions 
such as hypothyroidism and diabetes mellitus should be 
considered, and electromyography and nerve conduc-
tion study findings should be obtained for diagnosis and 
prognostication. Ulnar nerve compression and injury at 
the condylar groove, which lacks soft-tissue protection, 
is the most common perioperative peripheral neuropa-
thy.2 Symptoms include paresthesia of the fourth and 
fifth digits and weakness of the intrinsic muscles demon-
strated as grip weakness and, in severe cases, clawhand. 
The brachial plexus with its relatively long course from 
the vertebral foramina to the axilla and its proximity to 
many mobile bony structures is particularly susceptible 
to injury from poor perioperative positioning.3 Brachial 
plexus injuries may occur, nevertheless, despite appro-
priate positioning and padding during surgery. The 
association between hypertension and diabetes mellitus 
with perioperative peripheral nerve injuries4 suggests 
a multifactorial etiologic origin. Over 40% of patients 
with diabetes are reported to develop clinical symptoms 
or electrophysiologic evidence of neuropathy.5 Diabetic 
neuropathy includes a number of distinct clinical syn-
dromes such as primary sensory polyneuropathy with 
symmetric and slowly progressive neuropathy of the feet 
and legs; autonomic neuropathy involving the bladder, 
bowel, and circulatory reflexes; and plexus neuropathy 
with severe hip, thigh, and knee pain, as well as weak-
ness in the quadriceps muscles, which usually improves 
within weeks to months. Diabetic amyotrophy or Bruns-
Garland syndrome (also known as ischemic mononeuropa-
thy multiplex) is another form of plexus neuropathy with 
abrupt onset of asymmetric pain in the back, hips, thigh, 
or leg, and progressive muscle weakness.6 Treatment is 
primarily expectant, although immunotherapy may be 
considered in severe cases. In patients who are critically 
ill, phrenic nerve mononeuropathy may develop as a 
result of prolonged systemic inflammation with immo-
bilization during mechanical ventilation. This condition 
is diagnosed by electroneurography and diaphragmatic 
electromyographic recordings and may interfere with 
the ability to wean the patient from ventilator depen-
dency and may prolong the stay in the intensive care 
unit (ICU).

Inherited neuropathies include Charcot-Marie-Tooth 
(CMT) diseases and hereditary neuropathy with liability 
to pressure palsies (HNPP). CMT affects approximately 
1 in 2500 people and represents the most common 
inherited neurologic disorder.7,8 It is not a single dis-
ease entity; rather, CMT represents a spectrum of disor-
ders caused by mutations in myelin or axonal genes.9 
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Although traditionally classified as types 1 through 7, 
based on electrophysiologic, histologic, and clinical char-
acteristics, multiple genetic subtypes7,9 and mutations 
exist in more than 30 genes involving more than 40 dis-
tinct loci that give rise to the disorder.7 The pattern of 
genetic inheritance is most commonly autosomal domi-
nant, but X-linked and autosomal recessive forms also 
exist, as do sporadic cases as a result of new mutations.7 
In approximately two thirds of cases, demyelination as 
a result of mutations in genes expressed in Schwann 
cells causes the disorder; axonal dysfunction as a result 
of mutations expressed in neuronal cells cause the bal-
ance of the cases.7,10 Demyelination, slowed motor nerve 
conduction velocities, and an autosomal dominant pat-
tern of inheritance characterize CMT1, the most com-
mon type.9 The most prevalent form of CMT1 is subtype 
CMT1A, which accounts for approximately 75% of CMT1 
cases.7 A 1.4 megabase (Mb) duplication in chromosome 
17p11.2 causes CMT1A.9,11 Patients with CMT typically 
experience progressive distal muscle weakness and wast-
ing with hyporeflexia or areflexia. Mild sensory loss in 
a glove and stocking distribution, lower extremity defor-
mity (peroneal muscle atrophy is typical), kyphoscoliosis, 
and neuropathic pain may also develop in some patients. 
Pes cavus (clawfoot) with hammer toes, footdrop, and fre-
quent ankle sprains are not uncommon.9 Onset generally 
occurs by 20 years of age; although the disorder does not 
compromise lifespan, it can cause significant disability. 
Variant forms of CMT exist, including Dejerine-Sottas 
neuropathy and congenital hypomyelination, which 
are characterized by onset in infancy and are sometimes 
fatal.9

Similar to CMT, HNPP is a slowly progressive neu-
ropathy, but focal areas of irregular thickening of myelin 
sheaths (tomaculae) cause HNPP, and it demonstrates 
recurrent focal neuropathies caused by minor trauma.12 
HNPP typically develops during adolescence with attacks 
of numbness, muscle weakness, peroneal palsies, carpal 
tunnel syndrome, and other entrapment neuropathies. A 
nerve conduction study showed focal conduction block 
at the site of injury and generalized mild slowing, con-
sistent with diffuse demyelinating disease. Some patients 
may have long-term neurologic dysfunction, but many 
show complete recovery after a focal neuropathy.

ANESTHETIC CONSIDERATIONS

Management of anesthesia in patients with mononeu-
ropathies introduces challenges for protection of the 
involved nerve against further entrapment or trauma 
associated with positioning. Autonomic neuropathy may 
be associated with exaggerated hemodynamic response 
to the anesthetic as a result of involvement of the cir-
culatory reflexes. Patients with diabetic autonomic neu-
ropathy are also at greater risk for aspiration pneumonitis 
from delayed gastric emptying of food particles.13

Patients with CMT frequently require orthopedic sur-
gery to correct the musculoskeletal manifestations of the 
disease, including foot and ankle defects, spinal deformi-
ties, and hip dysplasia.14 Evidence regarding the anesthetic 
management of patients with CMT is limited and consists 
primarily of case reports and clinical series. Nevertheless, 
important concerns exist when anesthetizing patients 
with this condition, based on these reports and patho-
physiologic considerations. Major considerations for the 
perioperative care of patients with CMT include the risk 
of adverse reactions to NMBDs, a susceptibility to MH, 
and the potential for respiratory weakness requiring pro-
longed ventilatory support. An increased sensitivity to 
hypnotic anesthetics has also been suggested, but intrave-
nous and volatile anesthetics have been used in patients 
with CMT with no reported complications.15 Neverthe-
less, multiple reports of worsening CMT symptoms have 
been recounted in patients exposed to nitrous oxide,16 
such that this agent should be avoided when possible. 
Other medications that are administered in the periop-
erative period that have been associated with worsening 
CMT include metronidazole, amiodarone, linezolid, and 
nitrofurantoin.16

The literature provides conflicting reports regarding 
the responses to NMBDs in patients with CMT. Pog-
son and associates reported an increased sensitivity to 
vecuronium,17 whereas cisatracurium and mivacurium 
have been used with no evident prolongation of the 
neuromuscular blockade.18-20 Because of the demyelin-
ation that occurs in the distal extremities, monitoring 
the neuromuscular blockade should preferentially occur 
at the facial rather than the ulnar nerve. Although succi-
nylcholine has been successfully used in these patients,21 
clinicians are cautioned against its routine use, consider-
ing the risk of an exaggerated hyperkalemic response.22 
A single case report of MH associated with the admin-
istration of sevoflurane to a patient with CMT has been 
reported.23,24 However, in the largest clinical series pub-
lished to date, 77 patients with CMT were exposed to 
triggering anesthetics without complications.25 No estab-
lished association between CMT and MH has been estab-
lished, and volatile anesthetics can be reasonably used in 
these patients.24

Regional anesthesia has been used in patients with CMT 
without clear evidence of associated complications.25-28 
Because of the concern for exacerbating the neurologic 
symptoms, however, regional anesthesia techniques 
are often avoided in these patients. Ultrasound-guided 
peripheral nerve blocks may reduce the risk of neurologic 
complications but should be reserved for patients with 
major risks for general anesthesia.29 Neuraxial anesthe-
sia has also been used for obstetric procedures in these 
patients, often with no reported exacerbation of their 
neurologic symptoms.26,30 It is important that neurologic 
deficits are assessed and documented before administer-
ing anesthesia.24

As with CMT, patients with HNPP pose special con-
cerns for their response to NMBDs, as well as the risk to 
exacerbate neurologic symptoms from patient position-
ing. The immobility associated with general anesthesia 
or regional block can potentially trigger pressure palsies 
in these patients. However, current literature provides 
no evidence against the use of neuraxial techniques or 
local anesthetics.31 Despite the lack of evidence on the 
effects of surgical positioning in patients with HNPP, it 
is reasonable to assume that judicious positioning and 
thorough padding will reduce the risk of neurologic 
complications.
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GUILLAIN-BARRÉ SYNDROME OR ACUTE 
INFLAMMATORY DEMYELINATING 
POLYRADICULOPATHY

Guillain-Barré syndrome (GBS) or acute inflammatory 
demyelinating polyradiculopathy (AIDP) is an acute onset 
of progressive peripheral neuropathy that is triggered by 
humoral and cell-mediated autoimmune response to a 
sensitizing event, such as a respiratory tract infection.32 
Its presentation is typically an ascending paralysis char-
acterized by symmetric weakness that can vary from mild 
difficulty with walking to nearly complete paralysis of all 
extremities, facial, respiratory, and bulbar muscles. Mild 
variants can exhibit ataxia, ophthalmoplegia, or hypore-
flexia without significant appendicular weakness. Fulmi-
nate cases can express severe ascending weakness leading 
to complete tetraplegia, as well as to paralysis of cranial 
nerves and phrenic and intercostal nerves leading to 
facial and respiratory muscle weakness that necessitates 
ventilatory support.33 Autonomic dysfunction may occur 
and can cause hemodynamic instability and arrhythmias 
with the risk for sudden circulatory collapse and death.

Diagnosis is made based on clinical features such as 
areflexia and progressive motor weakness, cerebrospinal 
fluid (CSF) analysis with elevated protein but no pleocy-
tosis (albuminocytologic dissociation), and electrophysi-
ologic studies.34 Electromyography and nerve conduction 
studies may be normal in the early acute period, but char-
acteristic segmental demyelination and reduction of con-
duction velocity and dispersion or absence of F waves are 
usually observed within 1 to 2 weeks.

Management includes respiratory support, measures to 
prevent aspiration, and nutritional support. Early plasma 
exchange, typically five exchanges with 5% albumin 
repletion, may mitigate the course but is contraindicated 
in a setting of hemodynamic instability, prominent dys-
autonomia, and active bleeding.35 Intravenous immuno-
globulin (IVIG) is typically administered in the setting 
of dysautonomia or when a significant risk for catheter-
related complications exist with plasmapheresis or when 
an exchange transfusion is performed.

ANESTHETIC CONSIDERATIONS

Cranial nerve paralysis and autonomic dysfunction pre-
dispose patients with GBS to an increased risk for aspi-
ration. Aspiration precautions, including decompression 
of the stomach, should therefore be considered before 
the induction of anesthesia. An absence of compensa-
tory cardiovascular responses may be associated with 
exaggerated hypotension at anesthesia induction or in 
response to hypovolemia. Conversely, laryngoscopy or 
noxious stimuli can be associated with an exaggerated 
increase in blood pressure. The hemodynamic instability 
is typically short-lived and self-limited, but small doses of 
short-acting and titratable vasoactive medications may be 
required.36 Careful hemodynamic monitoring is essential, 
and continuous monitoring of the blood pressure with 
an arterial catheter is often considered. These patients 
may also exhibit abnormal responses to NMBDs, with 
a hyperkalemic response to succinylcholine even after 
clinical resolution of symptoms.37 Nondepolarizing NMBDs 
can be used but are typically avoided because of the risk 
of prolonged muscle weakness. If these drugs are used, 
then the neuromuscular transmission should be closely 
monitored with a nerve stimulator since both resistance 
and sensitivity to these anesthetics have been reported.38 
Regional anesthesia is used by some practitioners,39 but 
its use remains controversial because worsening neuro-
logic symptoms have been reported.40

CRITICAL ILLNESS POLYNEUROPATHY 
AND CRITICAL ILLNESS MYOPATHY

Bolton and associates identified critical illness poly-
neuropathy (CIP) in 1987 and described this condition 
as a characteristically widespread axonal degeneration 
among motor and sensory fibers with subsequent exten-
sive denervation atrophy of limb and respiratory muscle 
associated with polyneuropathy.41 Although the true 
incidence of CIP is difficult to determine, critical ill-
ness neuropathy and critical illness myopathy (CIM) are 
believed to affect up to 50% of all patients remaining in 
the ICU for longer than 2 weeks.42 Bolton also defined the 
myosin loss syndrome that is often observed in patients 
with CIM. This condition shows histologic signs of myo-
sin loss, as opposed to actin, in skeletal muscle biopsies 
from affected muscles. The ratio of myosin to actin is typ-
ically below 1.0 with some patients showing a complete 
absence of myosin in skeletal muscle cells. The typical 
clinical manifestation consists of a profound symmetric 
limb weakness with reduced or absent tendon reflexes 
and diaphragmatic and intercostal weakness. CIM affects 
the lower extremities to a greater extent than the upper 
extremities and the distal muscle groups more severely 
than the proximal muscle groups. The autonomic func-
tion is not affected, and the extraocular eye movements 
remain intact. In CIP, no evidence of a neuromuscular 
junction disorder exists, and the electromyography and 
nerve conduction study findings are consistent with axo-
nal motor and sensory polyneuropathy with amplitude 
reduction of motor and sensory action potentials and 
slowed conduction velocities. Serum creatine kinase lev-
els are usually normal. Conversely, sensory nerve action 
potential is often normal in CIM, but compound muscle 
action potentials are diminished and electromyographic 
findings are consistent with myopathy. Serum creatine 
kinase levels may be elevated. No specific treatments are 
currently available, and management is supportive with 
aggressive and early rehabilitation. The use of sedation, 
paralytics, and corticosteroids should be limited,43 and 
aggressive control of hyperglycemia can reduce the inci-
dence of CIP by 44%.44

ANESTHETIC CONSIDERATIONS

Anesthetic considerations in these patients are similar to 
those with other acquired neuropathies (see previous text) 
and include protection of nerve compression sites, par-
ticularly the ulnar and peroneal nerves. Prolonged immo-
bility in patients who are critically ill is associated with a 
relative increase in immature acetylcholine receptors that 
can lead to an insensitivity to nondepolarizing NMBDs.45 
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Conversely, the sensitivity to a depolarizing NMBD (suc-
cinylcholine) is increased, with a risk for increased potas-
sium efflux after succinylcholine administration.46

MYASTHENIA GRAVIS

Myasthenia gravis (MG) is an autoimmune disorder of 
synaptic transmission caused by antibodies against nico-
tinic acetylcholine receptors (nAChRs). With an annual 
incidence of 1 in 200,000 to 500,000, MG has a preva-
lence of 0.5 to 14.2 per 100,000 in the United States and 
primarily affects women 20 to 30 years of age and men 60 
to 80 years of age. Autoantibodies against the α-subunit 
of the muscle-type nAChRs destroy these receptors in the 
neuromuscular junction and cause transmission failure, 
manifested as muscle weakness and fatigue. The origin of 
these antibodies is not always known, but they may be 
associated with thymomas or thymic hyperplasia (80% 
of generalized MG and 30% to 50% of ocular MG). Auto-
antibodies against the muscle-specific tyrosine kinase 
(MuSK) are associated with the human leukocyte antigen 
(HLA)–B8 and the DRw3 antigen and are primarily iden-
tified in younger patients with MG.47 Skeletal muscles 
innervated by cranial nerves are especially vulnerable, the 
involvement of which can lead to extraocular and facial 
muscle weakness or bulbar and oropharyngeal weakness. 
Speech and chewing may be affected, as well as the pha-
ryngeal function and coordination of swallowing, placing 
the patient at an increased risk of pulmonary aspiration 
of gastric or oral contents. Skeletal muscle weakness in 
MG worsens with repetition or throughout the course of 
the day and, conversely, improves after rest. The clini-
cal course may also be marked by periods of exacerbation 
and remission. Myocarditis, atrial fibrillation, heart block, 
takotsubo cardiomyopathy, and sympathetic hyperac-
tivity with fluctuations in heart rate and blood pressure 
have been described in these patients.48,49 The diagnosis 
of MG is made by neurologic examination and testing of 
the tendency to exhibit increased muscle weakness dur-
ing exercise or repeated contractions. The response to 
edrophonium, which is administered as a 1- to 2-mg test 
dose followed by 8 mg intravenously, can confirm the 
diagnosis (Tensilon test). Improvement in the patient’s 
preexisting weakness should be evident within 1 to 5 
minutes of drug administration. Serologic studies include 
serum antibodies for acetylcholine receptor (present in 
95% of patients), striated muscle, and MuSK (present  
in 65% of patients who are acetylcholine- receptor nega-
tive). Electromyography shows increased jitter, and nerve 
conduction studies with repetitive simulation produce 
decremental responses.50 Management includes support-
ive care with mechanical ventilation as needed and the 
administration of cholinesterase inhibitors such as pyr-
idostigmine.51,52 Immunomodulatory drugs such as ste-
roids and azathioprine are effective but have a delayed 
onset of action. Although steroids are shown to reduce 
the number of antibodies to the acetylcholine receptors 
and can significantly improve the symptoms, they may 
cause a transient worsening of the weakness at the initia-
tion of therapy. IVIG and plasma exchange can be used 
for more rapid response in patients with severe bulbar 
and oropharyngeal dysfunction or those with MG crisis. 
Thymoma resection is helpful for paraneoplastic myas-
thenia, but its benefit in nonthymomatous autoimmune 
MG has not been conclusively established.53

ANESTHETIC CONSIDERATIONS

A thorough review of the neurologic symptoms and med-
ications is of paramount importance. The ability of the 
patient with MG to protect and maintain a patent airway, 
to cough, and to clear secretions should be thoroughly 
assessed. These patients should be advised of the risk 
for worsening symptoms, which can require prolonged 
postoperative mechanical ventilation. Increased risk for 
postoperative myasthenic crisis and ventilatory support is 
possible if these conditions exist: prolonged duration of 
disease (longer than 6 years), presence of previous respira-
tory problems or coexisting lung disease, pyridostigmine 
doses of more than 750 mg/day, and preoperative forced 
vital capacity of less than 2.9 L have been suggested to 
predict increased risk for postoperative myasthenic crisis 
and ventilatory support.54 The presence of bulbar symp-
toms, history of preoperative myasthenic crisis, preop-
erative serum antiacetylcholine receptor antibody level 
greater than 100 nmol/L, and intraoperative blood loss 
greater than 1000 mL have also been associated with post-
surgical myasthenic crisis.55 Elective surgeries should be 
performed during a stable phase of the disease and when 
the patient requires minimal immunomodulatory medi-
cation. Most of these medications do not interact with 
anesthetic agents, but azathioprine can inhibit nondepo-
larizing NMBDs and may extend the effect of succinyl-
choline. Most clinicians recommend that patients should 
keep taking their anticholinesterase medication on the 
day of surgery, but their interaction with the NMBDs 
should be considered.56 A reduced number of functional 
acetylcholine receptors results in an increased sensitiv-
ity to nondepolarizing NMBDs.57,58 Monitoring the neu-
romuscular transmission is mandatory, but clinicians 
should be cognizant of the possibility to overestimate 
the degree of neuromuscular blockade in these patients, 
particularly when the orbicularis oculi muscle responses 
are monitored. In addition, an uneven spread of muscle 
weakness exists; therefore, routine neuromuscular mon-
itoring at one site (e.g., the hand) does not adequately 
represent the actual level of block in other muscle groups. 
The dose of these NMBDs should be cautiously titrated, 
such as by the administration of small increments corre-
sponding to 0.1 to 0.2 times the 95% effective dose (ED95) 
until the desired effect is achieved. Succinylcholine, on 
the other hand, often needs to be administered in larger-
than-normal doses (ED95 2.6 times the patient without 
MG) because of the decreased number of functional 
acetylcholine receptors.59 A rapid desensitization of the 
myasthenic endplate receptors to succinylcholine has 
also been reported, indicating a susceptibility to devel-
oping phase II neuromuscular block.60 Potent volatile 
anesthetics have been successfully used in patients with 
MG, and they commonly cause profound muscular relax-
ation, enough to allow most surgical procedures to be 
performed without the need for an NMBD.61 Intravenous 
induction anesthetics and opioids have also been used 
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without significant adverse effects. If regional anesthe-
sia is used, then careful monitoring of muscle function 
and ventilation is equally important. As ester-type local 
anesthetics are metabolized by the pseudocholinesterase, 
anticholinesterase treatment in patients with MG may 
potentiate their effects and lead to prolonged blockade. 
Although amide local anesthetics have been successfully 
used in patients with MG, judicious dosing is essential, as 
is the preparedness to manage worsening muscle weak-
ness safely.62,63

LAMBERT-EATON-MYASTHENIC 
SYNDROME

Lambert-Eaton myasthenic syndrome (LEMS) is caused 
by antibodies to the voltage-gated calcium channels on 
the presynaptic motoneuron terminals, which lead to a 
decreased release of acetylcholine. This syndrome is fre-
quently part of the paraneoplastic phenomenon (typi-
cally, a small-cell lung cancer is present in 50% to 60% of 
patients) but can also occur without associated cancer.64 
In more than 80% of patients with associated cancer, 
symptomatic onset of myasthenia precedes the diagnosis 
of their cancer. Symptoms are usually subacute at onset 
and are typically characterized by weakness in the proxi-
mal lower extremities, although upper extremity weak-
ness, bulbar symptoms, and respiratory muscle weakness 
may also be present. Unlike MG, patients with LEMS are 
usually worse in the morning and gradually improve 
throughout the day. Their weakness also improves after 
brief exercise but can worsen with sustained physical 
activity. Improvement of muscle function with exercise 
is due to the accumulation of presynaptic calcium and 
subsequent improved release of acetylcholine. Auto-
nomic dysfunction and cholinergic symptoms, includ-
ing dryness of the mouth and impaired lacrimation, may 
be present. The diagnosis of LEMS is made by physical 
examination, showing proximal lower limb weakness, 
depressed tendon reflexes with posttetanic potentiation, 
and evidence of autonomic disturbances. Electromyog-
raphy typically shows small compound muscle action 
potential (CMAP) amplitudes and a transient incremen-
tal CMAP response to rapid nerve stimulation (20 to 50 
Hz) but a decremental response to slow nerve stimulation 
(1 to 5 Hz).65 Autoantibodies against P/Q-type voltage-
gated calcium channels are highly specific and have been 
detected in 85% to 90% of patients with LEMS.66

Cholinesterase inhibitors do not consistently pro-
duce improvement in these patients but may improve 
the muscle weakness or dry mouth in some. Aminopyri-
dines (e.g., 3,4-diaminopyridine) are the first-line treat-
ment for patients with symptomatic LEMS and improve 
the strength and autonomic function with minimal side 
effects in most patients.67 Aggressive immunotherapy, 
plasma exchange, and immunoglobulin therapy result in 
rapid but transient improvement of symptoms.

ANESTHETIC CONSIDERATIONS

Similar to patients with MG, those with LEMS should be 
carefully assessed for the risk of postoperative respiratory 
failure and the need for prolonged mechanical ventila-
tion. Sensitivity to depolarizing and nondepolarizing 
NMBDs is increased, and the response to anticholines-
terases is insufficient. Autonomic dysfunction may be 
associated with an exaggerated response to vasodilators 
and anesthesia induction drugs. Close monitoring of 
the neuromuscular transmission is important, and in 
patients whose train-of-four responses are insufficient, 
monitoring of the tetanic stimulation and posttetanic 
facilitation should be considered.68 Reversal of the neuro-
muscular blockade with anticholinesterase drugs may be 
ineffective in patients who receive aminopyridines, and 
a combination of oral aminopyridine and an anticholin-
esterase may be more effective.69 Epidural anesthesia has 
been successfully used in these patients,70 but, as with 
patients with MG, neuraxial anesthesia should be used 
with extreme caution in patients with LEMS, considering 
the possibility of increasing muscle weakness and respira-
tory failure.

MULTIPLE SCLEROSIS

Multiple sclerosis (MS) is a demyelinating disease of the 
optic nerves, cerebrum, and spinal cord where it primar-
ily affects the corticospinal tract and posterior columns. 
It is considered an autoimmune disorder and is char-
acterized by sensitization of the peripheral leukocytes 
to the myelin antigen and a subsequent inflammatory 
response, monocytic and lymphocytic perivascular cuff-
ing and glial scars, with plaque formation within the 
central nervous system, especially in the periventricular 
white matter. Genetic predisposition and environmental 
factors have also been implicated in its pathophysiologic 
mechanisms. The disease affects mainly women between 
10 to 60 years of age, with the greatest peak between ages 
20 to 40 years. Exacerbations and remissions character-
ize its clinical course in most patients, but continuous 
neurologic deterioration is also reported in up to 10% of 
cases (primary progressive MS). Acute symptoms, which 
are related to the site and extent of sclerosing central 
nervous system plaque, commonly include visual distur-
bances (e.g., diplopia, blurring, field cuts), sensory abnor-
malities with numbness and paresthesias, and an electric 
shock sensation that radiates down the spine and into the 
limbs upon flexion of the neck (Lhermitte sign). Cranial 
nerve dysfunction, ataxia, and bladder and bowel distur-
bances are also common. A localized or, late in the course 
of the disease, generalized muscle weakness with the legs 
affected more than the arms is typical. Chronic symp-
toms can also include spastic paraparesis, appendicular 
tremor, and psychiatric disturbances such as depression 
or euphoria (la belle indifférence) and dementia. In severe 
cases, respiration may be involved with the development 
of hypoxemia. MS can be associated with autonomic dys-
function and, hence, an increased risk for exaggerated 
hemodynamic response to anesthetic induction, vasodi-
lator, and sympathomimetic drugs.71 A diagnosis of MS is 
currently based on a combination of clinical symptoms 
and laboratory tests, including CSF antibody analysis and 
radiology (detection of central nervous system plaque 
by magnetic resonance imaging). Diagnosing MS after 
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a single, acute remitting, clinically isolated syndrome 
is discouraged, whereas repeated attacks with increased 
CSF immunoglobulin G (IgG) and multifocal magnetic 
resonance imaging abnormalities are strongly supportive 
of the diagnosis.72 Acute attacks are treated with various 
combinations of immunosuppression modalities includ-
ing glucocorticoids, which have been shown to increase 
the rate of recovery but not an overall level of recovered 
function. Preventive therapy with interferon β1a or glat-
iramer acetate (a mixture of polypeptides synthesized to 
mimic myelin basic protein) may be used in individu-
als with the relapsing-remitting subtype of MS. Specific 
treatments aimed at chronic symptoms include baclofen 
and benzodiazepines for spasticity, anticonvulsants or 
propranolol for tremor, oxybutynin and propantheline 
for bladder spasticity, and selective serotonin reuptake 
inhibitors (SSRIs) or other antidepressive agents for mood 
disorders.

ANESTHETIC CONSIDERATIONS

MS symptoms may be intensified after physical and 
emotional stress or in the perioperative period. These 
patients should therefore be informed of the impact of 
surgical stress on the natural progression of the disease 
and the potential for aggravated symptoms in the post-
operative period, regardless of the anesthetic approach. 
Increased body temperature is often cited as an offend-
ing mechanism, possibly by causing a complete block of 
conduction in demyelinated nerves. Body temperature 
should therefore be closely monitored and controlled 
during the perioperative period. Great care must also 
be exercised to minimize changes in fluid homeostasis 
and central hemodynamics (i.e., preload, afterload). In 
general, preoperative chronic immunosuppressive medi-
cations should be continued during the perioperative 
period. Although the literature provides no evidence to 
support the use of any specific inhaled or intravenous 
anesthetic, many clinicians believe that general anesthe-
sia causes fewer exacerbations and is superior to neurax-
ial techniques in these patients. Avoiding administering 
depolarizing NMBDs such as succinylcholine to patients 
with MS is reasonable; denervation or misuse myopathy 
may lead to a risk for exaggerated release of muscle potas-
sium, causing hyperkalemia and cardiac arrhythmias. 
Nondepolarizing NMBDs are safe to use but should be 
cautiously administered since both prolonged responses 
(increased sensitivity in patients with preexisting mus-
cle weakness) and resistance to these NMBDs have been 
reported. Speculation suggests that the demyelination 
associated with MS renders the spinal cord susceptible to 
the neurotoxic effects of local anesthetics. Nevertheless, 
epidural application of low concentrations of local anes-
thetics has been successfully used in patients with MS.73 
Spinal anesthesia, on the other hand, has been impli-
cated in postoperative exacerbations of MS symptoms. 
Because demyelination may also damage the blood-brain 
barrier, spinal anesthesia is usually not recommended for 
these patients. Clearly, the need for postoperative care 
is dependent on the preoperative symptoms, the type 
of surgery, and the expected complications. The need 
for extended postoperative care and respiratory support 
should be considered for those with severe preopera-
tive weakness, respiratory compromise, and pharyngeal 
dysfunction.

AMYOTROPHIC LATERAL SCLEROSIS

Amyotrophic lateral sclerosis (ALS) is a mixed upper and 
lower motor neuron disease with degeneration of anterior 
horn α-motoneurons in the spinal cord and brainstem 
motor nuclei and corticospinal tracts. Patients demon-
strate gradually spreading focal weakness and muscle 
atrophy (typically of the hands), spasticity, and hyper-
reflexia of lower extremities. Dysarthria and dyspha-
gia, tongue atrophy, and fasciculations may also occur. 
Progressive weakness can lead to respiratory failure and 
death. Sensory functions, including intellectual capacity 
and cognition, as well as bowel and bladder function, are 
not usually affected in ALS.

ALS has an incidence of approximately 2 in 100,000 
and prevalence of 4 to 6 per 100,000. The onset of the 
disease usually occurs between 50 and 75 years of age, 
and men are more often affected than women. Most 
cases are sporadic, and although the pathophysiologic 
process remains unclear, an association with superox-
ide dismutase (SOD) mutations has been suggested. SOD 
is an important antioxidant, and its mutation can lead 
to decreased clearance of free radicals, increased oxida-
tive stress, and mitochondrial dysfunction. Most familial 
forms are associated with the mutation of C9ORF72 on 
9p21, TDP43, FUS, and VCP genes. Electromyographic 
and electroneurographic studies and neurologic exami-
nation, which demonstrates early spastic weakness of 
the upper and lower extremities, typical subcutaneous 
muscle fasciculations, and bulbar involvement affect-
ing pharyngeal function, speech, and the facial muscles, 
confirm the diagnosis. No curative treatment is currently 
available, and patients are therefore treated symptomati-
cally. Riluzole, a glutamate-release inhibitor, may provide 
neuroprotection and extend survival in these patients.74 
Tracheostomy and gastrostomy surgeries and other sup-
portive treatments including mechanical ventilation are 
often required.

ANESTHETIC CONSIDERATIONS

Patients with ALS may have an increased sensitivity to 
the respiratory depressant effects of sedatives and hyp-
notics. Bulbar involvement, in combination with respira-
tory muscle weakness, leads to a risk for aspiration and 
pulmonary complications. Sympathetic hyperreactivity 
and the implications of autonomic dysfunction, often 
displayed as orthostatic hypotension and resting tachy-
cardia, should be considered during the perioperative 
management of these patients.75 Succinylcholine should 
be avoided because of the risk for hyperkalemia as a 
result of denervation and immobilization. Nondepolar-
izing NMBDs may cause prolonged and pronounced neu-
romuscular block and hence should be used with great 
caution.76 General anesthesia may be associated with 
exaggerated ventilatory depression. Regional anesthe-
sia is also often avoided for fear of exacerbating disease 
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symptoms. However, both general and epidural anesthe-
sia have been successfully administered to these patients 
without reported complications.

DUCHENNE MUSCULAR DYSTROPHY

Genetic defects in components of muscle cells, which 
result in progressive skeletal and smooth muscle dysfunc-
tion, are the cause of a group of disorders collectively 
referred to as muscular dystrophies. The most common and 
severe form of muscular dystrophy is Duchenne muscu-
lar dystrophy (DMD), which affects approximately 1 in 
5000 male births.77,78 DMD is an X-linked recessive dis-
order caused by mutations in the gene that encodes the 
protein dystrophin.79,80 A deletion within the gene most 
commonly causes DMD, but duplication and point muta-
tion have also been described.80 Although most cases are 
due to inherited mutations, approximately 10% are due 
to spontaneous mutations, which can be explained by 
the large size of the dystrophin gene.79

The dystrophin gene is expressed in skeletal, smooth, 
and cardiac muscle. Although it only accounts for 0.002% 
of protein in striated muscle,81 dystrophin plays an 
important role in sarcolemmal stability and muscle mem-
brane integrity. A cytoskeletal protein links intracellular 
actin to a group of cell membrane proteins called the dys-
trophin-associated protein complex.82 This complex, in turn, 
links via laminin to the extracellular matrix (Fig. 42-1).82 
In DMD, not only is dystrophin absent, but an abnormal 
expression of the dystrophin-associated protein complex 
is evident.82 A hallmark of the disease at its early stages 
is increased membrane permeability and leakage of intra-
cellular components, including creatine phosphokinase 
out of the cell and extracellular ions (including calcium 
into the cell). Traditionally, the absence of dystrophin 
has been thought to render the sarcolemma fragile and 
susceptible to rupture with contraction and that this 
accounts for the increased membrane permeability.83 
Recently, however, this mechanism has been called into 
question, and evidence has suggested that the disease 
alterations in channel function in the early stages lead to 
an increase in intracellular calcium, which activates pro-
teases and reactive oxygen species.79,82

Infants with DMD are often normal. Symptoms gener-
ally emerge between 2 and 5 years of age84; in one pop-
ulation-based sample, the first signs or symptoms were 
noted at a mean age of 2.5 years and definitive diagnosis 
was made at a mean age of 4.9 years85 (see also Chapter 
93). The common signs and symptoms at presentation 
include proximal muscle weakness79 that results in gait 
disturbance (including waddling and toe walking), dif-
ficulty climbing stairs, calf hypertrophy, and the classic 
Gowers sign (in which the child uses his hands to climb 
up their thighs to stand).84 Creatine kinase level provides 
a good screening test; in children with DMD, the level 
is elevated (usually between 5000 and 150,000 IU/L).84 
Motor development plateaus between ages 3 and 6 years, 
and by 9 to 12 years of age, most patients are wheelchair 
bound.84

After children become wheelchair bound, spinal defor-
mity generally ensues secondary to truncal weakness.86,87 
This deformity, combined with progressive respiratory 
muscle weakness, can compromise the pulmonary func-
tion. These patients become highly susceptible, par-
ticularly in the setting of infection, to acute respiratory 
failure.84 Additionally, they are vulnerable to upper air-
way dysfunction and sleep apnea.79 Cardiomyopathy 
occurs in nearly all patients with DMD.88,89 Dystrophin 
is present in cardiac muscle cells, and the degeneration 
of cardiomyocytes results in fibrosis.89 This fibrosis ini-
tially affects the posterobasal segment of the left ven-
tricle,89 which leads to increased myocardial wall stress 
and a progressive decrease in left ventricular systolic 
Figure 42-1. Diagram of the cell-
surface and cytoskeleton protein 
complex. (From Zhou J, Allen PD, 
Pesah IN, et al: Neuromuscular dis-
orders and malignant hyperthermia. 
In Miller RD, editor: Miller’s anes-
thesia, ed 7. Philadelphia, 2010, 
Elsevier (Churchill Livingstone), pp 
1171-1196.)
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function that eventually results in ventricular dilatation 
and dysfunction. These changes are evident as character-
istic electrocardiographic abnormalities including tall R 
waves over V1; deep and narrow Q waves over I, V5, and 
V6; sinus tachycardia; and right axis deviation.90 Initially, 
the echocardiogram will show areas of regional wall 
motion abnormalities at the sites of fibrosis, and, even-
tually, ventricular dysfunction will be apparent. Fibrosis 
of the posterior papillary muscle can result in significant 
mitral regurgitation.91 As a consequence of the structural 
changes, patients with DMD are highly susceptible to a 
range of arrhythmias.92

The primary treatment for DMD is glucocorticoids. 
Meta-analysis of the available data suggests that treat-
ment with glucocorticoids improves short-term muscle 
strength and function.93 The most effective regimen 
appears to be prednisolone at 0.75 mg/kg/day.93 Recent 
data suggest that the addition of bisphosphonates to 
steroids may be beneficial.94 Management of the cardio-
myopathy consists of angiotensin-converting enzyme 
(ACE) inhibitors, beta blockers, and diuretics.89 Pul-
monary support, including continuous positive air-
way pressure, bilevel positive airway pressure, and full 
ventilatory support after a tracheostomy, is frequently 
required.84 Novel molecular therapies, including gene 
replacement therapy, mutation suppression, and exon 
skipping, are being developed and hold promise for the 
treatment of this disease.95 The clinical course is one 
of progressive decline with death, usually from respira-
tory or cardiac failure that generally occurs in the third 
decade of life.96

ANESTHETIC CONSIDERATIONS

Patients with DMD have a frequent need for anesthesia 
for procedures including muscle biopsy, spine surgery for 
scoliosis, release of contractures, and fractures requiring 
operative intervention. The principal anesthetic concerns 
depend on the stage of the disease. In young patients 
when skeletal muscle is deteriorating, anesthetic triggers 
can cause profound rhabdomyolysis and hyperkalemia.79 
In older patients, including adolescents and adults, respi-
ratory and cardiac concerns predominate.79 Irrespective 
of age, a careful anesthesia consultation, along with 
consultations from other relevant medical specialists, is 
required for patients with DMD who undergo nonemer-
gent surgery.97-99

Because progressive pulmonary function decline is 
a hallmark of the disease and the majority of deaths in 
patients with DMD are due to pulmonary causes, preop-
erative pulmonary assessment is required. Experts rec-
ommend the performance of preoperative pulmonary 
function tests including measurement of forced vital 
capacity (FVC), maximum inspiratory pressure, maxi-
mum expiratory pressure (MEP), peak cough flow (PCF), 
and oxyhemoglobin saturation measured by pulse oxime-
try in room air.98 For patients with an FVC less than 50%, 
consideration should be given to preoperative training 
in noninvasive positive pressure ventilation.98,100 Such 
training may result in higher rates of successful use in 
the postoperative period. Patients with DMD, defined in 
adults by a PCF less than 270 L/min or an MEP less than 
60 cm of water, are considered at high risk for respiratory 
complications as a result of impaired cough. For these 
patients, experts recommend training in manual and 
mechanically assisted cough.98

As discussed, DMD results in a progressive dilated 
cardiomyopathy, which predisposes the patient to both 
acute heart failure and arrhythmias during the periop-
erative period.99,101 Preoperative assessment with an 
electrocardiogram and echocardiogram and consultation 
with a cardiologist are generally recommended to ensure 
that patients are optimized for surgery.98 However, nor-
mal preoperative cardiac workup does not preclude the 
possibility of perioperative cardiac decompensation.101 
Optimization of preoperative nutrition is also essential. 
Malnutrition can occur as a consequence of increased 
work of breathing or an inability to eat as a result of 
dyspnea.98 The introduction of appropriate ventilatory 
support may help with this problem. Preoperative mea-
surement of prealbumin and albumin may be indicated 
to identify patients with suboptimal nutrition status who 
are at risk for impaired wound healing.98

Because DMD is a terminal illness, experts recom-
mend clarifying with patients and guardians resuscitation 
parameters and, when appropriate, instituting advanced 
directives before major surgery.98

Several intraoperative considerations are important for 
patients with DMD. First, succinylcholine is considered 
contraindicated in patients with DMD. Succinylcholine 
can precipitate hyperkalemia via two mechanisms in 
these patients: (1) excess potassium release as a result of 
the activation of extrajunctional fetal (although its pres-
ence in patients with DMD is controversial) and adult 
acetylcholine receptors102; and (2) massive rhabdomy-
olysis with muscle contraction secondary to an unstable 
sarcolemma.79,103 Indeed, hyperkalemic cardiac arrest 
after the administration of succinylcholine to young 
male patients with undiagnosed DMD has led to a black 
box warning cautioning its use in children and adoles-
cents.79 Second, volatile anesthetics are probably best 
avoided in these patients,24,79,104 and most experts sug-
gest the use of total intravenous anesthesia when pos-
sible. Although rare, exposure to volatile anesthetics can 
precipitate a life-threatening MH-like reaction character-
ized by profound rhabdomyolysis.103,104 This reaction 
can occur at low concentrations and may even develop 
postoperatively, which presents an argument for the 
use of a clean anesthesia machine.79,104 Although some 
earlier reports suggest an association between DMD and 
MH, a shared genetic risk for DMD and MH is thought 
to be unlikely—the causal mutation for DMD is on the X 
chromosome, and the mutations associated with MH are 
generally on chromosome 19.103 Rather, the mechanism 
of this adverse reaction to volatile anesthetics is thought 
to be isolated rhabdomyolysis and hyperkalemia without 
the signs of hypermetabolism.104 As such, dantrolene is 
unlikely to be clinically useful in these circumstances,104 
and treatment should be focused on the standard man-
agement of hyperkalemia. Some authors argue that evi-
dence for considering volatile anesthetics as absolutely 
contraindicated remains insufficient79 and have argued 
that brief exposure in circumstances such as a difficult 
airway is reasonable.104
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DMD presents several challenges with respect to air-
way management. First, the incidence of difficult intuba-
tion is likely higher in these patients. In a recent series 
involving 232 cases of patients with DMD undergoing 
orthopedic surgery, the incidence of difficult direct laryn-
goscopy was 4%,105 likely owing to higher rates of mac-
roglossia, obesity, limited mouth opening, and decreased 
cervical spine range of motion.105 Decreased laryngeal 
reflexes and slowed gastric emptying, which increase the 
risk for aspiration, may further complicate airway man-
agement. Sleep disordered breathing including obstruc-
tive sleep apnea and hypoventilation are common in 
patients with DMD.106 It is widely recognized that sleep 
disordered breathing increases sensitivity to opiates in 
children.107,108 Therefore, opiates should be judiciously 
used and titrated to effect in patients with DMD.79

Patients with DMD exhibit increased sensitivity to 
the effects of nondepolarizing NMBDs with a given dose, 
resulting in greater train-of-four ratio depression and a 
longer period of neuromuscular block.109,110 This may be 
due to the decrease in muscle mass observed with DMD.79 
A delay in the onset of block has also been observed for 
rocuronium, which may have implications for its use in 
rapid sequence induction.110

Data are mixed regarding whether a bleeding diathe-
sis is present in DMD. Some studies have found evidence 
of platelet function deficiency,111,112 whereas other stud-
ies have not.113,114 A relatively recent study found that 
patients with DMD have increased bleeding times in the 
setting of normal platelet function. Based on the pres-
ence of dystrophin in normal vascular smooth muscle, 
the authors argued that the impaired hemostasis was 
due to a defect in vascular smooth muscle reactivity.114 
Some experts recommend the use of aminocaproic acid in 
patients with DMD who are undergoing major surgery.79

Regional anesthesia can be safely used in patients with 
DMD115 and may be preferable in some clinical circum-
stances, considering the problems with volatile anesthet-
ics and NMBDs previously described. Regional anesthesia 
may also have particular benefits for postoperative anal-
gesia, considering the risks for postoperative respiratory 
complications in these patients.

The principal concerns in the postoperative care of 
patients with DMD include the potential for respiratory 
or cardiac compromise (or both). Careful consideration 
should be given to the postoperative care setting, and 
many patients are likely to benefit from admission to an 
ICU. For patients with an FVC less than 50%, extuba-
tion directly to noninvasive positive pressure ventilation 
should be considered.98 In some circumstances, if ade-
quate pain control is likely to result in hypoventilation 
or excessive sedation, then extubation may be delayed 
for 1 to 2 days.98 Additional recommendations for post-
operative care of these patients include manually or 
mechanically assisted coughing and the use of cardiology 
consultants to aid in the management of postoperative 
fluid shifts and other cardiac issues. Given the gastroin-
testinal motility issues that can accompany DMD, experts 
recommend the use of bowel preparation and prokinetic 
drug regimens and gastric decompression in appropriate 
patients.98 Early enteral or parenteral nutritional support 
is also recommended when oral intake is not possible.98
BECKER MUSCULAR DYSTROPHY

Becker muscular dystrophy (BMD) is a milder form of 
DMD with an incidence that is approximately 20% that of 
DMD.116 It affects approximately 14 per 100,000 males.117 
The onset of clinical symptoms in BMD generally occurs 
later than in DMD, with ambulation being maintained by 
most affected patients into the third decade of life.118 Life 
expectancy is substantially longer than what is observed 
in DMD, often extending into the fifth decade of life.79

An important feature of BMD is the frequent presence 
of cardiac involvement, even in the presence of benign or 
subclinical myopathy. In one series, 72% of patients with 
subclinical myopathy exhibited cardiac involvement.119 
Early right ventricular involvement and later left ventricu-
lar dilatation and a reduced ejection fraction characterize 
the cardiac manifestations.119 Since skeletal muscle is less 
involved in BMD, patients are hypothetically able to per-
form strenuous exercise, which creates cardiac stress that 
damages the dystrophin-deficient myocardial cells.119

ANESTHETIC CONSIDERATIONS

Anesthetic considerations are dependent on the sever-
ity of the disease but, in general, are similar to those 
for DMD. These patients appear to be susceptible to the 
anesthetic-induced rhabdomyolysis observed in DMD. 
In fact, case studies report patients with previously undi-
agnosed BMD who experienced massive rhabdomyoly-
sis (without hypermetabolism) and cardiac arrest upon 
exposure to volatile anesthetics.120 Accordingly, as with 
DMD, volatile anesthetics should be generally avoided. 
Succinylcholine is also contraindicated for these patients. 
Considering the high prevalence of cardiomyopathy in 
patients with BMD,119 performing a preoperative electro-
cardiogram and echocardiogram in patients undergoing 
moderate- or high-risk surgery is prudent. The manifesta-
tions of the patient’s disease, particularly cardiac status, 
and the type of surgical procedure will dictate the type of 
postoperative monitoring and care.

LIMB-GIRDLE MUSCULAR DYSTROPHY

Limb-girdle muscular dystrophies are a clinical and genet-
ically heterogeneous group of myopathies characterized 
by progressive weakness that begins in the proximal mus-
cles, typically the shoulder or pelvic girdle muscles, spar-
ing other muscle groups at early disease stages.121,122 The 
age of onset can be from childhood to late adulthood, 
depending on the subtype. Inheritance pattern can be 
autosomal dominant or recessive. To date, 24 genetically 
distinct limb-girdle muscular dystrophies have been iden-
tified, and that number is likely to increase substantially 
with advances in next-generation sequencing.122 Treat-
ment, at present, is supportive.

ANESTHETIC CONSIDERATIONS

The literature on the anesthetic management of patients 
with limb-girdle muscular dystrophy is primarily lim-
ited to case reports.123-125 The clinical manifestations of 
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the disease and the planned procedure should dictate 
the anesthetic plan. Preoperative discussion with a neu-
romuscular disease specialist to understand the clinical 
features of the patient’s disease subtype is warranted. 
Some types of limb-girdle muscular dystrophy will have 
a prominent cardiac component and therefore require 
preoperative cardiac testing. The patients may be suscep-
tible to the same volatile anesthetic-induced rhabdomy-
olysis observed in DMD and BMD123; therefore, avoiding 
these agents may be prudent. Succinylcholine should be 
avoided.

MYOTONIC DYSTROPHIES

Myotonic dystrophies (DMs) are autosomal dominant 
multisystem diseases characterized by myotonia, muscu-
lar dystrophy, cardiac conduction defects, cataracts, and 
endocrine disorders.126 DMs have two major subtypes: 
myotonic dystrophy type 1 (DM1), classically known as 
Steinert disease or Batten-Gibb disease; and myotonic 
dystrophy type 2 (DM2). An expanded cytosine-thy-
mine-guanine (CTG) repeat in the 3’ untranslated region 
on chromosome 19 encoding the dystrophia myotonica-
protein kinase gene causes DM1.126 Normal individuals 
generally have fewer than five of these repeats, whereas 
those who are affected can have repeats into the thou-
sands.127 In DM1 disease, onset and severity gener-
ally correlates with the number of repeats,128 and DM1 
is often divided into congenital, childhood onset, and 
adult onset. An expanded CTG repeat in intron 1 of the 
zinc finger protein 9 gene causes DM2.126 Although both 
disorders share the same core clinical manifestations, in 
general, DM2 develops later and has a milder clinical 
course.126

Facial muscle weakness and wasting is a prominent 
component of DM1, resulting in a characteristic “hatchet 
face” appearance.129 In addition, weakness of the neck 
flexors and external rotators of the arm are characteris-
tic130; other muscle groups, including hands, ankles, and 
pharyngeal muscles, can also be involved. Proximal mus-
cle weakness, particularly of the lower extremity is a com-
mon component of DM2 and was previously referred to as 
proximal myotonic myopathy.131 DM has, in general, impor-
tant cardiac manifestations, and these patients have a rel-
atively high incidence of sudden cardiac death.129 DM1 is 
associated with conduction abnormalities, tachyarrhyth-
mias (particularly atrial tachyarrhythmias), cardiomyopa-
thy, and valvular disorders.132 Cardiomyopathy may not 
always be clinically apparent because of the limited capac-
ity for exertion secondary to the myopathy.132 In general, 
the cardiac manifestations are less severe in patients with 
DM2, compared with those with DM1.129

Patients with DM1 are also susceptible to respiratory 
complications including aspiration (as a result of pharyn-
geal muscle weakness) and hypoventilation (as a result 
of diaphragm weakness and decreased central respiratory 
drive).129 Respiratory complications are less common in 
patients with DM2. Similarly, patients with DM1 are at 
risk for a number of gastrointestinal problems, including 
impaired esophageal peristalsis, delayed gastric emptying, 
and dysphagia.129
ANESTHETIC CONSIDERATIONS

Because of the high risk for perioperative respiratory 
complications, the possibility of prolonged postopera-
tive mechanical ventilation should be considered in all 
patients with DM1, in particular those with severe mus-
cular disability (as assessed by proximal muscle weakness) 
or those who are scheduled for upper abdominal sur-
gery.133 In a series of pediatric patients with DM1, the risk 
of postoperative respiratory complications was related to 
the degree of muscular impairment, the number of CTG 
repeats, and the duration of surgery. The use of muscle 
relaxants without reversal was a potentially modifiable 
risk factor.134 In general, perioperative complications in 
patients with DM2 are less common than in DM1.135,136

Because of the cardiac manifestations of this disease, 
including conduction abnormalities, arrhythmias, and 
cardiomyopathy, consulting with a cardiologist may be 
appropriate to ensure that all of these conditions are 
identified and optimized before surgery. In some circum-
stances, an echocardiogram and even electrophysiologic 
studies may be necessary before surgery.129 The potential 
for impaired gastrointestinal motility should also be eval-
uated before surgery and taken into consideration in plan-
ning the approach to airway management. Finally, these 
patients may show enhanced sensitivity to the respiratory 
depressant effects of anesthetic medications137 and seda-
tives. Anesthetic and analgesic medications should there-
fore be carefully titrated to effect.

MYOTUBULAR OR CENTRONUCLEAR 
MYOPATHY

Similar to other congenital myopathies, specific struc-
tural changes in muscle fibers, early onset with hypoto-
nia and weakness, and a genetic basis and nonprogressive 
course characterize myotubular myopathy (MTM) or 
centronuclear myopathy (CNM).138 MTM was originally 
described in 1966, and early childhood weakness affect-
ing the extraocular, facial, neck, and limb muscles char-
acterized this disorder. MTM is now divided into three 
groups based on clinical and genetic features139: the 
severe X-linked recessive (myotubular) form, the auto-
somal (centronuclear) recessive form, and the relatively 
mild autosomal dominant form with late onset. The esti-
mated frequency of the X-linked form is 1 in 50,000 male 
newborns.140 The X-linked recessive MTM is the most 
severe form of the disease. The gene responsible for MTM 
has been localized to Xq28, which encodes myotubularin, 
a tyrosine phosphatase protein.141,142 Onset is commonly 
in utero and may be associated with polyhydramnios and 
reduced fetal movement.138 Affected male newborns typi-
cally exhibit severe floppiness at birth, feeding difficulties, 
and respiratory distress that requires assisted ventilation. 
Cardiac muscle is spared, and, in the absence of cerebral 
hypoxia, cognitive development is normal. Other charac-
teristic features include birth length more than the 90th 
percentile, macrocephaly (+/− hydrocephalus), a narrow 
elongated face, and slender, long digits.143 Serum creatine 
kinase levels, electromyography, and motor nerve con-
duction velocities are typically normal. The characteristic 
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histologic feature is the presence of centrally placed 
nuclei in muscle fibers resembling fetal myotubules.138 
The long-term prognosis is poor, although studies have 
reported survival of affected patients for as long as 27 
years, with most patients being partially or completely 
ventilator dependent.144 Liver function tests may be 
altered in some patients.144

The autosomally inherited forms of MTM or CNM are 
rare, both familial and sporadic forms.138 The majority of 
patients with autosomal recessive CNM demonstrate the 
disorder in infancy or early childhood. Clinical features 
include hypotonia, respiratory distress, bulbar weakness, 
and ophthalmoplegia. The course may be slowly progres-
sive, with development of scoliosis and a loss of ambu-
lation by adolescence. Laboratory findings are similar 
to other patients with MTM. A late onset, autosomally 
dominant form has also been described that has a milder 
course than the other two forms. Autosomal recessive 
CNM is associated with mutations in the BIB1 gene that 
encodes for amphyphysin-2,145 whereas autosomal domi-
nant CNM has been linked to the gene that encodes for 
dynamin-2.146 Treatment is entirely supportive.

ANESTHETIC CONSIDERATIONS

A primary concern when providing anesthesia for a 
patient with a congenital myopathy is the risk of pre-
cipitating MH with triggering anesthetics (e.g., volatile 
anesthetics, succinylcholine).147 Some of the congeni-
tal myopathies (e.g., central core disease, multiminicore 
myopathy, nemaline rod myopathy) are clearly linked 
with the risk of MH because they may all be associated 
with mutations in the ryanodine (RYR1) gene.148 The risk 
of MH in MTM or CNM is likely to be low, but all reported 
cases have used nontriggering anesthetics, such as propo-
fol and remifentanil.149 However, one case study reports 
MH-like symptoms developing during cardiopulmonary 
bypass in a patient with late-onset CNM, even in the 
absence of administering triggering anesthetics.150 Thus 
the most prudent course in patients with MTM or CNM 
is probably avoiding volatile anesthetics and succinylcho-
line. A risk of prolonged paralysis with nondepolarizing 
muscle relaxants exists.151 However, avoiding the use of 
muscle relaxants altogether should be easy, considering 
the hypotonia in these patients.

DISORDERS OF MUSCLE ENERGY 
METABOLISM

The source of energy used by muscle for metabolism 
depends on several factors, most importantly the type, 
intensity, and duration of exercise. At rest, muscles pre-
dominantly use fatty acids. At submaximal exercise (70% 
to 80% of maximum oxygen consumption [VO2max]) aer-
obic metabolism of glycogen is the most crucial source of 
energy. At intensities close to VO2max, anaerobic glycoly-
sis is the major source of energy.152 Glycogen serves as a 
dynamic but limited reservoir of glucose, mainly stored 
in skeletal muscle and liver. Glycogen storage disorders 
(GSDs) are a group of metabolism disorders caused by 
enzyme deficiency or dysfunction. They reduce effective 
glucose storage by interfering with normal glycogen syn-
thesis and degradation. Synthetic errors cause decreased 
normal glycogen, whereas degradation errors tend to 
block the breakdown of glycogen. Subsequently, hypo-
glycemia and the accumulation of glycogen in tissues 
could occur as a result of defective substrate use. More 
than 12 types of GSDs are assigned Roman numerals 
based on the enzyme deficiencies. Type II, acid maltase 
deficiency (AMD), is discussed in this text.

GLYCOGEN STORAGE DISEASE TYPE II 
(ACID MALTASE DEFICIENCY)

Acid maltase is a lysosomal α-glucosidase that releases glu-
cose from maltose, oligosaccharides, and glycogen. Three 
clinical forms of AMD have been described. The infantile 
form (Pompe disease) is the most common, and symptoms 
are typically expressed during the first 3 months of life. 
The affected patients develop severe muscle weakness, car-
diomegaly, hepatomegaly, and respiratory insufficiency. 
Cardiorespiratory failure usually causes death before 
2 years of age.153 Presentation of the childhood form 
of AMD is primarily a myopathy. Motor milestones are 
delayed, and weakness is greater in the proximal than in 
the distal muscles. Calf enlargement can occur, resulting 
in a clinical picture that simulates muscular dystrophy. 
The disease progresses relatively slowly; however, most 
patients die of respiratory failure by the second decade of 
life.153 The adult form usually begins in the third or fourth 
decade of life but can begin as late as the seventh decade. 
Respiratory failure and diaphragmatic weakness are often 
initial manifestations, heralding progressive proximal 
muscle weakness. The heart and liver are not involved.154

The plasma creatine kinase is elevated by as much as 
10-fold in the infantile and childhood forms but may be 
normal in adult-onset disease. Electromyography dem-
onstrates a myopathic pattern with distinctive myotonic 
discharges, trains of fibrillation and positive waves, and 
complex repetitive discharges. The muscle biopsy in 
infants typically reveals vacuoles containing glycogen 
and the lysosomal enzyme, acid phosphatase. However, 
muscle biopsies in late-onset AMD may demonstrate only 
nonspecific anomalies.154

Pompe disease is inherited as an autosomal recessive 
mutation of the α-glucosidase gene. Enzyme replacement 
therapy (ERT) with intravenous recombinant human 
glucosidase has been shown to be beneficial in infantile-
onset Pompe disease.155 Clinical benefits in the infan-
tile disease include reduced heart size, improved muscle 
function, reduced need for ventilatory support, and lon-
ger life. In late-onset cases of Pompe disease, ERT has not 
been associated with the dramatic response that can be 
seen in classic infantile Pompe disease, yet it appears to 
stabilize the disease process, somewhat improving motor 
and respiratory function.156

ANESTHETIC CONSIDERATIONS

Anesthesia reports in patients with AMD are rare, but pay-
ing close attention to the cardiac function in infantile 
Pompe disease is reasonable, considering the associated 
cardiomyopathy. In a series of five infants with Pompe 
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disease, Ing and colleagues observed that the left ventricu-
lar mass, assessed by echocardiography, was between four 
and five times greater than normal.157 Isolated intraopera-
tive cardiac arrest during halothane anesthesia in infantile 
AMD has been documented.158 Despite the problem noted 
with halothane, enflurane and sevoflurane have been used 
without complications.157 Although halothane may make 
the myocardium more prone to arrhythmias, meticulous 
attention to the hemodynamic parameters and preven-
tion of a vicious cycle of hypotension and compromised 
myocardial perfusion are likely more important than the 
choice of a volatile anesthetic agent. Some have suggested 
that ketamine might be preferable to propofol or sevoflu-
rane induction, primarily because ketamine is an indirect 
sympathomimetic.159 Although ketamine is certainly a 
reasonable choice in these patients, its side effects, such 
as tachycardia and the consequent increase in myocardial 
oxygen consumption, need to be kept in mind.

In patients with late onset AMD, the degree of preop-
erative weakness and respiratory compromise should be 
considered to plan for the anesthetic accordingly. Epi-
dural analgesia, used as an adjunct to general anesthe-
sia, has been administered with success in a patient with 
adult-onset Pompe disease.160 Femoral nerve blocks and 
caudal blocks have also been successfully used in chil-
dren with Pompe disease.161 A combined epidural-spinal 
technique has also been reported in the management of 
a pregnant woman with adult-onset Pompe disease for a 
cesarean section.162

Succinylcholine should be avoided because of the risk 
of hyperkalemia in a patient with myopathy. Nondepo-
larizing NMBDs are safe to use, provided close attention is 
paid to neuromuscular monitoring.163 It should be noted 
that prolonged postoperative weakness has been reported 
even without NMBDs.164

MITOCHONDRIAL MYOPATHIES

The concept of disease as a result of mitochondrial dys-
function was first introduced in 1962 when Swedish 
investigators described a patient with severe hypermetab-
olism without thyroid dysfunction.165 These investigators 
defined mitochondrial disease on the basis of (1) morpho-
logic evidence of abnormal mitochondria in muscle, (2) 
biochemical documentation of “loose coupling” between 
oxidation and phosphorylation in isolated mitochondria, 
and (3) correlation between biochemical abnormalities 
and clinical features (hypermetabolism).166 Mitochon-
drial diseases may be classified in terms of defects in the 
five main steps of mitochondrial metabolism: substrate 
transport, substrate utilization, the Krebs cycle, the elec-
tron transport chain, and oxidation and phosphorylation 
coupling.167 The terms mitochondrial encephalomyopathies 
and mitochondrial myopathies are reserved for those dis-
orders that are the result of defects in the respiratory or 
electron transport chain.166 The respiratory chain is com-
posed of five multimeric complexes (I to V) embedded 
in the inner mitochondrial membrane, plus two small 
mobile electron carriers, coenzyme Q10 (CoQ10) and cyto-
chrome c, for a total of more than 80 proteins. mtDNA 
encodes 13 of these proteins, and nDNA encodes all 
others. mtDNA is different from nDNA in several aspects: 
(1) mtDNA is circular and contains no intron, (2) it has a 
greater number of copies than nDNA and a significantly 
higher spontaneous mutation rate, and (3) its inheritance 
is maternal. Considering the dual genetic control of the 
respiratory chain, that is, of both mtDNA and nDNA, 
multiple mutations in either can give rise to mitochon-
drial disease.166

Primary mtDNA mutations may include point muta-
tions in polypeptide, transfer RNA (tRNA), or ribosomal 
RNA (rRNA) encoding regions and large-scale rearrange-
ments, duplications, or deletions. Some of the common 
conditions caused by point mutations include myoclonic 
epilepsy with ragged-red fibers (MERRF); mitochondrial 
encephalopathy, lactic acidosis, and strokelike episodes 
(MELAS); neuropathy, ataxia, and retinitis pigmentosa 
(NARP); Leigh disease; and Leber hereditary optic neurop-
athy (LHON). Sporadic large-scale mutations may lead to 
Kearns-Sayre syndrome (KSS), progressive external oph-
thalmoplegia, and Pearson syndrome. nDNA mutations 
can cause deficiencies in complexes I to IV and in CoQ10 
of the electron transport chain.166

Mitochondrial diseases present a diagnostic challenge 
as a result of their clinical heterogeneity. Since mitochon-
dria are ubiquitous, mtDNA mutations can affect every tis-
sue in the body. Disorders as a result of nDNA mutations 
follow a mendelian pattern and thus are phenotypically 
“all or none,” whereas inheritance of mtDNA is stochas-
tic, leading to greater variability. The overall incidence of 
mitochondrial myopathy is estimated to be 1 in 4000.168 
Clinically, certain symptoms or signs are “red flags” for 
mtDNA-related conditions because of their frequency. 
These include syndromic or isolated sensorineural hearing 
loss, short stature, progressive external ophthalmoplegia, 
axonal neuropathy, diabetes mellitus, and hypertrophic 
cardiomyopathy.169 Pure myopathies vary considerably 
in the age of onset, distribution of weakness, and course, 
ranging from early onset severe disease with respiratory 
failure to adult onset with mild or even reversible weak-
ness. In addition to fixed weakness, patients with mito-
chondrial myopathies complain of exercise intolerance 
and premature fatigue; some experience recurrent myo-
globinuria.166 The histologic hallmark of these diseases is 
the “ragged-red fiber” when muscle tissue is stained with 
the Gomori trichrome stain.170 Common laboratory find-
ings include a high lactate-to-pyruvate ratio (50 to 250), 
instead of a normal ratio (less than 25:1), increased blood 
levels of free carnitine, and occasionally low levels of 
folate (as in KSS). Computed tomography and magnetic 
resonance imaging of the brain may be helpful. For exam-
ple, patients with MELAS demonstrate basal ganglia calci-
fications and strokelike patterns not confined to vascular 
territories.170 Clinical features of two relatively common 
encephalomyopathies, MELAS and MERRF, are briefly 
discussed in the following text.

MITOCHONDRIAL MYOPATHY, 
ENCEPHALOPATHY, LACTIC ACIDOSIS,  
AND STROKELIKE EPISODES

MELAS is the most common mitochondrial encephalo-
myopathy. Onset is most commonly before age 20 years. 
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Seizures are common and strokelike episodes (strokelike 
because they do not conform to vascular distributions) 
may produce hemiparesis, hemianopia, and cortical 
blindness. Any patient younger than 40 years of age with 
a history of stroke should be assessed for MELAS. Associ-
ated findings include diabetes mellitus, hearing loss, pitu-
itary and thyroid hypofunction, and lack of secondary 
sexual characteristics. In its full expression, MELAS leads 
to dementia, a bedridden state, and death. No specific 
treatment is currently available.154

MYOCLONIC EPILEPSY WITH  
RAGGED-RED FIBERS

MERRF is a multisystem disorder characterized by myoc-
lonus, generalized epilepsy, ataxia, and ragged-red fibers 
on muscle biopsy. Other clinical features may include 
hearing loss, peripheral neuropathy, optic atrophy, 
dementia, short stature, and exercise intolerance.166 Car-
diomyopathy is occasionally present. Laboratory features 
include an increased lactate level at rest and with exer-
cise, and a myopathic picture on an electromyogram and 
electroencephalogram shows generalized spike and wave 
discharges with background slowing. Only supportive 
treatment is available.

ANESTHETIC CONSIDERATIONS

The anesthesiologist may be involved in the care of 
patients with mitochondrial disease in multiple situations 
and often in the setting of obtaining a muscle biopsy in a 
child with an undiagnosed myopathy.171 These patients 
may also have surgical procedures related to the disease 
(such as implantation of a permanent pacemaker in a 
patient with KSS),172 for incidental medical problems, 
as well as in the labor and delivery suite for labor anal-
gesia.173 The diversity of clinical presentations encoun-
tered in the mitochondrial myopathies dictates that each 
patient be thoroughly evaluated and that the anesthetic 
plan be tailored to the patient’s specific needs.

Preoperatively, the extent of organ system involve-
ment should be carefully assessed and documented with 
particular emphasis on the degree of myopathy and 
neurologic function. Looking for evidence of cardiomy-
opathy or rhythm disturbances is imperative. In addi-
tion, close attention should be paid to endocrine issues 
because myotonic dystrophies may frequently be present 
together with other metabolic derangements such as elec-
trolyte imbalances.174 Varying degrees of respiratory com-
promise may be exhibited, and these patients may be at a 
higher risk of postoperative respiratory complications.168 
Baseline blood gases and lactate levels are helpful as well, 
although a normal lactate level certainly does not rule 
out a mitochondrial process.

Every class of anesthetics is associated with a theoretic 
risk of complications in patients with mitochondrial dis-
ease. Volatile anesthetics and succinylcholine raise the 
specter of MH. Propofol and midazolam are known to 
inhibit the mitochondrial respiratory chain in a dose-
dependent manner.175 Indeed, mitochondrial dysfunction 
has been postulated as a mechanism for the propofol-
related infusion syndrome (PRIS).176 NMBDs are associated 
with the risk of prolonged paralysis, and narcotics may 
worsen preexisting respiratory depression.177 Even local 
anesthetics have been reported to cause mitochondrial 
toxicity.178 Fortunately, notwithstanding the potential pit-
falls previously mentioned, almost every anesthetic tech-
nique has been safely used in patients with mitochondrial 
disease.174,179 The caveat, of course, is that given the rarity 
of the mitochondrial diseases, all anesthetic experiences 
reported to date take the form of individual case reports 
or small series that do not permit definitive conclusions.

The association of MH to patients with mitochondrial 
disease probably dates back to a single case described in 
1985 by Ohtani and associates.180 Another patient with 
a mitochondrial myopathy had a positive halothane 
contracture test but did not have clinical evidence of 
MH.181 On the other hand, volatile anesthetics have been 
used on numerous occasions in this patient population 
without any adverse effects.173,182 At present, evidence 
does not support an association between MH and mito-
chondrial disease. However, avoiding succinylcholine in 
patients with extensive myopathy to minimize the risk 
of hyperkalemia may be prudent, although the safe use 
of succinylcholine has been documented in at least one 
patient with KSS.183 Similarly, propofol has been safely 
used in patients with MELAS, and PRIS has never been 
described in this group of patients. Nevertheless, propofol 
should not be used as an ICU sedation in patients with 
mitochondrial dysfunction. Although using propofol as 
an anesthetic-induction drug is safe, using a propofol 
infusion for long periods should probably be avoided.

Several studies report sensitivity to nondepolarizing 
muscle relaxants, including mivacurium, atracurium, 
vecuronium, and rocuronium, although resistance to 
cisatracurium in a patient with MELAS is also reported.174 
Being cautious when using muscle relaxants in patients 
with myopathies is important. Finally, several studies 
report the successful use of spinal and epidural anes-
thetics in patients with mitochondrial diseases.173,184,185 
Before choosing a neuraxial technique, close attention 
should be paid to any preexisting neurologic dysfunction.

Perhaps more important than the specific choice of 
anesthetics are the implications of the patient’s comor-
bidities and metabolic status. Normothermia should 
be maintained during surgeries, and intravenous fluids 
should be warmed to body temperature. Lactated Ringer 
solution should probably be avoided, considering the 
risk of preexisting lactic acidosis, although evidence does 
not indicate that lactated Ringer solution has worsened 
acidosis when used.174 Multiple studies have reported 
hyponatremia (and occasionally hyperkalemia) in these 
patients.174,186,187 In such situations, adrenal insufficiency 
should be considered, particularly when accompanied by 
hypotension.174 Finally, these patients are at increased 
risk of cardiac conduction abnormalities and cardiomy-
opathy that should be taken into consideration when for-
mulating an anesthetic plan.

PERIODIC PARALYSES

The periodic paralyses are a group of disorders that are 
characterized by alterations of function in voltage-gated 
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ion channels; these diseases are sometimes termed skeletal 
muscle channelopathies.188 The symptoms of the particu-
lar channelopathy depend on the specific ion channel 
involved and can be divided into three broad categories: 
(1) chloride channelopathies—myotonia without paraly-
sis, such as myotonia congenita; (2) sodium channelo-
pathies—myotonia with paralysis, such as hyperkalemic 
periodic paralysis; and (3) other cation channelopa-
thies—paralysis without myotonia, such as hypokalemic 
periodic paralysis (HypoPP).189

HYPERKALEMIC PERIODIC PARALYSIS

Hyperkalemic periodic paralysis (HyperPP) is an auto-
somal dominant disease with a high penetrance that 
equally affects males and females. It has a prevalence of 
approximately 1 in 200,000.189 The term hyperkalemic can 
be misleading because patients may have normal potas-
sium levels during attacks. This characteristic led to the 
erroneous categorization of such patients as having nor-
mokalemic periodic paralysis. However, normokalemic peri-
odic paralysis has now been unequivocally established as 
a variant of HyperPP.190 The defining characteristic of the 
disease is paralysis precipitated by potassium administra-
tion.191 Mutations at various sites on the voltage-gated 
sodium channel SCN4A gene cause HyperPP. The mutant 
channels, once activated by a depolarizing agent such as 
potassium, cannot inactivate; they flicker between open 
and inactivated states. This action produces persistent 
depolarization (causing muscle weakness) and a shift of 
sodium into the muscle cells and potassium to be released 
from the muscle cells (causing hyperkalemia). When 
potassium diuresis relieves the hyperkalemia, the cycle is 
probably terminated.189

Attacks of weakness begin in the first decade of life, 
are generally short-lived and infrequent, although they 
may later increase in frequency and severity. Precipitating 
factors include potassium-rich foods and rest after exer-
cise. In addition, a cold environment, emotional stress, 
fasting, glucocorticoids, and pregnancy can provoke or 
worsen the attacks. In between attacks, a mild myoto-
nia is common but does not impede activity. Laboratory 
studies may show elevated or normal potassium levels 
during attacks. Creatine kinase levels are often elevated. 
It is rare for serum potassium to reach cardiotoxic levels, 
and the electrocardiogram is usually normal. Electromyo-
graphic recordings will often show myotonic discharges 
during and between attacks. Muscle biopsies may show 
small peripheral vacuoles in the sarcoplasm. Treatment 
includes medication with acetazolamide (a carbonic 
anhydrase inhibitor) and mexiletine (an antiarrhythmic 
with a mechanism of action similar to lidocaine). Behav-
ioral modification, such as avoiding potassium-contain-
ing foods, strenuous exercise, fasting, and exposure to 
cold, are also important.189

HYPOKALEMIC PERIODIC PARALYSIS

Familial hypokalemic periodic paralysis (HypoPP) is the 
most common form of the periodic paralyses, although 
its prevalence is only 1 in 100,000.192 It is autosomal 
dominant with a reduced penetrance in women and affects 
men more commonly. Genetically, two types of HypoPP 
are clinically identical. Patients with type 1 HypoPP (the 
more common) have a mutation in the L-type calcium 
channel gene CACN1AS.193 Type 2 HypoPP is the result 
of mutations in the same sodium channel gene (SCNA4) 
that causes HyperPP.194 Although it remains unclear how 
defects in the same gene (SCNA4) give rise to patho-
logic characteristics with diametrically opposing clinical 
manifestations, it has been speculated that HyperPP is a 
“gain-of-function” sodium channelopathy, whereas type 
2 HypoPP is a “change-of-function” channel disease.194

The presentation of HypoPP occurs between child-
hood and the third decade of life. Proximal muscles 
are disproportionally affected, with rare ocular and bul-
bar muscle involvement. Respiratory muscle weakness, 
although unusual, may be life threatening. Continuous 
physical activity and carbohydrate-rich meals may pro-
voke the attacks. Other triggers include bacterial or viral 
infections, alcohol ingestion, fasting, lack of sleep, dehy-
dration, prolonged bed rest, stress, menstruation, and 
pregnancy.189 Remaining aware of the differences in the 
clinical features between HyperPP and HypoPP is impor-
tant. HypoPP is not associated with myotonia; a sponta-
neous attack is associated with hypokalemia (a diagnostic 
criterion), potassium is a remedy, and glucose triggers an 
attack.189 Treatment is centered on the identification and 
avoidance of triggers. Potassium administration can be 
useful in the treatment of an acute attack. The prophy-
lactic medication of choice in type 1 HypoPP is acetazol-
amide195; however, acetazolamide can worsen symptoms 
in type 2 HypoPP.196 Such patients may respond to potas-
sium-sparing diuretics such as spironolactone.197

THYROTOXIC PERIODIC PARALYSIS

Thyrotoxic periodic paralysis (TPP) clinically resem-
bles HypoPP. TPP occurs later in life than HypoPP, has 
a strong male predominance, and is significantly more 
common in patients of oriental descent. Loss-of-function 
mutations in the inward rectifying potassium channel 
gene (Kir2.6) may be involved in some cases of TPP.198 
The condition responds to antithyroid medications such 
as methimazole.189

ANESTHETIC CONSIDERATIONS

Knowledge of the pathophysiologic processes and pre-
cipitating conditions for the different types of periodic 
paralyses guide the anesthetic approach to patients with 
these disorders. Salient features are discussed in the fol-
lowing text.

HyperPP
If possible, all patients with HyperPP should be preopera-
tively admitted to allow preoperative fasting to be accom-
panied by the administration of a dextrose-containing, 
potassium-free intravenous fluid.199 Depolarizing agents 
such as potassium, succinylcholine, and anticholines-
terases aggravate the myotonia in HyperPP and are con-
traindicated.189 Nondepolarizing NMBDs may be safely 
used.199,200 Although succinylcholine can cause masseter 
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spasm and rigidity in HyperPP,201,202 these are related to 
severe myotonic reactions and are not due to MH. No evi-
dence suggests that patients with HyperPP are susceptible 
to MH.148 The safe use of both volatile anesthetics and 
propofol has been documented.199,200,203 Myotonic con-
tractions during anesthesia may be improved with the 
administration of lidocaine, as chronic myotonic symp-
toms are improved by mexiletine.189

Intraoperatively, maintaining normothermia, prevent-
ing hyperkalemia, and avoiding hypoglycemia are impor-
tant.200 Both spinal and epidural techniques have been 
successfully used in these patients,204,205 including the 
use of epidural labor analgesia.206 Nonneuraxial regional 
techniques have not been extensively investigated; how-
ever, a recent report documents the use of a femoral nerve 
block in a single patient with HyperPP.207

HypoPP
Patients with HypoPP undergoing general anesthesia 
have been reported to exhibit weakness and respiratory 
distress in the postoperative period.208,209 Important trig-
gers to avoid include perioperative stress, glucose loading, 
hypothermia, and depolarizing NMBDs.189 Although the 
safe use of intermediate- and short-acting nondepolariz-
ing NMBDs such as atracurium and mivacurium has been 
documented,210-212 avoiding long-acting muscle relax-
ants is probably prudent.213 The use of epidural (includ-
ing for labor analgesia) and spinal techniques appears 
to be safe,212-214 although hypokalemia has been docu-
mented with the use of epidural techniques, both with 
and without epinephrine.215 Unlike HyperPP, an associa-
tion between HypoPP and MH cannot be categorically 
ruled out,148 although the use of isoflurane in HypoPP 
has been reported.212 A number of MH-like metabolic 
crises in patients with HypoPP have been reported.216-218 
Contracture-like responses to succinylcholine have also 
been described.219 In one of the prior descriptions, two 
unrelated mutations conferring both HypoPP and sensi-
tivity to MH in the same patient seemed likely.218 Con-
sequently, although the probability of MH in a given 
patient with HypoPP is likely to be remote, it cannot be 
ruled out, and the safest course might be the use of a non-
triggering anesthetic. If volatile agents are used, then they 
should be used with extra vigilance.148

GENETICS OF MENDELIAN, 
MITOCHONDRIAL, AND COMPLEX 
DISEASES

With the emergence of technologies that perform genetic 
sequencing quickly, accurately, and inexpensively, an 
understanding of the genetic basis of heritable diseases 
has recently accelerated. The conditions discussed in this 
chapter generally focus on diseases that have mendelian 
or mitochondrial inheritance. Recent research has also 
begun to unlock the genetic basis for complex diseases, 
including coronary artery disease, diabetes, and hyperten-
sion, with which anesthesiologists interact in the course 
of their clinical practice. The pace of genetic discovery 
is expected to accelerate in the upcoming decades and 
become a more integral component of clinical practice. 
It is important for anesthesiologists to be familiar with 
modern approaches to genetic study; therefore, an over-
view of the genetics of mendelian, mitochondrial, and 
complex diseases is presented.

MENDELIAN DISEASES

Over the last two decades, gene discovery has led to an 
understanding of the causal mechanisms underlying 
rare, familial genetic disorders.220 This understanding 
has transformed diagnosis, management, treatment, and 
anesthetic practice for patients with these disorders. Men-
delian, or single-gene disorders, exhibit simple autosomal 
or sex-linked inheritance patterns with variable expres-
sivity and penetrance. Traditionally, genes for these dis-
orders have been identified by positional cloning, which 
includes linkage analysis (a measure of cosegregation of 
chromosomal markers with disease phenotype in families) 
to localize a disease gene to a subchromosomal region, 
and subsequent sequencing of genes and transcripts 
under the linkage peak in affected and unaffected fam-
ily members to identify causal mutations. In the last few 
years, direct mutation screening using next-generation 
sequencing of the entire exome (protein coding region 
of all known genes in the genome) or entire genome in 
a small number of affected and unaffected family mem-
bers has revolutionized gene identification for mendelian 
diseases.221,222 To date, causal genes for more than 3600 
common diseases have been identified, demonstrating a 
large extent of locus heterogeneity (in which mutations 
in different genes lead to the same phenotype) and allelic 
heterogeneity (in which different mutations in the same 
gene are present in patients from different families. (Visit 
Online Mendelian Inheritance in Man [http://www.ncbi.
nlm.nih.gov/omim].)220

MITOCHONDRIAL DISEASES

The genetics of mitochondrial disorders is a special 
case of mendelian disorders because defects may be in 
mtDNA- or nDNA-encoded structural or regulatory com-
ponents of the mitochondrion.223 Maternal inheritance 
is observed in mtDNA disorders, which often exhibit a 
range of systemic phenotypes with varying severity, as 
discussed in the previous section on mitochondrial dis-
orders. Typically, affected members from these pedigrees 
carry germline mutations in mtDNA, but their tissues 
and organs may contain both normal and mutant copies 
of mtDNA (heteroplasmy). Because each cell consists of 
hundreds to thousands of mitochondrial DNA genomes 
that may segregate unevenly during mitosis, the relative 
ratio of normal-to-mutant mitochondrial genomes in 
the body can influence the variability in disease pheno-
types.224 Sequencing of the 16.6 kb mtDNA molecule in 
affected family members, with a comparison against the 
background mitochondrial haplogroup as defined by lin-
eage-specific polymorphisms, and determining the func-
tional consequences on respiratory chain activity in vitro 
typically identify mutations that cause disease.225-227 
Mitochondrial disorders caused by nDNA-encoded com-
ponents of the mitochondrial machinery are similar to 

http://www.ncbi.nlm.nih.gov/omim
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other mendelian disorders with variable phenotypes, and 
genes encoding these are increasingly being identified 
because of better catalogs of the mitochondrial proteome 
and next-generation sequencing methods.228

COMPLEX DISEASES

The discovery of genes for complex diseases is a powerful 
approach to identify important biologic pathways con-
tributing to disease pathogenesis. Mechanistic insights 
gained from an understanding of these pathways can lead 
to new strategies for disease prevention, diagnosis, and 
treatment. Common diseases are complex traits influ-
enced by multiple genes and environment, in contrast 
to rare diseases caused by single gene defects (mendelian 
traits). The heritability of a complex trait is the sum of 
the genetic contribution to the trait,229,230 and the dem-
onstration of significant heritability in twin or family 
studies is usually the first step in justifying gene discov-
ery efforts. Causal genetic variation contributing to the 
genetic component of a trait can arise as a single nucleo-
tide substitution (termed a single nucleotide polymorphism 
when its frequency is present in more than 1% of the 
population), or an insertion, duplication, or deletion 
ranging from one base to hundreds of kilobases in length 
(termed a copy number polymorphism when its frequency is 
present in more than 1% of the population). This varia-
tion can either directly alter the coding sequence of the 
protein encoded by the gene disrupting protein function 
or influence the regulatory regions of genes altering gene 
expression, splicing, or transcript stability. Genetic varia-
tion between humans is limited, and most variations in 
the genome are common.231 Deleterious mutations in 
single genes causing mendelian diseases do not reach 
appreciable frequencies in the population because these 
mutations decrease reproductive fitness and are thus sub-
jected to purifying selection. Common diseases are not 
subject to negative selection because they typically do 
not influence reproductive fitness and often have a late 
onset.232 Similarly, for complex pharmacogenetic traits, 
drug exposures have not occurred until recently in evo-
lutionary history; consequently, drug targets or metabo-
lizing enzymes may not have been subjected to selective 
pressure.

GENETIC ARCHITECTURE OF COMPLEX 
TRAITS

Emerging evidence suggests that the genetic architecture 
of common diseases typically spans the continuum from 
mendelian subtypes of a common trait featuring very rare, 
highly deleterious mutations in a single gene, through a 
low-frequency range of single nucleotide or copy number 
variants with medium individual effect, to more common 
single nucleotide polymorphisms (SNPs) or copy number 
polymorphisms (CNPs) of modest effect segregating in 
the larger population.

Linkage analysis, which measures cosegregation of 
chromosomal markers with disease phenotypes in fami-
lies, has been successful in positional cloning of genes for 
mendelian disease, but genetic association analysis is a 
study design better powered to detect the role of common 
genetic variation underlying complex traits.233 Genetic 
association studies search for statistically significant allele 
frequency differences in covariate- and ethnicity-matched 
cases and controls to identify genetic variants altering the 
risk of disease. Candidate gene–association studies with 
the aim to validate the role of known biologic pathways 
identified through model organism or in vitro studies of 
disease physiologic processes have met with some success 
but have been plagued with inconsistency and irrepro-
ducibility primarily because of a lack of power in small, 
individual studies, insufficient accounting for population 
structure, technical problems with genotyping, or lack of 
stringent statistical thresholds for multiple testing correc-
tion.234 Genome-wide association studies (GWASs) have 
been the breakthrough method that has validated candi-
date disease genes and revealed many more new, unsus-
pected genes contributing causally to common disease. 
GWASs typically interrogate more than 1 million com-
mon SNPs and copy number variants across the genome 
for statistically significant differences in allele frequency 
between large sets of carefully matched cases or controls. 
GWASs can also be used to identify genetic variants con-
tributing to the variation in disease-related quantitative 
traits, highlighting roles of genes in specific disease pro-
cesses. Several key advances over the last decade have 
made GWASs possible. These include the availability of the 
human genome reference sequence; catalogs of common 
variation, mapping of the correlation structure between 
variants in continental populations through the Interna-
tional HapMap Consortium235; advances in oligo array 
technology leading to high-throughput, cost-effective, 
and high-quality genotyping236; and analytic approaches 
that account for systematic biases such as population 
structure.237 Although over 10 million common vari-
ants have been identified in human populations, GWASs 
enable testing of approximately 85% of all common vari-
ations over 5% frequency because of the phenomenon 
of linkage disequilibrium, in which neighboring genetic 
variation is inherited together in “blocks” disrupted only 
by ancestral recombination events that occur at hotspots 
(linkage disequilibrium).231,238 Thus, SNPs in close prox-
imity are highly correlated to each other, and one marker 
can serve as a surrogate for multiple variants. Common 
genetic variation in humans can be categorized into one 
of a small range of haplotypes or specific patterns of varia-
tion with populations of recent African ancestry showing 
the most diversity, whereas populations that arose out of 
Africa have fewer haplotypes and longer regions of link-
age disequilibrium.239

Successful designs for GWASs require careful phe-
notype and covariate definition, sample selection and 
matching, high-throughput genotyping and quality con-
trol, including the removal of low-quality, cryptically 
related or population outlier samples and the removal of 
SNPs with a low-genotyping call rate or departure from 
Hardy-Weinberg equilibrium.240 Population stratifica-
tion, or differences in allele frequency between ethnic 
populations unequally apportioned between cases and 
controls, can be a major source of type 1 error and can 
be overcome by selecting a homogeneous study popula-
tion or by analytic methods that adjust for genome-wide 
variation patterns.237 Rigorous statistical significance 
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thresholds are typically set at 5 × 10−8, correcting for the 
approximately 1 million common independent tests in 
the genome identified by simulation studies.241 Finally, 
replication of significant association signals from GWASs 
in independent samples in a multistage design is impor-
tant to distinguish true, reproducible signals from poten-
tial sources of error or bias in the original GWAS.240

The National Human Genome Research Institute cata-
logs the growing and significant GWASs reported in the 
literature. To date, more than 8000 associations to dis-
ease, biomarker, or behavioral traits have been identified 
(http://www.genome.gov/gwastudies/).242 GWASs have 
led to new insights on the genetic architecture of com-
plex traits, namely:
  

 1.  Many human traits are highly polygenic, sometimes 
with more than 100 loci contributing modest effects to 
disease risk.

 2.  Most individual common variant effects are modest, 
with an odds ratio in the range of 1.1 to 1.5; therefore, 
large sample sizes (1000s to 100,000s) are needed to 
have sufficient power to detect these effects robustly.

 3.  Causal SNPs and genes are challenging to pinpoint 
under an association peak and require intensive bioin-
formatic and experimental follow-up, especially since 
many signals are far from known genes and may repre-
sent distant regulatory elements.

 4.  A single gene may harbor rare alleles of strong effect 
and one or more common independent alleles of weak 
effect, contributing to disease etiologic origin.

 5.  Most discovered loci were not previously suspected as 
biologic candidates, emphasizing the fruitfulness of an 
unbiased genome-wide screen.

 6.  Most effects are observed across multiple ethnic 
groups, but the relative role of a genetic variant may be 
different across populations based on differing allele 
frequencies across populations.

 7.  Both the overlap of associations between traits (e.g., 
the same SNP influencing type 2 diabetes and a related 
trait, insulin secretion) and the unexpected pleiotropy 
across traits are expected.232

  

The contribution of rare variants to complex disease 
is being investigated, largely based on rapid advances in 
next-generation sequencing.243,244 Large-scale sequenc-
ing projects (e.g., the 1000 genomes project245 and the 
National Heart, Lung and Blood Institute [NHLBI]–funded 
Exome Sequencing Project246) have now sequenced tens 
of thousands of individuals, leading to deeper catalogs of 
rare variation than that queried by GWASs. These projects 
provide a window into querying the role of low-frequency 
variation (0.1% to 5% frequency) in disease, especially in 
protein-coding regions of all known genes in the genome 
(the exome) in which the impact of a protein-altering 
variant can be predicted in silico and is amenable to 
easier interpretation than regulatory variation. Recently, 
the exome chip, made up of approximately 240,000 vali-
dated protein-altering variants (>1:1000 frequency) has 
been developed.247 This genotyping array includes novel 
missense, splice-site and nonsense variants, and is pre-
dicted to capture 95% of exome variation in an average 
individual. Even more rare variants contributing to com-
mon disease are being sought by exome or whole genome 
sequencing of thousands of cases and controls for many 
complex disease traits.248 Since these variants are individ-
ually rare, methods to test the aggregate mutation bur-
den or perform association analysis across gene regions 
have been developed.248 Exome sequencing has proven 
immensely successful at identifying novel causal muta-
tions in families with mendelian segregation of traits, 
including in mendelian subtypes of common disease, and 
is an unbiased approach that allows for combined posi-
tional cloning (using linkage) and direct-coding mutation 
detection.221

Efforts are now directed toward identifying the entire 
allelic spectrum of mutations for many common diseases. 
Even when all causal genetic variations contributing to 
a complex trait are defined, understanding gene-gene 
and gene-environment interactions will be important 
to explain the full genetic variance of a trait.249 More 
sophisticated systems’ biologic approaches, such as net-
work medicine that integrates genetics with multiple 
genomic technologies, may also help understand the 
underlying perturbations of biologic networks that result 
in disease.250

IMPLICATIONS FOR CLINICAL 
TRANSLATION

Advances in complex disease gene identification should 
lead to clinical advances of benefit for all patients and in 
some scenarios to personalized medicine, depending on a 
patient’s genetic risk. Identification of novel causal path-
ways provides new opportunities for the identification 
of therapeutic targets for drug development for disease 
treatment or prevention in all patients. Identification 
of causal pathways should also lead to new biomarkers 
to improve diagnoses, monitor disease progression, and 
response to therapy. Validated genetic markers are also 
proving to be valuable tool to determine whether rela-
tionships between existing biomarkers and disease are 
causal through mendelian randomization studies.251 In 
certain clinical scenarios, personal disease risk prediction 
based on the genetic risk variant profile may lead to per-
sonalized therapy, as is now common in cancer therapeu-
tics. However, for most diseases, such clinical use is still in 
the future because in the aggregate, known genetic varia-
tion explains such a small fraction of disease risk.

IMPLICATION FOR ANESTHESIOLOGISTS

The greatest clinical promise of complex trait genetics in 
anesthesiology is to predict and understand the response 
to anesthetics or the pharmacologic drugs used for pain 
medicine to tailor the most effective and safe treat-
ment.252,253 Mendelian and mitochondrial genetics have 
led to the identification of genes of rare diseases as pre-
sented in this chapter, and the biologic understanding of 
the disease has led to anesthetic considerations that max-
imize safety and efficacy. Pharmacogenomics is the study 
of genetic variation that contributes to the interindivid-
ual variability in treatment response, which is a complex 
trait. Although many biologic and lifestyle factors such 
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as age, sex, liver and kidney function, diet and exercise, 
smoking and alcohol use, and severity of illness may con-
tribute to the variability in the treatment response, if vari-
ability persists after accounting for these covariates, then 
genetic factors may be considered.254 Two categories of 
genes are recognized to harbor variants influencing drug 
response: pharmacokinetic (PK) and pharmacodynamic 
(PD) genes.

PK genes influence interindividual differences in drug 
metabolism including absorption, distribution, metabo-
lism, and excretion (ADME). PK gene variability may lead 
to either slower or more rapid drug uptake and conver-
sion and excretion, leading to either the elimination of 
the drug before the therapeutic effect is achieved or the 
drug remaining too long or in too high a dose in the 
body, thereby increasing the risk of adverse effects. Many 
metabolizing enzymes in the liver, including the cyto-
chrome P450 gene family, are important PK genes with 
poor or ultrarapid metabolizing alleles, such as the gene 
CYP2D6, which contributes to metabolism of up to 25% 
of drugs in clinical use today.255

PD genes are either drug-target receptors or molecu-
lar components in the signal transduction pathway tar-
geted by the drug. Variation in PD genes is likely to be 
involved when the variation in drug response is dose 
independent and may involve synergistic, independent, 
or antagonistic interactions among multiple components 
of the signaling pathway. Thus PD effects are likely more 
complex than PK effects, and early pharmacogenetic 
studies suggest that they contribute more to the varia-
tion in treatment response than PK effects. For example, 
PK and PD effects are seen in warfarin anticoagulation 
therapy, which displays tenfold variation in treatment 
response among individuals. Although carriers of poor 
metabolizer alleles of the metabolizing enzyme CYP2C9 
(PK gene) require lower doses and have a higher risk of 
bleeding, genetic variation in a subunit of the warfarin 
target VKOR (VKORC1, a PD gene) is the major deter-
minant of the amount of warfarin required to achieve a 
therapeutic effect.

Progress in the field of pharmacogenomics has been 
slow. Most pharmacogenetic discoveries have come 
from candidate gene studies of PK and PD genes; how-
ever, GWASs and sequencing approaches are beginning 
to be applied.256,257 Importantly, several challenges 
remain. First, thorough phenotyping is critical to mea-
sure the variation in response precisely and to identify 
nongenetic factors influencing the variability that should 
be accounted for. Second, genetic study designs should 
include well-powered, large samples from a homogenous 
population of preferably one ancestry and analytic meth-
ods with adequate quality control for technical or popula-
tion artifacts and correction for multiple testing. Studies 
must be relatively large because predicting how large 
an individual gene effect may be is not possible before-
hand; a priori power calculations to calculate sample size 
are not possible. Replication in an independent sample 
is necessary, but finding a replication sample with the 
same phenotype may be difficult for some pharmacoge-
nomic studies. Encouragingly, small early pharmacoge-
nomic GWASs have detected genome-wide significant 
findings with n = 100 cases suggesting that effect sizes 
of pharmacogenomic alleles seem to be larger than those 
of disease susceptibility alleles and may involve fewer 
genes.256 In the next few years, unbiased, whole genome 
genetic approaches should lead to a greater understand-
ing of the genetic basis of PKs and PDs of anesthetics and 
pain drugs.
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