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Anesthesia for Obstetrics
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K e y  P o i n t s

 •  The normal physiologic changes of pregnancy begin in the first trimester, affect 
all organ systems, and alter pharmacokinetic and pharmacodynamic responses to 
many drugs commonly used in anesthesia.

 •  All women in labor are considered to have a full stomach and an increased risk for 
pulmonary aspiration of gastric contents during induction of anesthesia. Drugs 
and clinical approaches for aspiration prophylaxis should be considered before all 
surgical procedures during pregnancy.

 •  Uterine blood flow increases progressively during pregnancy from approximately 100 
mL/minute in the nonpregnant state to 700 mL/minute (∼10% of cardiac output) 
at term gestation. Consequently, hemorrhage during pregnancy carries significant 
morbidity and is a leading cause of maternal death in the United States and 
worldwide. Early recognition with timely intervention, optimal team performance, 
and appropriate blood transfusions are all essential to improving patient outcome.

 •  Uterine and placental blood flow depend on maternal cardiac output and are 
directly related to uterine perfusion pressure and inversely related to uterine vascular 
resistance. Decreased perfusion pressure can result from maternal hypotension 
secondary to hypovolemia, aortocaval compression, sympathetic blockade, 
and decreased systemic resistance from either general or neuraxial anesthesia. 
Phenylephrine in boluses or as an infusion is not only effective in reducing hypotension 
but also has less transfer to the fetus and results in less fetal acidosis than ephedrine.

 •  The fetal oxyhemoglobin dissociation curve is left-shifted and the maternal 
oxyhemoglobin dissociation curve is right-shifted, facilitating oxygen transfer to 
the fetus. Fetal O2 saturation does not exceed 60% even with 100% O2 delivery 
to the mother. Maternal Paco2 decreases from 40 mm Hg to approximately 30 
mm Hg during the first trimester. This reduction facilitates carbon dioxide transfer 
across the placenta, which is primarily limited by blood flow and not diffusion.

 •  Maternal-fetal exchange of most drugs and other substances occurs primarily by 
diffusion. The rate of diffusion and peak levels in the fetus depend on maternal-to-
fetal concentration gradients, maternal protein binding, molecular weight of the 
substance, lipid solubility, and the degree of ionization of that substance.

 •  Labor is a continuous process separated into first, second, and third stages. The 
first stage of labor includes the change of the uterine cervix from a thick closed 
tube to an opening of approximately 10 cm through which the fetus can be 
expelled. This stage is further divided into latent and active phases.

 •  Neuraxial anesthesia does not affect the duration of the first stage of labor or 
increase the risk for cesarean delivery. Also, epidural analgesia inserted early in 
labor does not increase the risk for cesarean delivery.

 •  Neuraxial analgesia is the most reliable and effective method of reducing pain during 
labor. Adequate analgesia is achieved with blockade of T10 to L1 during the first stage 
of labor and requires extension to include T10 to S4 during the second stage of labor.

 •  Hypertensive disorders of pregnancy complicate 5% to 10% of worldwide 
pregnancies and lead to more frequent rates of maternal and fetal mortality. 
Patients with preeclampsia have an increased risk for cerebral hemorrhage, 
pulmonary edema, and coagulopathy. Systolic and diastolic blood pressure higher 
than 160/110 mm Hg should be treated to prevent intracerebral hemorrhage.

Acknowledgment: The editors and the publisher would like to thank Drs. David J. Birnbach and Ingrid M. 
Browne, who were contributing authors to this topic in the prior edition of this work. It has served as the founda-
tion for the current chapter.



PHYSIOLOGIC CHANGES DURING 
PREGNANCY AND DELIVERY

During pregnancy and the peripartum period, sub-
stantial changes in maternal anatomy and physiology 
occur secondary to (1) changes in hormone activity,  
(2) increased maternal metabolic demands and biochemi-
cal alterations induced by the fetoplacental unit, and  
(3) mechanical effects of an enlarging uterus.1,2 These 
physiologic changes have a significant impact on anes-
thetic physiology, pharmacology, and management 
techniques required during pregnancy and present even 
greater implications for patients with comorbidities.

CARDIOVASCULAR CHANGES

Changes in the cardiovascular system occur throughout 
gestation and include (1) an increase in intravascular 
volumes and changes in hematology, (2) an increase in 
cardiac output, (3) a decrease in vascular resistance, and 
(4) the presence of supine hypotension. Table 77-1 and 
the following sections provide additional details of these 
changes.

Intravascular Volumes and Hematology
Maternal intravascular fluid volume begins to increase 
in the first trimester secondary to changes in the renin-
angiotensin-aldosterone system promoting sodium 
absorption and water retention. These changes are likely 
induced by rising progesterone from the gestational sac. 
Plasma protein concentrations accordingly decrease with 
a 25% decrease in albumin and 10% decrease in total 
protein at term compared with nonpregnant levels.3 
Consequently, colloid osmotic pressure decreases from 
27 to 22 mm Hg over the time of gestation.4 At term, 
the plasma volume has increased approximately 50% 
above prepregnancy values and the red cell volume has 
increased only approximately 25%. The greater increase 
in plasma volume creates a physiologic anemia of preg-
nancy. The hemoglobin (Hb) normally remains at 11 g/dL 
or greater even at term, and smaller values at any time 
during pregnancy are concerning for anemia.1 Overall 
oxygen delivery is not reduced by this anemia because 
of the subsequent increase in cardiac output. The addi-
tional intravascular fluid volume of approximately 1000 
to 1500 mL at term helps compensate for the estimated 
blood loss of 300 to 500 mL typically associated with vag-
inal delivery and the estimated blood loss of 800 to 1000 
mL that accompanies a standard cesarean section. After 
delivery, uterine contraction creates an autotransfusion 
of blood often in excess of 500 mL that offsets the blood 
loss from delivery. Leukocytosis is common in pregnancy 
unrelated to infection. Leukocytosis is defined as a white 
blood cell (WBC) count greater than 10,000 WBCs/mm3 
of blood. In pregnancy, the normal range can extend to 
13,000 WBCs/mm3. Neutrophilia increases at term and is 
exacerbated in labor, often to 34,000 WBCs/mm3. These 
changes revert to normal over 4 to 5 days after delivery.5

Pregnancy is a hypercoagulable state with a marked 
increase in factor I (fibrinogen) and factor VII and lesser 
increases in other coagulation factors (see Table 77-1). Fac-
tors XI and XIII and antithrombin III are decreased, and 
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factors II and V typically remain unchanged. These changes 
result in an approximately 20% decrease in prothrombin 
time (PT) and partial thromboplastin time (PTT) in normal 
pregnancy. Platelet count may remain normal or slightly 
decreased (10%) at term as a result of dilution. However, 
8% of otherwise healthy women have a platelet count less 
than 150,000/mm3.6 In the absence of other hematologic 
abnormalities, the cause is usually gestational thrombo-
cytopenia, during which time the platelet count does not 

TABLE 77-1 CHANGES IN THE CARDIOVASCULAR 
SYSTEM DURING PREGNANCY 

Cardiovascular 
Parameter

Value at Term Compared With 
Nonpregnant Value

Intravascular fluid volume Increased 35%-45%
  Plasma volume Increased 45%-55%
  Erythrocyte volume Increased 20%-30%
Cardiac output Increased 40%-50%
  Stroke volume Increased 25%-30%
  Heart rate Increased 15%-25%
Systemic vascular 

resistance
Decreased 20%

Pulmonary vascular 
resistance

Decreased 35%

Central venous pressure No change
Pulmonary capillary 

wedge pressure
No change

Femoral venous pressure Increased 15%

Coagulation System
Increased factors I, VII, VIII, IX, X, XII, and von

Willebrand factor
Decreased factors XI, XIII, antithrombin III, and tPA
Platelets Decreased 0%-10%

Clinical Studies
Electrocardiography Heart rate dependent decrease in PR 

and QT intervals
Small QRS axis shift to right  

(first TM) or left (third TM)
ST depression (1 mm) in left 

precordial and limb leads
Isoelectric T-waves in left precordial 

and limb leads
Small Q-wave and inverted T-wave 

in lead III
Echocardiography Heart is displaced anteriorly and 

leftward
Right-sided chambers increase in 

size by 20%
Left-sided chambers increase in size 

by 10%-12%
Left ventricular eccentric 

hypertrophy
Ejection fraction increases
Mitral, tricuspid and pulmonic valve 

annuli increase
Aortic annulus not dilated
Tricuspid and pulmonic valve 

regurgitation common
Occasional mitral regurgitation 

(27%)
Small insignificant pericardial 

effusions may be present

TM, Trimester.
Data from references 1, 2, 283.
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usually decrease to less than 70,000/mm3. However, this 
syndrome is not associated with abnormal bleeding. Gesta-
tional thrombocytopenia is due to a combination of hemo-
dilution and more rapid platelet turnover and is a diagnosis 
of exclusion. Other more consequential diagnoses such as 
idiopathic thrombocytopenic purpura and HELLP syn-
drome (hemolysis, elevated liver enzyme levels, and low 
platelet count) must be excluded (see section on maternal 
comorbidities and coagulopathies).

Thromboelastography (TEG) is a test of blood coagula-
tion that examines the end result of coagulation and can 
provide information about clotting variables, including 
platelet function and the role of other coagulation fac-
tors (see also Chapter 61). At term gestation, TEG analy-
sis reflects the hypercoagulable state with decreased time 
to start of clot formation (R), decreased time to specified 
clot strength (K), increased rate of clot formation (α), 
and increased clot strength (MA).7 Although the timing 
and degree of change in TEG analysis varies with each 
parameter, many of the changes begin to occur within 
the first trimester.8

Cardiac Output
By the end of the first trimester, maternal cardiac out-
put typically increases approximately 35% above pre-
pregnancy values and continues to increase 40% to 
50% above nonpregnant values by the end of the sec-
ond trimester, where it remains throughout the third 
trimester. This increased cardiac output is secondary 
to increases in both stroke volume (25% to 30%) and 
heart rate (15% to 25%). Labor further increases cardiac 
output, which fluctuates with each uterine contraction. 
Increases above prelabor values of 10% to 25% occur 
during the first stage and 40% in the second stage. The 
largest increase in cardiac output occurs immediately 
after delivery, when cardiac output can increase by 
80% to 100% more than prelabor values. This abrupt 
increase is secondary to the autotransfusion from the 
final uterine contraction, reduced vascular capacitance 
from loss of the intervillous space, and decreased lower 
extremity venous pressure from release of the aortoca-
val compression. This large fluctuation in cardiac out-
put presents a unique postpartum risk for patients with 
cardiac disease, especially those with fixed valvular 
stenosis and pulmonary hypertension. Cardiac output 
returns toward prelabor values approximately 24 hours 
postpartum and decreases substantially toward pre-
pregnant values by 2 weeks postpartum, with complete 
return to nonpregnant levels between 12 and 24 weeks 
after delivery.

Systemic Vascular Resistance
Although cardiac output and plasma volume increase, 
systemic blood pressure decreases in an uncomplicated 
pregnancy secondary to a reduction in systemic vascu-
lar resistance. Although affected by positioning and par-
ity, systolic, diastolic, and mean blood pressure may all 
decrease 5% to 20% by 20 weeks gestational age and 
then gradually increase toward nonpregnant values as 
the pregnancy progresses.9 Diastolic arterial blood pres-
sure decreases more than systolic arterial blood pressure. 
Central venous and pulmonary capillary wedge pressures 
do not change during pregnancy, despite the increased 
plasma volume, because venous capacitance increases.

Aortocaval Compression
Aortocaval compression by the gravid uterus as a result 
of supine positioning is associated with a decrease in sys-
temic blood pressure. Supine hypotension is experienced 
by nearly 15% of women at term (defined as a decrease in 
mean arterial pressure > 15 mm Hg with an increase in HR > 
20 beats/minute)10 and is often associated with diaphoresis, 
nausea, vomiting, and changes in mentation. This group of 
symptoms is known as supine hypotension syndrome. At 
term, the inferior vena cava is almost completely occluded 
in the supine position with the return of blood from the 
lower extremities through the epidural, azygos, and verte-
bral veins that become engorged (Fig. 77-1, A). Also, sig-
nificant aortoiliac artery compression occurs in 15% to 20% 
of pregnant women. Vena caval compression in the supine 
position causes a decrease in both stroke volume and car-
diac output of 10% to 20% (see Fig. 77-1, B), and may exac-
erbate venous stasis in the legs and thereby result in ankle 
edema, varices, and increased risk for venous thrombosis.

Most pregnant women have compensatory adapta-
tions that reduce the supine hypotension despite aor-
tocaval compression. One compensatory response is a 
reflexive increase in peripheral sympathetic nervous sys-
tem activity. This increase in sympathetic activity results 
in increased systemic vascular resistance and permits arte-
rial blood pressure to be maintained despite the reduced 
cardiac output. Consequently, the reduced sympathetic 
tone from neuraxial or general anesthetic techniques 
impairs the compensatory increase in vascular resistance 
and exacerbates the impact of hypotension from supine 
positioning. Compression of the lower abdominal aorta 
by the gravid uterus reduces arterial pressure in the lower 
extremities; however, decreases in systemic blood pres-
sure as measured in the maternal arms are not reflective 
of this change.11 Consequently, even without maternal 
symptoms, uterine and placental blood flow may be sub-
stantially decreased from supine aortocaval compression. 
Even with a healthy term pregnancy, prolonged maternal 
hypotension can significantly decrease uterine blood flow 
and lead to progressive fetal acidosis.12

Therefore, supine positioning is avoided during use 
of neuraxial techniques for labor analgesia and cesar-
ean deliveries. Reducing the compression of the inferior 
vena cava and abdominal aorta with left tilt mitigates the 
degree of hypotension and helps maintain uterine and 
fetal blood flow. This is accomplished by positioning the 
patient laterally or by elevating the right hip 10 to 15 cm 
with a blanket, wedge, or table tilt.

Increased venous pressure below the level of com-
pression of the inferior vena cava diverts venous blood 
return from the lower half of the body via the paraver-
tebral venous plexuses to the azygos vein. Flow from 
the azygos vein enters the superior vena cava to bypass 
the obstruction and maintain venous return to the 
heart. Dilation of the epidural veins in pregnancy may 
make unintentional placement of the epidural catheter 
more likely. An unintended intravascular bolus of local 
anesthetic solution could result. An unintended intra-
venous bolus of local anesthetic can have significant 
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Figure 77-1. Cross-sectional views of aortocaval compression 
from the gravid uterus in the supine position with loss of com-
pression in the lateral position (A). Alterations in heart rate, stroke 
volume, and cardiac output for both supine and lateral positioning 
with increasing gestation of pregnancy (B). IVC, Inferior vena cava. 
(Reprinted with permission from Bonica JJ, editor: Obstetric analge-
sia and anesthesia, Amsterdam, 1980, World Federation of Societies 
of Anaesthesiologists.)
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consequences on the cardiovascular and central nervous 
systems with the possibility of complete hemodynamic 
collapse, seizures, and death. A small, nontoxic test dose 
is thus employed to decrease the likelihood of unreal-
ized intravascular placement with initiation of neuraxial 
blockade. This technique is described in the section on 
epidural analgesia.

The cardiovascular changes of a normal pregnancy 
are significant. In cardiac auscultation an accentuated 
first heart sound (S1) can be heard, with an increased 
splitting noted from dissociated closure of the tricuspid 
and mitral valves. A third heart sound (S3) is often heard 
in the final trimester, and a fourth heart sound (S4) can 
also be heard in a few pregnant patients as a result of 
increased volume and turbulent flow. Neither the S3 nor 
S4 has clinical significance. In addition, a benign grade 
2/6 systolic ejection murmur is typically heard over the 
left sternal border and is secondary to mild regurgitation 
at the tricuspid valve from the annular dilation asso-
ciated with the increased cardiac volume. Table 77-1 
details the effects of pregnancy on the electrocardiogram 
and echocardiography. Women who present with chest 
pain, syncope, high-grade flow murmurs, and clinically 
significant shortness of breath or severe arrhythmias 
should undergo appropriate diagnostic investigation 
and referral.

RESPIRATORY SYSTEM CHANGES

Pregnancy results in significant alterations in (1) the 
upper airway, (2) lung volumes and minute ventilation, 
and (3) O2 consumption and metabolic rate (Table 77-2).
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The Upper Airway
During pregnancy, capillary engorgement occurs with 
increased tissue friability and edema of the mucosal lin-
ing of the oropharynx, larynx, and trachea. As a result, 
an increased risk for bleeding exists during manipula-
tion of the upper airway, in addition to an increased risk 
of difficult ventilation and intubation of the trachea. 
Suctioning of the airway and placement of devices (nasal 
instrumentation should be avoided) should be per-
formed gently to prevent bleeding. Furthermore, there 
is increased risk for airway obstruction during ventila-
tion and both laryngoscopy and tracheal intubation are 
more difficult. Also, after extubation, the airway may be 
compromised as a result of edema, with subsequent risk 
for airway obstruction in the immediate recovery period.

Consequently, attempts at laryngoscopy should be 
minimized and a smaller size cuffed endotracheal tube 
(6.0 to 6.5 mm internal diameter) used to minimize 
the chances of difficult placement secondary to airway 
edema. Airway edema can be more severe in patients with 
coexisting preeclampsia, in upper respiratory tract infec-
tions, and after active pushing as a result of associated 
increased venous pressure.13 In addition, pregnancy-asso-
ciated weight gain, particularly in women of short stature 
or with coexisting obesity, can create a difficult laryngos-
copy because of a shorter neck and increased breast tis-
sue. In all cases, a patient’s position should be optimized 
and all airway instrumentation should be available before 
attempts are made at intubation of the trachea.

TABLE 77-2 CHANGES IN THE RESPIRATORY 
SYSTEM AT TERM 

Pulmonary Parameter
Value Near Term Compared 
With Nonpregnant Value (%)

Minute ventilation Increased 45-50
 Tidal volume Increased 40-45
 Respiratory rate Increased 0 to 15
Lung Capacities and Associated Volumes
 Total lung capacity Decreased 0-5
 Vital capacity No change
 Inspiratory capacity Increased 5-15
  Inspiratory reserve volume Increased 0-5
  Tidal volume Increased 40-45
 Functional residual capacity Decreased 20
  Expiratory reserve volume Decreased 20-25
  Residual volume Decreased 15-20
Oxygen Consumption
Term Increased 20
Labor (first stage) Increased 40 above prelabor 

value
Labor (second stage) Increased 75 above prelabor 

value
Respiratory Measures
FEV1 No change
FEV1/FVC No change
Closing capacity No change

Data from Cheek TG, Gutsche BB: Maternal physiologic alterations. 
Hughes SC, Levinson G, Rosen MA, editors: Shnider and Levinson’s 
anesthesia for obstetrics, ed 4. Philadelphia, 2002, Lippincott Williams & 
Wilkins; and Gaiser R: Physiologic changes of pregnancy. In Chestnut 
DH, Polley LS, Tsen LC, et al, editors: Chestnut’s obstetric anesthesia: 
principles and practice. Philadelphia, 2009, Elsevier.
Minute Ventilation and Oxygenation
The increased O2 demand and carbon dioxide production 
of the growing placenta and fetus cause minute ventilation 
to be increased 45% to 50% more than nonpregnant val-
ues in the first trimester and for the remainder of the preg-
nancy. This larger minute ventilation is attained primarily 
as a result of a larger tidal volume and a slight increase in 
respiratory frequency. Maternal Paco2 decreases from 40 
mm Hg to approximately 30 mm Hg during the first tri-
mester as a reflection of the increased minute ventilation. 
Arterial pH, however, remains only mildly alkalotic (typi-
cally 7.42 to 7.44) because of metabolic compensation 
with increased renal excretion of bicarbonate ions (HCO3

− 
is typically 20 or 21 mEq/L at term). Early in gestation, 
maternal room air Pao2 is more than 100 mm Hg because 
of the presence of hyperventilation and the associated 
decrease in alveolar CO2. Later, Pao2 becomes normal or 
even slightly decreased, most likely reflecting small airway 
closure with normal tidal volume ventilation and intra-
pulmonary shunt. Arterial oxygenation can be signifi-
cantly improved by moving the patient from the supine to 
the lateral position. Maternal Hb is right shifted, with the 
P50 (partial pressure of O2 at which Hb is 50% saturated 
with oxygen) increasing from 27 to approximately 30 mm 
Hg. The higher P50 in the mother and lower P50 in the 
fetus mean that the fetal blood has higher affinity for O2 
and offloading of O2 across the placenta is facilitated.

At term, O2 consumption is increased by 20%. Dur-
ing the first stage of labor, O2 consumption increases 
above prelabor values by 40% and during the second 
stage it is increased by 75%. The pain of labor can result 
in severe hyperventilation causing Paco2 to occasion-
ally decrease below 20 mm Hg.

Lung Volumes
During pregnancy, the expanding uterus forces the dia-
phragm cephalad and creates a 20% decrease in functional 
residual capacity (FRC) by term (see Table 77-2). This 
reduction is made up of nearly equal reductions in both 
the expiratory reserve volume (ERV) and residual lung 
volume (RV). However, closing capacity (CC) remains 
unchanged and creates a reduced FRC/CC ratio. This cre-
ates more rapid small airway closure with reduced lung 
volumes, and in the supine position FRC can be less than 
CC for many small airways, giving rise to atelectasis. Vital 
capacity does not change with pregnancy. The combina-
tion of increased minute ventilation and decreased FRC 
results in a more rapid rate at which changes in the alveo-
lar concentration of inhaled anesthetics can be achieved.

During induction of general anesthesia, desatura-
tion, and subsequent hypoxemia occur more rapidly 
than in a nonpregnant patient because of decreased O2 
reserve (secondary to decreased FRC) combined with 
increased O2 uptake (resulting from increased meta-
bolic rate). Preoxygenation before general anesthesia is 
critical for patient safety to mitigate these physiologic 
changes. Inhalation of either 100% O2 for 3 minutes 
before induction of anesthesia, or four vital capac-
ity breaths of 100% O2 over the 30 seconds immedi-
ately before emergent induction is required to prevent 
hypoxia while intubating the trachea. The increased 
airway edema makes both ventilation and tracheal 



intubation more difficult and further increases the 
potential for complications and morbidity of general 
anesthesia in pregnancy.

GASTROINTESTINAL CHANGES

After midgestation, the induction of general anesthesia 
places pregnant women at increased risk for regurgitation, 
aspirating gastric contents, and developing acid pneumo-
nitis. The stomach and pylorus are moved cephalad by the 
gravid uterus. This repositions the intraabdominal portion 
of the esophagus intrathoracic and decreases the compe-
tence of the lower esophageal sphincter muscle. Higher 
progesterone and estrogen levels of pregnancy further 
reduce lower esophageal sphincter tone. Gastrin, secreted 
by the placenta, increases gastric hydrogen ion secretion 
and lowers the gastric pH in pregnant women. These 
changes in combination with the increased gastric pressure 
from the enlarged uterus increase the risk for acid reflux in 
pregnancy. Maternal gastric reflux with subsequent esoph-
agitis (heartburn) increases with the pregnancy duration 
and is common in pregnant women.14 In addition, gas-
tric emptying is decreased with the onset of labor, pain, 
anxiety, or administration of opioids, and increased gas-
tric contents can further increase the risk for aspiration. 
However, gastric emptying is not prolonged in pregnancy 
before labor.15 Epidural analgesia using local anesthetics 
alone does not further delay gastric emptying. In contrast, 
epidural boluses of fentanyl do delay gastric emptying.16

All women in labor are considered to have a full stom-
ach and an increased risk for pulmonary aspiration of gas-
tric contents during induction of anesthesia. To reduce this 
risk, a nonparticulate antacid, a rapid sequence induction of 
anesthesia technique including cricoid pressure, and endo-
tracheal intubation are considered routine parts of general 
anesthesia in a pregnant woman past midgestation. Reduc-
ing the production and severity of acid pneumonitis is the 
basis for the administration of antacids to pregnant women 
before induction of anesthesia. In addition to a nonparticu-
late antacid such as sodium citrate (30 mL) before induc-
tion of general anesthesia, metoclopramide can be useful 
for decreasing the gastric fluid volume of pregnant women 
in active labor who require general anesthesia. It can sig-
nificantly decrease gastric volume in 15 minutes, although 
prior opioid administration reduces the effectiveness of 
metoclopramide.17 Histamine-2 (H2)-receptor antagonists 
increase gastric fluid pH in pregnant women approximately 
1 hour after administration. A recent Cochrane review 
notes that a combination of antacids plus H2 antagonists 
is more effective than no pharmacologic intervention and 
better than antacids alone in decreasing gastric acidity.18 
Current American Society of Anesthesiologists (ASA) guide-
lines for obstetric anesthesia state, “Before surgical proce-
dures (i.e., cesarean delivery, postpartum tubal ligation), 
practitioners should consider the timely administration of 
non-particulate antacids, H2 receptor antagonists and/or 
metoclopramide for aspiration prophylaxis.”19

HEPATIC AND BILIARY CHANGES

Blood flow to the liver does not change significantly 
with pregnancy. The markers of liver function, including 
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aspartate aminotransferase (AST), alanine aminotransfer-
ase (ALT), and bilirubin, increase to the upper limits of 
normal with pregnancy. Plasma protein concentrations 
are reduced during pregnancy, and the decreased serum 
albumin levels can result in elevated free blood levels 
of highly protein-bound drugs. Plasma cholinesterase 
(pseudocholinesterase) activity is decreased approxi-
mately 25% to 30% from the 10th week of gestation up to  
6 weeks postpartum.20-22 Although neuromuscular 
transmission should be analyzed before extubation, 
the clinical consequence of the reduced cholinesterase 
activity is unlikely to be associated with more marked 
prolongation of the neuromuscular block resulting from 
succinylcholine or mivacurium. Alkaline phosphatase 
levels more than double secondary to placental produc-
tion. The risk for gallbladder disease is increased during 
pregnancy with incomplete gallbladder emptying and 
changes in bile composition. Cholecystectomy during 
pregnancy is required in between 1 in 1600 to 1 in 5000 
pregnancies.23

Renal Changes
Renal blood flow and the glomerular filtration rate are 
increased 50% to 60% by the third month of pregnancy 
and remain elevated until 3 months postpartum. There-
fore, the clearance of creatinine, urea, and uric acid are 
increased in pregnancy, and the upper laboratory limits 
for blood urea nitrogen and serum creatinine concen-
trations are decreased approximately 50% in pregnant 
women. Levels of urine protein and glucose are com-
monly increased as a result of decreased renal tubular 
resorption capacity. The upper limits of normal in preg-
nancy in a 24-hour urine collection are 300 mg protein 
and 10 g glucose.

Neurologic Changes
Pregnant patients are considered more sensitive to both 
inhaled and local anesthetics. They have a reduced mini-
mum alveolar concentration (MAC) for inhaled anesthet-
ics.1,2 The MAC of a volatile anesthetic is reduced by 40% 
in animals24,25 and 28% in humans during the first tri-
mester of pregnancy.26 However, MAC or immobility in 
response to volatile anesthetics occurs at the level of the 
spinal cord. An electroencephalographic based study sug-
gests that anesthetic effects of sevoflurane on the brain 
are similar in the pregnant and nonpregnant state.27 The 
underlying mechanism of reduced MAC in pregnancy 
remains unclear; it is likely multifactorial, and many pos-
tulate progesterone may have a role.

Pregnant women are more sensitive to local anesthet-
ics. The same level of either spinal or epidural neuraxial 
blockade is achieved with a smaller dose of local anes-
thetic compared with that in nonpregnant individuals. 
At term the epidural veins are engorged, which decreases 
the size of the epidural space and volume of cerebrospi-
nal fluid (CSF) in the subarachnoid space. However, CSF 
pressure does not increase with pregnancy until labor, 
when it increases in a pulsatile manner with both uter-
ine contractions and pushing.28 Although the decreased 
volume of these spaces facilitates the spread of local anes-
thetics, the local anesthetic dose requirement is decreased 
for neuraxial block as early as the first trimester, before 
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significant aortocaval compression or other mechani-
cal- or pressure-related changes occur.29 Consequently, 
the increased nerve sensitivity and decrease in local anes-
thetic dose requirements are likely biochemical in origin.

UTEROPLACENTAL PHYSIOLOGY

The placenta is composed of both maternal and fetal tis-
sues and is the interface of maternal and fetal circulation 
systems. It provides a substrate for physiologic exchange 
between the two systems. The placenta is made up of a 
basal and a chorionic plate that are separated by the inter-
villous space. Maternal blood is delivered to the placenta 
by the uterine arteries and enters the intervillous space via 
the spiral arteries. The fetal blood arrives at the placenta 
via two umbilical arteries that form umbilical capillaries 
that cross the chorionic villi. After placental exchange, 
nutrient-rich and waste-free blood is returned from the 
placenta to the fetus through a single umbilical vein.

UTERINE BLOOD FLOW

An understanding of uteroplacental blood flow is critical 
for appropriate clinical care. Uterine blood flow increases 
progressively during pregnancy from about 100 mL/min-
ute in the nonpregnant state to 700 mL/minute (∼10% 
of cardiac output) at term gestation. Approximately 80% 
of the uterine blood flow perfuses the intervillous space 
(placenta) and the remainder perfuses the myometrium. 
Uterine blood flow has minimal autoregulation, and 
the vasculature remains essentially fully dilated during 
pregnancy. Uterine and placental blood flow depend 
on maternal cardiac output and are directly related to 
uterine perfusion pressure and inversely related to uter-
ine vascular resistance. Decreased perfusion pressure can 
result from maternal hypotension secondary to hypovo-
lemia, aortocaval compression, or sympathetic blockade 
and decreased systemic resistance from either general 
or neuraxial anesthesia. Increased uterine venous pres-
sure also can decrease uterine perfusion. This can occur 
from supine positioning with vena caval compression, 
frequent or prolonged uterine contractions, or significant 
prolonged abdominal musculature contraction (Valsalva) 
during pushing. Additionally, extreme hypocapnia (Paco2 
< 20 mm Hg) occasionally associated with hyperventila-
tion secondary to labor pain can reduce uterine blood 
flow with resultant fetal hypoxemia and acidosis.

Neuraxial blockade does not alter uterine blood flow 
as long as maternal hypotension is avoided, but decreases 
in maternal blood pressure during neuraxial or general 
anesthesia should be immediately corrected.

Endogenous maternal catecholamines and exogenous 
vasopressors may cause increasing uterine arterial resis-
tance and decreasing uterine blood flow depending on the 
class and amount given. In a pregnant ewe model, use of 
α-adrenergic vasopressors—methoxamine and metarami-
nol—increases uterine vascular resistance and decreases 
uterine blood flow, whereas administration of ephedrine 
did not reduce uterine blood flow despite drug-induced 
increases in maternal arterial blood pressure.30 As a result, 
ephedrine was previously considered the vasopressor 
of choice for the treatment of hypotension caused by 
the administration of neuraxial anesthesia to pregnant 
women. In complete contrast, more recent human trials 
demonstrate the use of phenylephrine (α-adrenergic ago-
nist) for treatment of neuraxial-induced hypotension or 
use of phenylephrine as a prophylactic infusion at the 
time of spinal placement is not only effective in prevent-
ing hypotension, but also is associated with less fetal aci-
dosis and base deficit than use of ephedrine.31-34 Other 
methods to reduce maternal hypotension with induction 
of regional or general anesthesia are discussed in the sec-
tion on anesthesia for cesarean delivery.

PLACENTAL EXCHANGE

Oxygen Transfer
The delivery of O2 from the mother to the fetus depends 
on a variety of factors, including the ratio of maternal to 
fetal placental blood flow, the O2 partial pressure gradient 
between the two circulations, the diffusion capacity of the 
placenta, the respective maternal and fetal Hb concentra-
tions and O2 affinities, and the acid-base status of the fetal 
and maternal blood (Bohr effect). O2 delivery to the fetus 
is facilitated primarily because the fetal oxyhemoglobin 
dissociation curve is left-shifted (greater O2 affinity) while 
the maternal oxyhemoglobin dissociation curve is right-
shifted (decreased O2 affinity). Fetal Pao2 is normally 40 
mm Hg and never more than 60 mm Hg, even if the mother 
is breathing 100% O2.35 This is because significant O2 has 
been extracted before arrival at the fetoplacental unit. Ani-
mal studies note that in the face of decreased O2 delivery, 
fetal O2 consumption can be maintained with increased O2 
extraction until the maternal O2 delivery is approximately 
50% of its normal state.36,37 CO2 easily crosses the placenta 
and is limited by blood flow and not diffusion.

Drug Transfer
Maternal-fetal exchange of most drugs and other sub-
stances less than 1000 Daltons occurs primarily by dif-
fusion. The rate of diffusion and peak levels in the fetus 
depend on maternal-to-fetal concentration gradients, 
maternal protein binding, molecular weight of the sub-
stance, lipid solubility, and the degree of ionization of 
that substance. The maternal blood concentration of a 
drug is typically the primary determinant of how much 
drug will ultimately reach the fetus. The high molecu-
lar weight and poor lipid solubility of nondepolarizing 
neuromuscular blocking drugs result in limited ability of 
these drugs to cross the placenta (see also Chapter 34).  
Succinylcholine has a low molecular weight but is highly 
ionized and therefore does not readily cross the placenta 
unless given in large nonclinical doses. Thus, during 
administration of a general anesthetic for cesarean deliv-
ery, the fetus or neonate is not paralyzed. Both hepa-
rin and glycopyrrolate have minimal placental transfer 
because they are highly charged. In contrast, placental 
transfer of volatile anesthetics, benzodiazepines, local 
anesthetics, and opioids is facilitated by the relatively low 
molecular weights of these drugs. As a general consider-
ation, drugs that readily cross the blood-brain barrier also 
readily cross the placenta.
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Figure 77-2. Friedman’s original sigmoid model of the progress of cervical dilation over time based on an analysis of 500 nulliparas at term. Since 
the model’s development, the existence of a deceleration (Deceler.) phase has been discounted and the actual time frame has expanded, likely as 
a result of physiognomic and treatment-related changes. Acceler, Acceleration. (Reproduced with permission from Friedman E: Primigravid labor: 
a graphicostatistical analysis, Obstet Gynecol 6:567-589, 1955.)
Fetal blood is more acidic than maternal blood, and 
the lower pH creates an environment in which weakly 
basic drugs, such as local anesthetics and opioids, cross 
the placenta as nonionized molecules and become ion-
ized in the fetal circulation. Because this newly ionized 
molecule has more resistance to diffusion back across the 
placenta, the drug may accumulate in the fetal circula-
tion and reach levels higher than the maternal blood. 
This process is referred to as ion trapping. During fetal 
distress (lower pH in the fetal circulation), higher con-
centrations of these weakly basic drugs can be trapped.38 
High amounts of local anesthetics in the fetal circulation 
decrease neonatal neuromuscular tone. Extremely high 
levels, such as those associated with unintended mater-
nal intravascular local anesthetic injection, result in a 
variety of fetal effects, including bradycardia, ventricu-
lar arrhythmias, acidosis, and severe cardiac depression. 
Placental transfer and fetal uptake of specific analgesic 
and anesthetic drugs are detailed later in the sections on 
methods of labor analgesia and anesthesia for cesarean 
delivery.

FETAL CIRCULATION AND PHYSIOLOGY

The fetal blood volume increases throughout gestation. 
Approximately two thirds of the fetal-placental blood 
volume is contained within the placenta.39 During the 
second and third trimester, the fetal blood volume has 
been estimated to be approximately 120 to 160 mL/kg 
of fetal body weight.40 Thus, the total blood volume of a 
term normal fetus is approximately 0.5 L. Although fetal 
liver function is not yet mature, coagulation factors are 
synthesized independent of the maternal circulation. The 
serum concentrations of these factors increase with ges-
tational age and do not cross the placenta. However, fetal 
clot formation in response to tissue injury is decreased in 
comparison to that in adults. The anatomy of the fetal 
circulation helps decrease fetal exposure to potentially 
high concentrations of drugs in umbilical venous blood. 
Approximately 75% of umbilical venous blood initially 
passes through the fetal liver, which may result in signifi-
cant drug metabolism before the drug reaches the fetal 
heart and brain (first-pass metabolism). Fetal and neo-
natal enzyme system activities are lower than those of 
adults, but most drugs can be metabolized. In addition, 
drugs entering the fetal inferior vena cava via the ductus 
venosus are initially diluted by drug-free blood returning 
from the fetal lower extremities and pelvic viscera. These 
anatomic characteristics of the fetal circulation markedly 
decrease fetal plasma drug concentrations compared to 
maternal concentrations.

LABOR PROGRESS

Labor begins with the onset of repetitive uterine contrac-
tions that result in the dilation of the cervix. In reality, 
however, preparation for labor may begin several hours 
or days before active labor with an inflammatory process 
mediated by cellular infiltration and release of local cyto-
kines that result in softening of the cervix. The signals 
that orchestrate the onset of spontaneous labor are not 
precisely known. Organized, regular uterine contractions 
result in progressive cervical dilation and effacement. 
When spontaneous labor does not occur at an appropriate 
time, labor may be induced for fetal or maternal indica-
tions with various pharmacologic and physical methods.41

Labor is a continuous process separated into first, sec-
ond, and third stages. The first stage of labor includes the 
change of the uterine cervix from a thick, closed tube to 
an opening of approximately 10 cm through which the 
fetus can be expelled. This stage is further divided into 
a latent phase and an active phase. The second stage of 
labor begins when the cervix is fully dilated and ends with 
the expulsion or birth of the fetus. The third stage of labor 
is the delivery of the placenta. The time course of the first 
stage of labor was first studied by Emanuel Friedman who 
described a sigmoidal relationship between cervical dila-
tion and time (Fig. 77-2). The sigmoidal nature of the rela-
tionship has since been challenged in that little evidence 
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Figure 77-3. The number of patients 
who had a cesarean section, the odds 
ratio (OR), and 95% confidence interval 
(CI) are shown for each study. The size of 
the box is proportional to the weight of 
the study in the meta-analysis. The scale is 
logarithmic. N, Total number of patients 
in the analysis; n, number of events  
(Reproduced with permission from 
Leighton, BL, Halperhn SH: Epidural 
analgesia and the progress of labor. 
In Halpern SH, Douglas MJ, editors: 
Evidence- based obstetric anesthesia, 
Oxford, 2005, Blackwell.)
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exists for a deceleration phase as the cervix approaches 
complete dilation (10 cm). However, the separation of the 
first stage of labor into an early slow phase termed latent 
labor and a more rapid phase of active labor has stood the 
test of time and advances in modeling techniques.42,43

Labor may be referred to as abnormal on the basis of 
having abnormally slow latent labor, arrest in the active 
phase, or arrest of descent (failure of stage 2). Dystocia is 
defined as abnormal labor and may be a result of inade-
quate uterine contractions, mismatch of fetal and pelvic 
size, or abnormal fetal position. The Montevideo unit is 
traditionally used by obstetricians to assess the adequacy 
of uterine contractions. The Montevideo unit is defined as 
the intensity of contractions (in millimeters of mercury, as 
measured with an intrauterine pressure catheter) multiplied 
by the number of contractions that occur in 10 minutes. 
The diagnosis of dystocia is based on deviation from nor-
mal values derived from populations; however, significant 
variability exists among individual laboring women. Mul-
tiparity has been consistently associated with faster labor. 
Various demographic and genetic factors contribute to the 
variability in labor progress.42-47 Greater maternal weight, 
older age, and larger fetal size have been associated with 
slower labor.42,45,48 Evidence also indicates a hereditary role 
in labor progress from epidemiologic studies.49 Specifically, 
β2-adrenergic and oxytocin receptor polymorphisms have 
been implicated in mediating variability in labor prog-
ress.44-46 Abnormally poor response to intrinsic or extrinsic 
oxytocin may result in abnormal contractility, as would 
abnormally strong response to β2-adrenergic agonists and 
native catecholamines, which inhibit contractility.

Many observational studies have suggested that epi-
dural analgesia is associated with slower labor prog-
ress.45,50 This association has been repeatedly noted in 
observational trials but has not been replicated in pro-
spective randomized trials (Fig. 77-3). It is not clear that 



epidural analgesia causes slower labor progress. Rather, 
various confounding variables could result in this associa-
tion. Clearly, patients with more exposure to severe pain 
would be more likely to request analgesia and more likely 
to request it earlier. Large prospective studies in which 
patients were randomly assigned to early or late neuraxial 
anesthesia have invariably concluded that neuraxial anes-
thesia does not affect the length of the first stage of labor 
or increase the risk for cesarean delivery and that epidural 
analgesia placed early in labor does not increase the risk 
for cesarean delivery.51-55 Some have hypothesized that 
the difference between the findings of earlier observa-
tional trials and more recent randomized controlled trials 
might be due to a change to lower concentrations of local 
anesthetics in regional anesthesia regimens. This is not 
the case, because a comparison with an older regimen that 
used 0.25% bupivacaine and a lower dose regimen using 
0.1% bupivacaine found no difference in the rate of cesar-
ean delivery.56 The lack of association makes physiologic 
sense because uterine smooth muscle is not innervated 
by motor nerves and thus not affected by local anesthet-
ics. No physiologic mechanism is known by which block-
ade of sensory transduction or local anesthetic activity 
would impede uterine contractility. In contrast, several 
prospective trials suggest that neuraxial anesthesia may 
cause a modest prolongation of the second stage of labor 
of approximately 15 minutes.57,58 This may occur because 
maternal delivery of the fetus normally requires the par-
ticipation of abdominal and pelvic skeletal muscle, and 
diminution of motor nerve transmission and lack of sen-
sory feedback could impede coordinated pushing. Local 
anesthetic dose can be reduced in the second stage if the 
blockade is too dense to allow for coordinated expulsion 
efforts. When the labor is comfortable for the pregnant 
patient, tolerance for a longer second stage may allow 
uterine contractions to lower the fetal station before 
active efforts for vaginal delivery begin.59

LABOR AND FETAL MONITORING

Intrapartum fetal monitoring was created in an effort to 
evaluate fetal well-being and detect fetal distress earlier 
in labor to allow intervention before any permanent fetal 
injury. Electronic fetal monitoring (EFM) combines inter-
pretation of fetal heart rate (FHR) monitoring and uterine 
contraction monitoring. FHR monitoring was developed 
in the 1960s and has been used increasingly, with 85% 
of laboring women monitored in 2002.60 Practitioner 
variability is frequent in interpretation of the FHR trac-
ings.61,62 A meta-analysis comparing EFM to intermittent 
FHR auscultation noted the use of EFM reduced the risk 
for neonatal seizures (relative risk: .50), but not the risks 
for perinatal mortality or cerebral palsy.63 The use of this 
monitoring increased rates of both operative and cesar-
ean deliveries.63,64

FHR monitoring is most commonly accomplished 
with a surface Doppler ultrasound transducer (external 
monitoring), but it may be necessary to apply a fetal scalp 
electrode to obtain accurate continuous FHR monitoring 
(internal monitoring). For internal monitoring, a peak 
or threshold voltage of the fetal R wave from the scalp 
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electrode is used to measure FHR. Of note, a fetal scalp 
electrode can be placed only if the cervix is minimally 
dilated and the membranes are ruptured. The fetal brain 
and heart rate respond to fetal asphyxia from activation 
of peripheral and central chemoreceptors and barorecep-
tors, as well as a result of various fetal CNS metabolic 
changes.65 The changes in FHR produce specific patterns 
and characteristics that provide an evaluation of the 
fetal state. The nomenclature, interpretation, and man-
agement principles for FHR monitoring were updated 
in 2009 by the American Congress of Obstetricians and 
Gynecologists (ACOG).64 These current guidelines are 
detailed later, and related terminology is presented in 
Boxes 77-1 and 77-2. An understanding of the specific 
uterine contraction and FHR monitoring terminology 

Baseline

The mean FHR rounded to increments of 5 bpm during a 
10-minute segment, excluding:

 •  Periodic or episodic changes
 •  Periods of marked FHR variability
 •  Segments of baseline that differ by more than 25 bpm
The baseline must be for a minimum of 2 minutes in any 10-minute  

segment, or the baseline for that period is indeterminate. In 
this case, one may refer to the prior 10-minute window for 
determination of baseline.

 •  Normal FHR baseline: Rate is 110 to 160 bpm.
 •  Tachycardia: FHR baseline is greater than 160 bpm.
 •  Bradycardia: FHR baseline is less than 110 bpm.

Baseline VariaBility

Fluctuations occur in the baseline FHR that are irregular in  
amplitude and frequency.

Variability is visually quantitated as the amplitude of  
peak-to-trough in beats per minute.

 •  Absent: Amplitude range is undetectable.
 •  Minimal: Amplitude range is detectable but 5 bpm or fewer.
 •  Moderate (normal): Amplitude range is 6 to 25 bpm.
 •  Marked: Amplitude range is greater than 25 bpm.

acceleration

A visually apparent abrupt increase (onset to peak in  
< 30 seconds) occurs in the FHR.

At 32 weeks gestation and beyond, an acceleration has a peak of 
15 or more bpm above baseline, with a duration of 15 seconds 
or more but less than 2 minutes from onset to return.

Before 32 weeks gestation, an acceleration has a peak of 10 or 
more bpm above baseline, with a duration of 10 seconds or 
more but less than 2 minutes from onset to return.

Prolonged acceleration lasts 2 minutes or more but less than  
10 minutes.

If an acceleration lasts 10 minutes or longer, it is a baseline 
change.

sinusoidal Pattern

Visually apparent, smooth, sine wave–like, undulating pattern 
occurring in FHR baseline, with a cycle frequency of 3 to  
5 cycles per minute that persists for 20 minutes or longer.

BOX 77-1 Fetal Heart Rate Monitoring 
Pattern Definitions

Data from Macones GA, Hankins GD, Spong CY, et al: The 2008 National 
Institute of Child Health and Human Development workshop report on 
electronic fetal monitoring: update on definitions, interpretation, and 
research guidelines, J Obstet Gynecol Neonatal Nurs 37:510-515, 2008.

bpm, Beats per minute; FHR, fetal heart rate.
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and clinical implications is critical for optimal commu-
nication during emergent situations among anesthesiolo-
gists, obstetricians, midwives, and labor nurses.

CONTRACTION MONITORING

Uterine contractions can be monitored externally or 
with an intrauterine pressure transducer. External moni-
tors allow determination only of contraction frequency, 
whereas internal monitors also allow quantitative mea-
surement of intrauterine pressure. Uterine contractions 
are quantified over a 10-minute window that is averaged 
over a 30-minute window with recent guidelines pro-
vided by the ACOG.64 Normal contractions are defined 
as five or fewer contractions in 10 minutes, averaged over 

characteristics of early deceleration

Visually apparent, usually symmetric gradual decrease and return 
of the FHR occurs, associated with a uterine contraction.

A gradual FHR decrease is defined as from the onset to the FHR 
nadir of 30 seconds or more.

The decrease in FHR is calculated from the onset to the nadir of 
the deceleration.

The nadir of the deceleration occurs at the same time as the peak 
of the contraction.

In most cases, the onset, nadir, and recovery of the deceleration 
are coincident with the beginning, peak, and ending of the 
contraction, respectively.

characteristics of late deceleration

Visually apparent, usually symmetric gradual decrease and return 
of the FHR occurs, associated with a uterine contraction.

A gradual FHR decrease is defined as from the onset to the FHR 
nadir of 30 seconds or greater.

The decrease in FHR is calculated from the onset to the nadir of 
the deceleration.

The deceleration is delayed in timing, with the nadir of the 
deceleration occurring after the peak of the contraction.

In most cases, the onset, nadir, and recovery of the deceleration 
occur after the beginning, peak, and ending of the contrac-
tion, respectively.

characteristics of VariaBle deceleration

Visually apparent abrupt decrease in FHR occurs.
Abrupt FHR decrease is defined as from the onset of the decelera-

tion to the beginning of the FHR nadir of less than 30 seconds.
The decrease in FHR of 15 bpm or greater occurs, lasting  

15 seconds or longer and less than 2 minutes in duration.
When the variable decelerations are associated with uterine 

contractions, their onset, depth, and duration commonly vary 
with successive uterine contractions.

characteristics of Prolonged deceleration

Visually apparent decrease occurs in the FHR below the baseline.
Decrease in FHR from the baseline that is 15 bpm or more lasting 

2 minutes or more but less than 10 minutes.
If a deceleration lasts 10 minutes or longer, it is a baseline 

change.

BOX 77-2 Fetal Heart Rate Monitoring 
Deceleration Definitions

Data from Macones GA, Hankins GD, Spong CY, et al: The 2008 National 
Institute of Child Health and Human Development workshop report on 
electronic fetal monitoring: update on definitions, interpretation, and 
research guidelines, J Obstet Gynecol Neonatal Nurs 37:510-515, 2008.

FHR, Fetal heart rate.
a 30-minute window. Tachysystole is defined as uterine 
activity greater than five contractions in 10 minutes, 
averaged over a 30-minute window. Tachysystole applies 
to both spontaneous and augmented labor and should 
always be qualified as to the presence or absence of asso-
ciated FHR decelerations. The terms hyperstimulation 
and hypercontractility are no longer defined and should 
be abandoned. Treatment of tachysystole during labor 
may differ depending on the clinical situation, but may 
include sublingual or intravenous (IV) nitroglycerin66 to 
briefly relax the uterus, as well as the use of β2-adrenergic 
drugs such as terbutaline.

FETAL HEART RATE TRACING

The FHR tracing is used as a nonspecific reflection of fetal 
acidosis. It should be interpreted over a time course in rela-
tion to the clinical context and other known maternal and 
fetal comorbidities, because multiple factors other than fetal 
acidosis can influence the FHR tracing. Box 77-1 defines 
FHR baseline, variability, and accelerations. Box 77-2  
details FHR tracing deceleration characteristics. Late decel-
erations are a result of uteroplacental insufficiency caus-
ing relative fetal brain hypoxia during a contraction. The 
resulting sympathetic outflow elevates the fetal blood pres-
sure and activates the fetal baroreceptors and an associated 
slowing in the FHR. A second type of late deceleration is 
from myocardial depression in the presence of increasing 
hypoxia.67 Early decelerations tend to mirror the uterine 
contraction and are believed to be in response to a vagal 
stimulus, which may or may not be the result of fetal head 
compression. However, other sources note these may be a 
benign variant of the “reflex” late deceleration that rather 
mirrors the uterine contraction and might evolve into a 
more typical late deceleration.68 Variable decelerations are 
associated with umbilical cord compression. A sinusoidal 
FHR pattern is associated with placental abruption and is 
ominous.69 In general, minimal-to-undetectable FHR vari-
ability in the presence of decelerations is associated with 
fetal acidosis.70 Severe decelerations (<70 beats/minute 
for >60 seconds) are associated with fetal acidemia and 
are extremely ominous, particularly with the absence of 
variability.71 These patterns and characteristics are used to 
define the FHR categories in the following section.

FETAL HEART RATE CATEGORIES

A three-tiered FHR category classification system is cur-
rently recommended for fetal assessment.64 This system 
evaluates the fetus for a given moment of the assessment, 
and it must be recognized the fetal condition may move 
back and forth from one category to another over time. 
Specific terminology used for categorization is defined in 
Boxes 77-1 and 77-2.

Category I FHR tracings are considered normal and are 
predictive of a normal fetal acid-base state at the time of 
observation, and no specific management is required. All 
of the following criteria must be present: (1) baseline FHR 
of 110 to 160 beats/minute, (2) moderate baseline FHR 
variability, (3) no late or variable decelerations, (4) early 
decelerations may be present or absent, and (5) accelera-
tions may be present or absent.
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Category II FHR tracings are considered indeterminate 
and include all tracings not in categories I or III. Examples 
include but are not limited to fetal tachycardia, absence 
of induced accelerations after fetal stimulation, prolonged 
decelerations more than 2 minutes but less than 10 min-
utes, and recurrent late decelerations with moderate base-
line variability. Category II tracings are not predictive of 
abnormal fetal acid-base status and require continued 
monitoring and reevaluation in light of the entire clinical 
picture. In some cases, additional tests may be obtained 
or intrauterine resuscitative measures taken to improve 
the fetal condition.

Category III FHR tracings are considered abnormal and 
are associated with an abnormal fetal acid-base state at 
the time of observation. Category III tracings include 
either a sinusoidal FHR pattern or absent FHR variability 
with recurrent late decelerations, recurrent variable decel-
erations, or bradycardia. These tracings require prompt 
patient evaluation and efforts to improve the fetal con-
dition. These interventions may include intrauterine 
resuscitation with change in maternal position, discon-
tinuation of labor augmentation, treatment of maternal 
hypotension, use of supplemental O2, and treatment 
of tachysystole if present. If the FHR tracing does not 
improve, expeditious delivery should proceed.

LABOR ANALGESIA

Childbirth is a pinnacle event in a family’s life that is sur-
rounded by many beliefs and traditions, some of which 
are founded in science and others more historical. In this 
context, several nonpharmacologic techniques have been 
used to relieve the pain of childbirth throughout history, 
including acupuncture,72 massage,73,74 and hypnosis.75 
Drugs were not used in Western medicine to relieve pain 
in childbirth until the mid-1800s, most famously when 
the English Queen Victoria chose to inhale chloroform 
for analgesia during the birth of Prince Leopold.

For most women, labor is intensely painful. How-
ever, the time course of pain intensity is highly variable, 
dynamic, and unpredictable. Some women will expe-
rience severe pain only just before the second stage of 
labor, whereas others will report severe pain from their 
first contraction. Rarely do women not experience any 
pain in labor and give birth unexpectedly under inop-
portune conditions.76 The source of these differences in 
labor pain is not completely known but may be in part 
genetic. In one study, Asian women reported more pain 
in labor than women of other ethnic backgrounds.42,45 
This association was also found with a single nucleotide 
polymorphism in the β2-adrenergic gene.45 Other factors 
may include pelvic size and shape, fetal presentation, and 
whether the contractions are augmented.

NONPHARMACOLOGIC LABOR PAIN 
MANAGEMENT

Many patients prefer to use nonpharmacologic methods 
of pain management during all or part of labor. Acupunc-
ture can be effective in treating postoperative pain after 
cesarean section,77 but it is not as effective for analgesia 
during labor. In a recent meta-analysis, labor pain was 
compared between patients who received acupuncture 
and those who reviewed sham acupuncture (superficial 
needling lateral to an actual acupuncture point). The 
patients reported a small but statistically significant effect 
of acupuncture (4% to 6%) that lasted for only 30 min-
utes.78 Unfortunately, most of the trials were not properly 
blinded, increasing the likelihood of bias.

Several trials have found a reduction in pain and anxi-
ety during the first stage of labor with the use of massage. 
A Cochrane review on massage in labor identified seven 
randomized trials of massage, six of which were judged 
to have low or unclear risk for bias.74 During the first 
stage of labor, pain was reduced in the massage group by 
−0.98/10 (confidence interval [CI], 1.17 to 0.47). No dif-
ference was found in the use of pharmacologic pain relief 
between groups or in pain report during the second and 
third stages of labor. One study of 60 women found that 
massage decreased anxiety.79

Hypnosis has been used both as a relaxation technique 
and for management of pain during labor. When hyp-
nosis was compared with standard care, no evidence was 
found that pain was less after hypnosis, nor was evidence 
found for a difference in satisfaction with pain relief.74

Other nonpharmacologic techniques include the 
breathing techniques described by Lamaze, the LeBoyer 
technique, transcutaneous nerve stimulation, hydro-
therapy, presence of a support person, intradermal water 
injections, and biofeedback. A retrospective national 
survey of women’s childbearing experiences found that 
although neuraxial methods of pain relief were consid-
ered the most helpful and effective, nonpharmacologic 
methods of tub immersion and massage were rated more 
or equally helpful in relieving pain compared with the 
use of opioids.80 Although many nonpharmacologic 
techniques seem to reduce the perception of labor pain, 
most published studies lack the rigorous scientific meth-
odology for useful comparison of these techniques to 
pharmacologic methods.

CONSIDERATIONS FOR PHARMACOLOGIC 
TREATMENT OF PAIN IN LABOR

Preprocedural assessment is required for any patient 
who is a potential candidate for neuraxial analgesia 
and should be considered as a preparation for potential 
obstetric emergency. Assessment of all laboring women 
for risk factors for neuraxial analgesia and general anes-
thesia is recommended, because in the event an emer-
gency decision is made to proceed with either procedure, 
sufficient time may not be available for adequate, safe 
evaluation and discussion with the patient. In other-
wise healthy women, routine laboratory testing is not 
required.19 Although any laboring woman has the poten-
tial to require cesarean section, labor takes many hours 
and requires adequate nutrition and hydration. While 
balancing these two considerations, the ASA has rec-
ommended that moderate amounts of clear liquids be 
allowed during the administration of neuraxial analge-
sia and throughout labor and, furthermore, a period of 
abstention from solids before the placement of neuraxial 
analgesia is not required.19
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SYSTEMIC MEDICATIONS

The first systemic medications used for labor analgesia were 
herbal and plant preparations. Plant extracts used for labor 
analgesia include motherwort and rice bran syrup,81 but 
these treatments have not been prospectively studied, and 
it is unknown whether these treatments provide analgesic 
benefit. Extracts of the poppy plant that contain opium 
have analgesic properties that are clearly a result of their 
activation of the μ-opioid receptor. Many other natural and 
synthetic drugs that also act via activation of the μ-opioid 
receptor provide statistically and clinically significant labor 
analgesia. Opioids are used commonly for labor analgesia 
because they are mostly inexpensive and widely available. 
They can be administered intramuscularly without the need 
for IV access. In current practice, long-acting opioids used 
for labor analgesia include morphine, hydromorphone, 
and meperidine. Worldwide, meperidine is the most com-
monly used long-acting opioid in obstetric practice82 but, 
unfortunately, the most likely to result in side effects. It is 
typically administered intravenously in doses of up to 25 
mg or intramuscularly in doses up to 50 mg. Maternal half-
life is 2 to 3 hours, and fetal and newborn half-life is signifi-
cantly longer (13 to 23 hours) with an active, potentially 
neurotoxic metabolite (normeperidine) that can accumu-
late with repeated doses. With increased dosing and shorter 
intervals between doses and delivery, risk to the newborn 
is increased, including lower Apgar scores and prolonged 
time to sustained neonatal respiration.83

Morphine is rarely used for labor pain. Like meperidine 
it has an active metabolite (morphine-6-glucuronide) 
with a half-life that is longer in neonates than in adults, 
and it produces significant maternal sedation. Obstetri-
cians may use intramuscular morphine combined with 
phenergan for analgesia, sedation, and rest termed 
“morphine sleep.” This combination produces analgesia 
and sedation for approximately 2.5 to 4 hours, with an 
onset of 10 to 20 minutes and is used most commonly in  
latent labor.

More recently, the shorter acting fentanyl and ultra–
short-acting remifentanil have entered clinical practice. 
Fentanyl has a short duration and no active metabolites. 
When given in small IV doses of 50 to 100 μg/hr, no sig-
nificant differences are seen in neonatal Apgar scores and 
respiratory effort compared with those in newborns of 
mothers not receiving fentanyl.84

Remifentanil has entered clinical practice as an alterna-
tive to neuraxial analgesia for patients with contraindica-
tions and in some settings as an alternative for patients 
who simply do not desire neuraxial anesthesia. Overall, 
short-acting and long-acting opioids do not show a sig-
nificant difference in pain relief. One exception is that 
remifentanil may offer some advantage over other opioids 
in efficacy.73 In addition, remifentanil offers an important 
safety advantage when used in active labor in that it is an 
ultra short acting opioid highly metabolized by placental 
esterase and thus the fetal-to-maternal ratio is small. The 
metabolism of remifentanil depends completely on tissue 
tissue and plasma esterases, which are fully mature in the 
fetus. Thus, remifentanil does not depend on the matu-
rity of any organ for its degradation and is more rapidly 
metabolized in the fetoplacental unit than in the maternal 
plasma. In the pregnant ewe model, the maternal-to-fetal 
ratio of remifentanil is approximately tenfold,85 and the 
ratio was similar in human studies.86 Because of these 
characteristics, more remifentanil can be administered to 
the mother at times close to delivery than would be con-
sidered safe for longer acting opioids that rely on slower 
metabolism by the liver. Remifentanil is more effective 
than long-acting opioids73; however, the improvement 
in pain relief may be because larger doses of remifentanil 
were given compared with doses of meperidine.87 Another 
study comparing remifentanil to meperidine and fentanyl 
noted improved analgesia with remifentanil in the first 
hour, with return to no difference between opioids after 
3 hours.88 A randomized controlled trial comparing epi-
dural analgesia to use of a remifentanil patient-controlled 
analgesia noted lower pain scores in the epidural group.89 
Although there was higher maternal sedation in the remi-
fentanil group, there were no differences in fetal outcome 
measures. The major risk of remifentanil in labor is mater-
nal respiratory depression. Careful surveillance is required 
to ensure adequate oxygenation throughout treatment.

INHALED ANALGESIA

Inhaled anesthetics were the first treatments for labor anal-
gesia used in modern times. The first woman anesthetized 
for childbirth in the United States was Fanny Longfellow, 
the wife of the poet, Henry Wadsworth Longfellow. Long-
fellow acted as anesthesiologist to his wife who was highly 
criticized for her decision to accept anesthesia. In the United 
Kingdom, Emma Darwin, wife of Charles Darwin, was anes-
thetized with chloroform for the last two of her eight births, 
also with her famous husband acting as anesthesiologist. Six 
years later, British Queen Victoria was administered chlo-
roform for analgesia by Dr. John Snow during the birth of 
Prince Leopold.90 Despite disapproval from religious author-
ities, pregnant women in the United States and Britain 
voted with their swollen feet and began requesting anesthe-
sia for childbirth. However, as volatile anesthetics became 
more commonly used in childbirth, side effects were more 
commonly encountered. Neonatal depression and mater-
nal gastric aspiration were reported as volatile techniques 
became more commonly used for operative delivery.91-93 
Delivery was complicated by aspiration of gastric contents 
in 66 women from 44,016 deliveries (0.15%) between 1932 
and 1945. The preventive fasting measures recommended 
by Mendelsohn became cornerstones of obstetric anesthe-
sia practice. Reduction of stomach contents by restricting 
intake, provision of nonparticulate antacids, and improve-
ment of anesthetic-induction technique have improved 
the safety of volatile anesthetics in pregnancy, which are in 
modern times almost exclusively used as general anesthetics 
for cesarean section rather than for pain relief during vagi-
nal delivery. Volatile anesthetics are no longer used for labor 
analgesia. Nitrous oxide, however, is still commonly used 
worldwide and is welcomed by many parturients as a less 
invasive approach to pain relief in labor.

In 1881, Stanislav Klikovitch described the use of N2O 
for labor in Russia.94 Klikovitch recommended mixing 
N2O with O2 and intermittent use of the gas with contrac-
tions. N2O is currently used commonly in this manner 
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for labor analgesia in Europe, Scandinavia, and Austra-
lia, but only uncommonly in the United States. Typically
it is blended with O2 in a 50:50 ratio or slightly greater
for patient-inhaled self-administration. N2O provides
significant pain relief with a median reduction of pain
score of 14/100 (95% CI −4 to −24) in a meta-analysis
that included data from three studies.95 Compared with
placebo or no treatment, N2O is associated with a median
reduction in pain score of 3.5 in 10 (95% CI 3.3 to 3.8) in
one study of 509 parturients.95 Some studies have dem-
onstrated moderate analgesia in response to inhaled N2O
(8 in 10 to 6 in 10),96 whereas others have shown no dif-
ference in visual analogue pain scores.97 Paradoxically,
many of the women who were enrolled in the previously
mentioned negative study by Carstoniu and colleagues97

wished to continue its use after the study period. Women
in other studies have reported significant “benefit” to its
use, and the majority who used it during labor stated that
they would choose it as a form of pain relief for subse-
quent labors.98,99 The analgesic effect of N2O may be con-
founded by sedative or relaxing effects that offer benefit
to the parturient apart from or in addition to analgesia.
Without the coadministration of opioids, use of 50% N2O
in O2 is safe and does not result in hypoxia, unconscious-
ness, or loss of protective airway reflexes.100 In addition,
no decrease in uterine contractility or neonatal depres-
sion occurs regardless of duration of use.

NEURAXIAL ANALGESIA

Neuraxial analgesia is the most reliable and effective
method of reducing pain during labor.80 However, it is
encumbered by small but real and predictable risks.

Timing of Placement
The optimal timing for the placement of a neuraxial anes-
thetic has been extensively studied. In a 2011 updated
Cochrane review of 38 trials including 9658 parturients,
epidural analgesia offered better pain relief compared
with placebo (median reduction 3.4 in 10 (95% CI 1.3
to 5.4) and reduced the need for additional pain medica-
tion.101 However in these trials, the use of neuraxial anal-
gesia was associated with an increased risk of requirement
for assisted vaginal birth (relative risk [RR] 1.4, 95% CI 1.3
to 1.6), motor blockade (RR 32, 95% CI 4 to 232), urinary
retention (RR 17, 95% CI 5 to 60), longer second stage of
labor (mean diiference [MD] 13.7 minutes, 95% CI 6.7
to 20.7 minutes), and risk for cesarean section for fetal
distress (RR 1.4, 95% CI 1.03 to 1.97). However, the rate
of cesarean section and neonatal Apgar scores were not
different. Therefore, epidural analgesia can provide supe-
rior analgesia, but at the cost of an increased likelihood
of instrument delivery and a prolonged second stage of
labor (see earlier discussion of labor progress). Does the
stage of labor at which the neuraxial analgesic was placed
influence the ensuing time course of labor? As discussed
previously, older studies in which larger doses of local
anesthetic were used that did not use random allocation
of treatment found that early initiation of epidural anal-
gesia is associated with a longer first stage of labor. Blind-
ing of patient and investigator in studies of a complex
intervention, such as neuraxial analgesia, is difficult, but
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 

 
 
 

 

 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

inadequate blinding and random allocation leaves the 
results of the trial subject to concerns for bias. In 2011, 
a meta-analysis including prospective, well-randomized 
trials was conducted to test the hypothesis that neuraxial 
analgesia placement during the early first stage of labor is 
associated with prolonged first stage of labor.102 Six stud-
ies of 15,399 parturients compared placement of neurax-
ial analgesia at 3-cm cervical dilation or less to placement 
only in active labor. No increase was found in the inci-
dence of cesarean section, and the first stage of labor was 
not prolonged. Thus, if a parturient chooses neuraxial 
analgesia despite the increased risk for a prolonged sec-
ond stage and maternal fever, no evidence indicates that 
any point in the first stage of labor is “too early” to initi-
ate analgesia. Current ASA guidelines note that maternal 
request for labor pain relief is sufficient justification for 
intervention and the decision should not depend on an 
arbitrary cervical dilation.19

Epidural Analgesia
Epidural analgesia is most commonly initiated after 
placement of a catheter into the epidural space between 
L2-3 and L4-5. Initial dosing of local anesthetic through 
the needle within the epidural space is not recommended 
because of potential unintended intravascular placement 
and rapid onset of local anesthetic toxicity, including 
seizures, arrhythmias, and cardiovascular collapse. Anal-
gesia should be initiated with a test dose consisting of 
a dose of local anesthetic that would not be harmful if 
injected intravascularly but that would induce an altered 
sensorium, most commonly described as dizziness or a 
sensation of buzzing in the ears or numbness in the lips. 
This dose should be sufficient to cause numbness and 
motor block in the lower extremities if inadvertently 
injected into the spinal fluid but would not cause signifi-
cant sensory effects if injected into the epidural space. 
Thus, the “test dose” tests for inadvertent intravascular 
or intrathecal placement of the catheter.103 Some clini-
cians favor inclusion of a small dose of epinephrine in 
the test dose so that if the placement were intravascular, 
a slight tachycardia would ensue. However, the utility of 
the inclusion of epinephrine has been debated in the set-
ting of pregnancy because the sensitivity and specificity 
of small changes in heart rate in the setting of uterine 
contractions may not be adequate. A prospective blinded 
randomized study of 59 laboring women administered an 
IV injection of 0, 1, 2, or 3 mL of 1.5% lidocaine with 
1:200,00 epinephrine to mimic an epidural test dose, mea-
sured the sensitivity and specificity for this intervention 
with a blinded observer.104 In all cases, the total volume 
injected was diluted with normal saline for a final vol-
ume of 3 mL. For women receiving either the 2- or 3-mL 
test dose (lidocaine with epinephrine), the sensitivity was 
100% (100% negative predictive value), but examination 
of the women who received only saline noted the speci-
ficity was only 79% with 11 of 15 true negative results. 
Although the 100% sensitivity will indeed prevent unrec-
ognized intravascular catheter placement, a 21% false-
positive rate is problematic because these catheters would 
be inappropriately removed. The risk for adverse effects 
from intravascular injection of local anesthetic is miti-
gated by the use of slow and low concentrations of local 
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anesthetic infusions rather than repeated bolus doses of 
concentrated local anesthesia.

Intrathecal and Combined Spinal  
Epidural Analgesia
Intrathecal analgesia for labor can be used independently 
of epidural analgesia, or more commonly combined with 
the placement of an epidural catheter so that when the 
analgesic effect of the intrathecal dose dissipates, analge-
sia can be maintained with an epidural infusion. However, 
intrathecal analgesia alone is useful when the duration 
of labor can be reasonably estimated. For example, what 
should be done if a multiparous parturient in the sec-
ond stage of labor requests analgesia? Opioid combined 
with a small dose of local anesthetic is quick to perform, 
provides rapid analgesia, and dissipates when no longer 
needed. When an epidural catheter is placed in addi-
tion to the intrathecal dose, no loading dose is required 
because the parturient will have analgesia from the spi-
nal dose that will normally last until an epidural infusion 
can reach a steady state. In this setting, identification of 
an intrathecal catheter may be less reliable because the 
patient already has analgesia. However, typical doses of 
local anesthetic in combined spinal epidural placements 
provide analgesia without motor block, and the detection 
of an intravascular catheter as discussed previously may 
have value.104

Neuraxial Analgesic Medications
Any preservative-free local anesthetic can be used in 
an epidural catheter. Most commonly, bupivacaine 
and ropivacaine are used because the ratio of sensory 
to motor blockade is greater than that for lidocaine or 
2- chloroprocaine. Epidural lidocaine and 2-chloropro-
caine are usually reserved for surgical anesthesia, rather 
than labor analgesia, in which preserved motor function 
during the procedure is not desirable.

During the 1990s, intrathecal lidocaine and 2-chlo-
roprocaine were associated with multiple case reports of 
transient neurologic symptoms and longer lasting cauda 
equine syndrome.105,106 Notably, most but not all cases 
were associated with high concentration—that is, hyper-
baric preparations. In vitro, high concentrations of all 
local anesthetics cause neuronal necrosis or apoptosis; this 
is likely to be the cause of cauda equina syndrome, but 
the cause of transient neurologic symptoms is at present 
not clear.107 Transient neurologic symptoms and cauda 
equina syndrome also have been reported with intrathecal 
bupivacaine108; however, the risk for transient neurologic 
symptoms is greater with lidocaine than bupivacaine (RR 
5.1; 95% CI 2.5 to 10.2).109

Epidural analgesia for labor began in 1909 when 
Stoeckel reported 141 cases of caudal epidural anesthe-
sia.110 Since that time, lumbar epidural analgesia has 
replaced caudal anesthesia for labor. A search is ongo-
ing for the perfect analgesic recipe that would provide 
excellent analgesia with no motor blockade or other 
maternal or fetal effects. This combination has yet to be 
described. In more recent years, lower concentrations of 
local anesthetic have been used alone or combined with 
opioids and multiple other analgesic adjuvants to reduce 
motor blockade and improve sensory blockade. All local 
anesthetics cause dose-dependent sympathetic blockade. 
At higher concentrations, maternal hypotension can 
result in fetal asphyxia. Epidural bupivacaine (0.625% to 
0.125%) or ropivacaine (0.625% to 0.2%) are most com-
monly used for obstetric analgesia because of the reduced 
motor block. Ropivacaine and levobupivacaine were syn-
thesized to reduce cardiotoxicity that occurs with inadver-
tent intravascular bolus doses of bupivacaine. However, 
with the small doses of local anesthetic currently used for 
labor analgesia, cardiotoxicity is uncommon.

The addition of lipid-soluble opioids, fentanyl 1 to  
3 μg/mL or sufentanil 0.1 to 0.5 μg/mL allowed the reduc-
tion of local anesthetic dose with associated decreased 
motor blockade, preserved analgesia, and enhanced mater-
nal satisfaction.111 Unfortunately, no epidural opioid only 
regimen provides adequate analgesia without unaccept-
able side effects. The most troublesome complication that 
limits the dose of epidural fentanyl is itching. Patient-con-
trolled epidural analgesia allows the patient to dose the epi-
dural catheter with the use of a pump that has a maximum 
amount of drug per hour to prevent toxicity. In one study, 
patients who self-administered local anesthetic as needed 
in labor used less drug and had similar pain relief.112

The search for the perfect labor epidural drug combina-
tion has led to the use of other adjuvant drugs that can 
reduce the dose of local anesthetic that is required. Most of 
these drugs act through activation of adrenergic receptors. 
Epinephrine is a nonselective adrenergic agonist activat-
ing α1-, α2-, β1-, and β2-adrenergic receptors. Activation of 
α1-receptors in the epidural vasculature causes vasocon-
striction that delays the vascular uptake of local anesthetic 
and opioid.113 Additional analgesia is likely provided by 
epinephrine through activation of α2-adrenergic recep-
tors.114 The dose of epidural epinephrine is typically dilute 
(1:400,000 to 1:800,000) secondary to concern for uterine 
artery vasoconstriction by systemic effects of higher doses. 
Neostigmine reduces the degradation of synaptic epineph-
rine and has effects similar to those of low-dose epineph-
rine.115-117 Intrathecal neostigmine causes an unacceptable 
incidence of nausea and vomiting,115 and epidural neostig-
mine does not seem to offer any advantage over epineph-
rine (see also Chapter 97). Clonidine is a relatively selective 
α2-adrenergic antagonist that when added to dilute local 
anesthetic solution provides adjuvant analgesia.118,119 
Although clearly effective for labor analgesia, within the 
United States epidural clonidine carries a U.S. Food and 
Drug Administration (FDA) warning that states it is “not 
recommended for obstetrical, postpartum or perioperative 
pain management as the risk of hemodynamic instability 
(e.g., hypotension, bradycardia) may be unacceptable in 
this population.” Monitoring recommendations related to 
this statement declare that in “a rare obstetrical, postpar-
tum, or perioperative patient, potential benefits may out-
weigh possible risks.” Dexmedetomidine is a significantly 
more selective α2-adrenergic receptor agonist that is not 
approved for epidural use in the United States.120 However, 
one randomized controlled trial found that it was effica-
cious combined with epidural bupivacaine.121

Neuraxial Complications
In addition to the neuraxial drug–related complications 
noted previously, administration of epidural analgesia can 
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result in rare but severe toxicity. The earliest experiments 
with spinal cocaine resulted in severe post–dural puncture 
headache. Leakage of spinal fluid is thought to result in 
vascular hyperemia, migraine physiology and traction 
on pain-sensitive fibers may contribute. The incidence, 
severity, and duration of post–dural puncture headaches 
are related to the size of the needle and the shape of the 
tip. Spinal needles used for combined spinal epidural tech-
nique range from 25 to 29 gauge and result in an incidence 
of post–dural puncture headache of less than 1%.122,123 
Epidural catheters are most commonly placed through a 
17- or 18-gauge blunt-tipped needle, and thus the inci-
dence of post–dural puncture headache is reported at 30% 
to 80%.122 Given the similarity of symptoms to those of 
migraine headache and the related physiology, post–dural 
puncture headaches have been treated with drugs that 
are useful in migraine with variable success. Caffeine is 
effective to treat the pain of a post–dural puncture head-
ache in the short term likely because of its vasoconstric-
tive effects,124 but the duration of the headache is likely 
related to healing of the rent in the dura. In the setting of 
dural puncture with an epidural needle, the needle may be 
replaced at a different interspace or an intrathecal catheter 
may be placed. If an intrathecal catheter is placed, unin-
tentional injection of an epidural anesthetic dose must 
be carefully avoided. After an unintended dural puncture, 
placement of a spinal catheter can provide excellent anal-
gesia and alleviates the need for multiple repeat epidural 
attempts with the potential of a second accidental dural 
puncture.125 The incidence of post–dural puncture head-
ache after a wet tap may or may not be reduced with this 
technique in comparison to epidural replacement, but 
labor analgesia is more quickly established with a spinal 
catheter.125 When strict aseptic technique is used, infection 
is uncommon with spinal and epidural anesthesia.126,127

The epidural space is highly vascular, and vessels are 
likely punctured, often in epidural needle placement. How-
ever, with normal platelets and coagulation factors, epidural 
hematoma is extremely uncommon, with an estimated 
upper limit of 4.6 × 10−5 in the obstetric population.128 
Although rare, back pain and persistent motor blockade 
are potential signs of epidural hematoma and should be 
thoroughly evaluated. All parturients should be monitored 
postpartum until complete resolution of epidural block-
ade. Direct nerve damage from an epidural or spinal needle 
placed for labor is exceedingly rare because they are placed 
below the level of the conus medularis. Damage attributed 
to direct neurologic injury has been estimated at 0.6 in 
100,000 with epidural and 3 in 100,00 with spinal anal-
gesia.129-131 Postpartum back pain is common regardless of 
whether neuraxial analgesia has been used after childbirth. 
However, no evidence indicates that it is more common 
when neuraxial analgesia is used for labor. Several trials 
have identified an association between increased maternal 
temperature and epidural use as a secondary outcome.132 
Attribution of causality is difficult in this setting because 
temperature increases with advancing labor likely as a result 
thermogenic cytokines.132,133 Epidurals are also more likely 
to be placed later in labor and thus may be associated with 
higher temperature that results from the intense metabolic 
activity of labor (also see Chapters 56 and 98 for related 
information regarding epidural anesthesia and analgesia).
OTHER REGIONAL NERVE BLOCKS

Local anesthetic nerve blocks have been used for many 
years to relieve labor pain, mostly by obstetricians.134 
For a paracervical block, local anesthetic is injected lat-
eral to the cervix at 4 o’clock and 10 o’clock, taking 
care to avoid vascular structures. The paracervical block 
is effective to relieve pain of cervical dilation but does 
not affect cramping pain from contraction of the uter-
ine corpus. However, paracervical block does reduce 
pain in the second stage of labor. Paracervical block is 
more effective for relief of labor pain in contrast to pla-
cebo or intramuscular meperidine.135 No difference was 
found in pain relief comparing paracervical block to 
patient controlled analgesia with IV fentanyl.136 Para-
cervical block can be complicated by injection of local 
anesthetic into the presenting fetal head, which can 
have devastating consequences. Intense fetal monitor-
ing is warranted for a time after the procedure. More 
commonly, side effects of transient fetal bradycar-
dia and maternal local anesthetic toxicity have been 
reported.137-139 The technique of paracervical block has 
become safer with more superficial injection ensured 
by a needle guide and more dilute solutions of local 
anesthetic.

The pudendal nerve is derived from sacral nerve roots 
and can be blocked with local anesthetic using a trans-
vaginal or transperineal approach to treat pain during the 
second stage of labor and for episiotomy repair. A puden-
dal nerve block can be helpful but is not as effective as 
a subarachnoid block with fentanyl and bupivacaine.140 
Pudendal block can impede the urge to push during the 
second stage of labor.141 Other complications include a 
high rate of block failure; systemic local anesthetic toxic-
ity; ischiorectal or vaginal hematoma; and, rarely, fetal 
injection of local anesthetic (see also Chapters 56 to 58 
regarding regional anesthesia).

ANESTHESIA CONSIDERATIONS FOR 
OPERATIVE DELIVERY

Low-dose epidural analgesia can be inadequate for 
assisted vaginal delivery with forceps or vacuum. In 
this setting, higher concentration local anesthetic can 
be administered through an indwelling epidural cath-
eter or a “second-stage spinal” can provide excellent 
perineal analgesia. Supplementation of an indwelling 
epidural catheter with 5 to 10 mL of 1% to 2% lido-
caine or 2% to 3% 2-chloroprocaine is usually adequate, 
depending on whether vacuum or forceps are being 
used. Pudendal nerve block also can be considered for 
operative delivery.

ANESTHESIA FOR CESAREAN DELIVERY

MATERNAL RISKS AND CONSIDERATIONS

Cesarean delivery rates in the United States increased by 
50% between 1998 and 2008, rising from 22% to 33% of all 
births.142 Although maternal mortality has substantially 
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decreased during the first half of the twentieth century, the 
rate of maternal mortality is 10 times higher with cesarean 
delivery than vaginal delivery, based on a retrospective 
study of 1.5 million deliveries between 2000 and 2006.143 
Perhaps some of the women who died were in an emer-
gent situation and required general anesthesia rather than 
a neuroaxial technique. Pregnant women who undergo 
general anesthesia for cesarean delivery are at increased 
risk for mortality from pulmonary aspiration of gastric 
contents and failed intubation of the trachea, inadequate 
ventilation, or both compared with those under neuraxial 
blockade, particularly in emergent situations. However, 
the RR has decreased over time. Data in the United States 
from 1979 to 1990 noted a 16.7 increased mortality risk 
with use of general anesthesia for cesarean delivery com-
pared with neuraxial blockade144; between 1997 to 2002, 
the risk ratio was only 1.7 with general anesthesia.145 In 
addition to improved maternal safety, use of epidural or 
spinal anesthesia for cesarean delivery minimizes neona-
tal anesthetic exposure and allows the mother to see the 
child almost immediately after birth. Although a variety 
of anesthetic considerations for cesarean delivery exist, 
the following discussion is a general summary and other 
sources can provide additional information.146,147

All pregnant women should undergo a preoperative 
evaluation, regardless of planned delivery mode or type 
of anesthetic technique, with appropriate risk and benefit 
counseling. The current status of the fetus and obstetric 
management plan also should be determined in conjunc-
tion with the anesthetic plan. In addition, appropriate 
equipment and medications should always remain read-
ily available to safely provide general anesthesia for an 
emergent or unanticipated situation. Although the rates 
of significant maternal aspiration of gastric contents with 
induction of general anesthesia are difficult to determine, 
the mortality from such an event is estimated at 5% to 
15% based on retrospective data.148,149 As mentioned 
previously, ASA guidelines recommend, “timely admin-
istration of nonparticulate antacids, H2 receptor antago-
nists, and/or metoclopramide for aspiration prophylaxis” 
before obstetric surgical procedures.19 The decision to use 
general anesthesia or neuraxial block for cesarean deliv-
ery is determined by a variety of factors that include the 
fetal condition and urgency of delivery, maternal comor-
bidities, presence of a previously placed epidural for labor 
analgesia, surgical considerations, and maternal wishes. 
At present, most cesarean deliveries in developed coun-
tries are performed with neuraxial techniques.

SPINAL ANESTHESIA

If an epidural catheter is not already placed, spinal anes-
thesia is typically used for nonemergent cesarean deliv-
eries. Compared with an epidural, this type of neuraxial 
block is quicker and easier to place, allows adequate oper-
ating conditions in a shorter time, provides a denser block, 
is more cost effective, and is less likely to fail (failure  
rate < 1%).150,151 The chance of significant maternal 
hypotension is greater with spinal anesthesia than with 
epidural anesthesia. Left uterine displacement with appro-
priate administration of fluids and use of vasopressors can 
minimize the associated hypotension. Although IV admin-
istration of crystalloid or colloid can reduce the degree of 
hypotension after spinal anesthesia for cesarean deliv-
ery,152 a randomized controlled trial comparing colloid 
versus crystalloid noted that use of colloid was superior 
to crystalloid preload.153 Another study noted that giv-
ing colloid with spinal placement is equally beneficial in 
reducing hypotension compared with use of prior admin-
istration of a colloid.154 However, concern exists regarding 
the safety of synthetic colloids as part of intraoperative 
and critical care resuscitation (see also Chapter 61).

Previously ephedrine was considered the vasopressor 
of choice to manage hypotension caused by neuraxial 
anesthesia in pregnancy; however, phenylephrine in 
boluses or as an infusion is not only effective in reducing 
hypotension but also has less transfer to the fetus and 
results in less fetal acidosis than ephedrine.31,34,155 Lastly, 
despite the concerns of hypotension, spinal anesthesia is 
safe to administer in preeclamptic patients.156,157

Although various local anesthetics could be used for 
spinal blockade, hyperbaric bupivacaine 10 to 15 mg is fre-
quently used to achieve an adequate (T4) block level. Nei-
ther patient height nor weight affect block extension,158 
although dosing may require adjustment at extremes of 
the height spectrum. Adjuncts, such as fentanyl, sufent-
anil, and epinephrine, may be added to improve the qual-
ity of the block. Preservative-free morphine 0.10 to 0.25 mg  
is frequently administered with spinal to reduce postop-
erative pain for 18 to 24 hours after the anesthetic has 
dissipated.

EPIDURAL ANESTHESIA

If an epidural catheter has already been inserted for 
labor analgesia, it provides an excellent method to pro-
vide surgical anesthesia for cesarean delivery. A cathe-
ter-based technique allows for the ability to titrate the 
local anesthetic to the proper block height and provide 
additional local anesthetic administration during the 
case. For patients who do not already have a catheter 
in place, this technique may be chosen if the cesarean 
procedure is anticipated to take additional time, or if 
maternal comorbidities would favor a more gradual, 
controlled onset of epidural anesthesia. Achieving surgi-
cal block conditions takes longer with an epidural than 
spinal technique, but can be rapid enough for use in 
many urgent situations if already in place and used for 
maternal analgesia. Although use of a rapid-onset local 
anesthetic such as 3% 2-chloroprocaine to attain a T4 
level in a newly placed catheter may take 10 minutes,159 
extension of a T10 level with a density for labor analge-
sia to a T4 level for surgical anesthesia can be obtained 
in approximately 5 minutes using 3% 2-chloroprocaine 
or alkalinized 2% lidocaine.160 Several local anesthetics 
may be used if rapid onset is not needed, and typical 
local anesthetic volumes required range between 10 and 
20 mL, depending on whether the epidural is already 
in use. The administration of epidural local anesthetic 
should occur in divided doses to ensure that the cath-
eter has not migrated into the intravascular or intrathe-
cal space. Block quality can be improved with addition 
of epinephrine 1:200,000, fentanyl 50 to 100 μg, or  



sufentanil 10 to 20 μg. Epidural clonidine 50 to 100 μg 
can be useful in patients with preexisting chronic pain or 
severe hypertension if the benefit is judged to outweigh 
the risk for hypotension and bradycardia. Epidural mor-
phine 3 to 5 mg is frequently administered to improve 
postoperative pain.

COMBINED SPINAL EPIDURAL ANESTHESIA

Use of a combined spinal epidural for cesarean delivery 
may be optimal in some situations because it combines 
the benefits of the spinal and epidural techniques. This 
technique allows the rapid onset of a dense reliable block 
while allowing the block time or height to be extended 
with use of the epidural catheter. Possible disadvantages 
include the presence of an untested catheter and the pos-
sibility of a misplaced or nonfunctioning epidural. More 
details of this type of neuraxial block are discussed in the 
previous section on labor analgesia.

GENERAL ANESTHESIA

In certain emergent situations (e.g., fetal bradycardia, 
maternal hemorrhage or coagulopathy, uterine rupture, 
maternal trauma) general anesthesia may be needed for 
cesarean delivery because of its rapid and reliable char-
acteristics. In addition, it allows for a controlled airway, 
controlled ventilation, and improved hemodynamic sta-
bility in comparison to neuraxial anesthesia.

Appropriate equipment preparation, knowledge of 
patient comorbidities, airway examination, and famil-
iarity with the difficult airway algorithm are necessary 
preparation for delivering a safe anesthetic whether gen-
eral or neuraxial. The ASA difficult airway algorithm161 
has been modified slightly by some authors for use in 
the setting of cesarean delivery, and a previously pub-
lished example is provided in Figure 77-4. In addition, 
a suggested approach for cesarean delivery with general 
anesthesia is detailed in Box 77-3. Clear concise com-
munication among all members of the perioperative 
team is especially critical in urgent or emergent situa-
tions to maximize patient safety and minimize proce-
dural complications. Open lines of communication are 
essential around the time of induction of anesthesia, 
airway management, and surgical incision. If endotra-
cheal intubation fails, surgical incision should com-
mence only when the patient can be reliably ventilated 
with a facemask or laryngeal mask airway (LMA).19 The 
LMA has a high success rate for placement in obstetric 
patients; it does not protect against aspiration of gas-
tric contents and should be used primarily for rescue 
of a failed intubation. The LMA has been used without 
observed aspiration or presence of hypoxia in a prospec-
tive study of over 1000 patients having elective cesarean 
section.162,163 Anesthesia-related mortality from airway 
difficulties may occur during emergence and in the 
recovery period, as well as during induction. Improper 
monitoring, provider inexperience, emergent situa-
tions, and patient obesity all increase patient risk.164 
Emergent cesarean delivery is an uncommon but pre-
dictable emergency that can be practiced by teams using 
simulation.
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Induction of Anesthesia: Intravenously 
Administered Drugs
Sodium thiopental 4 to 6 mg/kg intravenously is still used 
in many countries for induction of anesthesia and was 
previously the most commonly used drug for induction of 
anesthesia within the United States (see also Chapter 30).  
At present, propofol is the most commonly used for 
induction of general anesthesia for cesarean delivery 
and is able to induce unconsciousness in approximately  
45 seconds. Like sodium thiopental, it can result in sig-
nificant hypotension and has an umbilical artery (UA) to 
umbilical vein (UV) ratio of 0.7.165 Propofol administra-
tion does not affect neonatal Apgar scores with typical 
intravenous induction doses (2.5 mg/kg), but repeated or 
larger cumulative doses (9 mg/kg) are associated with sig-
nificant newborn depression.166 The exact reason for the 
lack of effects on the newborn is unclear, but is likely the 
result of a combination of rapid redistribution into the 
maternal tissues, first-pass metabolism in the neonatal 
liver, further dilution with blood from the lower extremi-
ties with an anesthetic that traverses the ductus venosus 
into the lower vena cava, and higher fetal brain water 
content that reduces its central effect.

Etomidate is quick acting and its rapid hydrolysis 
results in a relatively short duration of action. Unlike 
thiopental and propofol, etomidate has minimal effects 
on maternal hemodynamics, but has higher rates of 
nausea and vomiting and can increase risk for seizures 
in patients with decreased seizure threshold. At typical 
induction doses (0.3 mg/kg), decreased neonatal cortisol 
production for less than 6 hours was noted with unclear 
clinical significance.167

Ketamine inhibits the N-methyl-d-aspartate receptor 
and has analgesic, amnestic, and hypnotic properties 
while having only minimal respiratory depression effects. 
At typical induction doses (1 to 1.5 mg/kg), ketamine 
causes central stimulation of the sympathetic nervous 
system and inhibits the reuptake of norepinephrine. This 
helps maintain arterial pressure, heart rate, and cardiac 
output. It is an ideal choice for a pregnant woman in 
hemodynamic compromise resulting from bleeding. No 
neonatal depression is observed with standard induction 
dosing.168 Larger doses can increase uterine tone, reduce 
uterine arterial perfusion, and lower maternal seizure 
threshold. In certain situations, ketamine may be used in 
smaller intravenous doses (<0.25 mg/kg) as a profound 
analgesic, but often causes unwanted hallucinations, 
which can be reduced with coadministration of benzo-
diazepines. Care should be taken if it is used for analge-
sia and conscious sedation that repeated dosing does not 
result in loss of consciousness with an unprotected airway 
that would increase the risk for pulmonary aspiration.

Muscle Relaxants
Uterine muscle tone is not affected by skeletal muscle 
relaxants, and in standard doses all classes of muscle relax-
ants are poorly transferred to the fetus (see also Chap-
ter 34). Succinylcholine 1 to 1.5 mg/kg intravenously 
has rapid onset (30 to 45 seconds) and short duration of 
action. After administration, it is hydrolyzed in the plasma 
by pseudocholinesterase and only small amounts cross 
to the fetus because it is highly ionized and poorly lipid 
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Unanticipated failed intubation

Second alternative
approach to intubation3

BMV ± cricoid1

Adequate

If failed

Not adequate

Not adequate

BMV ± cricoid

Cannot ventilateCan ventilate LMA/alternative
supraglottic device4

Maternal emergency

Cricothyrotomy

Proceed with CS7

Fetal emergency

Elective CS

Maternal emergency

May change BMV to LMA Awaken

Awake airway or
regional anesthesia;

proceed with CS

1 Cricoid pressure should be released if thought to be impairing visualization of the larynx or impeding ventilation by bag and
mask (BMV) or with LMA.

2 All cases, including semiurgent, must be classified as urgent or elective type cases for the purposes of subsequent management
decisions.

3 Canadian Airway Focus Group (1998) recommends only 2 attempts at intubation in the pregnant patient (vs. 3 or 4 attempts in other 
recommended algorithms). However, if the airway has not been traumatized, good oxygenation is being well maintained, and there is a 
high likelihood of success at a third attempt, then a third attempt may be reasonable. It should be noted, any successive attempts
should be done after optimizing head position and that different techniques/equipment (bougie, intubating LMA, glidescope, fiberoptic
intubation, etc.) are tried for each of the successive attempts.

4 If initial BMV is inadequate but ventilation by LMA (classic or proseal) or alternative supraglottic device is adequate, might 
consider proceeding with CS directly if absolute emergency or only make second or third attempt at intubation if mother is at higher
risk for aspiration and/or slow difficult CS is anticipated.

5 In the event of a fetal emergency only and a situation in which mother can be ventilated, there are two options: one may proceed
with unprotected airway for sake of fetus or if mother is at higher risk than usual for aspiration, desaturation, or subsequent failure to 
ventilate or loss of airway (recent large meal, morbidly obese, airway significantly traumatized in failed intubation attempts, etc.), one 
may choose to awaken the mother and proceed to regional anesthesia or awake airway.  This latter course of action may clearly put 
the fetus at great risk but follows the principle of “Mother comes first.”

6 Anesthesia management details should be at the discretion of the anesthesiologist, bearing in mind his or her own practice and 
preference and any patient or obstetric issues unique to each case: (1) additional doses of succinylcholine or return to spontaneous
ventilation, (2) choice of maintenance anesthetic agents, and (3) elective change to LMA or other supraglottic devices even if BMV
remains easy and effective.

7 In the three cannot-ventilate situations, maternal and fetal emergencies should proceed to CS immediately after transtracheal
airway.  Arguably in elective CS, the fetus will be stressed by now and hence CS should also be seriously considered at this point.

Proceed with CS6

Definitive airway
(e.g., fiberoptic through LMA,

transtracheal airway etc.)

Fetal emergency5 Elective CS

• Scan monitors (SpO2, HR, BP, ETCO2)
• Call for skilled help
• Call for difficult airway cart
• Inform obstetrician
• Clarify urgency2

For maternal 
emergency: If 

mother not likely to 
be rapidly stabilized 

after delivery

Figure 77-4. Algorithm for management of unanticipated difficult airway in obstetric patients. BMV, Bag-mask ventilation; BP, blood pressure;  
CS, cesarean section; ETCO2, end-tidal carbon dioxide; HR, heart rate; LMA, laryngeal mask airway; SpO2, oxygen saturation. (Redrawn from Balki M,  
Cooke M, Dunington S, et al: Unanticipated difficult airway in obstetric patients: development of a new algorithm for formative assessment in 
high-fidelity simulation, Anesthesiology 117:883-897, 2012, with permission.)
soluble. It is undetectable in umbilical cord samples unless 
larger maternal doses are administered (2 to 3 mg/kg), and 
exceedingly high maternal doses (10 mg/kg) are needed to 
inadvertently create neonatal neuromuscular blockade.169 
After succinylcholine administration, maternal muscle 
strength should always be monitored because prolonged 
weakness can occur if the hydrolytic enzyme has a reduced 
plasma concentration or has an atypical form or if muscle 
weakness is exacerbated by prior administration of magne-
sium sulfate.
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Rocuronium may be considered as an alternative to 
succinylcholine for muscle relaxation. It allows adequate 
relaxation for endotracheal intubation in less than 60 sec-
onds at intravenous doses of 0.9 to 1.2 mg/kg.170,171 This 
is an attractive alternative to succinylcholine in clinical 
settings outside the United States in which sugammadex 
is available for reversal, because even after an intravenous 
intubating dose of 0.9 to 1.2 mg/kg body weight, the neu-
romuscular blocking effect can rapidly be reversed by a 
large intravenous dose of sugammadex (12 to 16 mg/kg 
body weight), which makes the total duration of action 
shorter than after an equipotent dose of succinylcholine 
(also see Chapter 35). Like succinylcholine, nondepolar-
izing muscle relaxants do not cross to the fetal circula-
tion in amounts that would cause neonatal weakness.172 
However, if large doses of nondepolarizing neuromus-
cular blockers are given over long periods, significant 
neonatal neuromuscular weakness can occur. Although 

 1.  Administer a nonparticulate oral antacid (sodium citrate) 
before induction of anesthesia with consideration for  
metoclopramide or a histamine-2 blocker

 2.  Place standard monitors, maintain left uterine displacement, 
and ensure suction, airway equipment, and appropriate 
drugs are readily available.

 3.  Ensure the patient has a working intravenous catheter and 
start an infusion of crystalloid solution.

 4.  If time permits (nonemergent), administer prophylactic 
antibiotics and participate in time-out checklist.

 5.  Preoxygenate/denitrogenate patient for more than  
3 minutes or 4 maximal (vital capacity) breaths over  
30 seconds with 100% oxygen.

 6.  When the surgeon is ready and patient prepared, an assis-
tant should apply cricoid pressure (and maintain until the 
position of the endotracheal tube is verified).*

 7.  Notify and confirm with the surgeon that the patient is 
ready for induction of anesthesia.

 8.  Administer induction agent and muscle relaxant in rapid 
sequence, wait 30 to 60 seconds, and then initiate direct 
laryngoscopy for tracheal intubation. Consider using etomi-
date or ketamine if concern for hypotension exists.

 9.  After confirming endotracheal tube placement,  
communicate to surgeon to proceed with incision.

 10.  Administer 50% nitrous oxide in oxygen with 0.5 to 
0.75 minimum alveolar concentration of a halogenated 
anesthetic.

 11.  Adjust minute ventilation to maintain normocarbia  
(end-tidal carbon dioxide 30 to 32 mm Hg).

 12.  After delivery, anesthesia may be augmented by adminis-
tering opioids, barbiturates, or propofol while continuing 
the volatile anesthetic. Additional muscle relaxant may be 
considered if necessary.

 13.  Administer oxytocin and assess uterine tone.
 14.  Extubate the trachea when the patient is awake and follow-

ing commands and neuromuscular blockade is fully reversed.

BOX 77-3 Suggested Sequence for General 
Anesthesia for Cesarean Section

*Not all agree that cricoid pressure is efficacious or required in every 
patient.

Modified from Lucero JM, Rollins MD: Obstetrics. In Miller RD, Pardo MC, 
editors: Basics of anesthesia, ed 6. Philadelphia, 2011, Elsevier, p 531.
cholinesterase inhibitors may be administered to the neo-
nate, treatment is primarily respiratory support until the 
drug is eliminated. Neonatal elimination of muscle relax-
ants may be significantly longer than adult elimination.

In the case of administration of magnesium sulfate, a 
distinct potentiation occurs of the effect of any nonde-
polarizing agents, with subsequently prolonged recovery 
time. The choice and dosing of neuromuscular blocking 
agents should therefore take into account the interac-
tion with magnesium sulfate and the potential risk for 
muscle weakness resulting from residual neuromuscular 
block in the recovery room or postanesthesia care unit. 
As a consequence, neuromuscular monitoring based on 
an objective monitoring technique (see also Chapter 53) 
should be used to assess neuromuscular function in these 
patients.

Maintenance of General Anesthesia
After induction, general anesthesia is most frequently 
maintained with a volatile anesthetic agent with or with-
out N2O. Volatile anesthetics help reduce the incidence 
of maternal recall. Although the MAC to prevent move-
ment in response to a painful stimulus is reduced in preg-
nancy, electroencephalographic evidence suggests that 
anesthetic effects of halogenated agent on the brain are 
similar in the pregnant and nonpregnant state.27 Volatile 
anesthetics are highly lipid soluble, have a low molecular 
weight, and are readily transferred to the fetus. Fetal con-
centrations depend on both the maternal plasma concen-
trations and duration of the anesthetic before delivery. 
After delivery, opioids, propofol, benzodiazepines, or a 
combination are administered and a halogenated anes-
thetic typically provided at 0.5 MAC. These additional 
drugs are administered only after the cord is clamped 
to prevent any transfer to the neonate and associated 
respiratory depression. Use of only volatile anesthetics at 
higher concentrations is associated with increased blood 
loss secondary to uterine atony because all volatile anes-
thetics are uterine muscle relaxants.173

General anesthesia for cesarean delivery is frequently 
used in cases of fetal distress because it is so rapid and 
reliable. Clearly, a fetus depressed before delivery often 
becomes a depressed neonate. A Cochrane review of stud-
ies of uncomplicated cesarean deliveries that compared 
regional blockade and general anesthesia concluded that 
“No significant difference was seen in terms of neonatal 
Apgar scores of six or less and of four or less at one and 
five minutes and need for neonatal resuscitation.”174 The 
study noted neither method of anesthesia was superior 
for neonatal outcome.

If large concentrations of volatile anesthetics are 
administered for a prolonged time, neonatal flaccidity, 
cardiorespiratory depression, and decreased tone may 
be anticipated. If neonatal depression is due to volatile 
anesthetics, the infant should respond to assisted ven-
tilation to facilitate exhalation of the anesthetics. Con-
sequently, physicians able to assist neonatal ventilation 
should be present at all cesarean deliveries performed 
with the patient under general anesthesia. In addi-
tion, communication to all perioperative physicians is 
critical if extended anesthetic time is anticipated before 
delivery.
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MATERNAL COMORBIDITIES

HYPERTENSIVE DISORDERS

Hypertensive disorders of pregnancy are among the most 
common causes of maternal morbidity and are associated 
with more frequent rates of maternal and fetal mortal-
ity.175 Hypertensive disorders of pregnancy complicate 
5% to 10% of pregnancies worldwide and preeclampsia 
is diagnosed in 3% of pregnancies.175 The World Health 
Organization (WHO) has identified hypertension as the 
leading cause of maternal death, accounting for 16% of 
mortality associated with pregnancy.176 Chronic hyper-
tension may precede pregnancy and may or may not be 
complicated by superimposed preeclampsia.

Although some variations exist in hypertensive defi-
nitions worldwide, the following are used in the United 
States by the ACOG based on a working group in 2013.177

Gestational hypertension is defined as the onset of 
hypertension (systolic blood pressure [SBP] > 140 mm Hg or 
diastolic blood pressure [DBP] > 90 mm Hg) after 20 weeks 
gestation in a previously normotensive parturient without 
proteinuria.

Preeclampsia is defined as hypertension (SBP > 140 mm 
Hg or DBP > 90 mm Hg) after 20 weeks gestation associated 
with proteinuria. Preeclampsia is diagnosed when urine 
protein is greater than 300 mg/day or, alternatively, there 
is a protein/creatinine ratio of at least 0.3. In 2013, massive 
proteinuria (> 5g in 24 hours) and fetal growth restriction 
were eliminated as considerations of severe preeclampsia. 
In addition, the term mild preeclampsia is no longer used. 
Now only preeclampsia or preeclampsia with severe features 
are defined. Severe features of preeclampsia include an SBP 
of 160 mm Hg or greater or DBP of 110 mm Hg or greater 
on two separate occasions at least 4 hours apart while on 
bed rest; thrombocytopenia; impaired liver function with 
twice normal concentrations of liver enzymes; right upper 
quadrant pain; progressive renal insufficiency with serum 
creatinine greater than 1.1 mg/dL or a doubling of serum 
creatinine without other known renal disease; pulmonary 
edema; and new onset cerebral or visual abnormalities. In 
the absence of proteinuria, preeclampsia can be diagnosed 
with new onset hypertension as previously defined and 
presence of a severe feature.177

Hemolysis, increased liver enzymes, and low platelet 
count syndrome (HELLP) is defined as preeclampsia associ-
ated with hemolysis, elevated liver enzymes, and low plate-
let count. Eclampsia is preeclampsia complicated by seizure 
activity. The incidence of preeclampsia has increased likely 
as a result of increases in maternal age and obesity, whereas 
the risk for eclampsia has decreased because of more wide-
spread prenatal care and the use of prophylactic magne-
sium.175,178 The cause of preeclampsia is not known, but 
hypotheses include maladaptation of the placental circu-
lation, immunologic rejection of paternal antigens, and 
maternal genetic and environmental factors. Constitu-
tional, genetic, and hemodynamic factors have been pro-
posed for the causes of early preeclampsia.179,180 Pregnant 
women who develop preeclampsia before 34 weeks gesta-
tion have lower cardiac output and higher vascular resis-
tance than those who develop later, less severe disease when 
measured at 20 weeks gestation before the onset of signs.181 
Patients with preeclampsia have an elevated risk for cere-
bral hemorrhage, pulmonary edema, and coagulopathy. 
Current guidelines recommend treating SBP more than 
160 mmHg for prevention of intracerebral hemorrhage.177 
Initial treatment typically includes labetalol and hydrala-
zine. Other considerations are increased airway edema 
with associated difficulty of intubation and increased rates 
of postpartum atony related to the use of magnesium sul-
fate. Methylergonovine (methergine) should be used cau-
tiously in patients with preeclampsia because it may lead 
to hypertensive crisis.

Women with a diagnosis of preeclampsia should have 
their platelet count checked before initiation of regional 
anesthesia or removal of an epidural catheter. Patients 
with severe preeclampsia should have additional coagu-
lation studies, including prothrombin time (PT) with 
international normalized ratio (INR) and activated par-
tial thromboplastin time, before neuraxial anesthesia. 
Coagulopathy is a contraindication to regional anesthe-
sia. Although the risk for spinal hematoma is lower in 
pregnant women than in the elderly,130 in one study 68% 
of patients who had spinal hematomas after neuraxial 
blockade had preexisting coagulopathy.182

COAGULOPATHIES

Thrombocytopenia complicates 10% of pregnancies as a 
result of several etiologic factors.183,184 Thrombocytopenia 
may be preexisting or can develop as a result of the preg-
nancy. As discussed earlier, thrombocytopenia that devel-
ops after 20 weeks gestation may be a sign of preeclampsia. 
However, most thrombocytopenia in pregnancy is benign, 
gestational thrombocytopenia. Platelet count is expected 
to decrease by approximately 10% in normal pregnancy.185 
Autoimmune thrombocytopenia, antiphospholipid syn-
drome, and liver disease are less common.184 Glucocor-
ticoids and IV immunoglobulin can be used to elevate 
platelet counts in certain types of severe disease but require 
several days to be effective.186 No platelet count is univer-
sally accepted as safe for epidural placement. Most anesthe-
siologists agree that placement of an epidural in the setting 
of a platelet count greater than 100,000/mm3 is safe and 
epidural placement with platelets less than 50,000/mm3 
is unsafe. Disagreement exists about the safety of epidural 
placement at platelet counts between 50 and 100,000/ 
mm3.187 Ironically, disagreement regarding threshold for 
platelet transfusion often occurs around similar values dur-
ing surgical procedures (see also Chapters 61 and 62).

Women with von Willebrand disease are at increased 
risk for bleeding intrapartum and postpartum.188 Prophy-
lactic treatment is recommended for women with von Wil-
lebrand factor (VWF) less than 50 international units/dL. 
Because of the multiple types and subtypes of von Will-
ebrand disease that have different responses to therapy, it is 
imperative that hematologic studies be part of the manage-
ment to help guide the most appropriate therapy. In type I 
von Willebrand disease, a partial reduction in the quantity 
of VWF is seen. Women with type I von Willebrand disease 
usually do not need prophylactic treatment because their 
VWF typically rises in the third trimester of pregnancy to 
greater than 50 international units/dL. Desmopressin can 
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be used in women with type 1 von Willebrand disease to 
release VWF. Type 2 Willebrand disease is characterized by 
a defect in the function of VWF, and facilitation of release is 
not helpful. Parturients with type 3 von Willebrand disease 
almost always require replacement of VWF before delivery, 
because they have almost no intrinsic VWF. Although con-
cern should be elevated for epidural hematoma, women 
with normal factor levels can have regional anesthesia in 
the setting of a normal platelet count.189

Factor V Leiden is an abnormal variant of factor V that 
acts as a cofactor that allows activation of thrombin by fac-
tor Xa. The factor V Leiden variant cannot be easily degraded 
by activated protein C and thus leads to hypercoagulability. 
Patients with factor V Leiden abnormality do not intrin-
sically have an increased risk for epidural hematoma, but 
they may be maintained on anticoagulants for prophylaxis 
or treatment of deep venous thrombosis (DVT).190

OBESITY

Increasing rates of maternal obesity (prepregnancy body 
mass index ≥ 30 kg/m2) and metabolic syndrome in preg-
nancy are thought to be causes for the increased rate of 
preeclampsia (see also Chapter 71).175 The immunologic 
abnormalities associated with metabolic syndrome may 
have commonality with those implicated in preeclamp-
sia.175 Obese parturients are at increased risk for larger babies, 
prolonged labor, and caesarean section.48,191 Cesarean sec-
tion for these women is also at greater risk with increased 
rates of failed tracheal intubation, increased wound infec-
tions, thromboembolism, and increased mortality.192,193 
Sleep apnea is more common in obesity and is a risk factor 
for hypoventilation after treatment with systemic opioids 
and difficult tracheal intubation when general anesthesia 
is required. Epidural anesthesia is more difficult in obese 
parturients and the risk for inadvertent epidural venous 
catheter insertion and dural puncture is higher.194 An 
early anesthesia consultation is advised for morbidly obese 
women regardless of planned delivery mode.

CARDIAC DISEASE

Women with cardiac anomalies were often advised not to 
attempt pregnancy (see also Chapter 39). Before advances 
in cardiopulmonary bypass, only the mildest congenital 
cardiac anomalies were compatible with normal survival 
to adulthood. Children who benefited from palliative and 
curative surgeries often ignored this advice and provided 
evidence that most women with congenital heart disease 
can have successful pregnancies with the proper surveil-
lance. However, the normal physiologic changes of preg-
nancy including an increase in cardiac output, decrease 
in peripheral vascular resistance, and increase in pulmo-
nary blood flow can be challenging in the setting of some 
congenital lesions. Regurgitant valvular lesions and left-
to-right shunts are tolerated better than stenotic lesions 
because the increased volume and decreased systemic vas-
cular resistance favor forward flow.195 In mitral stenosis, the 
combination of increased heart rate and increased volume 
lead to increased left atrial pressure and risk for atrial fibril-
lation and left heart failure.195 The most common cyanotic 
congenital cardiac lesion is tetralogy of Fallot. This lesion 
consists of a large ventricular septal defect, overriding aorta, 
pulmonic stenosis, and right ventricular hypertrophy. 
Tetralogy of Fallot is normally repaired in infancy with a 
patch to close the ventricular septal defect and widening 
of the pulmonic outflow tract. Most patients do well with a 
successful repair; however, the increased intravascular vol-
ume in pregnancy can bring out insufficient widening of 
the pulmonic outflow tract. Consultation of a cardiologist 
specializing in obstetrics and an echocardiographic evalu-
ation are recommended during pregnancy. These patients 
are also at risk for heart block because of abnormalities in 
ventricular conduction as a result of the condition or of 
surgery.196 Epidural analgesia is recommended for women 
with congenital heart disease to obviate the portion of the 
increased cardiac output tachycardia attributable to labor 
pain. In women with aortic stenosis, the decrease in after-
load that occurs with epidural analgesia may need to be 
countered with a carefully titrated α-adrenergic agonist to 
prevent tachycardia and ischemia.

Anticoagulation is required for women with artificial 
heart valves, some congenital heart disease, pulmonary 
hypertension, and cardiomyopathy. It is necessary to care-
fully time stopping anticoagulation to allow for epidural 
placement and birth while restarting before a clot can form. 
For this reason, women are usually maintained on heparin 
at the end of pregnancy, pending delivery, because of its 
quick offset. If IV heparin was used, it should be stopped 2 to 
4 hours before the procedure and normal coagulation status 
(PTT or activated clotting time [ACT]) documented before 
neuraxial instrumentation or removal of an epidural cath-
eter.197 If conversion to intravenous heparin cannot take 
place before labor, warfarin should be stopped and neur-
axial analgesia deferred until the PT is within normal limits 
and the INR is documented at less than 1.5. Low-molecu-
lar-weight heparin (LMWH) has been used frequently for 
prophylaxis of DVT in pregnancy. Unlike unfractionated 
heparin, the anticoagulant effects of LMWH cannot be 
reliably measured, and it is not reversible with protamine. 
Epidural analgesia should not be placed within 24 hours of 
therapeutic dose and 12 hours of prophylactic dose LMWH. 
The epidural catheter should be removed 2 hours before the 
next dose, but at least 24 hours should pass before the next 
dose if blood is found in the needle or catheter.197 Prophy-
lactic dosing of unfractionated heparin or LMWH is often 
increased in later trimesters, and care should be taken that 
the patient is being given dosing that is within guidelines.197 
Nonsteroidal antiinflammatory drugs do not in themselves 
increase risk for spinal hematoma, but can increase risk in 
combination with other anticoagulants.197 If labor begins 
before neuraxial analgesia can safely be given, IV remifent-
anil and N2O are alternatives in some settings.198,199

PULMONARY DISEASE

As previously detailed in the section on pulmonary changes, 
adaptations in the respiratory system are required to meet 
the metabolic demands of the mother and fetus with 
increases in minute ventilation, decreased O2 reserve, and 
increased airway edema most notable (see also Chapter 39).

Community-acquired pneumonia is the most com-
mon nonobstetric infectious complication that results in 
maternal death.200 Aspiration of gastric contents is also 
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more common during endotracheal intubation in preg-
nant than in nonpregnant patients because of laxity of 
the gastroesophageal junction combined with anatomic 
changes from the expanding uterus.201 Strict fasting rec-
ommendations, rapid-sequence tracheal intubation, and 
antacids are used before general anesthesia in pregnancy.

DVT and pulmonary embolism are more common in 
pregnancy as a result of hormonal changes. Significant 
risk factors are factor V Leiden, prothrombin G20210A, 
protein S, protein C and antithrombin deficiency, and 
antiphospholipid antibodies.202 Patients diagnosed with 
DVT or pulmonary embolism in pregnancy will need pro-
longed anticoagulation and will require delivery planning 
with a brief hiatus for regional anesthesia and delivery.

Cystic fibrosis is a common autosomal dominant disor-
der in women of northern European origin. With improved 
medical care, women with cystic fibrosis are living to 
reproductive years and beyond. Pregnancy is uncommon 
in women with cystic fibrosis (216 pregnancies in 24,000 
women), but when it occurs, careful multidisciplinary care 
is required.203 The disease is caused by a mutation in the 
cystic fibrous membrane conductance regulator in epithe-
lial cells, which causes abnormalities in the lungs, pancreas, 
intestines, and hepatobiliary systems. The major issues in 
pregnancy are restrictive lung disease and diabetes.

NEUROLOGIC DISORDERS

Multiple sclerosis is a neuroinflammatory disorder that dis-
proportionately affects young women (also see Chapter 39). 
Pregnancy is associated with a decrease in the incidence 
of relapse, although a postpartum increase does occur. 
Multiple sclerosis is a disease of demyelination, and thus 
theoretic concern exists that local anesthetic toxicity may 
be enhanced. Cases of worsening symptoms after regional 
anesthesia have been reported; however, it is hard to impute 
causality in a relapsing and remitting disease. Nevertheless, 
the lowest effective concentration possible should be given 
and vasoconstrictive agents should not be given.

Neurofibromatosis is an autosomal dominant disor-
der that occurs in 1 in 3000 individuals, with variable 
manifestations. It is characterized by café-au-lait lesions 
on the skin, cutaneous neurofibromas, Lisch nodules of 
the iris, bone abnormalities, and tumors of the spinal 
cord and cranial nerves.203 Neurofibromas often grow in 
pregnancy. Disagreement exists as to whether neuraxial 
anesthesia is contraindicated in women with neurofibro-
matosis because of the incidence of vascular spinal tumors. 
Epidural hematoma has been reported in a woman with 
neurofibromatosis in the setting of a spinal tumor.204 
The hormonal changes of pregnancy may cause tumor 
growth, and a knowledge of lesion location and current 
clinical symptoms is needed to avoid instrumentation of 
tumors and safely deliver neuraxial anesthesia.205

ANESTHESIA FOR ABNORMAL 
PRESENTATIONS

Higher order multiple births are frequently delivered by 
cesarean section because of the likelihood of cord entangle-
ment and possibility of head entrapment. Twin pregnancy 
can be delivered vaginally but may present difficulties at 
delivery. If the second twin is not in the vertex position, 
epidural anesthesia can provide abdominal muscle relax-
ation and analgesia to allow for version or manual extrac-
tion.206-208 In addition, it provides analgesia and perineal 
relaxation for instrumented delivery if needed, and the 
ability for conversion to cesarean delivery if the second 
twin becomes distressed or is unable to be delivered vagi-
nally. The same considerations apply for external cephalic 
version of a singleton breech presentation. Anesthetic 
rather than analgesic concentrations are required for 
appropriate conditions. External cephalic version has an 
overall success rate (all gestational ages) of approximately 
60%, with risks for abruption, fetal bradycardia, rupture 
of membranes, and need for emergent delivery. For these 
reasons, anesthesiologists should be immediately available 
in case need for emergent delivery occurs.

Shoulder dystocia occurs when after the delivery of 
the head, the shoulders cannot be delivered secondary 
to impaction on the maternal pelvis. This is an obstet-
ric emergency. It is associated with prolonged gestation, 
labor induction, obesity, high fetal weight, prolonged 
dilation from 8 to 10 cm, and epidural analgesia.209,210 
Prolonged gestation and slow difficult delivery make epi-
dural analgesia more desirable, so the association between 
epidural analgesia and shoulder dystocia is not likely to 
be causal. However, epidural analgesia provides good 
conditions for rescue of the infant in the case of shoulder 
dystocia. Recommended procedures for the management 
of shoulder dystocia include the McRoberts maneuver, in 
which the mother’s legs are flexed and pushed tightly to 
her abdomen with application of suprapubic pressure.211 
The muscle relaxation and pain relief offered by epidural 
analgesia facilitate this process. However, the Gaskin 
maneuver requires placing the mother on her hands and 
knees, which may not be possible to sustain with the use 
of higher dose epidural local anesthetic because of inad-
equate motor strength. If these maneuvers are unsuccess-
ful, pushing the fetus back into the pelvis and emergent 
cesarean delivery may be required. Deliveries with shoul-
der dystocia have an increased risk for postpartum hem-
orrhage and fourth-degree lacerations.212

OBSTETRIC EMERGENCIES

A variety of emergent conditions may manifest during 
the care of obstetric patients. These urgent situations fre-
quently involve maternal hemorrhage, fetal distress, or 
both. To optimize the clinical outcome, prior preparation 
and excellent communication among all members of the 
peripartum care team are essential.

OBSTETRIC HEMORRHAGE

Hemorrhage during pregnancy carries significant mor-
bidity and is a leading cause of maternal death world-
wide.213,214 In addition, the need for blood transfusion is 
the most common indicator of severe maternal morbid-
ity based on 2008 to 2009 U.S. peripartum hospitaliza-
tion data.215 Most of these hemorrhage-related deaths are 
preventable, and appropriate training, simulation, team 
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communication, and education are all essential elements 
needed to improve patient outcome.216,217 Common diffi-
culties with hemorrhage management include inaccurate 
determination of blood loss, unrecognized hemorrhage 
risk factors, delayed intervention, and improper or inad-
equate transfusion of blood products. Various causes of 
peripartum hemorrhage and management of obstetric 
hemorrhage are discussed in greater detail in the follow-
ing section.

Placenta Previa and Accreta
Placenta previa is diagnosed when the placenta is located 
low in the uterus and in front of the presenting fetus, 
either covering or encroaching on the cervical os. The 
incidence is approximately 0.5% of all pregnancies. Asso-
ciated risk factors include advanced maternal age, assisted 
pregnancy, multiparity, prior placenta previa, and uterine 
scarring from infection or prior surgery. Placenta previa 
normally manifests as painless vaginal bleeding, with 
the first occurrence being self-limited. The diagnosis is 
confirmed or determined by ultrasonography. Cesarean 
delivery is required with placenta previa unless the pla-
centa significantly changes position during gestation to 
2 cm or more away from the cervical os before the time 
of delivery.

The term placenta accreta is often used to include the 
three subtypes of accreta vera, increta, and percreta. 
Placenta accreta vera is an abnormal adherence to the 
myometrium with an absent decidual line of separation. 
Placenta increta is abnormal implantation and growth 
of the placenta into the myometrium, and placenta per-
creta is growth of the placenta through the uterine wall 
with placental implantation onto surrounding tissue that 
might include bladder, bowel, ovaries, or other organs 
surrounding the uterus. Presence of accreta occurs in 
approximately 0.04% of pregnancies in developed coun-
tries; however, the rate is increasing and a recent study in 
Utah noted a rate of 0.12% based on 2002 to 2006 data.218 
In a multiinstitutional cohort study, the sensitivity for 
detecting placenta accreta using ultrasound or magnetic 
resonance imaging was 93% and 80% with specificities 
of 71% and 65%, respectively.219 Rates of accreta are sig-
nificantly affected by the presence of placenta previa and 
the number of prior hysterotomies. In patients with a 
known placenta previa, the rates of accreta are 3%, 11%, 
40%, and more than 60% with zero, one, two, and three 
or more prior uterine incisions, respectively.220 Unfortu-
nately, the diagnosis of accreta is not certain until the 
time of hysterotomy, and in patients with significant 
risk factors, massive hemorrhage could occur, regardless 
of imaging study result.19,217 If the diagnosis of placenta 
accreta or percreta is likely before delivery, preoperative 
interventions such as bilateral common iliac artery bal-
loon catheter insertion or selective embolization of uter-
ine vessels near the time of delivery could be considered, 
but efficacy remains unclear.221-223

Vasa Previa
Vasa previa is a rare condition in which velamentous 
insertion of umbilical vessels occurs so that these fetal ves-
sels traverse the fetal membranes and are positioned over 
the cervical os.224,225 The incidence is between 0.04% and 
0.02% of pregnancies and carries significant fetal morbid-
ity and mortality if not diagnosed antenatally. In a study
of 155 women, neonatal survival was 97% with antenatal
diagnosis and only 44% without diagnosis before deliv-
ery.226 If undiagnosed, vaginal bleeding may be noted
at the time of membrane rupture and represents fetal
blood loss rather than maternal. Previously undiagnosed
vasa previa represents an obstetric emergency requiring
immediate cesarean delivery, typically done under gen-
eral anesthesia because of its rapidity. In cases in which
the diagnosis is known antenatally, cesarean delivery is
performed before labor. The optimal gestational age for
delivery is not definitively established, but delivery by
cesarean at approximately 36 weeks of gestation is sug-
gested with consideration for administration of steroids
for fetal lung maturity and consideration of maternal
hospitalization between 28 and 32 weeks gestation in the
case of the need for urgent preterm delivery.224,225

Placental Abruption
Placental abruption is defined as partial or complete
separation of the placenta from the uterine wall after
20 weeks gestation but before delivery. The incidence is
approximately 1% of pregnancies, and risk factors include
advanced maternal age, chorioamnionitis, cocaine use,
excessive alcohol use, hypertension, premature rup-
ture of membranes, history of abruption, smoking, and
trauma. Abruption often manifests with vaginal bleeding
and uterine tenderness with examination. However, a sig-
nificant volume of blood can be trapped behind the pla-
centa and remain in the uterus. As for any situation with
massive bleeding in pregnancy, coagulopathy resulting
from massive blood loss can frequently occur. Therefore,
appropriate laboratory panels should be obtained and
preparation for massive transfusion and administration
of additional coagulation factors initiated, taking into
account the need for close collaboration with transfusion
medicine or blood bank expertise (see later discussion of
management of massive obstetric hemorrhage).

Uterine Rupture
Uterine rupture can be a life-threatening emergency for
both mother and fetus. The occurrence rate for women
undergoing a trial of labor after cesarean delivery ranges
between 0.4% and 1% and includes a range of pathologic
processes from cases of scar dehiscence to complete uter-
ine wall rupture.227 Other risk factors for uterine rupture
include fetal malposition, instrumented delivery, macro-
somia, excessive oxytocin administration, rapid delivery,
trauma, and tumor. Typical clinical presentation includes
fetal bradycardia, cessation of uterine contractions,
abdominal pain, vaginal bleeding, and loss of station. A
nonreassuring FHR tracing is the most reliable and sensi-
tive clinical sign, and breakthrough pain may be present
in only a minority of patients and unrelated to epidural
use.228-230 If trial of labor after cesarean delivery is the
planned method of delivery, the American College of
Gynecology recommends that an obstetrician, anesthe-
siologist, and nursing staff be immediately available to
the laboring patient so that an emergent cesarean deliv-
ery and possible hemorrhage management can be started
immediately if a rupture occurs.231
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Uterine Atony
Postpartum uterine atony and associated hemorrhage is 
the leading cause of maternal death worldwide and is 
increasing in incidence.232,233 Risk factors include cho-
rioamnionitis; excessive use of oxytocin during labor, 
high parity, long labor, macrosomia, multiple births, pro-
longed labor, retained products of conception, and use 
of volatile anesthetics, magnesium sulfate, or terbutaline. 
After bimanual massage, oxytocin should be administered 
as the initial treatment and prophylactic drug for uterine 
atony. Specific dosing of oxytocin varies across institu-
tions and countries.234 Although the WHO recommends 
20 international units of oxytocin administered in 1 L of 
crystalloid after uncomplicated cesarean delivery, it may 
be that somewhat less is needed in most situations.235 
Although a dilute oxytocin solution administered over 
a long time has minimal hemodynamic effects and is 
typically well tolerated, larger doses and bolus infusion 
can result in significant hypotension, tachycardia, nau-
sea, and headache. If oxytocin is not sufficient in con-
trolling postpartum hemorrhage, methylergonovine  
0.2 mg intramuscularly, prostaglandin F2α (PGF2α) 0.25 mg  
intramuscularly, or prostaglandin E1 (PGE1) 600 μg orally, 
sublingually, vaginally, or rectally should be considered. 
These drugs can have a variety of side effects.236 Side 
effects of methylergonovine, an ergot derivative, include 
nausea, hypertension (systemic and pulmonary), and 
coronary artery spasm, and it is relatively contraindicated 
in patients with preeclampsia and those with cardiac dis-
ease. PGF2α is associated with pulmonary hypertension, 
bronchospasm, desaturation, nausea, and tachycardia 
and is contraindicated in patients with asthma. PGE1 does 
not have significant cardiovascular effects but may result 
in mild hyperthermia. If postpartum hemorrhage is not 
controlled with drugs, invasive and surgical techniques 
described in the following section should be considered.

Management of Massive Obstetric 
Hemorrhage
Successful management of a massive obstetric hem-
orrhage requires excellent communication and coor-
dination of all perioperative disciplines, including 
anesthesiologists, obstetricians, labor and operating 
room nurses, neonatologists, interventional radiolo-
gists, gynecologic surgeons, and blood bank staff. A list 
of general considerations for management of a massive 
obstetric hemorrhage and resuscitation is provided in  
Box 77-4. Early diagnosis of hemorrhage and timely inter-
vention are key to minimizing patient morbidity and 
mortality. Although few studies regarding hemorrhage in 
obstetrics exist, many studies have been published from 
the military and trauma hospitals regarding transfusion 
ratios and transfusion triggers (see also Chapters 61 and 
81). Specific ratios of fresh frozen plasma (FFP) and plate-
lets with or without packed red blood cells (PRBCs) for 
management of massive obstetric hemorrhage have been 
recommended.217,237,238 These ratios approach 1 unit of 
PRBCs to 1 unit of FFP, with 1 platelet plasmapheresis 
unit transfused for each 4 to 6 units of PRBCs. These 
higher ratios are recommended to decrease the incidence 
of coagulopathy and acidosis. Although frequent labora-
tory studies with use of point-of-care testing if available 
is optimal, transfusion of blood products should initially 
be guided by the clinical situation and patient assess-
ment rather than waiting for laboratory values to return. 
In addition, cryoprecipitate should be considered if 
decreased fibrinogen is present or likely and only on rare 
occasions should recombinant activated factor VII be 
used. Although doses of 70 to 90 μg/kg reduce obstetric 
hemorrhage, multiple adverse events have been reported 
to the FDA with the off-label use of treating massive hem-
orrhage with factor VIIa.239-241 Cell salvage has been used 
successfully in numerous published cases of obstetric 

If massive hemorrhage is anticipated, have a multidisciplinary 
meeting for planning and consider arranging for use of blood 
salvage, placement of iliac balloon catheters, arterial emboliza-
tion, or a combination of these in advance.

Call for additional personnel (anesthesiologists, obstetricians, 
nurses, gynecologic surgeons, and interventional radiologists).

Obtain a brief medical history and perform a clinical assessment 
of the patient.

Perform short time-out procedure (as defined by the World 
Health Organization) with all present personnel.

Place large-bore intravenous catheters (16 to 14 gauge).
Place invasive monitoring lines (arterial and central venous lines).
Repeat laboratory tests frequently and use point-of-care testing if 

available (complete blood count, arterial blood gases, electro-
lytes, ionized calcium, and coagulation studies).

Use fluid warmers and forced air warmer.
Place bladder catheter to measure urine output.
Place lower extremity compression devices to minimize chance 

of thromboembolism.
Prime rapid infusion blood delivery system.
Bring equipment in case of cardiac arrest (e.g., ACLS cart) into 

operating room.
Designate a person for recording and tallying blood products 

and blood loss.
Obtain direct communication with blood bank and central labo-

ratory and request prioritization of workflow to your location.
Request blood products as needed in “packs” of correct ratio 

(PRBCs/FFP/platelets).
During significant hemorrhage, transfuse products based on 

clinical situation rather than waiting for laboratory results.
Prepare for general anesthesia.
Ensure vasopressors and uterotonics are immediately available.
Administer calcium appropriately during rapid transfusion of 

blood products to prevent low ionized calcium levels.
Reserve intensive care unit bed for postoperative care.
Consider use of blood salvage.
Consider cryoprecipitate (fibrinogen < 100 mg/dL).
Consider factor VIIa (off-label hemostatic use) only after approxi-

mately 10 units PRBCs and factor replacement using FFP and 
cryoprecipitate.

Consider use of interventional radiology for arterial embolization 
if patient is stable for transport.

Consider other surgical options, including uterine balloon tam-
ponade, compression sutures, and hysterectomy

Make time to debrief after event with all disciplines

BOX 77-4 Considerations in the Management 
of Massive Obstetric Hemorrhage

Based on management suggestions from the California Maternal Quality 
Care Collaborative (CMQCC) Hemorrhage Task Force <http://www.cmqcc. 
org>; and Gallos G, Redai I, Smiley RM: The role of the anesthesiologist 
in management of obstetric hemorrhage, Semin Perinatol 33:116-123, 
2009.

FFP, Fresh frozen plasma; PRBC, packed red blood cells.

http://www.cmqcc.org
http://www.cmqcc.org
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hemorrhage despite the theoretic concern of amniotic 
fluid embolism.242,243 The use of a salvage device with 
a leukocyte reduction filter has been demonstrated to 
remove tissue factor, α-fetoprotein, fetal squamous cells, 
bacteria, and other undesirable contaminants.243,244 
Although two reports of hypotension related to the use 
of cell salvage exist,245 the technique is appropriate for 
use in massive obstetric hemorrhage. In parturients who 
are Rh negative, anti-D immunoglobulin should be used 
as soon as possible in coordination with Kleihauer-Betke 
testing to prevent alloimmunization because variable 
amounts of fetal RBCs will be transfused to the mother 
with use of cell salvage. When standard resuscitation 
methods are not adequate to control the obstetric hem-
orrhage, the peripartum obstetric team should consider 
use of invasive options, including compression sutures, 
uterine balloon tamponade, ligation of uterine vessels, 
and use of interventional radiology for arterial emboliza-
tion if stable for transport. Based on a 2007 systematic 
review of the literature, no single invasive option is sig-
nificantly better than another, and all have success rates 
of approximately 85% to 90%.246 If these options fail or 
are not feasible, a hysterectomy should be performed.

AMNIOTIC FLUID EMBOLISM

The rate of amniotic fluid embolism (AFE) is between 
1:20,000 and 1:83,000 live births, with a 1999 database 
rate of 1:20,646 singleton pregnancies.247,248 Signs and 
symptoms of AFE include hypotension, respiratory dis-
tress, hypoxia, disseminated intravascular coagulation 
(DIC), altered mental status, and hemodynamic collapse. 
This constellation of clinical features must be differenti-
ated from other more common conditions that mimic 
AFE (i.e., venous air embolism, pulmonary embolism, 
cardiac dysfunction, massive hemorrhage, and pulmo-
nary aspiration). The mechanism of AFE remains unclear, 
but it is no longer believed to be embolic, but rather an 
anaphylactoid reaction.247,249 Previously, it was clinical 
practice to diagnose AFE based on the presence of fetal 
squamous cells in the maternal pulmonary circulation at 
autopsy, but the presence of these cells is frequently noted 
in the pulmonary circulation of otherwise unremarkable 
pregnant women around the time of labor and delivery. 
Consequently, determining the occurrence of an AFE is a 
clinical diagnosis of exclusion and no diagnostic labora-
tory test for AFE currently exists, even postmortem. AFE 
is managed with supportive care, frequently focused on 
intubation, ventilation, cardiopulmonary resuscitation, 
inotropic support, management of DIC, and correction of 
arterial hypoxemia.

OTHER OBSTETRIC EMERGENCIES

Certain urgent situations may occur around the time of 
labor and delivery that require tailored anesthetic care to 
optimize both the maternal and fetal outcome. Cord pro-
lapse through the cervical os can result in abrupt fetal bra-
dycardia. Rates of umbilical cord prolapse range between 
0.1% and 0.6%.250 The risk is significantly increased with 
the presence of transverse lie, breech presentation, mul-
tiple gestations, and an abnormally long umbilical cord. 
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In addition, cord prolapse may occur around the time the
membranes are ruptured if an abnormal fetal presenta-
tion is present or the mother has polyhydramnios. Diag-
nosis is confirmed with visualization or palpation of the
cord in the vaginal canal below the presenting fetal part
Intervention typically consists of elevating the compress-
ing fetal part back into the pelvis off of the cord unti
an urgent cesarean delivery can be performed. Use of
an in situ epidural catheter or spinal technique can be
considered as long as the FHR tracing is reassuring, but
general anesthesia is frequently used in the event of feta
compromise.

Uterine inversion occurs in approximately 0.04% of
deliveries251 and is usually associated with hypotension
pain, and significant blood loss. Risk factors include exces-
sive cord traction before placental separation, location
of the placenta at the fundus, and presence of placenta
accreta. Treatment goals include relaxation of the uterus
to aid replacement, maternal fluid resuscitation, and
increased uterine tone after replacement to reduce post-
partum hemorrhage. Uterine relaxation can be quickly
and reliably achieved using either intravenous nitroglyc-
erine or volatile anesthetics.252-254 The mother’s hemody-
namic condition may guide the choice of therapy. If the
initial uterine intervention and replacement is not suc-
cessful with nitroglycerine because of lack of relaxation
maternal pain, hemodynamic instability, or other logis-
tics, transfer to the operating room should occur. A rapid
sequence intubation with standard precautions for recent
pregnancy followed by use of volatile anesthetic adminis-
tration will allow needed uterine relaxation, pain control
and procedural conditions for uterine replacement. Only
on rare occasion are vaginal maneuvers unsuccessful and
laparotomy required. After uterine replacement, the uter-
ine cavity should be explored for perforation, laceration
or retained products. Afterward, appropriate examination
uterotonic drugs can be started.

Lacerations of the vagina, cervix, and perineum
are the most common injuries associated with vagina
birth. Significant bleeding can be concealed in hemato-
mas, and maternal hypotension and tachycardia may
be the first signs of the injury. Retroperitoneal hema-
tomas are rare but can represent substantial life-threat-
ening blood loss that requires exploratory surgery
Anesthetic management to allow surgical repair or
exploration depends on the hemodynamic state of the
mother and can include use of local anesthetic at the
site, neuraxial blockade, or—in severe hemodynamic
compromise—use of general endotracheal anesthesia
Equally important is the hemodynamic assessment and
initiation of resuscitation efforts for the mother. Even
small unrecognized lacerations can result in significant
blood loss.

NONOBSTETRIC SURGERY DURING 
PREGNANCY

PERIOPERATIVE CONSIDERATIONS

Although elective surgery is not performed during preg-
nancy, the requirement of surgery during pregnancy is
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not uncommon; between 0.75% and 2% of pregnant 
women will require surgery. The most common indica-
tions are acute appendicitis and cholecystitis, maternal 
trauma, and cancer.255

ANESTHETIC TOXICITY

All general anesthetic drugs cross the placenta. Although 
no clear evidence exists for toxicity of specific anesthetic 
drugs in humans, data in rodents and primates sug-
gest that exposure to general anesthetic drugs, includ-
ing volatile anesthetics, propofol, and ketamine, induce 
inappropriate neuronal apoptosis that is associated with 
long-lasting behavioral abnormalities.256-258 These pre-
clinical results are concerning, but whether these drugs 
cause toxicity in humans is not known. The critical 
period of rapid synaptic development is extended in 
humans from the prenatal period through 2 years of post-
natal life.259 Analyses of existing human data have found 
conflicting evidence. In a population-based cohort eval-
uating the effect of general anesthesia before birth, evi-
dence suggested that multiple exposures increase the risk 
for learning disability in language, mathematics, or read-
ing.259 The results of these types of studies are difficult to 
interpret because the reason for the anesthesia cannot be 
separated from the impact of the anesthesia. Also, cur-
rent studies have not included data on the timing, type, 
or duration of anesthesia. No studies found an excess of 
birth defects in women who underwent general anesthe-
sia during pregnancy, but most found a small increase in 
the risk for preterm delivery or miscarriage.260-262 In gen-
eral, the second trimester is preferred for surgical inter-
vention because this is a period after much organogenesis 
has taken place and yet it minimizes the risk for preterm 
labor associated with the third trimester. Monitoring for 
contractions is recommended, and in some situations 
suppression with magnesium sulfate or indomethacin 
is recommended after surgery. Because the long-term 
impact of general anesthesia on the fetus is unknown, 
regional anesthesia is favored when possible for the sur-
gical procedure, but should not be undertaken unless 
both the anesthesiologist and surgeon are experienced in 
using the technique for a given procedure.

PERIOPERATIVE FETAL HEART RATE 
MONITORING

After 18 weeks, FHR monitoring is practical; after  
25 weeks, FHR variability is a reliable sign of fetal well-
being. The ACOG states, “although there are no data 
to support specific recommendations regarding non-
obstetric surgery and anesthesia in pregnancy, it is 
important for non-obstetric physicians to obtain obstet-
ric consultation before performing non-obstetric sur-
gery. The decision to use fetal monitoring should be 
individualized and each case warrants a team approach 
for optimal safety of the woman and her baby.”263 
Under general anesthesia the loss of FHR variability may 
not be indicative of fetal academia but may be a result of 
anesthetic alteration of autonomic tone. Fetal bradycar-
dia is more concerning and can be affected by hypother-
mia, maternal acidosis, or the maternal administration 
of drugs such as β-blockers that cross the placenta and 
reduce FHR.

ANESTHETIC MANAGEMENT

As mentioned earlier, for theoretic fetal considerations, 
regional anesthesia is preferred when possible to general 
anesthesia for nonobstetric surgery in pregnancy. Very 
practical maternal considerations also favor regional anes-
thesia. The increase in peripheral blood flow induced by 
pregnancy results in airway edema and friability. These 
changes can be present from the second trimester. Mal-
lampati classification is more predictive of difficult intu-
bation in pregnancy. Increased difficulty of intubation 
in pregnancy should be considered, and equipment for 
advanced airway should be readily available before intuba-
tion is attempted. Equally important to anesthetic tech-
nique is avoidance of decreased uterine blood flow and 
oxygen delivery to the fetus. Considerations similar to 
those discussed in the section on anesthesia for cesarean 
delivery should be undertaken for any nonobstetric sur-
gery during pregnancy. The anesthetic plan should opti-
mize the maternal and fetal condition. Perioperative team 
planning should include consultation with an obstetrician 
and perinatologist regarding plans for unexpected events, 
including need for emergent cesarean section or possible 
maternal arrest.

POSTOPERATIVE PAIN CONTROL

Maternal pain control after nonobstetric surgery is of 
paramount importance to maternal well-being (see also 
Chapter 98). When surgery is conducted under regional 
anesthesia, the epidural can be continued for postop-
erative analgesia. Postoperative systemic opioids includ-
ing those used in patient-controlled analgesia, cross the 
placenta and may reduce FHR variability. However, no 
evidence has shown that this is detrimental to the fetus. 
If the fetus is born prematurely shortly after exposure to 
maternal systemic opioids, respiratory support may be 
necessary. Nonsteroidal antiinflammatory drugs, though 
useful adjuvant analgesics outside of pregnancy, should 
be used with caution in pregnancy. They are associated 
with an increased risk for miscarriage and fetal malforma-
tion when used in early pregnancy and premature closure 
of the ductus arteriosus and oligohydramnios when used 
after 30 weeks gestation.264 Acetaminophen is generally 
accepted as safe in pregnancy.

After surgery, both the FHR and uterine activity should 
be monitored. Preterm labor can be managed with appro-
priate tocolytic drugs. Postoperative pain relief medica-
tions may make it difficult for the patient to note early 
contractions and patient perception should not be con-
sidered a substitute for standard monitoring. In addition, 
thrombosis prophylaxis should be instituted unless surgi-
cally contraindicated.

ADVANCED CARDIAC LIFE SUPPORT  
IN PREGNANCY

The protocol for advanced cardiac life support (ACLS) 
in pregnancy is similar to that recommended for other 
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adult cardiac arrest situations, except that compression of 
the maternal great vessels by the pregnant uterus greatly 
impedes the success of external cardiac massage (see also 
Chapter 108). Cesarean delivery should be performed 
not later than 4 minutes after maternal cardiac arrest.265 
Although potentially beneficial for the fetus if viable, 
its primary goal is to improve ACLS effectiveness and 
improve maternal survival by increasing venous return to 
the heart with ACLS maneuvers and improving thoracic 
compliance and maternal ventilation.266 In addition, if 
the maternal cardiac arrest may have been caused by local 
anesthetic toxicity, lipid rescue should be initiated.267

SPECIFIC SURGICAL TECHNIQUES

Laparoscopy
Surgery for appendicitis and cholecystitis are common in 
pregnancy. These surgeries are most commonly performed 
with a laparoscopic technique outside of pregnancy and 
are being done more commonly with laparoscopy because 
of reduced morbidity for the mother and potentially a 
decreased incidence of preterm labor as a result of reduced 
manipulation of the uterus.268 Open appendectomy may 
have a slightly less frequent rate of fetal mortality compared 
with laparoscopic appendectomy, although maternal 
morbidity is more frequent.269 However, a comparison of 
laparoscopy and laparotomy has considered over 2 million  
pregnancies in Sweden and no difference in fetal outcome 
was identified between the two techniques.270 Left uter-
ine displacement must be maintained after the second 
trimester to facilitate uterine perfusion and ventilation 
maximized to prevent maternal CO2 retention and acido-
sis. With increased abdominal pressure from insufflation, 
maternal cardiac output and uteroplacental perfusion 
may decrease. Thus, the smallest possible intraabdomi-
nal pressure should be used. According to the guide-
lines issued by the Society of American Gastrointestinal 
Endoscopic Surgeons regarding laparoscopic surgery dur-
ing pregnancy,271 whenever possible, surgery should be 
deferred to the second trimester and indications for the 
use of laparoscopic techniques are the same as in non-
pregnant patients. Specific considerations for these types 
of procedures are listed in Box 77-5. Fetal and uterine sta-
tus should be monitored, and careful attention should 
be paid to maternal end-tidal Pco2. During laparoscopic 

Use an open technique to enter the abdomen.
Monitor maternal end-tidal Pco2 (4- to 4.6-kPa range) with or 
without arterial blood gas to avoid fetal hypercarbia and acidosis.
Maintain low pneumoperitoneal pressure (1.1 to 1.6 kPa) or use 
a gasless technique.
Limit the extent of Trendelenburg or reverse Trendelenburg  
position and initiate any position slowly.
Monitor fetal heart rate and uterine tone when feasible.

BOX 77-5 Factors Important in Maternal 
Laparoscopy

Modified from Reitman E, Flood P: Anesthetic considerations for non-
obstetric surgery in pregnancy, Br J Anaesth 107(suppl 1):i72-i78, 2011.
surgery, gradients between end-tidal CO2 and arterial CO2 
are typically less than 3 mm Hg, and arterial blood gas 
monitoring is not needed unless otherwise indicated.272 
An open technique is preferred to enter the abdomen. 
Aortocaval compression should be avoided. Finally, low 
pneumoperitoneal pressure (<1.6 kPa) should be used.  
A systematic review of laparoscopic surgery for appendici-
tis during pregnancy noted that trimester timing did not 
influence the complication rate, the need for conversion 
to open was less than 1%, and a lower rate of preterm 
delivery was found with laparoscopic approach in con-
trast to open.269

Trauma
The most common cause of maternal death in the United 
States is trauma. Initial primary and secondary survey 
should be directed toward maternal well-being, with 
consideration of the physiologic changes induced by 
pregnancy (see also Chapter 81). Gestational age is an 
important variable in trauma evaluation. During the first 
trimester, the fetus is protected by the bony pelvis and 
damage is unlikely in the absence of severe hypoperfu-
sion. However, as pregnancy progresses, the uterus is not 
only exposed but also causes pressure on the maternal 
inferior vena cava and aorta, potentially compromising 
perfusion and resuscitation. After 20 weeks gestation, left 
uterine displacement should be implemented as the ini-
tial step. Blunt trauma carries a risk for intrauterine fetal 
demise, fetal injury, placental abruption, and uterine rup-
ture. These dangers should be evaluated with fetal heart 
monitoring ultrasonography, computed tomography, or 
exploratory laparotomy when indicated.273 The conse-
quences for ACLS are discussed earlier in the chapter.

Cardiac Surgery
The physiologic changes induced by pregnancy can put 
inordinate strain on patients with preexisting heart dis-
ease (see also Chapter 67). In particular, patients with 
severe mitral or aortic valvular obstruction are at risk 
from the increased intravascular volume and cardiac 
output required to support an ongoing pregnancy. New 
techniques in percutaneous balloon valvuloplasty can 
obviate open cardiac intervention in pregnancy and have 
been associated with reduced fetal and neonatal mortal-
ity.274,275 Cardiopulmonary bypass increases risk to the 
fetus as a result of nonpulsatile perfusion, low perfusion 
pressures, emboli to the uteroplacental unit, and mater-
nal release of catecholamines.276 Higher pump flows (>2.5 
L/min/m2) and perfusion pressures (>70 mm Hg) are rec-
ommended to support uteroplacental blood flow.277,278 
Normothermic bypass and pulsatile flow may better 
preserve uteroplacental perfusion and improve fetal sur-
vival. Particularly during hypothermic bypass, acid-base 
disturbances can be observed. Hypocapnia should be 
avoided because it causes uteroplacental vasoconstric-
tion, and hypercapnia causes acidosis and fetal acidosis 
with reduced cardiac function.

Neurosurgery
Neurosurgical emergencies from hemorrhage second-
ary to aneurysm rupture or arteriovenous malformation 
are not uncommon during pregnancy (see also Chapter 
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70). It is unclear whether pregnancy increases the risk for 
rupture. However, the risk for intracranial hemorrhage 
is increased by hypertensive diseases of pregnancy. In 
patients who are not pregnant, usual anesthetic treatment 
might include controlled hypotension, hypothermia, 
hyperventilation, and osmotic diuresis. These techniques 
need to be conducted with particular care in pregnancy. 
Reduction of mean arterial pressure below 70 mm Hg 
may significantly reduce uteroplacental perfusion, and 
use of fetal monitoring should be considered as a guide to 
fetal well-being. If hypothermia is used, the FHR will be 
reduced but will increase with rewarming. In fetal lambs, 
hypothermia to less than 18° C caused irreversible fetal 
acidosis and hypoxia, likely as a result of uterine vascular 
constriction,279 and in case reports, fetal bradycardia with 
a strong maternal temperature, dependence was noted 
below 33° C.280 Extreme hyperventilation also can cause 
uterine artery vasoconstriction and reduce uterine perfu-
sion. Osmotic diuresis, used to reduce brain edema, may 
cause negative fluid shifts in the fetus. Mannitol in par-
ticular may accumulate in the fetus, leading to hyperos-
molarity, reduced renal blood flow, and increased plasma 
sodium concentration.281 Loop diuretics are an alterna-
tive but should be used with care and monitoring of 
amniotic fluid volume.
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Anesthesia for Fetal Surgery  
and Other Fetal Therapies
MARK D. ROLLINS

K e y  P o i n t s

 •  Most fetal anomalies are not appropriate for in utero treatment. A condition or 
situation appropriate for fetal treatment must cause ongoing irreversible harm 
to the fetus that would be mitigated with early treatment and occur before a 
gestational age at which the fetus could tolerate ex utero neonatal intervention.

 •  A multidisciplinary approach with thorough open communication is essential to 
the success of each fetal intervention.

 •  Maternal safety and the principle of “do no harm” should be the prime principle 
in determining the most appropriate therapeutic option and perioperative plan. A 
thorough maternal and fetal evaluation and frank discussion of risks and benefits 
by all team members with the mother is required to determine an appropriate care 
plan.

 •  Although open fetal surgery typically requires general anesthesia, most minimally 
invasive techniques can be effectively performed using local or neuraxial 
anesthesia.

 •  Randomized controlled clinical trials show improved outcomes with use of 
both fetoscopic laser photocoagulation of placental vessels to treat twin-
to-twin transfusion syndrome and intrauterine open fetal surgery to treat 
myelomeningocele.

 •  In addition to anesthetic considerations associated with nonobstetric surgery 
during pregnancy, fetal surgery requires planning for fetal anesthesia and 
analgesia, fetal monitoring, uterine relaxation, and postoperative fetal monitoring 
and tocolysis.

 •  Membrane separation, preterm premature rupture of membranes, and preterm 
labor remain the most common complications and significant cause of morbidity 
and suboptimal outcome with fetal surgery.

 •  Further research into optimal anesthetic techniques for various fetal interventions is 
essential to improve patient outcomes and advance the field of fetal surgery.
Only recently have medical professionals focused on 
the human fetus as a patient, able to undergo surgery  
or medical intervention. This development has been 
primarily driven by systematic improvements in prena-
tal diagnosis, imaging technology, and surgical equip-
ment. Although many fetal surgical procedures are 
available only at highly specialized institutions, some 
prenatal interventions are considered conventional 
therapy and have become more widespread. This chap-
ter reviews the unique pathophysiological processes 
of various fetal and placental conditions amenable 
to intervention, current outcome data, specific pro-
cedural considerations, and perioperative anesthesia 
considerations.
2359

Most fetal abnormalities are not appropriate for ante-
natal intervention and are more amenable to treatment 
after delivery. However, some anatomic malforma-
tions may result in irreversible end-organ damage and 
would benefit from intervention before birth. This has 
led to the theory that surgical or procedural correction 
in utero could allow normal fetal development and 
might mitigate much of the detrimental pathologic pro-
cess observed.1 Other defects, such as congenital airway 
obstruction, can be managed intrapartum by keeping the 
uteroplacental unit intact while the defect is repaired or 
airway secured, without the urgency that would be asso-
ciated with attempting similar procedures immediately 
after birth.



PART V: Adult Subspecialty Management2360
Prerequisite guidelines for performing fetal surgery 
were initially developed more than 30 years ago at a 
multidisciplinary meeting with participants from 13 
medical centers representing five countries.2 Over time 
these guidelines have evolved and include (1) the fetal 
lesion is accurately diagnosed; (2) the progression and 
severity of the anomaly is predictable and well under-
stood; (3) other severe associated anomalies that would 
contraindicate fetal intervention are excluded; (4) if 
left untreated before birth, the fetal abnormality would 
lead to fetal demise, irreversible organ damage, or 
severe postnatal morbidity, and, therefore, intervening 
before birth would benefit the neonatal outcome; and 
(5) the maternal risk is acceptably infrequent.1,3

All interventions should be preceded by a thorough 
multidisciplinary team deliberation of the clinical case. 
Discussions should focus on a comprehensive risk benefit 
analysis and providing the family appropriate counseling 
that includes options for elective termination of preg-
nancy or continuation of pregnancy without fetal ther-
apy. Potential risks to the mother should be part of the 
informed consent, with a thorough and detailed maternal 
preoperative evaluation as part of the process to ensure 
maternal risks are minimal.4,5

The advancement of fetal surgery has benefited from 
a multidisciplinary approach and establishment of the 
International Fetal Medicine and Surgery Society to 
disseminate techniques and outcome data through an 
international registry. Medical centers offering fetal treat-
ment rely on surgeons and anesthesiologists devoted to 
the care and counseling of these complex maternal and 
fetal patients, as well as the expertise of radiologists, per-
inatologists, geneticists, neonatologists, social workers, 
and numerous other support staff. A bioethics commit-
tee derived from both the American College of Obste-
tricians and Gynecologists and the American Academy 
of Pediatrics has provided guidelines for fetal treatment 
centers that recommend a comprehensive informed 
consent and counseling process, maternal-fetal research 
oversight, use of a multidisciplinary approach, and par-
ticipation in a collaborative data-sharing fetal therapy 
network.6

Fetal surgery is broadly categorized into three types 
of intervention: minimally invasive procedures, open 
procedures, and intrapartum procedures. A summary  
of conditions considered for fetal intervention with  
corresponding rationale and treatment is displayed in 
Table 78-1.

Minimally invasive fetal procedures include (1) per-
cutaneous interventions guided by ultrasound, also 
known as fetal image–guided surgery for intervention 
or therapy (FIGS-IT), and (2) fetal endoscopic surgery 
using small endoscopic instruments dually guided by 
direct fetoscopic camera view and simultaneous real-time 
TABLE 78-1 FETAL CONDITIONS CURRENTLY CONSIDERED FOR INTERVENTION 

Fetal Condition Therapy Rational Type Intervention

Fetal anemia or  
thrombocytopenia

Prevention of heart failure and fetal hydrops FIGS-IT Intrauterine transfusion

Aortic stenosis, intact atrial 
septum, or pulmonary  
atresia

Prevention of fetal hydrops, myocardial 
dysfunction, and hypoplastc left  
(and right) heart

FIGS-IT Percutaneous fetal 
valvuloplasty or septoplasty

Lower urinary tract  
obstruction

Bladder decompression with reduction in 
renal dysfunction, pulmonary hypoplasia, 
oligohydramnios, and  
limb malformation

FIGS-IT or fetoscopy Percutaneous vesicoamniotic 
shunting or fetoscopic 
posterior valve laser 
ablation

Twin reverse arterial  
perfusion

Prevention of high-output cardiac  
failure in the normal twin by stopping flow 
to acardiac twin

FIGS-IT or fetoscopy Umbilical radiofrequency 
ablation or fetoscopic 
coagulation

Twin-twin transfusion  
syndrome

Reduction of twin-twin blood flow and 
prevention of cardiac failure

Fetoscopy Fetoscopic laser 
photocoagulation of 
placental vessels

Amniotic band syndrome Prevention of limb loss Fetoscopy Fetoscopic band ablation
Congenital diaphragmatic  

hernia
Prevention of pulmonary hypoplasia Fetoscopy Fetoscopic tracheal occlusion

Myelomeningocele Reduction in hydrocephalus and  
hindbrain herniation with improved 
neurologic function

Open Closure of fetal defect 
through hysterotomy

Sacrococcygeal teratoma Prevention of high-output cardiac  
failure, hydrops, and polyhydramnios

FIGS-IT or open Ablation of tumor vasculature 
or open fetal tumor 
debulking

Congenital cystic  
adenomatoid malformation

Reversal of pulmonary hypoplasia and cardiac 
failure

FIGS-IT or open Thoracoamniotic shunting or 
open surgical resection

Fetal airway compression Secured open airway and/or  
circulatory support to prevent respiratory 
compromise at birth

Open intrapartum Ex-utero intrapartum therapy 
that allows stabilization 
while on uteroplacental 
circulation

Modified from Partridge EA, Flake AW: Maternal-fetal surgery for structural malformations, Best Pract Res Clin Obstet Gynaecol 26:669-682, 2012.
FIGS-IT, Fetal image-guided surgery for intervention or therapy.
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ultrasound imaging. Fetal endoscopic surgery is typically 
accomplished percutaneously, but sometimes requires a 
small maternal minilaparotomy. With these minimally 
invasive approaches, the risks for preterm labor and deliv-
ery are reduced compared with those in open procedures 
that include a hysterotomy. Unlike in open fetal proce-
dures, the mother can safely undergo a vaginal delivery 
for this and future pregnancies. However, the risk for pre-
term premature rupture of membrane (PPROM) remains 
significant.

Open fetal procedures involve a maternal laparot-
omy, a hysterotomy, and the need for intraoperative 
uterine relaxation. These procedures incur significantly 
more risk to both the fetus and mother than minimally 
invasive procedures. These increased risks include 
PPROM, oligohydramnios, preterm labor and deliv-
ery, uterine rupture, and fetal mortality.7,8 Additional 
maternal and fetal risks include not only the anesthetic 
risks noted for nonobstetric surgery during pregnancy 
(see also Chapter 77), but also pulmonary edema, hem-
orrhage, membrane separation, and chorioamnion-
itis.4 Cesarean delivery is required after an open fetal 
procedure and for all future pregnancies owing to the 
increased risk for uterine dehiscence or rupture at the 
site of the hysterotomy.

For fetuses with known airway compromise or obstruc-
tion, an ex utero intrapartum therapy (EXIT) procedure9 
allows continued fetal support by the intact uteropla-
cental unit (placental bypass) while the fetal airway is 
secured or other procedures completed without the con-
cern for postnatal respiratory compromise, hypoxia, and 
asphyxia. Examples of congenital lesions treated with 
EXIT procedures include cystic hygroma, lymphangioma, 
cervical teratomas, and other congenital syndromes with 
potential for airway compromise. Extracorporeal mem-
brane oxygenation (ECMO) can be initiated during an 
EXIT procedure for a fetus with significant cardiopulmo-
nary disease. Fetal surgical procedures in excess of 2.5 
hours have been successfully performed using placental 
bypass with normal umbilical cord carbon dioxide and 
pH values at delivery.10 The EXIT procedure has become 
a widely practiced fetal intervention for a growing list of 
indications.

Much of the success of fetal therapy in the past 3 
decades can be attributed to extraordinary advances in 
both ultrasonography and magnetic resonance imaging 
(MRI), which have substantially improved the accuracy 
of prenatal diagnosis and expanded our understanding 
of the pathophysiologic factors of various untreated fetal 
abnormalities.

Significant advancements in ultrasonographic trans-
ducer hardware and digital signal processing have 
resulted in better image resolution with more accurate 
differentiation of abnormal fetal anatomy, wider fields of 
view, and improvement in the dynamic range for both 
near-field and far-field signal-to-noise ratio. Use of this 
improved ultrasonographic imaging as a real-time guide 
has enabled practitioners to develop and perform vari-
ous diagnostic tests and fetal therapies more precisely 
and safely. Examples of fetal ultrasound-guided diag-
nostic procedures include first-trimester chorionic villus 
sampling, embryofetoscopy, amniocentesis, fetal blood 
sampling, and fetal biopsies.11 These diagnostic advances 
allow more accurate prenatal consultation, the ability to 
intervene at an earlier gestational age, and usually enough 
time to change the location of antepartum care and the 
delivery plan if needed. Live ultrasound is typically used 
to guide all minimally invasive fetal procedures and is 
also critical to initial portions of open fetal procedures 
and fetal monitoring.

MRI has undergone technologic improvements that 
reduced image acquisition time, decreased motion arti-
facts, and enhanced image resolution to a point at which 
fetal MRI is frequently used in conjunction with ultra-
sound to better detect and evaluate anatomic pathologic 
processes.12

In addition to advances in imaging technology, 
decades of procedural innovations and research have 
provided the basis for the in utero fetal interventions 
used clinically today. Initial pioneers in the field of fetal 
therapy include Sir (Albert) William Liley. In the early 
1960s, Liley13 was the first to successfully treat eryth-
roblastosis fetalis with an intraperitoneal blood transfu-
sion that allowed the transfused red cells to be absorbed 
into the fetal circulation through the subdiaphragmatic 
lymphatics and thoracic duct.14 Unfortunately, initial 
attempts to perform fetal blood transfusion through 
direct cannulation of the umbilical vessels were unsuc-
cessful until 1981, when a reliable technique that 
employed fetoscopy was described.15,16 With improved 
imaging resolution, the standard technique quickly 
became direct needle access of the umbilical vessels using 
ultrasound guidance. In the early 1970s, Liggins admin-
istered corticosteroids to the fetus via the maternal cir-
culation to increase surfactant production in preterm 
fetuses at risk for respiratory distress syndrome.15 Fetal 
surgery began in the early 1980s after rigorous research 
efforts and technical advancements in sheep17-19 and 
monkey20 models. Harrison and colleagues21 performed 
the first successful human fetal surgery by creating a ves-
icostomy in a fetus with a congenital lower urinary tract 
obstruction resulting in bilateral hydronephrosis. Work-
ing with Harrison in the early 1980s, Rosen22,23 refined 
fetal anesthetic techniques in monkeys20 to improve 
intraoperative uterine relaxation and clinical outcome 
before employing them for the first human fetal surger-
ies and then detailing these techniques in the literature. 
Since the early 1980s, great advances have been made 
in the development of minimally invasive percutaneous 
surgical techniques, fetoscopy, and procedural aspects of 
open fetal surgery with hysterotomy. Fetal therapy also 
has advanced in its outcome evaluation from published 
case reports and series to prospective randomized con-
trolled trials.24

Fetal surgery is a reasonable therapeutic intervention 
for certain correctable fetal anomalies with predictable, 
life-threatening, or serious developmental consequences. 
With all types of fetal intervention, meticulous plan-
ning and a multidisciplinary team approach are critical 
to a successful outcome. The following sections provide 
a review and summary of the congenital lesion, outcome 
data, procedural considerations, and perioperative anes-
thesia considerations for the various conditions currently 
amenable to fetal intervention.
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INDICATIONS, PROCEDURES,  
AND OUTCOMES

ANEMIA AND INTRAUTERINE 
TRANSFUSION

The incidence of fetal anemia secondary to rhesus D 
(RhD) sensitization has decreased since the introduction 
of RhD immunoglobulin prophylaxis in the late 1960s, 
to rates of approximately 1 in 1000 pregnancies.25 How-
ever, other red blood cell (RBC) antigens, parvovirus B19 
infection, maternal-fetal hemorrhage, and homozygous 
thalassemia also cause fetal anemia and combine to reach 
a rate of approximately 6 cases in 1000 live births.25,26 
Although spectral analysis examining bilirubin levels in 
serial amniotic fluid samples was originally used to detect 
fetal anemia and determine the timing of therapy, most 
treatment centers currently rely on noninvasive Dop-
pler studies of the middle cerebral artery (MCA).26 An 
increased peak MCA blood flow velocity more than 1.5 
multiples of the median is a threshold that has proved 
accurate in detecting moderate-to-severe fetal anemia 
requiring intervention.27,28 The value of this peak veloc-
ity threshold may be increased with each serial transfu-
sion treatment to decrease the false positive rate. Fetal 
blood sampling from the umbilical vein just before start-
ing the intrauterine transfusion (IUT) is the gold standard 
for determining the degree of fetal anemia. IUT is not 
used before 18 to 20 weeks gestational age because reli-
able umbilical vein access is not possible. For cases requir-
ing earlier intervention, intraperitoneal transfusion may 
initially be the intervention of choice.29

IUTs are typically performed using local anesthesia, 
with minimal maternal sedation and analgesia required. 
However, the anesthesiologist should be prepared for an 
emergent cesarean delivery at any time during the pro-
cedure if the fetus is at a viable gestational age. Using 
ultrasound image guidance, a 20- or 22-gauge needle is 
used to access the umbilical vein. The access point is typi-
cally near the placental cord insertion to provide stability 
(Fig. 78-1). Puncture of the umbilical artery rather than 
the vein is associated with prolonged bleeding and fetal 
bradycardia secondary to spasm.25 Occasionally a free 
loop of the umbilical cord or intrahepatic portion of the 
umbilical vein may be used. The umbilical cord probably 
has no pain receptors, but needle access of the intrahe-
patic portion of the umbilical vein would stimulate pain 
receptors with passage of the needle into the fetus. Fen-
tanyl attenuates the fetal stress response from intrahe-
patic fetal needle placement.30 Yet, in one recent study, 
fetal stress hormone changes with IUT were unrelated to 
site of needle placement.31 However, these results are dif-
ficult to interpret because hormone levels may primarily 
be determined by changes secondary to the underlying 
fetal anemia and associated hemodynamic alterations 
that are then changed with intravascular volume expan-
sion. Given this uncertainty, fentanyl is administered to 
the fetus before use of an intrahepatic approach.

A muscle relaxant can be administered to the fetus 
to decrease the likelihood of fetal movement that could 
dislodge the needle or sheer the umbilical vein.32 The 
volume of type O, rhesus (Rh)-negative, irradiated, viral 
screened, packed RBCs transfused is estimated from the 
gestational age, estimated fetal weight, donor unit hemo-
globin (Hb), and pretransfusion Hb.33 The rate of trans-
fusion is typically 5 to 10 mL/min with a target of 45% 
to 55% hematocrit. Steady intravascular location of the 
needle tip can be assessed with Doppler imaging through-
out the transfusion injection. Periodic sampling is used 
to guide the final transfusion volume. After IUT therapy, 
fetal Hb levels decrease approximately 0.3 g/dL/day34 and 
multiple repeat IUTs are typically required at 1- to 3-week 
intervals, depending on the rate of Hb decline.

Perinatal fetal loss rate is approximately 2% per IUT, 
and transient fetal bradycardia (8%) is a common com-
plication.35 In a series of 740 IUTs performed to treat 254 
fetuses, the overall survival rate was 89%, with a 1.6% 
rate of fetal loss directly attributed to a procedural com-
plication per IUT.36 Rates of other complications per IUT 
included emergency cesarean delivery (2%), intrauterine 
infection (0.3%), and rupture of membranes (0.1%).36 The 
survival rates are somewhat less for hydropic fetuses. In  
a retrospective study of 210 fetuses undergoing 593 IUTs, a  
92% survival rate occurred in nonhydropic fetuses and a 
78% survival rate in hydropic fetuses.37 A few fetal treat-
ment centers have published survival rates that exceed 
95%.38,39 A long-term outcome study of 291 children 
(median age of 8.2 years with a range of 2 to 17 years of 
age) who underwent IUT during gestation for hemolytic 
disease found a 4.8% rate of neurodevelopmental impair-
ment, including cerebral palsy (2.1%), severe develop-
mental delay (3.1%), and bilateral deafness (1.0%).38 

Figure 78-1. Diagram of cordocentesis procedure used in intrauter-
ine transfusion. (Redrawn from Ralston SJ, Craigo SD: Ultrasound-guided 
procedures for prenatal diagnosis and therapy, Obstet Gynecol Clin 
North Am 31:101-123, 2004.)
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Severe fetal hydrops was independently associated with 
neurodevelopmental impairment.

CONGENITAL HEART DEFECTS

Congenital heart anomalies occur with a frequency of 8 
to 10 per 1000 live births (see also Chapter 94).40 Of these, 
3.5 to 4.0 per 1000 require intervention in infancy.41-43 
Ultrasound imaging allows diagnosis of cardiac defects as 
early as 12 to 14 weeks gestation.44 The majority of fetal 
cardiac interventions include (1) aortic balloon valvulo-
plasty for treatment of critical aortic stenosis and evolving 
hypoplastic left heart syndrome (HLHS), (2) atrial septos-
tomy for highly restrictive or intact atrial septum seen 
in HLHS, and (3) pulmonic valvuloplasty for pulmonary 
atresia or intact ventricular septum and hypoplastic right 
ventricles.45 In utero treatment attempts to halt or reverse 
the morbid effects of the cardiac lesion before irrevers-
ible consequences occur. Early childhood mortality from 
severe cardiac defects, such as HLHS, remains in the range 
of 25% to 35%.46,47 Survivors have significant associated 
abnormalities in neurologic development.48,49 These fetal 
cardiac procedures focus on opening a stenotic valve or 
enlarging a restricted opening.

The most commonly performed procedure is an aor-
tic valvuloplasty for aortic stenosis with evolving HLHS. 
Current selection guidelines for fetal aortic valvuloplasty 
focus on the presence of significant aortic stenosis, evolv-
ing HLHS, and the potential for a technically successful 
procedure and biventricular postnatal outcome.46,50 Sig-
nificant aortic stenosis maintains fetal circulation pri-
marily through the low-resistance foramen ovale and 
diminishes left ventricular development. For this proce-
dure,51 the fetus is ideally positioned with the left chest 
anterior, and ultrasound is used to guide the percutaneous 
passage of an 18- or 19-gauge needle through the uterus, 
through the fetal chest, and into the apex of the left ven-
tricle (Fig. 78-2, A). Maternal local anesthesia infiltration 
or neuraxial block is typically used for these procedures, 
and fetal resuscitation drugs must be readily available. In 
some cases, general anesthesia may be preferred for uter-
ine relaxation to facilitate an external version to change 
fetal positioning and improve cannula trajectory. Before 
cannula insertion, intramuscular fentanyl and a paralytic 
agent are administered to the fetus with ultrasound guid-
ance, as detailed in the discussion of fetal anesthesia and 
analgesia. The cannula tip is ideally positioned in the left 
ventricle, directly in front of the opening of the stenotic 
aortic valve and aligned with the left ventricular outflow 
tract. A balloon catheter with guidewire is passed through 
the cannula into the stenotic valve and positioned in the 
aortic annulus, where it is inflated and deflated multiple 
times (Fig. 78-2, B). Similar techniques are used for pul-
monary valvuloplasty and atrial septoplasty.52 In certain 
cases, a small laparotomy is used to facilitate improved 
cannula alignment with the cardiac lesion. Technical suc-
cess for fetal aortic valvuloplasty is 70% to 75% using an 
angioplasty balloon over a guidewire.50,53,54 Fetal compli-
cation rates from centers in Linz, Austria (n = 24) and 
Boston (n = 70) for fetal aortic valvuloplasty include, 
respectively, fetal bradycardia (17% and 38%), pericar-
dial effusion (13% and 14%), ventricular thrombosis 
Needle
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Figure 78-2. A, Depiction of ideal fetal position and insertion nee-
dle orientation. The fetal left chest is anterior, and the pathway from 
maternal abdomen entry point to the apex of the left ventricle is unob-
structed. B, This linear cannula course continues from left ventrical 
apex to the aortic valve. (Redrawn from Tworetzky W, Wilkins-Haug L, 
Jennings RW, et al: Balloon dilation of severe aortic stenosis in the fetus: 
potential for prevention of hypoplastic left heart syndrome—candidate  
selection, technique, and results of successful intervention, Circulation 
110:2125-2131, 2004; with permission from Lippincott Williams & Wilkins.)
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(21% and 15%), and fetal death (13% and 8%).50,51,53 
Approximately 40% of technically successful cases result 
in aortic regurgitation and minimal subsequent left ven-
tricular growth. However, the left ventricular ejection 
fraction increases and aortic and mitral valvular growth 
improves.45 Biventricular circulation is present at birth in 
approximately 30% of the successful cases.

In addition to treatment of aortic stenosis, other car-
diac anomalies have been treated in utero. Outcomes 
from a small series of fetal atrial septostomies are promis-
ing; however, the defect created by the balloon dilation 
tends to close over time unless a stent is placed (which 
can be difficult to accurately deploy).55,56 Pulmonary val-
vuloplasty for pulmonary atresia and prevention of hypo-
plastic right ventricle was technically successful in 7 of 
11 procedures, but long-term outcome data are unavail-
able.45,57 In utero placement of cardiac pacing can treat 
fetal cardiac arrhythmias unresponsive to conventional 
management with transplacentally administered antiar-
rhythmic drugs.58 Unfortunately, these initial attempts 
have been largely unsuccessful.

OBSTRUCTIVE UROPATHY

Congenital obstructive uropathy occurs in approximately 
1 in 1000 pregnancies.59 These obstructions can be bilat-
eral or unilateral and occur at the ureteropelvic junction, 
at the ureterovesical junction, or at the level of the ure-
thra. If the obstruction is urethral or bilateral, significant 
developmental consequences occur (Box 78-1). Rates of 
perinatal mortality in these cases are as frequent as 90%, 
and survivors have more than 50% renal impairment.60

Posterior urethral valves are the most common cause 
of congenital bilateral hydronephrosis in male fetuses. 
Urethral obstruction is the most common cause in 
females, with other possible causes including ectopic ure-
ter, ureterocele, megacystis megaureter, multicystic kid-
ney, or other complex pathologic processes.61 Ultrasound 
investigations of oligohydramnios resulting from the 
decreased fetal urine output easily detect these uropathies 
with high sensitivity and specificity. Fetal MRI should be 
considered in cases of severe oligohydramnios as an addi-
tional imaging technique to determine the presence of 
associated fetal anomalies.60,62 A grading system based on 

Oligohydramnios
Potter’s facies (prominent infraorbital folds)
Hypoplastic lungs
Flexion contracture

Hydronephrosis
Type 4 cystic dysplasia
Renal failure

Hydroureter and megacystis
Abdominal muscle deficiency
Prune belly  

BOX 78-1 Developmental Consequences  
of Fetal Urethral Obstruction

Data from Harrison MR, Filly RA, Parer JT, et al: Management of the fetus 
with a urinary tract malformation, JAMA 246:635-639, 1981.
ultrasound imaging of renal diameter can determine the 
severity of hydronephrosis.63 The associated morbidity 
predicted for each type of uropathy depends on obstruc-
tion location, duration, gender, and gestational age at 
onset.64 Preterm delivery allows neonatal urinary tract 
decompression, but morbidity from pulmonary immatu-
rity prevents early intervention and limits the efficacy of 
this approach. Placement of an in utero fetal vesicoamni-
otic shunt for treatment of lower urinary tract obstruction 
(LUTO) allows decompression of the fetal bladder and 
urinary tract into the amniotic cavity. In animal stud-
ies, in utero intervention for LUTO improves dysplastic 
renal histologic conditions, increases amniotic fluid vol-
ume, and improves lung development. The translation of 
these results to fetal treatment of human LUTO remains 
controversial.65

An algorithm with specific criteria for karyotype, pres-
ence of additional abnormalities assessed by ultrasound, 
and fetal urinalysis are used to characterize the obstruc-
tion severity and improve both selection for in utero 
treatment and outcomes.66 Poor prognosis is associated 
with earlier presentation during gestation, a more intense 
severity of oligohydramnios, associated structural abnor-
malities, and increased concentrations of fetal urine elec-
trolytes, osmolality, protein, and β2-microglobulin.64,67 
Each case should be thoroughly investigated to determine 
whether other anomalies are present and if the fetus is a 
suitable candidate for intervention.

Vesicoamniotic catheter shunt placement started in 
the 1980s. The shunt allows fetal bladder decompression 
in an effort to improve renal development and reduce the 
pulmonary hypoplasia associated with oligohydramnios. 
These valveless, double-coiled shunts are inserted percu-
taneously with ultrasonographic guidance and local anes-
thesia. One coil remains in the urinary bladder and the 
other in the amniotic cavity. Prior infusion of fluid into 
the amniotic cavity can aid in proper placement. Com-
mon problems associated with these catheters include 
difficult placement, subsequent occlusion, and position 
migration (malfunction occurs in up to 60% of cases).68 
Fetal complications include trauma, iatrogenic abdomi-
nal wall injury, gastroschisis, and amnioperitoneal leak-
ing.64 Vesicoamniotic shunting prevents the physiologic 
cycle of urine accumulation and emptying that is required 
for normal bladder development and is associated with 
bladder wall fibrosis in animal models.69-71 Maternal com-
plications include PPROM, preterm labor and delivery, 
and infection.64 Neonatal survival rates after fetal vesi-
coamniotic shunting vary in the literature from 40% to 
90%, with approximately 50% of survivors having nor-
mal renal function.65,72-74 Currently, a multicenter, ran-
domized controlled trial is underway (the Percutaneous 
Shunting in Lower Urinary Tract Obstruction [PLUTO] 
trial) comparing the perinatal mortality and renal func-
tion of fetuses with LUTO treated by either vesicoam-
niotic shunting or conservative noninterventional care 
with planned follow-up until 5 years of age.75,76 Outcome 
data may be available in the next few years.

Fetal cystoscopy is a recent technique that allows prena-
tal diagnosis with visualization of the fetal urethra and pre-
natal treatment with ablation of the urethral obstruction. 
Cystoscopy facilitates diagnosis by allowing differentiation 
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between LUTO resulting from urethral atresia and poste-
rior urethral valves. Two small case series show that use of 
fetal cystoscopy changed the diagnosis between these two 
pathologic processes in 25% to 36% of cases previously 
diagnosed by ultrasound imaging.76-78 Fetal cystoscopy to 
ablate posterior urethral valves with laser fulguration may 
increase survival compared with expectant management, 
but improved perinatal survival over that with vesicoam-
niotic shunting has not been shown.76

Selective fetal intervention with shunting or cystos-
copy for LUTO restores amniotic fluid volume, prevents 
pulmonary hypoplasia, and improves perinatal mortal-
ity. However, the effects on medium-term and long-term 
renal function, bladder function, and other morbidities 
remain unclear and additional research is needed.79

TWIN REVERSED ARTERIAL PERFUSION 
SEQUENCE

Twin reversed arterial perfusion (TRAP) sequence is an 
abnormality of monozygotic twins that affects approxi-
mately 1 in 35,000 pregnancies, 1 in 100 monozygotic 
twin gestations, and 1 in 30 triplet gestations.80 In this 
condition, one of the monozygotic twins has an absent 
or nonfunctioning heart and no share in the placenta. 
The nonviable twin is perfused with retrograde blood 
flow from the other twin that flows through arterio-
arterial anastomoses; blood returns to the normal twin 
by venovenous anastomoses that bypass the placenta. 
The inadequate perfusion of the recipient twin (primar-
ily occurring retrograde through the umbilical artery) 
results in a lethal set of anomalies that include acardia 
and acephalus. Because the normal or “pump” twin gen-
erates blood flow for both itself and the nonviable twin, 
it is at risk for high-output congestive heart failure and 
preterm birth secondary to the increased uterine volume 
from polyhydramnios and increased size of the hydropic 
nonviable twin.81 If untreated, TRAP sequence is associ-
ated with a 35% to 55% risk for intrauterine death of the 
normal pump twin, with survivors having an average ges-
tational age of 29 weeks.82,83 Diagnosis is confirmed with 
ultrasound findings of reverse flow to the nonviable twin 
by the umbilical artery. The goal of therapy is to inter-
rupt the vascular communication between the two twins 
in an effort to prevent cardiac failure in the pump twin. 
Successful treatment of TRAP sequence results in cessa-
tion of flow in the recipient twin’s umbilical artery and 
the death of this anomalous nonviable fetus.

Several approaches can accomplish these goals, includ-
ing selective delivery of the nonviable fetus by hyster-
otomy, ligation, or transection of the cord using laser or 
bipolar diathermy; cord coagulation using coils or other 
thrombogenic material; and ablative therapy directed at 
the acardiac fetus near the base of the cord using laser, 
alcohol, or radiofrequency techniques.84-87 In a single 
institution, retrospective review of 118 TRAP sequence 
cases treated with fetoscopic bipolar cord coagulation, 
the rate of miscarriage was significantly more frequent if 
the procedure was performed before 19 weeks gestation 
(45% versus 3%) and the overall survival rate was 71%.88 
Treatment with endoscopic laser photocoagulation of 
the vascular anastomoses or radiofrequency ablation at 
the base of the umbilical cord within the abdomen of 
the acardiac twin (Fig. 78-3) are also viable therapeu-
tic options.84,89 A multicenter retrospective review of 
60 TRAP sequence cases treated with endoscopic laser 
coagulation noted survival rates near 80% and a median 
gestational age at delivery of 37.4 weeks.90 Use of radio-
frequency ablation in 26 TRAP sequence cases at a single 
center demonstrated a 92% survival rate of the viable 
fetus with a mean gestational age of 35.6 weeks at deliv-
ery.89 A retrospective case series combined with a meta-
analysis of six prior studies reported 88 pregnancies with 
TRAP sequence treated with radiofrequency ablation 
resulting in an 85% survival rate of the viable fetus.86 In 
case-matched studies comparing radiofrequency ablation 
and fetoscopic bipolar cord coagulation, survival rates 
were similar,91 despite a more frequent rate of PPROM 
with use of fetoscopic procedures in contrast to needle-
based procedures.86,92

Minimally invasive procedures to treat TRAP are typi-
cally performed with maternal infiltration of local anes-
thesia at the fetoscope insertion site, although neuraxial 
anesthesia is also used. Ultrasound guidance and assess-
ment is used as part of all these therapies, and procedure 
success is confirmed by absence of flow to the nonvia-
ble acardiac twin at the end of the procedure and again 
approximately 12 to 24 hours later. We still cannot deter-
mine the optimal gestational age or other criteria for 
intervention.
BA

Figure 78-3. A, Photograph of a radiofrequency ablation (RFA) device with tines deployed. Scale below device in centimeters. B, Intraoperative 
ultrasound image shows adequate position of the RFA device (tines deployed), with evidence of effects on the fetal tissues (regional increased 
echogenicity) as energy is applied. (Figures reproduced with permission from Hopkins LM, Feldstein VA: The use of ultrasound in fetal surgery, Clin 
Perinatol 36:255-272, 2009.)
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WIN-TO-TWIN TRANSFUSION SYNDROME

onochorionic twins share the same placenta and typi-
ally have intertwin vascular connections that create 
hared blood flow between the two fetuses. A signifi-
ant number of these chorionic vascular anastomoses 
an result in unequal placental blood flow between the 
wo monochorionic twins, creating a significant degree 
f intertwin discordance that can lead to twin-to-twin 
ransfusion syndrome (TTTS). The occurrence of TTTS is 
pproximately 1 to 3 per 10,000 births.93,94 Monochori-
nic twinning occurs in approximately 20% to 25% of 
win pregnancies, with TTTS complicating 10% to 15% 
f these monochorionic gestations.93,95,96 TTTS usually 
anifests after the first trimester and is typically recog-

ized at midgestation.95,97

Normally, the umbilical artery carries deoxygenated 
lood to the surface of the placenta, where gases and 
utrients are exchanged with the maternal circulation. 
he returning venous blood flow is “paired” with the 
rterial flow, and the two components lie next to each 
ther (Fig. 78-4). This fetal-placental vascular configura-
ion (cotyledon) represents normal anatomy. A variety 
f abnormal unidirectional and imbalanced vascular 
onnections are present in TTTS (Fig. 78-5). In TTTS, 

igure 78-4. A, Normal placenta angioarchitecture (cotyledon). 
, Superficial view of bidirectional flow into and out of a cotyledon. 

Redrawn from Rand L, Lee H: Complicated monochorionic twin pregnancies: 
pdates in fetal diagnosis and treatment, Clin Perinatol 36:417-430, 2009.)
a branch of the umbilical artery descends into the pla-
centa and cotyledon, but instead of connecting with a 
paired vein, it connects with a vein that brings blood 
to the other twin, and this results in an arteriovenous 
anastomosis between the two fetuses.98 Although some 
intertwin arteriovenous vascular architecture is found in 
90% to 95% of monochorionic twins, the shared blood 
flow is balanced by the presence of arterioarterial and 
venovenous bidirectional connections, which are found 
in 85% to 90% and 15% to 20% of monochorionic twin 
placentas, respectively.93,99,100 The presence of arterio-
arterial connections is viewed as protective by allow-
ing the overall resistances and blood flow to equalize 
between the twins and is associated with a significant 
reduction in TTTS.96,101

The complex pathophysiology of TTTS is dynamic and 
secondary to a variety of humoral, biochemical, hemo-
dynamic, and functional changes in the two fetuses.97,102 
The increased blood flow to the recipient twin leads 
to polycythemia, polyuria, and polyhydramnios and 
can cause hypertrophic cardiomyopathy, hydrops feta-
lis, and fetal death. The donor twin (often described as 
the “stuck” or “pump” twin) is typically hypovolemic, 
growth-restricted, and confined against the endometrium 
in an oligohydramniotic sac. This twin is primarily at risk 
for renal failure, cardiac failure, and hydrops fetalis sec-
ondary to the high cardiac output state.

The diagnosis of TTTS requires (1) a monochorionic 
diamniotic pregnancy and (2) a significant discrepancy 
in amniotic fluid volumes with ultrasound measurements 
of the maximal vertical pocket (MVP) of less than 2 cm 
in the oligohydramniotic twin and the MVP greater than 
8 cm in the polyhydramniotic twin.93,96 Twin size dis-
cordance and the presence of intrauterine growth restric-
tion are often present in TTTS, but are not considered 
necessary to confirm the diagnosis. Although a variety 
of staging systems exist for determining the severity of 
TTTS, the most commonly used is the Quintero staging 

Twin A Twin B

v-a

a-v

a-a

N

N

N N
N

Figure 78-5. Depiction of various types of vascular anastomoses 
present in monochorionic placentas. a-a, Arterioarterial anastomosis; 
a-v, arteriovenous anastomosis; N, normal angioarchitecture (coty-
ledon); v-a, venoarterial anastomosis. (Modified with permission from 
Simpson LL: Twin-twin transfusion syndrome, Am J Obstet Gynecol 
208:3-18, 2013.)
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system (Table 78-2), which is based on ultrasound find-
ings.103,104 The progression of hypertrophic cardiomyop-
athy in the fetal recipient is detailed in a scoring system 
presented by Rychlik and colleagues105 that provides a 
more detailed assessment of TTTS severity when com-
bined with the Quintero staging system.96

Fetuses with TTTS are at risk for PPROM, preterm 
delivery, and neurologic injury with white-matter 
lesions and long-term disability.106 Neurodevelopmental 
impairment is associated with a low gestational age at 
birth.106-108 Multiple sources note TTTS results in more 
than 80% fetal mortality with 15% to 50% risk for signifi-
cant morbidity in surviving neonates.96,102,109 However, 
other sources disagree with this statistic and note an 86% 
overall survival rate with conservative management of 
stage I TTTS.93,110 Although outcome data stratified for 
the advanced stages of TTTS are limited, a more frequent 
mortality rate is likely associated with more advanced 
progression of the disease.93,110

Several therapeutic management techniques have been 
developed to treat TTTS. Amnioreduction can help con-
trol polyhydramnios and thereby reduce the risk for both 
preterm labor and maternal respiratory distress. Also, pla-
cental blood flow may improve by decreasing amniotic 
hydrostatic pressure on the placental vasculature. Serial 
amnioreductions can improve placental perfusion and 
decrease the rate of preterm deliveries.111 A retrospec-
tive review of 223 twin sets with TTTS found that use 
of amnioreduction resulted in an overall birth survival 
rate of 78%, with survival rates of 65% for recipient twins 
and 55% for donor twins at 1 month of age.112 Another 
review of 112 TTTS cases reported a 60.9% perinatal 
survival rate with use of amnioreduction.113 Use of an 
 ultrasound-guided needle to create a surgical septostomy 
was hypothesized to improve TTTS outcome by equaliz-
ing the amniotic pressure between the two fetal sacs. In 
a prospective randomized trial comparing serial amniore-
duction to septostomy, no survival difference was found 
between the techniques.114 Septostomy is rarely used for 
TTTS treatment because it offers no outcome advantage, 
and the creation of a single amniotic sac can increase the 

TABLE 78-2 STAGES OF TWIN-TWIN 
TRANSFUSION SYNDROME 

Stage Ultrasound Findings

I Oligohydramnios in donor twin sac with MVP <2 cm 
and polyhydramnios in recipient twin sac with MVP 
>8 cm

II Stage I criteria AND no visualization of donor twin 
bladder with over 1 hr of ultrasound observation

III Stage II criteria AND (1) absent or reversed umbilical 
artery end-diastolic flow, (2) reversed ductus venosus 
a-wave flow, OR (3) pulsatile flow in the umbilical 
vein

IV Either stage I or stage II criteria AND fetal hydrops in 
either twin

V Fetal demise in either or both twins as assessed by 
absent fetal cardiac activity

Staging data based on criteria from Quintero RA, Morales WJ, Allen MH, et al: 
Staging of twin-twin transfusion syndrome, J Perinatol 19:550-555, 1999.

MVP, Maximal vertical pocket.
 Anesthesia for Fetal Surgery and Other Fetal Therapies 2367

risk for umbilical cord entanglement. Selective feticide 
with the goal of improving the chance for survival of the 
other twin is accomplished using techniques described in 
the section on twin reverse arterial perfusion. It is typi-
cally used only for the most severe cases of TTTS.

Selective fetoscopic laser photocoagulation (SFLP) of 
the vascular anastomoses between the two twins is the 
best therapeutic approach for treating TTTS (stages II to 
IV) between 18 and 26 weeks gestation.93,96 By detailed 
fetal ultrasound examination, the location of the pla-
centa, cord insertions, and fetal orientation and anatomy 
are confirmed before the start of the procedure. Either 
maternal neuraxial blockade or local anesthesia infiltra-
tion from maternal skin to myometrium can be used. 
Using ultrasound guidance, a 3-mm trocar or cannula 
is inserted percutaneously over a wire into the recipi-
ent twin’s amniotic sac and directed perpendicular to 
the longitudinal axis of the donor twin.97,109 The feto-
scope is inserted into the trocar sheath and the laser fiber 
bundle inserted into the fetoscope guide. Vessels that 
cross the membrane dividing the amniotic sacs are visu-
alized, and the abnormal connecting vessels are selec-
tively laser coagulated, with an effort to spare the normal 
cotyledons.95,98 Ideally this creates two separate placental 
regions with each supplying an individual fetus. Non-
selective laser ablation of all crossing vessels is typically 
avoided because it is associated with more frequent rates 
of intrauterine fetal demise and is likely to unnecessarily 
ablate some normal placental vessels.95,115 Ablation of all 
abnormal connecting vasculature is not necessary for the 
procedure to be successful.116 After laser ablation, amnio-
reduction is also performed in an effort to decrease the 
risk for preterm labor.

A 2004 randomized multicenter trial compared laser 
therapy to amnioreduction for treatment of severe TTTS 
diagnosed between 15 and 26 weeks gestation.117 Rates 
of at least one twin survival were more frequent in the 
laser treatment group at both 28 days (76% versus 56%, 
P < .01) and 6 months of life (76% versus 51%, P < .01). 
In addition, neurologic outcomes were better in the laser 
treatment group. A large subgroup of survivors from this 
trial was followed prospectively for 6 years. No additional 
change in either survival rate or long-term neurologic out-
come was found in comparison to the original 6-month 
data.118 A meta-analysis of studies published between 
1997 and 2007 also determined that TTTS treated with 
laser ablation resulted in a higher overall fetal survival 
rate than that of amnioreduction.119 This conclusion was 
echoed in a Cochrane review of treatment for TTTS.120 
Long-term neurologic outcome in TTTS survivors who 
underwent SFLP remains unclear, with rates of major 
neurologic abnormalities in survivors ranging from 6% to 
25%.96,107 A recent longitudinal study examining neuro-
developmental outcome at 6 years of age in 190 children 
who underwent SFLP for TTTS reported mild neurologic 
impairment in 11.6% and severe neurologic impairment 
in 8.9% of these children.121

Some practitioners advocate use of a specific sequence 
when coagulating the various types of abnormal anasto-
moses in an effort to create a net flux of blood from the 
recipient to the donor and thereby reduce the chance for 
hemodynamic compromise and hypotension during the 
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procedure in the donor twin.122 Initially, superficial arte-
riovenous anastomoses that contain a donor artery are 
ablated, then arteriovenous anastomoses with a recipient 
artery, then the arterioarterial anastomoses, and finally 
ablation is performed at the venovenous anastomoses. 
In a single institution review of 99 consecutive SFLP pro-
cedures for treatment of TTTS, twins treated with this 
sequence had better survival rates than twins whose SFLP 
procedure was performed without a specific sequence.122 A 
prospective multicenter trial comparing use of sequential 
SFLP to nonsequenced SFLP found that use of sequential 
SFLP significantly improved the 30-day survival of both 
twins, as well as the donor twin survival rate.123 However, 
use of this sequential technique is associated with longer 
operative times and increased case difficulty, particularly 
with a placenta located on the anterior uterine wall.

The most common complication of SFLP is PPROM 
with subsequent preterm labor and delivery. PPROM rates 
vary widely across studies, but PPROM has been reported 
to occur in 12% to 30% of SFLP cases for TTTS with a rate 
of preterm labor and delivery before 32 weeks in gestation 
in approximately 30% of cases.95,96 Other possible com-
plications include placental abruption, need for a second 
SFLP procedure, placement of the trocar through the pla-
centa, hemorrhage, and possible membrane perforation 
resulting in limb entrapment and ischemia.95,96

In conclusion, treatment of TTTS with SFLP results in 
superior outcomes in contrast to amnioreduction. Addi-
tional research is needed to determine optimal timing, 
further technique refinement, and long-term neurologic 
outcome for the treatment of TTTS with SFLP.

AMNIOTIC BAND SYNDROME

Amniotic band syndrome (ABS) includes a wide variety of 
fetal anomalies associated with fibrous bands that entan-
gle or constrict various parts of the fetus or umbilical cord 
in utero. The resulting malformations include limb and 
digit amputations, craniofacial abnormalities, visceral 
defects, and body wall defects. The incidence is approxi-
mately 1 in 3000 to 1 in 15,000 live births.124,125 The pri-
mary cause and pathogenesis of ABS remains unknown, 
but these defects appear secondary to either a vascu-
lar insult or other cause of abnormal perfusion to the 
affected area.126 Theories behind the cause of ABS include 
a primary defect in embryonic development, an early 
amniotic membrane rupture resulting in the creation of 
amniochorionic bands, and a vascular disruption early in 
pregnancy.124,127,128 Perhaps this category of abnormali-
ties is composed of subcategories from different causes.

Diagnosis is determined by findings on ultrasound 
imaging consistent with characteristic fetal anomalies of 
the involved anatomy. Visualization of the bands them-
selves is not a necessary component of the diagnosis.129 
Fetal MRI can aid in diagnosis as a complimentary tech-
nique to ultrasound, but the efficacy of its use is cur-
rently limited to case reports and a small case series.130 In 
cases of limb entrapment, increasing band constriction 
decreases both venous and arterial flow. This decreased 
perfusion can eventually result in amputation distal to 
the constriction. In an otherwise normal fetus, use of 
fetoscopic-guided sectioning of the band with a laser can 
restore distal blood flow and may improve functional out-
come in some cases.131 Efficacy of the technique is based 
on review of cases in the literature, which note some 
favorable outcomes and a frequent rate of PPROM.124,131 
In addition to outcome studies, validation of proposed 
classification schemes is needed, as well as prognostic fac-
tors affecting intervention outcomes.124

CONGENITAL DIAPHRAGMATIC HERNIA

Approximately 1 in 2500 newborn infants has a congeni-
tal diaphragmatic hernia (CDH).132 During early gestation, 
abdominal contents herniate into the thoracic cavity and 
compress the fetal lungs. This results in significant neona-
tal morbidity and mortality from pulmonary hypoplasia, 
respiratory insufficiency, and pulmonary hypertension. 
Survival rates have improved to between 60% and 92% 
over the past 20 years at tertiary care centers.133-137 These 
highly specialized centers offer care that includes surfac-
tant administration, specialized ventilation techniques to 
minimize lung trauma, surgical closure of the defect, and 
availability of ECMO therapy. Mortality rates vary greatly 
with the severity of pulmonary hypertension and respira-
tory dysfunction.133 Fetal intervention for CDH aims to 
improve fetal lung development and prevent the morbid-
ity of pulmonary hypoplasia.

In utero repair of diaphragmatic hernia in lamb mod-
els reversed both the parenchymal hypoplasia and pul-
monary vascular changes associated with CDH.17 Initial 
human in utero intervention focused on open repair of 
the fetal diaphragm with limited success.138,139 How-
ever, these initial interventions advanced fetal surgery 
techniques and paved the way for a minimally invasive 
approach to CDH intervention.

Initial open intervention experience found that a 
fetal abdominal patch was necessary to accommodate 
the added abdominal viscera. The patch allowed closure 
without increasing intraabdominal pressure and compro-
mise of ductus venosus blood flow. These open interven-
tions also determined that reduction of the herniated 
liver compromised umbilical circulation and significantly 
increased fetal mortality. Performing both subcostal and 
thoracotomy incisions on the fetus improved surgical 
exposure, allowed the reduction of viscera by pushing 
and pulling techniques, and facilitated the reconstruction 
of a diaphragm with a prosthetic patch.140 Other lessons 
learned include (1) the advantage of opening the uterus 
with a stapling device to ensure effective hemostasis; (2) 
improved techniques of uterine closure; and (3) use of 
fibrin glue to help prevent amniotic fluid leaks. However, 
adequate control of postoperative uterine tone remained 
a substantial problem. In a prospective clinical trial spon-
sored by the National Institutes of Health, in utero CDH 
treatment using an open technique for fetuses without 
herniation of the liver into the thorax did not improve 
neonatal survival compared with standard postnatal 
treatment.141

After these efforts, a minimally invasive approach 
was pursued, focused on tracheal occlusion. Fetal lungs 
secrete over 100 mL/kg/day of fluid that exits the trachea 
and mouth into the amniotic cavity. In fetal lamb mod-
els, tracheal occlusion restricts the normal outflow of the 
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TABLE 78-3 POSTNATAL SURVIVAL IN FETUSES WITH LEFT-SIDED CONGENTIAL DIAPHRAGMATIC HERNIA 
AND INTRATHORACIC LIVER HERNIATION BASED ON FETAL LUNG TO HEAD RATIO 

Postnatal Management Fetoscopic Tracheal Occlusion

LHR (mm)* Fetuses n (%) Survival n (%) Fetuses n (%) Survival n (%)

0.4-0.5 2 0 6 1 (16.7)
0.6-0.7 6 0 13 8 (61.5)
0.8-0.9 19 3 (15.8) 9 7 (77.8)
1.0-1.1 23 14 (60.8)
1.2-1.3 19 13 (68.4)
1.4-1.5 11 8 (72.7)
≥1.6 6 5 (83.3)
Total 86 43 (50) 28 16 (57.1)

Modified from Jani JC, Nicolaides KH, Gratacos E, et al: Fetal lung-to-head ratio in the prediction of survival in severe left-sided diaphragmatic hernia treated by 
fetal endoscopic tracheal occlusion (FETO), Am J Obstet Gynecol;195:1646-1650, 2006.

CDH, Congenital diaphragmatic hernia; LHR, lung area–to-head circumference ratio.
*The LHR measurements were obtained at 23 to 29 weeks gestation.
fetal lung fluid and provides an increase in pulmonary 
hydrostatic pressure. This increased pressure pushes the 
viscera out of the thorax, promotes expansion of the 
hypoplastic lung, and thereby improves lung growth 
and development.142,143 Fetal reversible tracheal occlu-
sion144,145 replaced primary repair in utero for the treat-
ment of CDH. Initially, a tracheal foam plug was inserted 
in the fetal airway during open surgery, but it failed to 
provide adequate occlusion.146 Later, metallic hemoclips 
were placed around the trachea after meticulous neck dis-
section.146 Unfortunately, survival with this initial open 
tracheal occlusion procedure was poor (15%) and lower 
than survival in CDH fetuses receiving postnatal standard 
treatment (38%).147

Subsequently, minimally invasive fetal endoscopic 
surgical techniques replaced the open technique for 
placement of the clips. These procedures are performed 
with local or neuraxial maternal anesthesia with admin-
istration of fetal anesthesia by intramuscular injection. A 
variety of occlusive devices, including cuffs, plugs, valves, 
and balloons, were attempted at various medical cen-
ters.148 Currently, percutaneous endoscopic endotracheal 
intubation is used to place a small detachable occlusive 
balloon in the fetal trachea.149,150 With initial procedures 
it was left in place until delivery (see discussion on EXIT 
procedures), but more recently, it is deflated and removed 
before term with a second fetal endoscopic surgical tech-
niques procedure. The balloon removal may improve type 
II pneumocyte function, increase surfactant production, 
and allow a vaginal delivery when appropriate.148 These 
techniques decrease morbidity from CDH, with definitive 
surgical repair planned postnatally.142,151

Use of ultrasound imaging to determine the ratio 
of fetal lung area to head circumference (LHR) and the 
presence of thoracic liver herniation (“liver up” versus 
“liver down”) are the most reliable prognostic indicators 
of fetal CDH outcome.148,152,153 Evaluation of survival in 
fetuses with left-sided CDH and intrathoracic liver her-
niation managed postnatally noted no survival with an 
LHR of 0.7 or less and a survival rate 72.7% or greater 
with an LHR 1.4 or greater (Table 78-3).154 Unfortu-
nately, the LHR increases exponentially with gestational 
age and is less useful after 28 weeks gestation.155 The 
Antenatal CDH Registry Group normalized the LHR to 
gestational age by creating an observed-to-expected LHR 
(o/e LHR)156 that correlates well with survival rate (Fig. 
78-6).157-159 More recently, fetal MRI measurement of 
lung volume (as an assessment of pulmonary hypopla-
sia) correlates well with neonatal survival in fetuses with 
isolated CDH.134,160

A prospective randomized trial (1999 to 2001) evalu-
ated endoscopic fetal tracheal occlusion for prenatal 
treatment of CDH using both clip and balloon occlusion 
techniques.161 Inclusion criteria included a 22- to 28-week 
gestational age, left-sided thoracic liver herniation, and a 
LHR of less than 1.4. The trial was closed early, and no 
benefit in survival or reduction in 90-day morbidity was 
found with prenatal treatment (n = 11) compared with 
control (n = 13) (survival rates of 73% versus 77%). Addi-
tionally, rates of PPROM and preterm delivery were more 
frequent in the fetal intervention group, with 100% of 
the fetoscopic intervention group having PPROM.161 The 
inclusion of fetuses with an LHR of up to 1.4 may have 
decreased the ability to determine a significant difference, 
because many of these fetuses were likely to survive with 
standard postnatal tertiary medical care (see Table 78-3).
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Figure 78-6. Survival rates of fetuses with isolated left-sided congeni-
tal diaphragmatic hernia (CDH), depending on measurement of the 
observed to expected lung area to head circumference ratio (o/e LHR) 
and position of the liver. (Redrawn from Deprest JA, Nicolaides K, Grata-
cos E: Fetal surgery for congenital diaphragmatic hernia is back from never 
gone, Fetal Diagn Ther 29:6-17, 2011.)
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Three European medical centers, the Fetal Endoscopic 
Tracheal Occlusion (FETO) task force, began collabora-
tion for treatment of severe cases of CDH with a high 
risk for mortality (LHR <1.0 and liver herniation into 
the hemithorax).156,162 Because of concern for tracheal 
damage by very early tracheal balloon placement,163 the 
tracheal balloon was placed at 26 to 28 weeks gestation 
and removed before birth. Data from 210 FETO task force 
cases through 2008 (mean gestational age of 27 weeks, 
LHR <1.0, and primarily left-sided CDH) were compared 
with historic postnatal treatment controls (1995 to 2004). 
Use of prenatal reversible tracheal occlusion significantly 
improved the survival rate (47% versus 20% in historic 
controls), and delivery occurred at a median gestational 
age of 35.3 weeks.162 In addition, mean operating time 
was minimal (<10 minutes) and more than 95% of pro-
cedures were successful on the first attempt. Some of the 
survival benefit with in utero treatment may represent 
selection bias and improvement in both technique and 
neonatal care over time.

A more recent (2008 to 2010) randomized, controlled, 
single-institution trial compared cases of severe CDH  
(LHR <1.0 with liver herniation) randomized to either 
FETO (n = 21) at 26 to 30 weeks gestation or standard 
postnatal care (n = 20).164 All treatment group fetuses 
were delivered by planned EXIT procedure at 38 weeks 
gestational age to allow controlled tracheal balloon 
removal. The overall survival rate was significantly 
greater in the FETO intervention group than in the post-
natal management group (52.6% versus 5.3%). In 2009, a 
multicenter randomized Tracheal Occlusion to Accelerate 
Lung growth trial (TOTAL) began enrollment (http://ww
w.totaltrial.eu).165 It compares postnatal management to 
both late (30 to 32 weeks gestation) FETO intervention 
for moderate lung hypoplasia and earlier FETO interven-
tion (27 to 30 weeks gestation) for severe lung hypopla-
sia. This trial uses o/e LHR criteria, and balloon occlusion 
removal is planned for 34 weeks gestation, with postnatal 
management standardized by a consensus protocol. Long-
term outcome data on pulmonary and neurologic devel-
opment are needed to better determine if and when FETO 
should be offered for individual cases of severe CDH.

MYELOMENINGOCELE

Spina bifida includes all defects with incomplete neu-
ral tube closure. Myelomeningocele (MMC) is the most 
common type of spina bifida and results in protrusion of 
the meninges and spinal cord through a developmental 
defect in the vertebrae, overlying muscles, and skin. MMC 
occurs during the third and fourth weeks of gestation with 
incomplete embryonic neural plate development. Folate 
supplementation in the maternal diet has decreased the 
rate of MMC nearly 50%, but the benefit reached a pla-
teau without eliminating the disorder and MMC remains 
at a rate of approximately 1 in 3000 live births.166,167 
Improved prenatal screening with α-fetoprotein measure-
ment and ultrasonography allows the possibility of preg-
nancy termination, and it is estimated that 25% to 40% 
of MMC pregnancies are terminated. MMC can result in 
lifelong morbidity and disability, including loss of motor 
and sensory function based on lesion level, bowel and 
bladder dysfunction, sexual dysfunction, hydrocepha-
lus, Arnold-Chiari type II malformation, tethered cord, 
and impaired cognition.168,169 If uncorrected in utero, 
surgical closure of the spinal defect must be performed 
within a few days after birth. Nearly 80% of children 
with MMC also require ventriculoperitoneal shunting for 
hydrocephalus.170 Even with successful shunting, compli-
cations of central hypoventilation, vocal cord dysfunc-
tion, and swallowing difficulties can persist because of 
an associated Arnold-Chiari malformation.169 The mean 
intelligence quotient in patients with MMC who under-
went ventriculoperitoneal shunting is 80 (low normal).171 
Neonates with spina bifida have a 14% mortality rate by 
5 years of age and a 35% mortality rate in those with 
known brainstem dysfunction and Arnold Chiari type II 
malformation.166,171

The cause of MMC remains unknown. The abnormali-
ties and deficits of MMC are hypothesized to be the result 
of two separate mechanisms. The primary cause is ana-
tomic malformation with abnormal development of the 
spinal cord and associated tissues. Secondary damage is 
likely created by exposure of these open neural elements 
to the amniotic fluid and direct trauma. Consequently, 
the ability to close the defect in utero and isolate the 
neural tissue from contact with the intrauterine environ-
ment has the potential to improve outcome in contrast to 
delaying closure until after birth.

This hypothesis has been supported by animal mod-
els that found improved neonatal neurologic func-
tion with fetal closure of the defect in utero.172-174 
Ultrasound assessment demonstrates that central and 
peripheral neurologic injury is progressive during gesta-
tion.175,176 Improved motor function has been observed 
at 2 years of age in children with MMC who under-
went cesarean delivery before labor onset compared to 
those delivered vaginally or by cesarean delivery after 
onset of labor.166,177 Therefore, women with fetuses 
with MMC typically undergo cesarean delivery before 
onset of labor or rupture of membranes in an effort 
to minimize any additional injury to the open neural  
elements.

The rationale for fetal intervention for MMC is to 
improve functionality and quality of life.178 Prenatal 
repair for MMC is performed with an open fetal surgi-
cal technique that requires both maternal laparotomy 
and hysterotomy. Considerations for anesthesiologists 
involved in open MMC repair include participation in 
comprehensive, multidisciplinary, preoperative mater-
nal evaluation and counseling; preparation for potential 
intraoperative hemorrhage; planning an anesthetic that 
provides profound uterine relaxation; administration of 
analgesia and muscle relaxant directly to the fetus; intra-
operative fetal assessment with preparation for potential 
fetal resuscitation or urgent delivery; and postoperative 
maternal analgesia and postoperative uterine and fetal 
monitoring.179 Perioperative considerations for open fetal 
surgery are detailed later in the discussion of anesthetic 
management and considerations and management of 
open procedures.

MMC in utero surgery typically occurs mid–second 
trimester, before 26 weeks gestation. Initial human stud-
ies found that in utero repair reversed the hindbrain 

http://www.totaltrial.eu
http://www.totaltrial.eu
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TABLE 78-4 OBSTETRIC AND FETAL AND NEONATAL COMPLICATIONS FOR MANAGEMENT  
OF MYELOMENINGOCELE STUDY PATIENTS* 

Prenatal (N = 78) (%) Postnatal (N = 80) (%) P Value

Maternal Outcomes
Chorioamniotic membrane separation 20 (26) 0 <.001
Oligohydramnios 5 (6) 0 .03
Pulmonary edema 16 (21) 3 (4) .001
Placental abruption 5 (6) 0 .03
Spontaneous membrane rupture 36 (46) 6 (8) <.001
Spontaneous labor 30 (38) 11 (14) <.001
Blood transfusion at delivery 7 (9) 1 (1) .03
Hysterotomy site thin, partial, or completely 

dehisced at delivery
27 (36) N/A —

Fetal Outcomes
Fetal bradycardia during repair 8 (10) 0 .003
Mean gestational age at birth (weeks) 34.1 ± 3.1 37.3 ± 1.1 <.001
Mean birth weight (g) 2383 ± 688 3039 ± 469 <.001
Respiratory distress syndrome 16 (21) 5 (6) .008

Modified from Ferschl M, Ball R, Lee H, et al: Anesthesia for in utero repair of myelomeningocele, Anesthesiology 118:1211-1223, 2013.
*The rates of maternal and fetal and fetal and neonatal complications observed in the prenatal and postnatal repair groups in the Management of 

Myelomeningocele Study182 are listed with corresponding statistical significance. Although other complication outcomes were evaluated, only those 
determined to be different between the two groups are included in the table. Percentage of complications within each experimental group is noted in 
parentheses.
herniation of the Arnold-Chiari II malformation and 
decreased the requirement for ventriculoperitoneal shunt 
placement before 1 year of age.180 In addition, a 1999 
series of 10 fetuses undergoing in utero MMC closure at 
22 to 25 weeks gestation found improved lower extremity 
function among 6 of 9 fetuses compared with expected 
function based on the level of lesion, with one fetal death 
at 25 weeks gestation from preterm delivery and associ-
ated respiratory insufficiency.7 A recent randomized, 
prospective clinical trial completed between 2003 and 
2010 at three U.S. medical centers examined the risks, 
benefits, and outcome of open in utero repair for MMC 
compared with standard postnatal repair among 183 
patients.181 Open fetal repair reduced the need for ven-
triculoperitoneal shunting and improved lower extremity 
motor function at 30 months of age. However, prenatal 
repair significantly increased the risk for various fetal and 
maternal complications, including spontaneous mem-
brane rupture, oligohydramnios, partial or complete uter-
ine dehiscence, and preterm birth with increased risk for 
respiratory distress syndrome (Table 78-4). Two perina-
tal deaths occurred in each group. Trial participants will 
undergo future assessment at 6 to 9 years of age to deter-
mine potential long-term benefit from the prenatal repair.

Throughout the duration of the trial a moratorium 
was in effect in the United States on in utero repair for 
MMC outside the clinical trial. With the favorable out-
comes of this trial, additional medical centers are offering 
in utero repair for MMC. Results of this trial should not 
be generalized to patients outside the inclusion criteria of 
the study and should be considered only at medical cen-
ters that can develop a practice with significant volume 
and depth of resources.182 It was recently recommended 
that this procedure be offered only at medical facilities 
with the expertise, multidisciplinary teams, services, and 
facilities to provide the intensive care required for these 
patients, with rigorous patient selection maintained.183
Until further advancement occurs in the surgical tech-
nique, equipment, and information from experimenta-
tion in animal models demonstrating significant benefit 
of endoscopic repair, prenatal repair of MMC will require 
an open surgical approach. A recent European trial of 
minimally invasive endoscopic intrauterine MMC repair 
resulted in a surprisingly high rate of maternal and fetal 
complications.184 In a series of 19 patients who underwent 
endoscopic prenatal repair for MMC, 3 fetuses died intra-
operatively and another three procedures were stopped 
because of severe hemorrhage from the procedure. Among 
the patients completing the procedure, fetal intervention 
was associated with improved neurologic function com-
pared with matched control neonates who underwent 
postnatal intervention. However, the endoscopic fetal 
repair resulted in significantly more complications, and 
the authors concluded that this technique is unsuitable 
for current clinical practice, pending further advances.184

SACROCOCCYGEAL TERATOMA

The incidence of sacrococcygeal teratoma (SCT) is 
approximately 1 in 27,000 to 40,000 live births.185,186 
These teratomas are typically diagnosed by ultrasound in 
the second trimester of pregnancy and may grow rapidly 
(>150 cm3/week), with some reaching sizes of 1000 cm3 
or more.187 The larger tumors function as a substantial 
arteriovenous shunt that creates a low resistance state 
and leads to the development of high-output cardiac 
failure. Perinatal mortality varies greatly in different pub-
lished series, ranging from 16% to 63%.186 Fetuses with 
a large SCT are associated with the development of plac-
entomegaly, polyhydramnios, and hydrops fetalis and 
have a high rate of in utero mortality. In addition, fetuses 
with SCT are at risk for intrapartum dystocia, tumor rup-
ture with hemorrhage, and urinary obstruction. Cesarean 
delivery is frequently required.
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Figure 78-7. A, Ultrasound 
image of fetus with sacrococcy-
geal teratoma (SCT). Note sacral 
origin of mass. B, Fetus with SCT 
undergoing in utero mass resec-
tion. Note tourniquet on left 
leg placed momentarily before 
intravenous catheter placement 
in saphenous vein. (Courtesy  
Dr. Anita Moon-Grady, Depart-
ment of Pediatrics, University of 
California, San Francisco, Calif.)

BA
Tumor staging is based on the Altman criteria and 
determined by the volume of the tumor external or inter-
nal to the pelvis.188 Stage I tumors are entirely external to 
the pelvis, with no presacral portion, and therefore suit-
able for fetal intervention. In contrast, stage IV tumors 
are located entirely in the pelvis and abdomen and are 
not considered amenable for fetal resection.187 Fetal MRI 
can assist in tumor staging and determining the location 
of the tumor.189 Fetuses diagnosed with SCT before 30 
weeks gestation or with rapidly growing tumors have a 
poor prognosis, but may benefit from in utero interven-
tion. Radiofrequency ablation, thermocoagulation, and 
cyst drainage have been employed to treat SCT in utero, 
but the benefit remains unclear.10,185,186 SCTs have been 
resected in utero (Fig. 78-7) with successful outcomes, 
but the timing and criteria for fetal intervention remain 
unclear.10,187,190 Fetal teratoma resection has a high risk 
for fetal hemorrhage; consequently, intraoperative place-
ment of a venous catheter in a fetal hand, leg, or umbili-
cal cord vein is important for the ability to transfuse 
compatible blood and crystalloid fluids or rapidly admin-
ister resuscitation drugs.

In certain cases, fetal SCT may lead to maternal mir-
ror syndrome, in which maternal physiology mimics the 
abnormal circulatory physiology of the hydropic fetus.191 
The mother develops hypertension with increased 
peripheral and pulmonary edema that result from a 
hyperdynamic state. Maternal mirror syndrome does not 
resolve immediately with correction of the fetal patho-
physiology, and can result in life-threatening maternal 
complications.191

CONGENITAL PULMONARY LESIONS

Congenital pulmonary airway malformations (CPAM), 
also known as congenital cystic adenomatoid malfor-
mations, are benign nonfunctioning pulmonary tumors 
composed of cystic and solid components that are usu-
ally contained within a single lung lobe.192,193 These 
fetal lesions complicate approximately 1 in 25,000 
pregnancies.194 Other possible fetal lung abnormalities 
that require differentiation include bronchopulmonary 
sequestration, congenital lobar emphysema, and periph-
eral bronchial atresia.195 CPAM includes five subtypes 
that are based on cyst size, characteristics of the epithelial 
lining, cyst wall thickness, and the presence of mucous 
cells, cartilage, and skeletal muscle.196,197 Prenatal ultraso-
nography categorizes lesions as macrocystic (cysts >5 mm 
in diameter) or microcystic (cysts <5 mm in diameter), 
with microcystic lesions having a more solid or echogenic 
image. Prognosis depends primarily on size and growth 
characteristics of the CPAM rather than lesion type.198 To 
normalize tumor volume to fetal size, a ratio of ultrasound 
measures of CPAM volume to fetal head circumference 
(CVR) was evaluated as a predictor of hydrops fetalis and 
other postnatal outcomes.199,200 CVR is calculated from 
the volume of an ellipse (cubic centimeters) using the for-
mula length × height × width × .52)/fetal head circumfer-
ence (centimeters). Based on retrospective data from 71 
fetuses, a CVR less than 0.56 predicts no adverse postna-
tal outcome (100% negative predictive value), whereas a 
CVR greater than 0.56 had a positive predictive value for 
adverse postnatal outcome of 33%.199 In addition, a CVR 
greater than 1.6 is associated with greater risk for hydrops 
fetalis.193,199,200 A recent retrospective analysis of a series 
of 24 fetuses with a CVR greater than 1.6 found that an 
abnormal echocardiogram with hydrops was a significant 
predictor of mortality and need for fetal intervention.201

Some lesions regress with minimal impact, whereas 
others grow in size. Typically, small lesions regress in 
the third pregnancy trimester and can be surgically 
resected after birth or managed conservatively without 
surgical intervention.202 Large lesions can compress the 
great vessels, create pulmonary hypoplasia, and cause 
cardiac compression and mediastinal shift that often 
results in hydrops fetalis (secondary to heart failure). 
Patients with CPAM tumors associated with hydrops 
fetalis have a survival rate of less than 5% without inter-
vention.203 Large cystic lesions can be decompressed in 
utero by placement of shunt catheters between the cysts 
and the amniotic cavity (Fig. 78-8). Use of fetal anal-
gesics and muscle relaxants delivered intramuscularly 
with ultrasound guidance may decrease the fetal stress 
response and prevent fetal movement during critical 
portions of the procedure. Shunt placement can prevent 
or reverse hydrops formation, with definitive resection 
deferred until after birth.204 In a retrospective analysis 
of 24 nonhydropic fetuses with severe mediastinal shift, 
treated with thoracoamniotic shunting at 27 weeks ges-
tation, postnatal survival was 87.5%, whereas 50 fetuses 
undergoing thoracentesis or thoracoamniotic shunt-
ing had a survival of only 66%.205,206 In some CPAM 
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Figure 78-8. Thoracic shunt insertion (top left and right) and deployment (bottom left). (Redrawn from van Mieghem T, Baud D, Devlieger R, et al: 
Begin equation minimally invasive fetal therapy, Best Pract Res Clin Obstet Gynaecol 26:711-725, 2012.)
lesions, shunts are ineffective because cysts are not in 
communication with each other, shunts malfunction, 
or they become displaced. In addition, shunt placement 
can cause fetal hemorrhage or chorioamnionitis.207 
Thoracoamniotic shunt placement has also success-
fully decompressed large congenital pleural effusions 
caused by fetal chylothorax that otherwise would result 
in hydrops fetalis, pulmonary compression, and fetal or 
neonatal death.208

Some CPAMs inappropriate for shunting can be 
resected with open fetal lobectomy (Fig. 78-9). Similar 
to open SCT resection, potential exists for significant 
fetal hemorrhage and need for in utero fetal resuscita-
tion. Open resection of CPAM lesions associated with 
hydrops fetalis has resulted in a 30-day postnatal sur-
vival rate of 50%, with tumor resection allowing for 
compensatory lung growth and resolution of hydrops 
fetalis.209 Maternal treatment with betamethasone also 
can improve hydrops fetalis and improve outcome in 
some fetuses with CPAM.210 A retrospective analysis 
of 24 fetuses with predominantly microcystic CPAM 
and hydrops fetalis determined that steroid treatment 
improved survival in contrast to resection under open 
fetal surgery.192

In some instances, use of an EXIT procedure with fetal 
thoracotomy, mass resection, and a secured airway before 
delivery has been a successful approach for tumors with 
persistent mediastinal compression.211 In a series of nine 
fetuses with large lung masses (CVR 1.9 to 3.6 at term) 
who underwent an EXIT-to-resection procedure, all pro-
cedures were successful, with no significant operative 
complications.211
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Figure 78-9. A, Open resection 
of fetal congenital pulmonary air-
way malformation (CPAM) with 
fetal thoracotomy shown. B, 
Resected CPAM mass. C, Primary 
closure of fetal thoracotomy. D, 
Pathologic specimen of resected 
CPAM mass. (Courtesy Dr. Anita 
Moon-Grady, University of Califor-
nia, San Francisco Fetal Treatment 
Center, San Francisco, Calif.)
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PREOPERATIVE ASSESSMENT  
AND COUNSELING

Many considerations for perioperative management of 
women undergoing maternal-fetal surgery are analogous 
to those for nonobstetric surgery during pregnancy (see 
also Chapter 77). Maternal safety is the primary focus when 
determining a plan that will optimize fetal outcome. All 
members of the multidisciplinary team should be actively 
involved in maternal counseling, patient assessment, and 
perioperative planning. Optimum functioning of a fetal 
treatment program requires effective communication 
among the members of a multidisciplinary team, includ-
ing surgeons, ultrasonographers, maternal fetal medicine 
physicians, anesthesiologists, nurses, genetic counselors, 
and social workers. Regularly scheduled multidisciplinary 
care meetings help ensure coordination of a complete 
and appropriate perioperative plan, ensure availability 
of the necessary equipment and personnel at the time 
of the procedure, and maximize the chance for optimal 
outcomes for both mother and fetus. Participation of the 
anesthesiologist is critical to preoperative maternal assess-
ment to determine whether maternal risk is acceptably 
infrequent for potential fetal benefit. An understanding 
of the physiologic changes of pregnancy (for details, see 
Chapter 77) and their effects on anesthetic management 
is necessary for appropriate perioperative planning and 
risk assessment. In addition to details of the pregnancy 
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course on maternal health, information from imaging 
studies should also be obtained to guide surgical planning 
and aide in fetal drug dosing.

Maternal counseling regarding risks and benefits of 
the procedure should be thorough and unbiased and 
convey the most recent outcome and complication data 
about the planned intervention. For nonurgent proce-
dures, counseling is typically a multiple-day process. The 
team must convey the specific condition’s natural history 
and diagnostic limitations and whether associated anom-
alies are detected.212 Discussions should focus on specific 
implications to the mother, the pregnancy, the fetus, 
postnatal care, future pregnancies, any data regarding 
intermediate and long-term outcomes for the proposed 
intervention, and all alternatives.6 Similar discussions 
also should include alternative options such as noninter-
vention and the possibility of pregnancy termination if 
applicable. To provide uniform counseling, all providers 
should counsel the patient regarding information spe-
cific to their discipline, but be aware of the general risks 
and benefits of the fetal process and the proposed proce-
dure. Distinctions should be made between interventions 
that are evidence based, and those that are innovative 
or experimental. Mothers should be informed about the 
planned timing and method of delivery, future reproduc-
tive implications, and—if a hysterotomy is planned—the 
risk for uterine rupture and need for cesarean delivery 
with this and all future pregnancies. Fertility does not 
appear to be affected by open fetal surgery, but the risk 
for uterine rupture or dehiscence before delivery is sig-
nificant and comparable or even greater than that asso-
ciated with a prior cesarean delivery performed with a 
classic incision.213

In some situations, consultation with a palliative care 
provider, clergy, or ethicist may be desired or required. 
In addition, the sequence of events should be outlined 
in detail, so that all questions can be answered. In most 
circumstances it is important that the partner or other 
supporting individuals be included in the counseling 
process, to ensure they have a better understanding of 
the rationale behind the treatment decisions. However, 
the wishes of the mother assume ultimate priority dur-
ing pregnancy. Thorough counseling regarding fetuses 
with pediatric surgical disorders reduces parental anxi-
ety.11,214 Most mothers prefer specific realistic informa-
tion provided in an empathetic manner, no matter how 
dire, and want to be allowed to hope for the best possible 
outcome.215 If the fetus is of viable gestational age, addi-
tional counseling is required about the mother’s wishes 
for possible emergent delivery and neonatal resuscitation 
in the event of unplanned fetal distress unresponsive to 
in utero treatment. Finally, the fetal intervention should 
not proceed until the patient has had adequate time to 
carefully consider all the information and offered her 
informed consent.

INTRAOPERATIVE MANAGEMENT  
AND CONSIDERATIONS

Unlike most surgical procedures performed during preg-
nancy in which the fetus is merely a bystander (e.g., 
maternal appendectomy), fetal surgery involves two sur-
gical patients. Consequently, in addition to maternal 
considerations for anesthetic administration during preg-
nancy, it is essential to understand the impact of surgery 
and anesthetic administration on fetal physiology, meth-
ods for fetal analgesia and anesthesia, techniques for fetal 
monitoring, intraoperative anesthetic management, and 
postoperative care for both mother and fetus.

FETAL PHYSIOLOGY AND MONITORING

During fetal surgery, procedural and pharmacologic inter-
ventions can adversely affect fetal physiology directly 
or affect it indirectly by alterations in uteroplacental or 
fetoplacental circulation and gas exchange. Appropriate 
fetal monitoring facilitates early intervention. Changes in 
anesthetic technique, adjustment of maternal hemody-
namics, and early initiation of in utero resuscitation of the 
fetus can decrease the risk for intraoperative fetal hypoxia, 
hemodynamic compromise, or demise. In addition to the 
physiologic effects of medications administered to the 
mother or fetus, a detailed knowledge of the fetal cardio-
vascular, neurologic, and placental physiology provides 
the basis for optimal fetal care. Uteroplacental and feto-
placental physiology, including uterine perfusion, placen-
tal gas exchange, and drug transfer are detailed in Chapter 
77, which also discusses the effects of maternal position-
ing, maternal neuraxial anesthesia, and administration of 
general anesthesia on the uteroplacental unit.

Fetal cardiac output depends primarily on heart rate.216 
Fetal myocardium is less compliant than adult myocar-
dium, with changes in preload having minimal effect on 
cardiac output.217 Constraining forces of the fluid-filled 
lungs also limit ventricular filling and restrict increases in 
cardiac output in response to additional preload.218 The 
normal fetal cardiac output (sum of right and left ven-
tricular output) is in the range of 425 to 550 mL/min/kg 
throughout gestation.216

Fetal blood volume increases during gestation, and 
approximately two thirds of the fetal-placental blood vol-
ume resides within the placenta.219 During the second 
trimester, fetal blood volume is estimated to be approxi-
mately 120 to 160 mL/kg of fetal body weight.220 After 
midgestation, fetal blood volume can be estimated based 
on gestational age (GA) using the equation, estimated 
fetal blood volume (mL) = 11.2 × GA − 209.4.221 In nor-
mal pregnancy, the mean fetal Hb increases linearly from 
11 g/dL at 17 weeks gestation to 15 g/dL at 40 weeks ges-
tation with a standard deviation of ±1 g/dL.222

Fetal lung epithelium produces more than 100 mL/kg/
day of fluid that fills the lungs and facilitates appropriate 
pulmonary growth and development. Excess lung fluid 
exits the trachea and is either swallowed or flows into the 
amniotic fluid. Although fetal liver function is immature, 
coagulation factors are synthesized independent of the 
maternal circulation and do not cross the placenta. The 
serum concentrations of these factors increase with ges-
tational age (Table 78-5),223 but fetal clot formation in 
response to tissue injury is decreased in contrast to that 
in adults throughout gestation.

Manipulation of the fetus or umbilical cord during 
open fetal procedures can affect fetal cardiac output, 
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TABLE 78-5 COAGULATION SCREENING TESTS IN FETUSES AND FULL-TERM NEWBORNS 

Weeks Gestation

Test* 19-23 24-29 30-38 Newborns

PT (s) 32.5 (19-45) 32.2 (19-44) 22.6 (16-30) 16.7 (12-24)
PT (INR) 6.4 (1.7-11.1) 6.2 (2.1-10.6) 3.0 (1.5-5.0) 1.7 (0.9-2.7)
aPTT (s) 169 (83-250) 154.0 (87-210) 104.8 (76-128) 44.3 (35-52)
TCT (s) 34.2 (24-44) 26.2 (24-28) 21.4 (17-23) 20.4 (15-25)

Modified from Reverdiau-Moalic P, Delahousse B, Body G, et al: Evolution of blood coagulation activators and inhibitors in the healthy human fetus, Blood 
88:900-906, 1996.

aPTT, Activated partial prothrombin time; INR, international normalized ratio; PT = prothrombin time; s, seconds; TCT, thrombin clotting time.
*Normal values for coagulation tests determined from umbilical cord sampling. Values are the mean, followed in parentheses by the lower and upper 

boundaries, including 95% of the population studied.
regional distribution of fetal circulation, or blood flow 
in the umbilical cord. During open procedures, the fetal 
circulation can be severely impaired by direct compres-
sion of the umbilical cord, inferior vena cava, or mediasti-
num. Fetal heart rate (FHR) monitoring during minimally 
invasive procedures is also important. During IUT, the 
transfusion needle can lacerate umbilical vessels with 
unanticipated fetal movement, and use of laser therapy 
for TTTS can disrupt surface placental vessels critical to 
fetal blood flow. During labor, FHR monitoring with 
external Doppler or a fetal scalp electrode is commonly 
employed to assess fetal well-being. However, during fetal 
procedures, echocardiography, pulse oximetry, and ultra-
sound imaging of umbilical artery flow are the primary 
methods for fetal assessment. After exposure of the fetal 
head during an EXIT procedure, insertion of a fetal scalp 
electrode has been used successfully for FHR monitor-
ing.224 It remains unclear whether fetal oximetry or heart 
rate monitoring is more sensitive to decreased umbilical-
fetal blood flow. In a fetal lamb model examining the 
effects of umbilical cord compression, Hb desaturation 
was detected by fetal pulse oximetry before the onset 
of bradycardia.225 However, FHR deceleration has been 
shown to precede fetal Hb desaturation with use of fetal 
pulse oximetry monitoring during labor.226

Intraoperative ultrasonography allows imaging of FHR, 
cardiac contractility, and cardiac filling, as well as Dop-
pler assessment of umbilical cord flow. Both absent and 
reversed umbilical artery diastolic flow are associated with 
increased perinatal morbidity and mortality.227 In many 
cases, ultrasonography assessment of fetal well-being can 
be only intermittent. This is because ultrasonography can 
be periodically required to guide the intervention or, dur-
ing portions of the case, the probe placement can inter-
fere with the surgical procedure.

When prolonged fetal bradycardia, Hb desaturation, 
or significant changes in umbilical artery flow dynamics 
occur during a fetal procedure, steps should be undertaken 
promptly to improve uterine perfusion, ensure the utero-
placental interface is intact, and relieve any compression 
of the umbilical cord or placenta. In some cases, ex utero 
fetal resuscitation may be necessary if the fetus was previ-
ously determined to be of a viable gestational age.

In utero, the fetus is unable to thermoregulate and 
depends on maternal body temperature. Induction of 
general anesthesia, surgical exposure, and hysterotomy 
can reduce fetal temperature dramatically. Fetal sheep 
studies demonstrate the fetus is unable to generate heat 
through thermogenesis 228 and decreases in fetal tempera-
ture can lead to tachycardia and hypertension in utero. 
In contrast, human reports associate hypothermia with 
fetal bradycardia.229 Consequently, monitoring of tem-
perature and maintenance of maternal euthermia with 
use of forced air warming likely improves fetal well-being 
during minimally invasive procedures. During open fetal 
surgery, use of warmed fluid for intrauterine irrigation 
and monitoring of both maternal core and amniotic fluid 
temperatures are also important.

FETAL ANESTHESIA AND ANALGESIA

The capability of the fetus to perceive pain remains con-
troversial. The fetus exhibits pituitary-adrenal, sympa-
thoadrenal, and circulatory stress responses to noxious 
stimuli as early as 18 weeks gestation.230,231 Although 
invasive fetal procedures elicit a stress response,30,232 this 
response is mediated at the level of the spinal cord, brain-
stem, and/or basal ganglia and does not necessarily cor-
relate with conscious perception of pain that requires the 
cortex.233 Administration of opioid in preterm neonates 
blunts major hormonal responses to surgery (including 
changes in plasma adrenaline, noradrenaline, glucagon, 
aldosterone, corticosterone, glucose, and lactate).234 
Providing adequate anesthesia and analgesia is associ-
ated with both attenuation of the deleterious effects and 
improved outcomes.232 Stress responses secondary to 
invasive fetal procedures are blunted with opioid admin-
istration,30 but reduction of plasma stress hormone levels 
is not necessarily evidence of adequate analgesia.233

Pressure, temperature, and vibration sensory nerve ter-
minals develop in human skin between 6 and 10 weeks 
gestation.235 Skin nerve terminals required for periph-
eral sensory nociception likely develop between 10 and 
17 weeks gestation. Noxious stimuli follow a reflex arc of 
afferent fibers that synapse on spinal cord interneurons, 
which then synapse with motor neurons. A fetus can 
reflexively withdraw from a noxious stimulus by 19 weeks 
gestational age, without input from the cerebral cortex.236

The perception of pain requires not only intact neural 
pathways from the periphery to the primary sensory cor-
tex, but also higher cortical structures.236 Using histologic 
studies of other thalamocortical circuits, thalamic pain 
fibers likely reach the somatosensory cortex at 24 to 26 
weeks gestation.236 Thalamic projections reach the visual 
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subplate at 20 to 22 weeks,237 the visual cortex at 23 to 
27 weeks,238 and the auditory cortical plate at about 26 
to 28 weeks to gestation.239 However, fetuses are unlikely 
to experience pain before 24 weeks gestation because the 
cortex requires additional growth and development to 
establish the extensive neural network of pathways to 
other central nervous system (CNS) structures.

This timeline is supported by electroencephalo-
graphic (EEG) studies that demonstrate a substantial 
increase in cortical activity. Cortical EEG activity is 
present only 2% of the time in fetuses at 24 weeks gesta-
tion240 and increases to being present 80% of the time 
by 34 weeks gestation, with EEG patterns becoming 
more distinct.241

Both the long-term impact of untreated fetal stress 
and the timing of fetal pain perception remain unknown. 
Given this uncertainty and the more than 30-year history 
of safe anesthetic administration in neonates and fetuses 
undergoing invasive procedures,242-244 analgesia should 
be given during fetal surgery.245 Anesthetic goals include 
prevention of fetal movement, inhibition of circulatory 
stress response, adequate pain relief, and potentially even 
fetal amnesia.

Opioid analgesics can be transferred to the fetus by 
maternal administration or direct intramuscular or intra-
venous umbilical cord administration using ultrasound 
guidance. For most invasive procedures that can cause 
noxious fetal stimulation, fetal intramuscular administra-
tion of fentanyl 10 to 20 μg/kg (or other opioid in equiv-
alent dosing) is used to provide analgesia immediately 
before the intervention.30,179,244 This can be achieved per-
cutaneously using ultrasound guidance or under direct 
vision when a hysterotomy is performed. Some physi-
cians administer prophylactic intramuscular atropine  
20 μg/kg with opioids to minimize the risk for fetal brady-
cardia.246,247 Fetal movement can be prevented by intra-
muscular or umbilical vessel administration of muscle 
relaxant using ultrasound guidance.179,243,244,246 Drugs 
that have been used include pancuronium or vecuronium 
with doses of 0.3 mg/kg intramuscularly or 0.1 to 0.25 
mg/kg intravenously. The onset of fetal paralysis varies 
with the specific drug and dose, but typically occurs in 
2 to 5 minutes, with an approximate duration of 1 to 2 
hours.248 In many instances, opioid, anticholinergic, and 
muscle relaxant are combined in a single injection. Mater-
nal administration and placental transfer of intravenous 
remifentanil provides adequate fetal immobility during 
fetoscopic interventions that involve only the umbilical 
cord or placenta.244,249

For open fetal procedures, placental transfer of mater-
nally administered general anesthesia with volatile 
anesthetics provides fetal anesthesia. These anesthetics 
readily transfer across the placenta, with fetal concentra-
tion and the fetal-to-maternal (F/M) ratio depending on 
both the maternal inspired anesthetic concentration and 
the duration of maternal anesthetic administration. In 
human studies of anesthetic levels at the time of cesarean 
delivery (∼10-minute duration of general anesthesia), iso-
flurane and halothane both have an F/M ratio of approxi-
mately 0.7.250 Although placental transfer of desflurane 
and sevoflurane may be similar, published human F/M 
data are not currently available in the literature. Nitrous 
oxide has an F/M ratio of 0.83 after only 3 minutes of 
administration.251

High levels of volatile anesthetic can depress fetal 
myocardium and lead to increasing fetal acidosis.252 In 
animal models, volatile anesthetic concentrations often 
employed for uterine relaxation (>2 minimum alveolar 
concentration [MAC]), demonstrate significant reduc-
tions in maternal cardiac output with associated decrease 
in uterine perfusion up to 30%.253 Animal models of 
maternal halothane administration have shown increases 
in both placental and fetal vascular resistance resulting in 
increased fetal cardiac afterload.254 A retrospective analy-
sis of echocardiographic data from clinical cases of open 
fetal surgery and EXIT procedures reveals a moderate-to-
severe left ventricular systolic fetal cardiac dysfunction 
with use of high concentrations of desflurane.255 In addi-
tion, case reports have described epileptiform EEG activity 
and generalized tonic-clonic seizures in both adults and 
children exposed to high levels of sevoflurane.256 There-
fore, high concentrations of volatile anesthetic admin-
istration, useful for maternal uterine relaxation, might 
not be the optimal anesthetic for the fetus despite years 
of successful use. Remifentanil has significant placental 
transfer and prevents fetal movement during TTTS laser 
photocoagulation therapy.249,257 Some prefer to adminis-
ter maternal remifentanil and nitroglycerin as part of the 
anesthetic for open fetal or EXIT procedures to decrease 
the amount of volatile anesthetic.246,249 Currently, no 
evidence indicates that any one anesthetic method pro-
vides an improved fetal or maternal outcome compared 
with other anesthetic methods.

Anesthetics affect neonatal brain development and 
create histologic changes, as well as learning and memory 
deficits.258-261 Yet, specific long-term effects of anesthet-
ics on human brain function in neonates or fetuses are 
currently inconclusive. In 2007, a U.S. Food and Drug 
Administration advisory committee concluded that 
based on available data, no change in clinical anesthetic 
practice was warranted.260,262 It is currently unknown 
whether propofol has more widespread effects on neuro-
development than do volatile anesthetics.261 The use of 
a volatile anesthetic for maternal anesthesia, as the pri-
mary agent for fetal anesthesia during open fetal surgery 
or EXIT procedures, will likely continue in the absence 
of additional neurocognitive outcome data. In addition, 
whether in utero exposure to anesthetic drugs compared 
with postnatal exposure has any effect on neurocognitive 
outcome is not known.

MANAGEMENT OF MINIMALLY INVASIVE 
PROCEDURES

The same considerations that apply to nonobstetric sur-
gery during pregnancy (see Chapter 77) should be fol-
lowed for fetal procedures. For most FIGS-IT procedures 
(see Table 78-1), use of monitored anesthetic care with 
infiltration of local anesthetic into the abdominal wall 
provides an adequate level of maternal comfort. Admin-
istration of additional opioid, benzodiazepine, or other 
anesthetic can be used for maternal analgesia and anx-
iolysis, titrated to avoid deep sedation and the associ-
ated increased risk for pulmonary aspiration of gastric 
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contents or respiratory compromise during pregnancy. In 
addition, use of supplemental anesthetic drugs possibly 
decreases the likelihood of fetal movement via placental 
transfer.249,263 Local anesthetic infiltration can be used for 
fetoscopic procedures, which typically employ endoscope 
trocars that are only 1 to 5 mm in diameter.264 In cer-
tain instances, neuraxial anesthesia may be a preferable 
approach for fetoscopic procedures, and communication 
with other team members is essential to determine the 
best technique for the individual procedure and patient. 
Neuraxial techniques can be beneficial when multiple 
insertion sites are required, maternal immobility must be 
ensured, a mini-laparotomy must be performed, or con-
cern exists about adequate patient comfort or appropriate 
patient cooperation during the procedure.95,119 General 
anesthesia is rarely necessary for percutaneous procedures 
unless placental location and fetal orientation present 
potential technical difficulty or uterine exteriorization is 
needed.

Although maternal intravenous fluid administration 
should be guided by standard intraoperative require-
ments, use of significant amounts of pressurized uterine 
crystalloid irrigation into the amniotic cavity during feto-
scopic surgery should be avoided because it has resulted 
in maternal pulmonary edema.265

In cases of IUT, cord blood sampling, or thoracic shunt 
placement, fetal movement may displace the needle or 
catheter and result in trauma, bleeding, or compromise of 
the umbilical circulation. In one study of fetoscopic sur-
gery, maternal administration of a remifentanil infusion 
(0.1 μg/kg/min) reduced fetal movement and improved 
operating conditions compared with maternal adminis-
tration of diazepam.249 Although maternally administered 
opioids and benzodiazepines can reduce fetal motion,117 
they do not guarantee immobility for procedures directly 
involving the fetus. Fetal immobility can be safely 
achieved with direct fetal intramuscular or umbilical 
venous administration of muscle relaxant, as described in 
the previous section on fetal anesthesia and analgesia. For 
invasive fetal procedures that involve potentially noxious 
stimulation to the fetus, such as shunt catheter placement 
or cardiac septoplasty, an opioid should be administered 
either intramuscularly or intravenously.30,243 When gen-
eral anesthesia is employed, placental transfer of a vola-
tile anesthetic provides fetal anesthesia and prevents fetal 
movement, but supplemental opioids can also be admin-
istered for fetal analgesia.

Weight-based unit doses of atropine 20 μg/kg and epi-
nephrine 10 μg/kg should be immediately available in 
individually labeled syringes for direct administration to 
the fetus by the surgeon in emergent situations of fetal 
compromise. These medications require sterile transfer to 
the surgical field, meticulous labeling, and accurate dos-
ing before commencement of the procedure. When emer-
gently required, the surgeon can administer the indicated 
medication by a variety of routes, including intramus-
cular, intravenous, or intracardiac, depending on the 
procedure and urgency of the situation. If gestational 
development is compatible with extrauterine life, the 
anesthesiologist should be prepared to emergently pro-
vide general maternal anesthesia, and the obstetric team 
should be prepared to perform an emergency cesarean 
delivery if fetal bradycardia persists despite efforts to 
resuscitate in utero.

MANAGEMENT OF OPEN PROCEDURES

Although most women undergo cesarean delivery with 
neuraxial anesthesia, general anesthesia is primar-
ily employed for fetal surgery requiring a hysterotomy. 
Unlike minimally invasive fetal procedures, open fetal 
surgery requires profound uterine relaxation, often 
entails additional fetal monitoring beyond intermittent 
ultrasonography; involves more fetal surgical stimula-
tion, fetal hemodynamic perturbation, and risk for fetal 
compromise; and requires direct administration of some 
drugs to the fetus. The anesthesiologist and other team 
members should be prepared for significant maternal and 
fetal blood loss, and the need for maternal and fetal resus-
citation, including emergent delivery. A volatile anes-
thetic is commonly administered to provide maternal 
and fetal anesthesia, as well as uterine relaxation, which 
may require a concentration of more than 2 MAC.266 The 
perioperative considerations for open fetal surgery are 
detailed in Box 78-2.

Single, weight-based, unit doses of medications for fetal 
analgesia and muscle relaxation as previously detailed in 
the discussion on fetal anesthesia and analgesia should be 
available for administration by the surgical team. In addi-
tion, resuscitation medications (atropine 20 μg/kg, epi-
nephrine 10 μg/kg, and crystalloid 10 mL/kg) should be 
prepared preoperatively for immediate availability in the 
emergent treatment of intraoperative fetal hemodynamic 
compromise. Cross-matched blood should be available 
for maternal transfusion. For procedures with a high risk 
for fetal hemorrhage, appropriate blood for fetal trans-
fusion (i.e., O-negative, cytomegalovirus-negative, irra-
diated, leukocyte-depleted, maternally cross-matched) 
should be readily available.

Drugs and approaches should be used to minimize aspi-
ration of gastric contents. Uterine tocolytics (i.e., indo-
methacin) should be given to the mother preoperatively. 
An epidural catheter is placed preoperatively for admin-
istration of postoperative analgesia. FHR is assessed and 
baseline cardiac echocardiography and ultrasound imag-
ing of umbilical cord flow characteristics are performed 
before anesthetic induction and are intermittently reeval-
uated throughout the initial period of anesthetic admin-
istration to assess the effect on the fetus of the maternal 
positioning, anesthetic administration, and any maternal 
hemodynamic changes. The gravid uterus is displaced 
leftward and general anesthesia is induced with a rapid 
sequence technique identical to patients undergoing non-
obstetric surgery during pregnancy (see also Chapter 77).

After anesthetic induction and before maternal skin 
incision, conventional concentrations of anesthetics 
are administered to the mother (∼1 MAC); ventilation is 
controlled to maintain eucapnia (end-tidal CO2 [ETCO2] 
levels of 30 to 32 mm Hg); and fetal attitude, presenta-
tion, and placental location are reassessed by ultrasound. 
An invasive maternal intraarterial pressure catheter is 
placed when administration of a nitroglycerin infusion 
is planned for uterine tocolysis. If an intraarterial cath-
eter is not placed, a maternal arm is positioned to remain 
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PreoPerative

 •  Complete maternal history and physical examination
 •  Complete fetal workup to exclude other anomalies
 •  Imaging studies to determine fetal lesion and placental location
 •  Maternal counseling by multidisciplinary team and presurgical 

team meeting
 •  Lumbar epidural placement with test dose before use
 •  Prophylactic premedications: Nonparticulate antacid (aspiration), 

rectal indomethacin (tocolysis)
 •  Blood products typed and crossmatched for potential maternal 

and fetal transfusion; fetal blood should be type O-negative, 
leukocyte depleted, irradiated, cytomegalovirus negative, and 
crossmatched against the mother

 •  Obtain estimate of fetal weight to aid in weight-based fetal dosing
 •  Sequential compression devices on lower extremities for throm-

bosis prophylaxis

intraoPerative

 •  Left uterine displacement and standard monitors
 •  Preoxygenation for 3 minutes before induction
 •  Rapid sequence induction and intubation
 •  Maintain maternal FiO2 greater than 50% and end-tidal carbon 

dioxide 28 to 30 mm Hg
 •  Ultrasound to determine fetal and placental positioning
 •  Urinary catheter placed; additional large-bore intravenous access 

device placed, with or without arterial line
 •  Activation of upper, lower, or both forced air warmers to main-

tain maternal normothermia
 •  Prophylactic antibiotics administered
 •  Fetal resuscitation drugs and fluid transferred to scrub nurse in 

sterile fashion

 •  After skin incision, high concentrations of volatile anesthetic (2 to  
3 minimum alveolar concentration) started or other technique 
for uterine relaxation (i.e., IV nitroglycerin)

 •  Blood pressure maintained with IV phenylephrine, ephedrine,  
and/or glycopyrrolate; typical goal is to maintain mean arterial 
pressure within 10% of preinduction baseline with appropriate 
heart rate

 •  Consider increasing vapor or adding IV nitroglycerin if uterine 
tone remains increased

 •  Placement of fetal monitors if needed (e.g., fetal pulse oximeter, 
intrauterine temperature probe)

 •  IM fetal administration of opioid and neuromuscular blocking 
agent after hysterotomy; an anticholinergic also may be given 
with the opioid

 •  Placement of fetal IV access device if significant fetal blood loss 
anticipated

 •  External irrigation of fetus with warmed saline as needed
 •  Crystalloid restriction to less than 2 L to reduce risk for maternal 

pulmonary edema; consider colloid administration
 •  IV loading dose of magnesium sulfate once uterine closure begins
 •  Discontinue volatile agents and/or nitroglycerin once magne-

sium sulfate load is complete
 •  Administer propofol, opioids, nitrous oxide as needed
 •  Activate epidural for postoperative analgesia
 •  Monitor neuromuscular blockade carefully because of magne-

sium sulfate
 •  Extubate trachea when patient is fully awake

early PostoPerative Considerations

 •  Continue tocolytic therapy
 •  Patient-controlled epidural analgesia
 •  Monitor uterine activity and fetal heart rate
 •  Ongoing fetal evaluation

BOX 78-2 Perioperative Considerations for Open Fetal Surgery*

Modified from Ferschl M, Ball R, Lee H, et al: Anesthesia for in utero repair of myelomeningocele, Anesthesiology 118:1211-1223, 2013.
FiO2, Fraction of inspired oxygen; IM, intramuscular; IV, intravenous; MAC, minimum alveolar concentration.
*This summary may need to be modified depending on the type of open fetal surgery and patient comorbidities.
accessible in case unexpected invasive pressure monitor-
ing is required intraoperatively (e.g., maternal hemody-
namic instability). A large-bore venous catheter is placed 
for treatment of unexpected excessive hemorrhage. How-
ever, intravenous fluids administered to the mother are 
minimized (<2 L) to decrease the risk for perioperative 
pulmonary edema associated with the use of tocolytics, 
such as magnesium sulfate or administration of large 
doses of nitroglycerine during fetal surgery.267 Some fetal 
surgery teams are more restrictive with intraoperative 
fluid administration (<500 mL), but no clinical trials have 
demonstrated benefit of severe intravenous fluid restric-
tion in this setting.267

Typical maternal hemodynamic goals include main-
taining systolic arterial blood pressure within 10% of 
baseline values and mean arterial pressure greater than 
65 mm Hg. Phenylephrine administration can be used 
to treat maternal hypotension with minimal changes 
in the fetal acid-base status.268 Bolus administration of 
ephedrine or glycopyrrolate can assist in maintaining 
maternal heart rate and cardiac output.269 Administra-
tion of a maternal nondepolarizing muscle relaxant is 
usually unnecessary with administration of appropriate 
concentrations of volatile anesthetics, but may be used 
to improve operative conditions. If it is used, appropri-
ate neuromuscular monitoring should be employed to 
carefully assess neuromuscular function with appropriate 
pharmacologic reversal of blockade before tracheal extu-
bation, particularly with concurrent use of magnesium 
sulfate, which significantly potentiates neuromuscular 
blockade (see also Chapter 53).

Before skin incision, the inspired concentration of vol-
atile anesthetic is increased, and before uterine incision, 
the volatile anesthetic end-tidal concentration is further 
increased (≥2 MAC) to provide profound uterine relax-
ation. If uterine relaxation is assessed to be inadequate by 
appearance of contractions or palpation, administration 
of additional volatile agent (up to 3 MAC) or intravenous 
nitroglycerin as an infusion or in small boluses (50 to 200 
μg) is useful to decrease uterine tone.270 Administration of 
intravenous propofol and remifentanil with desflurane at 
1.5 MAC has provided adequate uterine relaxation in one 
retrospective study.255 For rare patients with contraindi-
cations to either volatile anesthetics or induction of gen-
eral anesthesia, a neuraxial technique in conjunction with 
intravenous administration of nitroglycerin in doses up to 
20 μg/kg/min has been used successfully.270 This technique 
may have increased risk for maternal pulmonary edema 
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secondary to the large doses of nitroglycerin and should 
be reserved for cases with a specific benefit from the tech-
nique. Although uterine relaxation is required for success-
ful open fetal surgery, use of nitroglycerin may affect fetal 
vascular tone, resulting in alterations in cerebral blood 
flow and increased likelihood of fetal cerebral ischemia, as 
well as intraventricular and periventricular hemorrhage.271 
Currently, no specific anesthetic technique demonstrates 
significant improvement in fetal outcome.

Periodic ultrasonography is used to assess FHR and 
fetal cardiac function. In some open fetal procedures, 
pulse oximetry or additional direct fetal monitoring can 
be employed after the hysterotomy is performed, as dis-
cussed in the section on fetal physiology and monitoring. 
Rarely, when uncertainty exists regarding fetal condition, 
umbilical cord blood gas measurements can be obtained. 
As described in the prior section on fetal anesthesia and 
analgesia, an opioid and a muscle relaxant can be admin-
istered to the fetus intramuscularly either before uterine 
incision with ultrasound guidance of the injection needle 
or under direct vision after uterine incision. Intramus-
cular atropine also can be administered concurrently to 
reduce opioid-induced fetal bradycardia.

After uterine exposure and ultrasound placental map-
ping, a small hysterotomy is created away from the pla-
centa. A stapling device with absorbable lactomer staples 
is used to extend the incision. The staples prevent hem-
orrhage from the relaxed uterus and seal the amniotic 
membranes to the uterine endometrium. Uterine blood 
loss can be rapid and difficult to estimate. Vigilant obser-
vation of the surgical field and careful maternal moni-
toring are essential to avoid missing occult hemorrhage. 
Lost amniotic fluid is replaced with warmed crystalloid 
to bathe the exposed fetus. Intrauterine temperature is 
closely monitored to prevent hypothermia and associated 
fetal circulatory compromise.229

For fetal mass resections or other open procedures with 
high risk for significant fetal blood loss, an intravenous 
catheter should be placed in a fetal limb for blood and 
fluid transfusions. Sterile microbore tubing can be passed 
over the surgical drape, primed, and connected to the 
catheter, allowing fetal intravenous administration by 
the anesthesiologist. All blood or fluids transfused to the 
fetus should be warmed. In urgent situations, fluids can 
be transfused directly into the umbilical vein through 
catheter access obtained in the operative field if a fetal 
peripheral intravenous line is not available.

In the rare event of maternal hemodynamic collapse, if 
maternal resuscitation has been unsuccessful in restoring 
adequate maternal hemodynamics after 4 minutes, the 
fetus should be delivered emergently to relieve aortocaval 
compression, improve maternal resuscitation efforts, and 
increase the chance for maternal survival.272 A neona-
tologist and neonatal resuscitation team should be read-
ily available in case of emergency delivery, and newborn 
resuscitation should proceed according to the current rec-
ommended guidelines.273

After completion of the fetal procedure, an initial dose 
of magnesium sulfate 4 to 6 g intravenously over 20 min-
utes is typically administered during uterine closure to 
reduce myometrial contractility274 (see also Chapter 77). 
After the bolus, an intravenous infusion of magnesium 
sulfate 1 to 2 g/hr) is initiated to maintain uterine qui-
escence into the postoperative period. The inspired 
concentration of volatile anesthetic or intravenous nitro-
glycerin infusion is significantly decreased or discon-
tinued after the magnesium sulfate bolus is complete. 
After an epidural test dose, epidural anesthesia is initi-
ated. Maternal anesthesia is maintained with epidural 
anesthesia, supplemented by administration of intrave-
nous opioid, inhaled N2O, and/or intravenous propofol; 
this allows adequate time for elimination of the volatile 
agents during surgical closure of the abdominal incision. 
The mother’s trachea is extubated after she awakens and 
after confirming adequate neuromuscular recovery and 
hemodynamic stability.

POSTOPERATIVE MANAGEMENT  
AND CONSIDERATIONS

In addition to postoperative concerns associated with 
a cesarean delivery (i.e., pain management, prevention 
of venous thromboembolism, monitoring for hemor-
rhage, avoiding wound infection), postoperative care of 
patients undergoing fetal surgery also focuses on tocoly-
sis and fetal monitoring. For minimally invasive proce-
dures such as cordocentesis or IUT, tocolysis is typically 
not required. For more invasive percutaneous procedures 
(e.g., shunt catheter placement, endoscopic techniques), 
some fetal surgery teams administer preoperative prophy-
lactic tocolytic agents such as indomethacin, and rarely 
additional drugs are required in the postoperative period.

After open fetal surgery, patients frequently experi-
ence early uterine contractions and require continu-
ous uterine monitoring for 2 or 3 days. Management 
of postoperative preterm labor after fetal surgery is 
a challenge and has led to significant fetal morbid-
ity.120 Magnesium sulfate infusions initiated intraop-
eratively are continued for approximately 24 hours or 
more postoperatively. Additional tocolytic agents (e.g., 
indomethacin, terbutaline, nifedipine) are often neces-
sary. Administration of indomethacin requires periodic 
monitoring by fetal echocardiography because prema-
ture closure of the ductus arteriosus is a known compli-
cation of therapy.

The fetus is evaluated postoperatively by ultrasonogra-
phy. Continuous FHR monitoring is used in the postop-
erative period, with a predetermined plan established for 
management of fetal distress. The duration of monitoring 
is based on gestational age, fetal condition, and plan for 
fetal distress. Potential fetal morbidity includes infection, 
fetal heart failure, fetal intracranial hemorrhage, and 
fetal demise. If maternal pulmonary edema is suspected, 
a chest radiograph should be obtained. With significant 
compromise, critical care admission may be required 
along with tracheal intubation, mechanical ventilation, 
hemodynamic monitoring, supplemental oxygen admin-
istration, upright positioning, and diuretic therapies.

For minimally invasive procedures, satisfactory post-
operative analgesia is typically achieved by administra-
tion of oral opioid-based pain medications. For open 
procedures, postoperative epidural analgesia can be pro-
vided for several days using a dilute solution of local 
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anesthetic and opioid. Intravenous opioids administered 
with a patient-controlled device can be used in place of 
an epidural or after the epidural is discontinued. Use of 
opioids can decrease FHR variability 275 and create some 
difficulty in interpretation of the FHR tracing. Inadequate 
postoperative pain control can increase plasma oxytocin 
levels and increase the risk for preterm labor.272

After open fetal procedures, patients are at high risk for 
PPROM, preterm labor, infection, and uterine rupture. In 
addition to these risks, periodic assessment of fetal well-
being, growth, and integrity of the pregnancy necessitate 
the mother remain near the fetal treatment institution 
for the first few weeks after the procedure. The possibility 
of preterm delivery may necessitate a course of steroids 
to improve fetal lung maturity. After open procedures, 
cesarean delivery is often planned for 37 weeks gestation 
but may be required earlier with the onset of preterm 
labor. The recent hysterotomy increases the chance for 
uterine rupture and associated need for emergent cesar-
ean delivery.

MANAGEMENT OF EX UTERO 
INTRAPARTUM TREATMENT PROCEDURE

Although the initial purpose of the EXIT procedure was 
to provide a controlled and stable means to remove the 
obstructive device previously placed in the fetal airway 
for in utero treatment of CDH, the EXIT procedure has 
expanded into a technique used for a variety of other 
fetal disorders (Box 78-3).246,276-280 These include condi-
tions that compromise the fetal airway, such as large neck 
masses, congenital high airway obstruction, or severe 
micrognathia. The EXIT procedure allows the fetus to 
remain supported by the placental unit with adequate 
oxygenation and perfusion while surgical repair and 
resuscitation interventions are performed in a controlled 
manner. The procedure has been used successfully to treat 
fetuses requiring intrathoracic mass resection, in separa-
tion of conjoined twins, and as a bridge to extracorporeal 
support.

The primary goals of the EXIT procedure are to main-
tain a prolonged state of uterine relaxation, to delay 
placental separation, and to sustain placental-fetal perfu-
sion. Similar to open fetal surgery, EXIT procedures are 
frequently performed under general anesthesia, employ-
ing high concentrations (≥2 MAC) of volatile anesthetic 
to ensure uterine relaxation. Neuraxial anesthesia in com-
bination with remifentanil, nitroglycerin, or both also 
has been used successfully.270,280,281-282 Multiple reviews 
of the anesthesia, surgical, and obstetric considerations 
for the EXIT procedure have been published.246,276-280 
The overall preoperative and intraoperative approach 
for anesthetic management is similar to that previously 
described for open fetal surgery (see Box 78-2). The pri-
mary difference occurs after delivery of the fetus, when 
uterine relaxation is no longer required. Thus, after deliv-
ery of the neonate, anesthetic management becomes sim-
ilar to management of a cesarean delivery with general 
anesthesia.

A detailed multidisciplinary meeting is extremely valu-
able before the start of the EXIT procedure. It is essential 
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to ensure that all required supplies for fetal monitor-
ing; airway management; maternal, fetal, and newborn 
resuscitation; and postdelivery care are obtained before 
entering the operating room. In addition to fetal ultra-
sonography, a pulse oximeter and ETCO2 indicator are 
used to monitor the fetus and assist with confirmation 
of a secured airway. Similar to open fetal surgery, weight-
based doses of atropine, epinephrine, and calcium are 
prepared for possible emergency fetal resuscitation. A 
sterile fetal ventilation circuit with an air/O2 source and 
manometer is prepared in addition to multiple sizes of 
endotracheal tubes, laryngoscopes, and neonatal-sized 
laryngoscope blades for fetal tracheal intubation. Sterile 
tourniquets, intravenous catheters, crystalloid and blood 
(i.e., O-negative, CMV-negative, leukocyte depleted, 
maternally cross-matched) should be available for fetal 
venous access and volume replacement if needed.

Anesthetic considerations for the mother are similar to 
those for open fetal surgery (see Box 78-2). They include 
possible placement of an epidural catheter for postop-
erative analgesia, large-bore intravenous access, invasive 
monitoring readily available or placement of an intraarte-
rial catheter, possible need for uterotonic drugs after deliv-
ery of the placenta, and cross-matched maternal blood 
in the operating room. Maternal anesthetic induction 
and tracheal intubation are similar to general anesthetic 

Cervical mass
Cystic hygroma
Goiter
Hemangioma
Lymphangioma
Neuroblastoma
Teratoma

Craniofacial anomaly
Severe micrognathia
Severe retrognathia

Lung mass
Bronchopulmonary sequestration
Congenital cystic adenomatoid malformation

Mediastinal mass
Lymphangioma
Teratoma

Congenital high airway obstruction syndrome
Laryngeal atresia/stenosis
Tracheal atresia/stenosis

Ex utero intrapartum therapy to extracorporeal membrane 
oxygenation

Aortic stenosis with intact/restrictive atrial septum
CDH with severe pulmonary compromise
Hypoplastic left heart syndrome with intact/restrictive atrial 

septum
Reversal of tracheal occlusive device placed during fetal surgery 

to treat CDH
Conjoined twins

BOX 78-3 Fetal Indications for the Ex Utero 
Intrapartum Therapy Procedure

Data from Garcia PJ, Olutoye OO, Ivey RT, et al: Case scenario: anesthesia  
for maternal-fetal surgery: the Ex Utero Intrapartum Therapy (EXIT) proce-
dure, Anesthesiology 114:1446-1452, 2011; and Ngamprasertwong  
P, Vinks AA, Boat A: Update in fetal anesthesia for the ex utero intrapartum 
treatment (EXIT) procedure. Int Anesthesiol Clin 50:26-40, 2012.

CDH, Congenital diaphragmatic hernia.
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techniques employed for cesarean delivery, and mainte-
nance of appropriate maternal hemodynamics is critical 
to ensuring adequate fetal perfusion (see also Chapter 77). 
Similar to techniques used for open fetal surgery, high 
concentrations of a volatile anesthetic (≥2 MAC) with 
or without intravenous administration of nitroglycerin 
(bolus doses of 50 to 200 μg or as an infusion) may be 
required for adequate prolonged uterine relaxation. Fetal 
anesthesia from transplacental transfer of maternal vola-
tile anesthetic can be supplemented by fetal intramuscular 
administration of an opioid (e.g., fentanyl 5 to 15 μg/kg or 
morphine 0.1 mg/kg, depending on the indication) and a 
paralytic agent (rocuronium 1 to 3 mg/kg or pancuronium 
0.1 to 0.3 mg/kg). Sometimes intramuscular atropine 20 
μg/kg) is given to prevent fetal bradycardia.246,276 The 
intramuscular fetal anesthetic drugs can be administered 
either before uterine incision using ultrasound guidance 
of the injection needle or under direct vision after per-
forming the hysterotomy. There is significant variation in 
fetal serum fentanyl concentrations based on umbilical 
cord blood sampling during EXIT procedures.283 Although 
possible causes for this observed variability are multiple, 
it is likely that significant variability also may exist with 
fetal serum concentrations of muscle relaxants and other 
agents administered to the fetus, making their pharmaco-
logic actions less predictable.

Intravenous remifentanil administered to the mother 
rapidly crosses the placenta; some practitioners provide 
maternal anesthesia for EXIT procedures with neuraxial 
block supplemented with remifentanil infusions (0.1 to 
0.2 μg/kg/min) and report adequate fetal immobiliza-
tion without use of the intramuscular fetal anesthetic 
drugs previously described.257,280,281 An alternative 
anesthetic approach uses maternal neuraxial anesthesia 
combined with intravenous administration of nitroglyc-
erin in an effort to avoid many of the risks associated 
with administration of general anesthesia as previously 
described.270,280-282,284 Significant doses of intravenous 
nitroglycerin 1 to 10 μg/kg/min are often required to 
achieve adequate prolonged uterine relaxation. Although 
nitroglycerin crosses the placenta, a significant amount is 
metabolized at the placental interface, and there are min-
imal fetal effects.270,282 Invasive monitoring with a mater-
nal intraarterial catheter is recommended when prolonged 
use of nitroglycerin is planned, and the patient should be 
monitored for onset of pulmonary edema. No prospective 
clinical trials have been conducted to determine the best 
anesthetic technique for the EXIT procedure.

After assessment of appropriate uterine relaxation, 
the placental border is determined by ultrasonography. 
A small initial hysterotomy is extended outside the pla-
cental border with a stapling device to prevent excessive 
blood loss. If the EXIT procedure is performed to facili-
tate fetal intubation or neck mass resection, only the fetal 
head and shoulders are initially delivered (Fig. 78-10). For 
more extensive procedures requiring access to the tho-
rax or other anatomic locations, the entire body may be 
delivered.

Before hysterotomy, the fetus is monitored with echo-
cardiography and ultrasonographic evaluation of umbili-
cal cord flow. After hysterotomy, a pulse oximeter probe 
is placed on the fetal hand and shielded from ambient 
light. Warmed crystalloid fluids are irrigated continu-
ously in the uterine cavity to maintain fetal temperature 
and prevent placental separation or spasm of umbilical 
vessels. Care should also be taken to avoid inadvertent 
compression or unnecessary manipulation of the umbili-
cal cord, which could lead to vascular reactivity and 
decreased flow.

Depending on the indication, the duration of an EXIT 
procedure ranges from a few minutes (e.g., intubation) 
to several hours (intrathoracic mass resection, neck mass 
resection with tracheostomy, or ECMO cannulation). 
Anesthetic techniques have successfully provided safe 
maternal and fetal anesthesia with uterine relaxation and 
uteroplacental stability over several hours. 285 Before venti-
lation of the fetal lungs, fetal oxyhemoglobin saturation is 
typically 40% to 70%.286 After initiating ventilation of the 
fetal lungs, oxyhemoglobin saturation should increase sig-
nificantly to above 90%. When fetal lung ventilation fails 
to result in an appropriate increase in oxyhemoglobin sat-
uration, this represents an indication for ECMO initiation 
before clamping the umbilical cord and fetal delivery.287 
An ETCO2 indicator is also beneficial in confirming correct 
placement of the endotracheal tube. If needed, pulmonary 
surfactant may be administered once the endotracheal 
tube is placed. Transporting the neonate to the intensive 
care area for further care requires significant vigilance to 
ensure the critical, tentative airway remains secured.

Once the fetus is delivered, the inspired concentra-
tion of the volatile agent is significantly decreased, the 
nitroglycerin infusion stopped, or both to allow the 
uterus to contract and diminish the risk for maternal 
hemorrhage.276,288 N2O, propofol, and/or an opioid can 
be administered to maintain adequate anesthesia. Oxy-
tocin is routinely administered and additional utero-
tonic drugs are given when necessary, as detailed in 
Chapter 77. Once the patient is hemodynamically stable 
with appropriate uterine tone, epidural analgesia may be 
initiated.

Figure 78-10. During an ex utero intrapartum therapy procedure, the 
head and upper torso of a fetus with a neck mass are delivered and 
the airway secured using direct laryngoscopy. (Courtesy Dr. Anita Moon-
Grady, University of California, San Francisco Fetal Treatment Center, San 
Francisco, Calif.)



Chapter 78: Anesthesia for Fetal Surgery and Other Fetal Therapies 2383
CONCLUSIONS AND FUTURE 
CONSIDERATIONS

Establishment of organized, multidisciplinary, and com-
prehensive fetal intervention programs at a variety of aca-
demic centers is critical to improving patient outcomes with 
innovative surgical techniques, improved diagnostic and 
treatment strategies, and clinical trials powered to address 
long-term neonatal outcome, as well as associated mater-
nal and neonatal morbidity. Advancement of surgical tech-
nology and prenatal diagnostic and management strategies 
is likely to decrease both maternal and fetal risk and allow 
safe intervention for additional congenital anomalies and 
treatment of less severe abnormalities. Examples of future 
improvements might include dynamic tracheal occlusive 
devices to treat CDH, in utero placement of fetal pacemak-
ers, and endoscopic repair of MMC. In addition, stem cell 
and gene therapy research may lead to novel fetal treat-
ment that allows normal development despite presence of 
a congenital anomaly.289 Improvements in managing pre-
term labor and delivery would greatly improve outcome in 
fetal therapy. Preterm birth is associated with morbidities 
such as respiratory distress syndrome, necrotizing entero-
colitis, and intraventricular hemorrhage that all have long-
term impact on the child and carry substantial cost.290

Fetal surgery is a relatively new and rapidly evolving 
area of clinical medicine. In utero treatment raises com-
plex and difficult ethical, social, and legal issues that go 
far beyond that of most adult or pediatric surgical inter-
ventions and include questions regarding maternal rights, 
access to care, and the option for pregnancy termination.291

Evaluation of each new therapy or change in treatment 
strategy should be conducted in multicenter clinical trials 
only after appropriate translational research and animal 
studies are completed and demonstrate a potential benefit. 
This transition from innovative breakthrough, to random-
ized clinical trial, to standard care must be managed in a 
responsible and ethical framework. In addition, in utero 
treatment outcomes from new institutions with minimal 
experience and intervention for patients outside the strict 
inclusion criteria of clinical trials are likely to result in 
less favorable results with increased morbidity compared 
with the outcomes demonstrated at more established fetal 
treatment centers participating in the clinical trials.292 To 
address these concerns, a bioethics committee from the 
American College of Obstetricians and Gynecologists and 
the American Academy of Pediatrics provided recommen-
dations for centers offering fetal therapy.6 A summary of 
these recommendations includes a thorough informed 
consent process, appropriate institutional research safe-
guards, involvement of a multidisciplinary team, and the 
need for open collaborative research networks. Although 
this approach has high financial costs, thorough basic sci-
ence, and translational and clinical research in fetal ther-
apy is essential to appropriately manage the unique risks 
and benefits of future innovations. Appropriate patient 
selection (both maternal and fetal) and timing of the 
intervention also need to be better established.

The principal of primum non nocere argues that until 
a therapy is appropriately tested in animal models, it 
is unethical to pursue in human trials.293,294 Advances 
in fetal surgery not only require determination of fetal 
benefit but also must be powered to appropriately evalu-
ate additional fetal and maternal morbidity. A recent 
study comparing intrauterine endoscopic MMC repair to 
matched controls found frequent complication rates to 
mothers and fetuses and a frequent rate of fetal mortal-
ity.184 Although the endoscopic repair demonstrated a 
benefit of segmental spine neuroprotection, it was con-
cluded by the authors that, “before considering clini-
cal implementation of fetal endoscopic MMC closure 
as standard care, the frequency of complications should 
be appropriately reduced and results assessed in larger 
groups over a longer period of time.”184

Only the results of animal research and descriptive 
summaries of clinical series currently guide clinical anes-
thetic care for fetal surgery. Further rigorous research 
is needed to determine optimal anesthetic techniques 
to ensure maternal and fetal cardiovascular stability, to 
evaluate the best gestational age of anesthetic exposure, 
to assess the impact of anesthetic management strategies 
on myometrial tone and uteroplacental perfusion, and to 
improve our ability to determine the adequacy of fetal 
anesthesia to cause immobility and blockade of the fetal 
stress response.295,296

Areas of clinical growth of the field include the poten-
tial need for anesthesia and other subspecialty training 
programs in fetal treatment and the development of stan-
dard guidelines for fetal anesthesia and perioperative care 
of these unique procedures. Fetal treatment is a relatively 
new, rapidly evolving field of clinical medicine that holds 
great promise for treating morbid conditions and improv-
ing quality of life over the entire lifetime of the patient. 
Equally significant are the research efforts, technologic 
advancements, and ethical standards that must be sup-
ported to achieve these goals.
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Anesthesia for Orthopedic Surgery
MICHAEL K. URBAN

K e y  P o i n t s

 •  Older age is a significant risk factor for poor outcome after orthopedic surgery. 
Older patients presenting for orthopedic surgery often have multiple comorbid 
conditions that must be considered in the perioperative anesthetic plan.

 •  Patients with arthritis (osteoarthritis, rheumatoid arthritis, ankylosing spondylitis) 
have special problems that must be addressed in an anesthetic plan.

 •  For many orthopedic procedures, regional anesthesia may reduce perioperative 
complications compared with general anesthesia and provide superior 
postoperative analgesia.

 •  Fat embolism syndrome is a well-recognized complication of orthopedic trauma 
and major joint replacement. Early intervention and stabilization of these patients 
may avoid significant morbidity.

 •  Corrective surgery for spinal deformities (scoliosis, kyphosis, kyphoscoliosis) 
presents a significant challenge to the anesthesiologist. These patients are at 
risk for large blood loss, pulmonary complications, neurologic deficits, and 
postoperative loss of vision. Changes in anesthetic management may reduce the 
incidence of some of these complications.
2386

Patients undergoing orthopedic procedures can be particu-
larly challenging for anesthesiologists. These patients rep-
resent a broad scope of problems, ranging from an elderly 
patient with multiple comorbid conditions to a young, 
deceptively healthy trauma patient who may have associ-
ated injuries that can have a significant impact on the type 
of anesthetic administered. It is imperative that the anes-
thesiologist examine the entire patient and not just focus 
on the area of surgery. In this regard, a complete medical 
history is important because it may reveal chronic connec-
tive tissue diseases that may alter the anesthetic plan.

The field of orthopedics also is changing in many ways 
that affect the anesthesia care of these patients. Demand 
for joint replacements in the active aging population is 
increasing, with the expectation of regional anesthesia, 
a postoperative pain management plan, and early hospi-
tal discharge. More orthopedic procedures are now per-
formed as ambulatory surgery, and the anesthesiologist 
becomes responsible for which patients can be discharged 
and how their pain is to be managed. Adult spinal surgery 
also is dramatically increasing. These procedures can be 
the most challenging to the anesthesiologist because of 
difficult airways, hours patients spend in the prone posi-
tion, large blood loss, and significant postoperative pain.

This chapter discusses the perioperative factors that 
potentially alter outcome after orthopedic surgery. Com-
plications associated with specific procedures are empha-
sized with regard to recognition of such complications, 
avoidance when possible, and management. Choice of 
the best anesthetic based on current evidence for a given 
orthopedic procedure also is discussed. In many cases, 
the pros and cons of regional versus general anesthesia 
are presented, but this chapter does not concentrate on 
the technical aspects of regional anesthesia. This chapter 
provides guidance for anesthesia for patients undergoing 
common orthopedic procedures.

PREOPERATIVE EVALUATION

All patients presenting for orthopedic surgery warrant a thor-
ough preoperative medical evaluation (also see Chapter 38).  
Any orthopedic patient could represent an anesthetic 
challenge. Specific types of patients, however, are more 
likely to have orthopedic surgery and are more likely to 
have perioperative complications.

GERIATRIC ORTHOPEDIC PATIENTS

In 2011, 13% of the U.S. population (41 million) was older 
than 65 years of age and at least 20 million of these individ-
uals had “advanced” osteoarthritis (see also Chapter 80).  
In the same year over 600,000 knee replacements were per-
formed. By 2030, the number of U.S. citizens older than 65 
years of age is expected to almost double to 72 million.1 
This means that older patients with multiple comorbid 
conditions will be having increasingly more orthopedic 
procedures, including total joint replacements.
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Postmenopausal and age-associated osteoporosis affects 
older individuals, increasing their risk for fractures. Age-
associated osteoporosis may be the result of increased cir-
culating parathyroid hormone and decreased vitamin D, 
growth hormone, and insulin-like growth factors.2 With 
osteoporosis, a disproportionate loss of trabecular (struc-
tural) bone occurs, placing the patient at risk for stress 
fractures. Although all bones are theoretically at risk, the 
thoracic and lumbar spine, proximal femur, proximal 
humerus, and wrist are at the highest risk.3 Compression 
fractures of the thoracic and lumbar spine also are com-
mon and may require surgical intervention. Osteoporosis 
compromises the incidence and quality of postoperative 
fusions. The National Osteoporosis Foundation recom-
mends measuring bone mineral density at the hip or spine 
in patients at risk and postmenopausal women. Osteopo-
rosis can be partially treated with increased dietary cal-
cium intake and vitamin D and doing weight-bearing and 
muscle-strengthening exercises,4 but this population is at 
risk for fractures with minimal-impact trauma and the 
pain-relieving joint replacements.

The mortality after hip and knee arthroplasty surgery 
ranges from 0.4% to 4.6%, depending on primary versus 
revision replacement surgery.5-9 Recent studies suggest 
that the in-hospital mortality and morbidity after total 
joint arthroplasty may be decreasing (0.13% to 0.18%), 
although increased major complications may occur.9,10 
The in-hospital mortality after repair of hip fractures is 
4.8%, and mortality increases to 30% after the first year 
after hospitalization. The major risk factor for periopera-
tive mortality in all of these studies was advanced age, 
and the most frequent perioperative complications were 
cardiopulmonary issues.11,12 In their review of 1636 
consecutive hip and knee replacements, Parviz and col-
leagues7 reported a 6.4% incidence of serious postopera-
tive complications, with the most frequent complication 
associated with cardiac comorbidities. The reported 
incidence of a perioperative myocardial infarction at an 
orthopedic hospital was 0.6% of all nonambulatory pro-
cedures (∼8000), and 6.5% of those patients were at risk 
for myocardial ischemia.13 A nationwide cohort study 
from the Netherlands reported a significant increase in 
perioperative myocardial ischemia in the first 2 weeks 
after total hip replacement (25-fold) and after total knee 
replacement (31-fold) surgical procedures compared with 
matched control nonsurgical patients.14

Postoperative Complications
CardiaC CompliCations. The American College of Cardi-
ology/American Heart Association (ACC/AHA) guidelines 
recommend preoperative cardiac testing in patients at 
increased cardiac risk on the basis of clinical risk profile, 
functional capacity, and type of surgery.15 The ACC/AHA 
classify orthopedic surgery as intermediate-risk surgery, 
which in most cases involves intermediate-risk patients. 
Older patients have an increased risk for perioperative 
myocardial morbidity and mortality after orthopedic sur-
gery (see also Chapter 80). The possible reasons for this 
increased risk are as follows: (1) Many elderly patients have 
multiple medical comorbid conditions,16,17 (2) elderly 
patients have limited functional capacity, (3) some ortho-
pedic procedures initiate a systemic inflammatory response 
syndrome, (4) some orthopedic procedures are associated 
with significant blood loss and fluid shifts, and (5) postop-
erative pain is a major management problem after ortho-
pedic surgery18 (see also Chapters 61 and 98). All these 
factors can trigger a stress response leading to tachycardia, 
hypertension, increased oxygen demand, and myocardial 
ischemia.

Because a significant incidence of postoperative car-
diac complications occurs after orthopedic surgery, and it 
is difficult to assess the functional status of these patients 
owing to the limitations imposed by their orthopedic dis-
ease, many of these patients are subjected to preoperative 
cardiac testing. Data for orthopedic surgery showing that 
preoperative risk stratification or coronary revasculariza-
tion, or both, has an effect on outcome are limited, how-
ever (see also Chapters 37 and 38). A report by Salerno 
and associates9 suggested that preoperative abnormal 
noninvasive cardiac testing rarely changed medical 
management before orthopedic surgery. The Decrease-II 
study questioned the value of preoperative cardiac test-
ing in patients of intermediate risk before noncardiac 
surgery.19 In the Coronary Artery Surgery Study (CASS) 
Registry, Eagle and colleagues20 reported that coronary 
artery bypass graft surgery offered no advantage before 
orthopedic surgery in reducing cardiac mortality. Similar 
results have been obtained using percutaneous coronary 
intervention. Postoperative myocardial infarction and 
death have not been reduced for noncardiac surgery in 
patients at cardiac risk when preceded by percutaneous 
coronary intervention.21,22 In patients in whom percuta-
neous coronary intervention involved the placement of 
stents, restenosis and thrombosis are added risks if anti-
platelet therapy has to be discontinued before surgery 
and increased perioperative bleeding if these medications 
are not discontinued.23

If preoperative cardiac testing and revascularization 
does not decrease postoperative cardiac morbidity, hemo-
dynamic stress reduction might be the answer. Numerous 
studies have indicated that the use of perioperative adren-
ergic β-blockers can reduce myocardial ischemia and 
postoperative myocardial infarctions.19,24,25 Several more 
recent reports have questioned the efficacy of β-blockers 
in preventing postoperative cardiac complications, par-
ticularly in patients at intermediate risk.26,27 In older 
patients undergoing orthopedic procedures, β-blockers 
should be continued perioperatively in patients tak-
ing long-term β-blockers and initiated in patients at the 
highest risk, with a target heart rate less than 80 beats/
minute.24,28

Patients undergoing orthopedic procedures who are 
at risk for perioperative cardiac complications should be 
assessed postoperatively for myocardial ischemia. The 
diagnosis of a postoperative myocardial infarction is 
important because these events can be associated with 
significant cardiac morbidity and mortality if not treated 
appropriately. In addition, the decision to initiate post-
operative physical therapy and rehabilitation, activities 
that are imperative for optimal mobility in orthopedic 
patients, depends on whether there has been a diagnosis 
of a postoperative myocardial infarction. The introduc-
tion of plasma cardiac troponin I analysis has mark-
edly increased the ability to detect myocardial damage. 
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Increases in the plasma concentrations of cardiac tropo-
nin I are highly specific for cardiac injury and are a more 
specific marker for a myocardial infarction after orthope-
dic surgery than the creatine kinase MB isoenzyme.29,30

respiratory CompliCations. The changes in the respira-
tory system secondary to age may predispose older patients 
to increased postoperative pulmonary complications. 
These changes include a progressive decrease in arterial O2 
tension, an increase in closing volumes, and a decrease 
of approximately 10% in the forced expiratory volume in 
1 second (FEV1) with each decade of life. Many of these 
changes are the result of alterations in chest wall mechan-
ics, which are exacerbated in older patients with arthritis. 
Older patients who have sustained hip fracture have sig-
nificantly lower PaO2 values than other surgical patients 
of comparable ages.31 The hypoxia in these patients may 
reflect the previously noted respiratory changes caused by 
age, as well as the embolization of bone marrow debris 
to the lungs after arthroplasty surgery. In addition, with 
high rates of obesity and obstructive sleep apnea (OSA) 
prevalent among patients undergoing arthroplasty and 
spine surgery, respiratory concerns and complications 
should remain in the forefront of our attention. Patients 
with OSA are at increased risk for perioperative complica-
tions. In a retrospective analysis of patients undergoing 
hip and knee arthroplasty, OSA was associated with an 
increased incidence of postoperative transfer to an inten-
sive care unit (ICU).32 Insufficient evidence exists to pro-
pose the best perioperative management of patients with 
OSA; however, preoperative screening using tools such as 
the STOP-Bang questionnaire and prudent postoperative 
management would appear to be the best approach.33

neurologiC CompliCations. After cardiac and pulmo-
nary complications, confusion or delirium is the third 
most common complication seen in older patients after 
orthopedic surgery. In 2004, $69 billion from Medicare 
was spent on the treatment of hospital-acquired delirium. 
Delirium is associated with an increased length of hospi-
tal stay, poor functional recovery, progression to demen-
tia, and increased mortality.34,35 Postoperative delirium 
manifests as attention and awareness deficits, including 
acute confusion, reduced ability to focus, change in cog-
nition, irritability, anxiety, paranoia, and hallucinations. 
Delirium develops acutely, but generally has a fluctuat-
ing course over several days (see also Chapter 80).36 Some 
patients manifest a hypoactive form of delirium, con-
fused but quiet and nondisruptive, which can be difficult 
to diagnose. The major risk factors for postoperative delir-
ium are advanced age, alcohol use, preoperative demen-
tia or cognitive impairment, psychotropic medications, 
and multiple medical comorbid conditions. Periopera-
tive events that may trigger delirium include hypoxemia, 
hypotension, hypervolemia, abnormal electrolytes, infec-
tion, sleep deprivation, pain, and administration of ben-
zodiazepines and anticholinergic medications.

Aging alters the pharmacokinetics and pharmacody-
namics of most medications, including anesthetics and 
analgesics. The “usual” adult doses of these medications 
may have longer and more profound central nervous 
system (CNS) effects on older patients. Strategies used to 
reduce the incidence of postoperative delirium include 
identifying risk factors and vulnerable and affected 
patients early, preserving orientation, early mobiliza-
tion, adequate pain control, maintenance of normal 
sleep cycles, and avoidance of psychotropic medications. 
Because in most cases patients present with a change in 
mental status, delirium represents a diagnosis of exclu-
sion. The diagnosis is obtained by conducting a neu-
rologic examination to rule out focal deficits; blood 
laboratory analysis to eliminate electrolyte abnormalities, 
hypercarbia, and hypoxemia; a review of all medications 
to eliminate unnecessary central-acting medications; and 
adequate pain management. The treatment options range 
from simple observation with the assignment of a care-
giver to pharmacologic management to provide sedation 
and anxiolytics to prevent the combative patient from 
harming self or others. Atypical antipsychotics, which are 
devoid of extrapyramidal side effects, are effective for the 
acute treatment of delirium.

FAT EMBOLISM SYNDROME

Fat embolization is a well-known complication of skel-
etal trauma and surgery involving instrumentation of the 
femoral medullary canal.37 Fat embolism syndrome (FES) 
is a physiologic response to fat within the systemic cir-
culation. Fat embolization and FES are not synonymous. 
The embolization of fat can be detected in almost all 
patients who sustain a pelvic or femoral fracture, but the 
incidence of FES is less than 1%.

The clinical manifestations of FES include respiratory, 
neurologic, hematologic, and cutaneous signs and symp-
toms. The manifestation of FES can be gradual, developing 
over 12 to 72 hours, or fulminant, leading to acute respira-
tory distress and cardiac arrest. Gurd and Wilson38 in 1974 
suggested major and minor criteria to be used for the diag-
nosis of FES (Box 79-1). The presence of any one major 
finding plus four minor criteria and evidence of fat micro-
globulinemia was required for the diagnosis of FES. The 
requirement for fat droplets in the circulation has been 

Major Features (at Least one)

Respiratory insufficiency
Cerebral involvement
Petechial rash

Minor Features (at Least Four)

Pyrexia
Tachycardia
Retinal changes
Jaundice
Renal changes

Laboratory Features

Fat microglobulinemia (required)
Anemia
Thrombocytopenia
High erythrocyte sedimentation rate

BOX 79-1 Gurd’s Diagnosis of Fat Embolism 
Syndrome

From Gurd AR, Wilson RI: The fat embolism syndrome, J Bone Joint Surg Br 
56:408-416, 1974.



criticized, however, because fat droplets can be detected 
in the blood of healthy volunteers, and their presence in 
trauma patients is not always associated with FES.

In addition, Gurd and Wilson38 recommended the 
daily assessment of fat droplets in blood, hypothesizing 
that a change in the quantity of fat would correlate with 
symptoms. More recent investigations have indicated 
that the quantity of fat in the circulation does not cor-
relate with the severity of FES symptoms or the develop-
ment of acute respiratory distress syndrome (ARDS).39

A petechial rash is pathognomonic of FES, with the 
rash usually present on the conjunctiva, oral mucosa, 
and skin folds of the neck and axillae. This is reflected 
in the Schonfeld FES index, which ranks signs and symp-
toms of FES in relation to their incidence of presenta-
tion (Box 79-2).40 Respiratory signs also are common in 
FES; approximately 75% of patients present with mild 
hypoxemia and radiologic evidence of bilateral alveolar 
infiltrates, but less than 10% progress to ARDS. Neuro-
logic manifestations of FES range from drowsiness and 
confusion to obtundation and coma. CNS symptoms 
have developed in the absence of significant pulmonary 
complications and may represent the passage of fat drop-
lets across an atrial septal defect or other atrioventricu-
lar shunt.41 Magnetic resonance imaging of the brain of 
these patients has revealed lesions characteristic of fat 
embolization (Fig. 79-1).

The pathophysiology of FES is unclear, but it probably 
involves two processes: the embolization of fat and bone 
marrow debris, which can mechanically obstruct the 
capillaries of end organs and the triggering of a systemic 
inflammatory response.37 Using transesophageal echo-
cardiography (TEE) during total hip arthroplasty (THA), 
embolization of bone marrow debris has been detected in 
the right heart at the time of insertion of the cemented 
femoral prosthesis (Fig. 79-2).42,43 In some patients, this 
embolization resulted in segmental wall motion abnor-
malities, elevated pulmonary arterial pressures, decreased 
right ventricular function, and, in one case, cardiac arrest 
and death.43,44

In most cases, the embolic events during THA are clini-
cally benign, but some patients still progress to FES. The 
fat emboli lodged in the microvasculature of the lung 
and other end organs are metabolized to free fatty acids, 
which trigger a systemic inflammatory response. This 

sign score

Petechial rash 5
Diffuse alveolar infiltrates 4
Hypoxemia: PaO2 less than 70 mm Hg, FiO2 100% 3
Confusion 1
Fever greater than 38° C (>100.4° F) 1
Heart rate greater than 120 beats/minute 1
Respiratory rate greater than 30 breaths/minute 1

BOX 79-2 Schonfeld Fat Embolism Syndrome 
Index*

From Schonfeld SA, Ploysongsang Y, DiLisio R, et al: Fat embolism prophylaxis 
with corticosteroids: a prospective study in high risk patients. Ann Int Med 
99:438-443, 1983.

* Score greater than 5 required for diagnosis of fat embolism syndrome.
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inflammatory response involves the invasion of inflam-
matory cells, the release of cytokines, and, in the lung, 
pulmonary endothelial damage and ARDS.45

The treatment of FES is supportive with early resusci-
tation and stabilization to minimize the stress response 
to hypoxemia, hypotension, and diminished end-organ 
perfusion. Patients at risk for developing FES should be 
monitored with pulse oximetry, and tracheal intuba-
tion and mechanical ventilation should be instituted 
before respiratory failure. Although 10% of patients 
with FES may require mechanical ventilation, in most 
of these patients the symptoms resolve within 3 to 7 
days. Corticosteroids have been studied extensively in 
the management of FES, with many investigators report-
ing beneficial effects, but other reports contradict these 
results.46,47 Well-controlled studies with defined out-
comes are required before corticosteroids can be recom-
mended in the treatment of FES.

SPECIAL CONSIDERATIONS IN CONDITIONS 
LEADING TO ORTHOPEDIC SURGERY

Osteoarthritis
Approximately 22% of the U.S. population (46 million) 
has been diagnosed as having arthritis, and 8% (17 mil-
lion) have limitations in physical activity because of 
arthritis.48 Osteoarthritis is the most common type of 
arthritis and involves the loss of articular cartilage and 
associated inflammation. In most cases, osteoarthritis is 
a disease of aging, with 90% of women and 85% of men 
demonstrating the radiologic loss of articular cartilage 
after age 65 years.49 Clinical manifestations include pain, 
crepitance, reduced mobility, and deformity of involved 
joints. Physical examination of the hands may reveal 
spurring and swelling of the distal interphalangeal joints 
(Heberden nodes) and proximal interphalangeal joints 
(Bouchard nodes).

Although osteoarthritis has no systemic manifesta-
tions, the anesthesiologist should be cognizant of previ-
ous orthopedic surgeries (including joint replacements) 
and which joints are painful and have limited mobility. 

A B

Figure 79-1. Cerebral fat embolism. Multiple hyperintense lesions 
on proton density–weighted (A) and T2-weighted (B) magnetic reso-
nance images in the centrum semiovale. (From Stoeger A, Daniaux M, 
Felber S, et al: MRI findings in cerebral fat embolism, Eur Radiol 8:1590-
1593, 1998. © Springer-Verlag.)
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Figure 79-2. Right atrium dur-
ing echocardiography. A, Mul-
tiple, small emboli (arrow) in the 
right atrium. B, Large embolus 
(7 cm long), which is probably a 
cast of the femoral vein. (Modified 
from Christie J, Burnett R, Potts HR, 
et al: Echocardiography of transatrial 
embolism during cemented and unce-
mented hemiarthroplasty of the hip, 
J Bone Joint Surg Br 76:409-412, 
1994.)

A B
This information is important for surgical positioning 
and the choice of an appropriate anesthetic. An axil-
lary block of the brachial plexus for forearm surgery is 
inappropriate in a patient with significant ipsilateral 
shoulder arthritis. Although the operative site would 
be completely anesthetized, the patient may complain 
of painful shoulder movement during the procedure. 
The appropriate regional anesthetic would include the 
arthritic shoulder; an appropriate anesthetic might be 
an interscalene block.

Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a chronic inflammatory form 
of arthritis that affects approximately 1% of adults, with 
a prevalence two to three times higher in women than in 
men. RA is characterized by persistent joint synovial tis-
sue inflammation leading to bone erosion, destruction of 
cartilage, and loss of joint integrity. RA is also a systemic 
disease, affecting multiple organ systems.50 It often pro-
gresses through multiple exacerbations and remissions, 
but 20% to 30% of affected individuals become perma-
nently disabled within 3 years of diagnosis.

The diagnosis of RA is primarily clinical. Patients com-
monly present with pain and stiffness in multiple joints. 
RA is characterized by morning stiffness often lasting 
more than 1 hour after initiating activity. Usually the 
wrists and metacarpophalangeal joints are involved; this 
distinguishes RA from osteoarthritis, which often affects 
distal interphalangeal joints. The symptoms may emerge 
over weeks and months, progressing from one joint to 
multiple joints, and may be accompanied by symptoms 
of anorexia, fatigue, and weakness. The rheumatoid 
joints are usually boggy, tender to the touch, and warm. 
Patients may have prominent epitrochlear, axillary, and 
cervical lymph node enlargement. Subcutaneous nodules 
(rheumatoid nodules) may surround joints, extensor sur-
faces, and bony prominences.

No single diagnostic laboratory test confirms the diag-
nosis of RA, but rheumatoid factor, an antiimmunoglobu-
lin antibody, is elevated in 90% of patients with RA. In 
addition, C-reactive protein and erythrocyte sedimenta-
tion rate are elevated in patients with RA and are often 
used to monitor the course of the disease. RA also must be 
differentiated from other diseases that manifest as poly-
arthropathies, including seronegative spondyloarthropa-
thies, connective tissue diseases (scleroderma, lupus), 
fibromyalgia, hemochromatosis, polyarticular gout, poly-
myalgia rheumatica, and sarcoidosis.

Because joint destruction begins early with RA, 
disease- modifying antirheumatic drugs should be initi-
ated immediately with the therapeutic goal of preserva-
tion of function and quality of life. The most commonly 
used disease-modifying antirheumatic drugs include 
methotrexate, hydroxychloroquine, sulfasalazine, leflu-
nomide, infliximab (Remicade), and etanercept (Enbrel). 
These medications are associated with an increased risk 
for infection, which is a significant concern in patients 
with joint replacements. Pharmacotherapy also usually 
involves a nonsteroidal antiinflammatory drug (NSAID) 
and oral or intraarticular glucocorticoids. Patients with 
RA who are taking NSAIDs should be assessed for gastro-
intestinal side effects and renal complications. Glucocor-
ticoids, although highly effective at relieving symptoms, 
should be used at low doses and sparingly because of 
their side effects, which include osteoporosis, cataracts, 
cushingoid symptoms, and hyperglycemia. Patients tak-
ing significant quantities of glucocorticoids need stress-
dose steroids for their operations.

Because of the myriad systemic problems associated with 
RA and the side effects of the medications administered 
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to manage RA, the anesthetic considerations can be com-
plex (Table 79-1). The skin is often susceptible to tearing 
from adhesive tape and bruising from automated blood 
pressure devices and pressure from positioning. Airway 
management can be particularly challenging in patients 
with RA and requires preplanning even in patients receiv-
ing regional anesthesia because of the complexity of their 
airways (see later discussion). Synovitis of the temporo-
mandibular joint may significantly limit mandibular 
motion and mouth opening in these patients. Arthritic 
damage to the cricoarytenoid joints may result in dimin-
ished movement of the vocal cords, resulting in a nar-
rowed glottic opening; this is manifested preoperatively 
as hoarseness and stridor. During laryngoscopy, the vocal 
cords may appear erythematous and edematous, and the 
reduced glottic opening may interfere with passage of the 
endotracheal tube.51 Risk also increases for cricoarytenoid 
dislocation with traumatic endotracheal intubations.

Arthritis of the cervical spine is common in patients 
with RA. Anterior subluxation of C1 on C2 (atlantoax-
ial subluxation) may occur in 40% of patients with RA, 
with symptoms of progressive neck pain, headaches, and 
myelopathy (Fig. 79-3). Posterior and vertical migration 
of the odontoid process is less common. Flexion of the 
head in the presence of atlantoaxial instability could 
result in the displacement of the odontoid process into 
the cervical spine and medulla and compression of the 
vertebral arteries (Fig. 79-4). This may precipitate quadri-
paresis, spinal shock, and death. Preoperative cervical 
flexion-extension radiographs should be evaluated in 
patients with RA who have limited neck movement and 
neurologic symptoms. If the distance from the anterior 
arch of the atlas to the odontoid process exceeds 3 mm, 
the patient should undergo an awake fiberoptic tracheal 
intubation and the cervical spine should be protected 
with a cervical collar during the procedure. These patients 
require postoperative monitoring with pulse oximetry 
and judicious administration of opioid analgesics because 
emergent airway management, including tracheotomy, is 
extremely difficult.

The anesthesiologist also should be aware of sev-
eral extraarticular manifestations of RA, which could 
potentially result in significant perioperative morbid-
ity. Patients with RA frequently are affected with acute 
pericarditis. Restrictive pericarditis is characterized by 

TABLE 79-1 ANESTHETIC CONSIDERATIONS FOR 
PATIENTS WITH RHEUMATOID ARTHRITIS

Airway Limited TMJ movement
Narrow glottic opening

Cervical spine Atlantoaxial instability
Cardiac Pericarditis

Cardiac tamponade
Eyes Sjögren’s syndrome
Gastrointestinal Gastric ulcers secondary to ASA, 

steroids
Pulmonary Diffuse interstitial fibrosis
Renal Renal insufficiency secondary to 

NSAIDs

ASA, Acetylsalicylic acid; NSAIDs, nonsteroidal antiinflammatory drugs; 
TMJ, temporomandibular joint.
dyspnea, right heart failure, fever, chest pain, pericardial 
friction rub, and pulsus paradoxus. Patients with RA who 
have these symptoms should be evaluated by echocar-
diography. Pleural disease and intrapulmonary nodules 
can occur in RA, but are usually asymptomatic. Some 
patients with RA also may have diffuse interstitial fibrosis 

Figure 79-3. Magnetic resonance image of a patient with advanced 
rheumatoid arthritis shows invagination of the odontoid process of C2 
(arrow) through the foramen magnum, compressing the brainstem. 
Notice the degeneration of C4 and C5, a common problem in rheu-
matoid arthritis.

Figure 79-4. Computed tomography scan of the neck shows moder-
ate subluxation of C1 and C2. The odontoid (single arrow) tends to 
compress the spinal cord (double arrow) against the posterior arch of 
C1, especially during neck flexion.
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with pneumonitis, producing symptoms of progressive 
dyspnea and a chronic cough. Pulmonary function tests 
show a restrictive ventilatory pattern. This pattern can 
progress to respiratory insufficiency, pulmonary hyper-
tension, and right heart failure. These patients would be 
at higher risk with any orthopedic procedure.

Overlapping connective tissue syndromes also occur. 
Patients with RA can develop Sjögren’s syndrome, which 
is associated with drying of the eyes and corneal and 
conjunctival lesions. It is usually treated with artificial 
tears and ophthalmic ointments, which should be con-
tinued perioperatively. Patients with RA and chronic 
constitutional systems may develop Felty syndrome, 
which includes splenomegaly, lymphadenopathy, ane-
mia, thrombocytopenia, and leukopenia involving the 
neutrophils.

Ankylosing Spondylitis
Ankylosing spondylitis is a chronic inflammatory 
arthritic disease that results in fusion of the axial skel-
eton. Ankylosing spondylitis involves ossification of the 
axial ligaments progressing from the sacral lumbar region 
cranially, resulting in a significant loss of spinal mobility 
(Fig. 79-5). These patients are a significant challenge to 
the anesthesiologist with regard to airway management 
because of the reduced movement of their cervical spines 
and their temporomandibular joints. In most cases, awake 
fiberoptic endotracheal intubation is required for general 
anesthesia. The increased rigidity of the thoracic spine 
in most cases also necessitates intraoperative controlled 
mechanical ventilation. Although sometimes neuraxial 
anesthesia can be an attractive alternative to general 
anesthesia, in these patients the ossification of the spi-
nal ligaments closes the intervertebral spaces, which may 
block access to the epidural space and prevent successful 
spinal anesthesia. In some cases, caudal epidural anesthe-
sia may be a feasible alternative approach.

Extraskeletal manifestations of ankylosing spondy-
litis include aortic insufficiency, cardiac conduction 
abnormalities, iritis, upper lobe fibrobullous disease, and 
pleural effusions. Strict attention to intraoperative posi-
tioning is needed to avoid fracture of the fused spine with 
concomitant spinal cord trauma.

Achondroplasia
Achondroplasia is the most common cause of dwarf-
ism, with short stature, short trunk, and dispropor-
tionate development. The estimated incidence is 1 in 
26,000. Achondroplasia is transmitted by an autosomal 
dominant gene. Affected individuals are of normal intel-
ligence and can lead a full and productive life. Their 
associated medical problems often require orthopedic 
surgical intervention, however, with the risk for periop-
erative complications.52-54 The most serious complica-
tion of achondroplasia is premature fusion of the base 
of the skull resulting in a narrowed cervical canal, fora-
men magnum stenosis, or both. Kyphoscoliosis with 
potential neurologic symptoms is another common com-
plication associated with this genetic condition. These 
affected individuals undergo numerous orthopedic (spi-
nal) procedures, including suboccipital craniotomy for 
foramen magnum stenosis, correction or stabilization of 
kyphoscoliosis, and laminectomies for spinal nerve root 
compressions.

Conventional laryngoscopy and tracheal intubation 
can be difficult and dangerous in achondroplastic dwarfs. 
Laryngeal exposure via direct visualization may be diffi-
cult in dwarfs with cervical kyphosis, and neck flexion 
should be avoided in dwarfs with atlantoaxial instability 
or foramen magnum stenosis. Awake fiberoptic tracheal 
intubation is the safest approach to securing the airway 
in these patients. Intravenous sedation should be admin-
istered judiciously during the preparation of the airway 
because many of these patients experience central sleep 
apnea owing to brainstem compression. Severe episodes 
of sleep apnea also can occur in these patients without 
any other clinical evidence of cord compression.

When the airway is secured, dwarfs can still represent an 
anesthetic challenge because of restrictive lung disease and 
pulmonary hypertension. Pulmonary hypertension devel-
ops from chronic hypoxemia and hypercarbia secondary 
to airway obstruction, sleep apnea, and thoracic kyphosco-
liosis. Preoperative spirometry can be difficult to interpret 
in a dwarf, with successive changes in measurements more 
useful than absolute values.55 An echocardiogram should 
be obtained before major surgery to assess the degree of 
pulmonary hypertension and intracardiac shunts. Pulmo-
nary hypertension leading to cor pulmonale is the most 
common and devastating cardiovascular complication 
that develops in dwarfs. In these patients, the anesthetic 
must avoid aggravating pulmonary hypertension (hypox-
emia and acidosis) and ensure adequate cardiac output and 
end-organ perfusion. In many cases, it is safer to allow the 
patient to remain intubated and monitored in the ICU 
until fully awake and spontaneously ventilating.

ORTHOPEDIC PROCEDURES IN CHILDREN 
WITH SPECIAL CONDITIONS

The anesthetic management of pediatric patients under-
going orthopedic surgery is beyond the scope of this 
chapter (see also Chapters 92 and 93). In most cases, care 
of pediatric patients would be similar to that for other 
surgical procedures, except that in many cases regional 

Figure 79-5. Patient with ankylosing spondylitis, exhibiting signif-
icant kyphosis of the spine. Note significant kyphosis in the lateral 
radiograph.



anesthesia might be a preferred alternative to general 
anesthesia. However, a few pediatric diseases predispose 
children to multiple orthopedic procedures.

Juvenile Idiopathic Arthritis
Juvenile idiopathic arthritis (JIA) is inflammation of the 
synovium of the joints that occurs before 16 years of age. 
JIA is classified into five types, as follows:

 1.  Oligoarthritis accounts for 50% of JIA and involves 
fewer than five joints; often these patients also have 
uveitis.

 2.  Polyarthritis involves arthritis in five or more joints.
 3.  Systemic arthritis accounts for 10% to 20% of JIA and 

is characterized by associated high fevers, rash, and 
nonarticular organ involvement.

 4.  Enthesitis-related arthritis affects the spine, hips, and 
attachment points of tendons to bones.

 5.  Psoriatic arthritis includes psoriasis and arthritis.
  

As in adult RA, the disease is chronic with quiescent 
periods interspersed with acute exacerbations. Also as 
in adult RA, airway issues can make tracheal intubation 
difficult and potentially dangerous. In most cases, fiber-
optic intubation should be performed, and this can be 
done after the child has been anesthetized and is breath-
ing spontaneously. Muscle relaxants should be reserved 
until the airway is secured. In contrast to adult RA, pul-
monary disease is uncommon, but patients with JIA can 
have associated pleuritis, pleural effusions, and pneumo-
nitis. Pericarditis is common in patients with JIA, and it 
responds to steroid therapy. Some patients with JIA also 
have myocarditis and conducting system abnormalities. 
In addition, vascular access in patients with JIA can be 
extremely difficult because of fragile veins and a tendency 
to bruise and bleed easily. As with adult RA, patients with 
JIA are managed with similar groups of medications with 
similar potential complications.

Osteogenesis Imperfecta
Osteogenesis imperfecta is a rare autosomal dominant 
inherited disease that results in extremely brittle bones 
because of a defect or deficiency in type I collagen pro-
duction.56,57 Repeated and multiple bone fractures are 
the most significant clinical manifestation of this dis-
ease (Table 79-2). In the most extreme form, multiple 
fractures occur during delivery and are often fatal. In the 
milder variations, the individual is affected by multiple 

TABLE 79-2 ANESTHETIC CONSIDERATIONS FOR 
PATIENTS WITH OSTEOGENESIS IMPERFECTA

Airway Risk for fractures of the mandible, maxillary 
surface, and cervical spine

Bleeding Platelet abnormalities
Cardiac Congenital and valvular heart disease, 

cystic degeneration of proximal aorta
Eyes Exophthalmos—prone positioning
Hyperthermia Malignant hyperthermia, hydration, 

possible cooling
Positioning Risk for repeated fractures
Pulmonary Kyphoscoliosis—restrictive lung disease
Regional anesthesia Fractures, intraosseous injections
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fractures produced with seemingly inconsequential force 
or trauma. Fractures are more common in the lower 
extremity, with the femur being the most commonly bro-
ken bone. Fracture deformities of the pelvis can lead to 
acetabular protrusions into the abdomen. Kyphoscoliosis 
is common secondary to decreased ligamentous stability. 
Affected children usually have a blue sclera because of 
defective collagen production. Impaired platelet function 
with increased perioperative bleeding also occurs.

Although osteogenesis imperfecta has been associated 
with malignant hyperthermia, this has not been verified 
by muscle biopsy (see also Chapter 43).58 Hyperthermia 
and metabolic acidosis can, however, be common intraop-
erative clinical manifestations of osteogenesis imperfecta. 
Associated cardiac abnormalities include patent ductus 
arteriosus, septal defects, and acquired aortic regurgitation 
and cystic degeneration of the proximal aorta (see also 
Chapters 93 and 94).

The fragility of connective tissue and bones in osteo-
genesis imperfecta demands extreme care in positioning 
and padding during anesthesia. The area under the blood 
pressure cuff must be padded, and for longer procedures 
insertion of an arterial catheter avoids the repeated infla-
tion of the cuff and the risk for a humeral fracture. Because 
patients with osteogenesis imperfecta often have reduced 
mobility of the cervical spine, tracheal intubation must 
be achieved with minimal neck manipulation. Fiberoptic 
intubation techniques in many cases would be the pru-
dent approach. The administration of succinylcholine 
should be avoided for the induction of anesthesia not 
only because of the theoretic risk for hyperkalemia and 
hyperthermia but also because muscle fasciculations may 
produce bony fractures. Patients with osteogenesis imper-
fecta should have a preoperative echocardiogram, and 
any abnormal findings should be managed accordingly.

The bleeding status of patients with osteogenesis 
imperfecta should be evaluated preoperatively to prepare 
for the perioperative transfusion of platelets. In some 
cases, desmopressin (DDAVP) may reverse the platelet 
abnormality. Because of the risk for intraoperative hyper-
thermia and metabolic acidosis, patients with osteogen-
esis imperfecta should be aggressively hydrated, and, if 
necessary, active cooling should be instituted. Regional 
anesthesia is an attractive alternative to general anesthe-
sia, but must be approached with caution to avoid bone 
punctures and intraosseous injections (see also Chapters 
57 and 58).

Cerebral Palsy
Cerebral palsy is a nonprogressive motor impairment aris-
ing from lesions in the brain that occurred during the 
early stages of development—in utero (75%), at birth 
(10%), and soon after birth (15%) (see also Chapter 93). 
The cause of cerebral palsy remains unclear; however, 
intrapartum asphyxia, which was originally thought to 
be the major cause of the disease, may be responsible 
for only 10% of the cases. Perioperative infections and 
low birth weight may play a much more important role. 
Cerebral palsy is divided into four major classifications 
to describe the different movement impairments: spas-
tic, athetoid/dyskinetic, ataxic, and mixed. Spastic cere-
bral palsy, which is the most common type, results from 
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damage to the corticospinal tract, motor cortex, or pyra-
midal tract. Many of these affected children also have epi-
lepsy and cognitive disorders.59

Although the neurologic deficit in cerebral palsy is 
nonprogressive, the secondary orthopedic consequences 
of the disease lead these patients to multiple surgical pro-
cedures. Normal skeletal development requires stress from 
the musculature to attain proper shape and size. Without 
these stresses or with abnormal stresses, as in cerebral 
palsy, various angular joint deformities and gracile (thin) 
shafts and abnormal articular joints develop. Orthopedic 
surgeries often involve loosening of tight muscles (hip 
adductor and iliopsoas release), releasing fixed joints, 
straightening abnormal twists (derotational osteotomy of 
the femur), rhizotomies to reduce spasm, and spinal sur-
gery to correct kyphoscoliosis.

Patients with cerebral palsy have significant gastro-
esophageal reflux and poor laryngeal reflexes, placing 
them at risk for pulmonary aspiration. In most cases, sur-
gical procedures in patients with cerebral palsy require 
general anesthesia with tracheal intubation, even if also 
accompanied by regional anesthesia to reduce the need for 
systemic anesthetics and to provide postoperative analge-
sia. Postoperative epidural analgesia with local anesthetic 
alone eliminates the potential complications of opioids 
and permits continued dosing with diazepam to relieve 
spasms. Regional anesthesia also may shorten emergence 
from general anesthesia, which can be prolonged because 
of inherent cerebral damage and the effects of antiseizure 
medications. Postoperative pulmonary complications are 
common owing to multiple causes, including aspiration, 
poor respiratory effort, and reduced thoracic compliance. 
After major surgical procedures, cerebral palsy patients 
should be observed in a monitored setting for several hours.

REGIONAL VERSUS GENERAL ANESTHESIA

Many orthopedic procedures are well suited for regional 
anesthetic techniques (see also Chapters 57 and 92). The 
controversy as to whether regional anesthesia has an 
advantage over general anesthesia has been debated for 
decades without clear evidence documenting the supe-
riority of one method. Regional anesthesia may reduce 
the incidence of major perioperative complications with 
certain surgical procedures, however, including deep vein 
thrombosis (DVT), pulmonary embolism (PE), blood loss, 
respiratory complications, and death.60-62 In addition, 
regional anesthetic techniques provide superior pain 
relief after orthopedic surgery.63 Peripheral nerve blocks 
employing long-acting anesthetics or catheters provide 
both excellent intraoperative anesthesia and superior 
postoperative analgesia.64,65 Regional anesthesia may pro-
vide preemptive analgesia, and some evidence exists that 
regional analgesia may block the progression of severe 
acute postoperative pain into a chronic pain syndrome.66 
In addition to improved pain control, functional out-
come in the form of physical therapy milestones may 
benefit from both regional anesthesia and analgesia.67

As stated earlier, orthopedic patients often pose difficult 
airway management problems. Regional anesthesia avoids 
manipulation of the airway, and conscious patients can 
aid in the safest and most comfortable positioning for sur-
gery. It is prudent, however, to recognize the warnings of 
Benumof68: “Use of regional anesthesia in the patient with 
a recognized difficult airway does not solve the problem of 
the difficult airway; it is still there.” A well-defined plan for 
the management of the airway must be devised for these 
patients in the event of a regional anesthetic failure or the 
need to secure the airway during an emergency.

A further advantage to the use of regional anesthetic 
techniques for orthopedic surgery has been the sugges-
tion of decreased intraoperative blood loss. Since 1966, 
17 randomized trials of patients undergoing THA have 
shown diminished blood loss with regional anesthesia 
compared with the same procedure performed under gen-
eral anesthesia.69 Modig70 compared blood loss in patients 
undergoing THA randomly assigned to epidural anesthe-
sia, general anesthesia with spontaneous ventilation, and 
general anesthesia with positive-pressure ventilation. The 
epidural group showed the smallest blood loss, but no 
significant relationship between arterial blood pressure 
and blood loss was identified. The authors suggested that 
epidural anesthesia reduces venous blood pressure (mea-
sured in the operative wound), which is the significant 
factor in determining surgical bleeding.

PERIOPERATIVE MANAGEMENT  
OF ORTHOPEDIC PATIENTS

THROMBOPROPHYLAXIS IN ORTHOPEDIC 
SURGERY

Thromboembolic complications remain one of the lead-
ing causes of morbidity and mortality after orthopedic 
surgery.71,72 THA, total knee arthroplasty (TKA), and 
hip and pelvic fracture surgery have the highest inci-
dence of venous thromboembolism, including DVT and 
PE. Patients with DVT and PE are at risk for short-term 
and long-term morbidity and mortality. Patients with 
a symptomatic PE have an 18-fold higher risk for death 
than patients with a DVT alone. The short-term compli-
cations of survivors of acute DVT and PE include pro-
longed hospitalization, bleeding complications related to 
DVT and PE treatments, local extension of the DVT, and 
further embolization. Long-term complications include 
postthrombotic syndrome (hypoxemia and pulmonary 
hypertension) and recurrent DVTs.

Because venous thrombi consist of fibrin polymers, 
anticoagulants should be administered for the prevention 
and treatment of DVT. Thrombolytics should be adminis-
tered only in the event of a severe, possibly fatal PE. Peri-
operative treatment should follow the guidelines of the 
Ninth American College of Chest Physicians Conference 
on postoperative DVT and PE.73-74 Low-molecular-weight 
heparin (LMWH) is recommended over unfractionated 
heparin (intravenous or subcutaneous) for initial therapy 
of DVT and PE. LMWHs do not require monitoring for 
the degree of anticoagulation. Although DVT prophy-
laxis may be more efficient when started preoperatively, 
the risk for surgical bleeding also increases. LMWH for 
thromboprophylaxis should be started either 12 hours or 
more preoperatively, or 12 hours or more postoperatively, 



rather than within 4 hours or less preoperatively or  
4 hours or less postoperatively (grade 1B).74,75 Extended 
prophylaxis to 35 days after surgery in the outpatient 
period would be supported in most patients undergoing 
major orthopedic surgery (grade 2B).74 Risk factors for the 
development of PE after surgery are advanced age, obe-
sity, previous PE and DVT, cancer, prolonged bed rest, 
and thrombophilia. Thombophilia is a prothrombotic 
condition that increases the risk for perioperative DVT. 
Many are hereditary conditions that increase the activ-
ity of coagulation factors. Factor V Leiden is the most 
common hereditary thrombophilia associated with DVT. 
Warfarin (Coumadin) is often employed in the long-term 
treatment of DVT, with a target international normalized 
ratio (INR) of 2.5 maintained for the duration of therapy. 
Warfarin exerts its anticoagulant effect by blocking vita-
min K–dependent coagulation factors (predominantly 
factor VII); thus a lag occurs in biologic effectiveness 
while endogenous factor activity decays and new inactive 
factors are synthesized. Therefore, because the anticoagu-
lation effects of warfarin may take days and its biologic 
activity can be unpredictable, many have advocated the 
use of LMWH. In the United States, LMWH (enoxaparin) 
is administered at 30 mg every 12 hours, and consider-
ably higher doses of LMWH are administered for DVT 
treatment. In all cases, spinal hematoma is a risk after 
neuraxial anesthesia.

Recently alternatives to warfarin and LMWH have 
been developed. Fondaparinux, a synthetic pentasaccha-
ride, is a selective inhibitor of factor Xa and has a plasma 
half-life of approximately 18 hours. When administered 
once daily, fondaparinux produces a predictable antico-
agulant response.76 Dabigatran is a thrombin inhibitor 
with a plasma half-life of approximately 8 hours, which 
is prolonged in individuals with renal insufficiency. Dabi-
gatran will prolong the activated partial thromboplastin 
time, but this effect is not linear and should not be used 
as an indication of the degree of anticoagulation. At pres-
ent, the only reversal agent available for dabigatran is 
recombinant factor VIIa.

The American College of Chest Physicians guidelines 
do not recommend the sole use of aspirin for DVT pro-
phylaxis after THA, TKA, and hip fracture surgery. Some 
recent reports, however, have supported the use of aspi-
rin, pneumatic compression, and early mobilization as 
the sole effective prophylaxis for DVT after THA and 
TKA.77

The use of perioperative anticoagulants has a signifi-
cant impact on the use of regional anesthesia, in partic-
ular neuraxial anesthesia, with the potential risk for an 
epidural hematoma. The American Society of Regional 
Anesthesia (ASRA) published and updated consensus 
conference recommendations with regard to the use of 
anticoagulants and regional anesthesia.78 Full anticoagu-
lation is a contraindication to regional techniques. The 
risk for an epidural hematoma is significantly increased 
with the use of LMWH, so the ASRA issued the recom-
mendations listed in Box 79-3.

Aspirin and NSAIDs do not appear to increase the risk 
for an epidural hematoma after neuraxial anesthesia.79 
The latest ASRA recommendations for patients receiving 
warfarin and other anticoagulants are listed in Box 79-4.
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 1.  The anti-Xa level is not predictive of the risk for bleeding. We 
recommend against the routine use of monitoring of the anti-
Xa level (grade 1A).

 2.  Antiplatelet or oral anticoagulant medications administered in 
combination with LMWH increase the risk for spinal hema-
toma. Education of the entire patient care team is necessary 
to avoid potentiation of the anticoagulant effects. We recom-
mend against concomitant administration of medications 
affecting hemostasis, such as antiplatelet drugs, standard 
heparin, or dextran, regardless of LMWH dosing regimen 
(grade 1A).

 3.  The presence of blood during needle and catheter placement 
does not necessitate postponement of surgery. We suggest 
that initiation of LMWH therapy in this setting should be 
delayed for 24 hours postoperatively and that this consider-
ation be discussed with the surgeon (grade 2C).

 4.  Preoperative LMWH.
 •  Patients on preoperative LMWH thromboprophylaxis can 

be assumed to have altered coagulation. In these patients, 
we recommend that needle placement should occur at least 
10 to 12 hours after the LMWH dose (grade 1C).

 •  In patients receiving higher (treatment) doses of LMWH, 
such as enoxaparin 1 mg/kg every 12 hours, enoxaparin  
1.5 mg/kg daily, dalteparin 120 units/kg every 12 hours, 
dalteparin 200 units/kg daily, or tinzaparin 175 units/kg daily, 
we recommend delay of at least 24 hours to ensure normal 
hemostasis at the time of needle insertion (grade 1C).

 •  In patients administered a dose of LMWH 2 hours preop-
eratively (general surgery patients), we recommend against 
neuraxial techniques because needle placement would 
occur during peak anticoagulant activity (grade 1A).

 5.  Postoperative LMWH. Patients with postoperative LMWH 
thromboprophylaxis may safely undergo single-injection and 
continuous catheter techniques. Management is based on 
total daily dose, timing of the first postoperative dose and 
dosing schedule (grade 1C).

 •  Twice-daily dosing. This dosage regimen is associated with 
an increased risk for spinal hematoma. The first dose of 
LMWH should be administered no earlier than 24 hours 
postoperatively, regardless of anesthetic technique, and 
only in the presence of adequate (surgical) hemostasis. 
Indwelling catheters should be removed before initiation 
of LMWH thromboprophylaxis. If a continuous technique 
is selected, the epidural catheter may be left indwelling 
overnight, but must be removed before the first dose of  
LMWH. Administration of LMWH should be delayed for  
2 hours after catheter removal.

 •  Single-daily dosing. The first postoperative LMWH dose 
should be administered 6 to 8 hours postoperatively. The 
second postoperative dose should occur no sooner than 
24 hours after the first dose. Indwelling neuraxial catheters 
may be safely maintained. However, the catheter should 
be removed a minimum of 10 to 12 hours after the last 
dose of LMWH. Subsequent LMWH dosing should occur a 
minimum of 2 hours after catheter removal. No additional 
hemostasis-altering medications should be administered 
because of the additive effects.

BOX 79-3 Anesthetic Management of the 
Patient Receiving Low-Molecular-Weight 
Heparin

From Horlocker TT, Wedel DJ, Rowlingson JC, et al: Regional anesthesia in the 
patient receiving antithrombotic or thrombolytic therapy: American Society 
of Regional Anesthesia and Pain Medicine evidence-based guidelines (third 
edition), Reg Anesth Pain Med 35:64-101, 2010.

LMWH, Low-molecular-weight heparin.
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 1.  Caution should be used when performing neuraxial techniques 
in patients recently discontinued from long-term warfarin 
therapy. In the first 1 to 3 days after discontinuation of warfarin 
therapy, the coagulation status (reflected primarily by factor 
II and X levels) may not be adequate for hemostasis despite a 
decrease in the INR (indicating a return of factor VII activity). 
Adequate levels of II, VII, IX, and X may not be present until the 
INR is within reference limits. We recommend that the antico-
agulant therapy must be stopped (ideally 4 to 5 days before the 
planned procedure) and the INR must be normalized before 
initiation of neuraxial block (grade 1B).

 2.  We recommend against the concurrent use of medications that 
affect other components of the clotting mechanisms and may 
increase the risk for bleeding complications for patients receiv-
ing oral anticoagulants and do so without influencing the INR. 
These medications include aspirin and other NSAIDs, ticlopidine 
and clopidogrel, UFH, and LMWH (grade 1A).

 3.  In patients who are likely to have an enhanced response to the 
drug, we recommend that a reduced dose be administered. 
Algorithms have been developed to guide physicians in the 
appropriate dosing of warfarin based on desired indication, 
patient factors, and surgical factors. These algorithms may be 
extremely useful in patients at risk for an enhanced response to 
warfarin (grade 1B).

 4.  In patients receiving an initial dose of warfarin before surgery, we 
suggest that the INR should be checked before neuraxial block if 
the first dose was given more than 24 hours earlier or if a second 
dose of oral anticoagulant has been administered (grade 2C).

 5.  In patients receiving low-dose warfarin therapy during epidural 
analgesia, we suggest that their INR be monitored on a daily 
basis (grade 2C).

 6.  Neurologic testing of sensory and motor function should be 
performed routinely during epidural analgesia for patients on 
warfarin therapy. To facilitate neurologic evaluation, we recom-
mend that the type of analgesic solution be tailored to minimize 
the degree of sensory and motor blockade (grade 1C).

 7.  As thromboprophylaxis with warfarin is initiated, we suggest 
that neuraxial catheters should be removed when the INR is 
less than 1.5. This value was derived from studies correlating 
hemostasis with clotting factor activity levels greater than 40%. 
We suggest that neurologic assessment be continued for at least 
24 hours after catheter removal for these patients (grade 2C).

 8.  In patients with INR greater than 1.5 but less than 3, we recom-
mend that removal of indwelling catheters should be done with 
caution and the medication record reviewed for other medica-
tions that may influence hemostasis that may not affect the 
INR (e.g., NSAIDs, ASA, clopidogrel, ticlopidine, UFH, LMWH) 
(grade 2C). We also recommend that neurologic status be 
assessed before catheter removal and continued until the INR 
has stabilized at the desired prophylaxis level (grade 1C).

 9.  In patients with an INR greater than 3, we recommend that the 
warfarin dose be held or reduced in patients with indwelling 
neuraxial catheters (grade 1A). We can make no definitive rec-
ommendation regarding the management to facilitate removal 
of neuraxial catheters in patients with therapeutic levels of 
anticoagulation during neuraxial catheter infusion (grade 2C).

BOX 79-4 Regional Anesthetic Management of the Patient on Oral Anticoagulants

From Horlocker TT, Wedel DJ, Rowlingson JC, et al: Regional anesthesia in the patient receiving antithrombotic or thrombolytic therapy: American Society of 
Regional Anesthesia and Pain Medicine evidence-based guidelines (third edition), Reg Anesth Pain Med 35:64-101, 2010.

ASA, Acetylsalicylic acid; INR, international normalized ratio; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.
LOWER EXTREMITY SURGERY

Arthroscopy
Arthroscopic procedures for the knee, hip, and ankle are 
increasingly performed as ambulatory procedures (see also 
Chapter 89). These cases can be particularly challenging 
for the anesthesiologist who must decide on the appropri-
ateness of the patient and procedure for outpatient surgery 
and an anesthetic that is adequate for the procedure, but 
also provides the patient’s expectation of an uncompli-
cated postoperative recovery with minimal pain.

Limited data are available to determine which patients 
are inappropriate adult ambulatory patients. In most 
centers, morbidly obese patients and patients with sleep 
apnea require monitored observation overnight after 
procedures in which systemic anesthetics and analgesics 
have been administered.33 The presence of stable preex-
isting disease does not increase the incidence of postop-
erative complications in ambulatory patients, but the 
American Society of Anesthesiologists (ASA) grade 3 and 4 
patients should have a medical clearance that documents 
the stability of their medical conditions. It follows then 
that medically unstable patients are not outpatient surgi-
cal candidates.

In a prospective study of 1088 patients for ambula-
tory surgery, Pavlin and co-workers80 reported that the 
most important factors in determining discharge time 
were pain, nausea and vomiting, unresolved neuraxial 
blocks, and urinary retention. This study emphasizes 
the role of anesthesia in prolonging ambulatory surgical 
stay. General anesthesia is a safe and effective anesthetic 
for arthroscopic surgery, but it has been associated with 
increased postoperative nausea and vomiting and pain. 
A properly designed regional anesthetic may reduce the 
importance of some of these factors.

Arthroscopic knee surgery can be performed with a 
combination of extraarticular and intraarticular injec-
tions of local anesthetics. Short-duration local anesthetics 
are often combined with longer acting local anesthetics 
(bupivacaine) and morphine to provide postoperative 
analgesia. Intraarticular morphine does not provide sig-
nificant additional analgesia after arthroscopic knee sur-
gery. For more involved arthroscopic procedures, such as 
an anterior cruciate ligament repair, surgical relaxation 
is also required. Spinal anesthesia with pencil-point 
atraumatic needles to prevent postdural puncture head-
aches provides excellent operating conditions for these 
procedures.

Problems related to neuraxial anesthesia for ambula-
tory surgery include unpredictable onset and regression 
of the spinal blockade, urinary retention, and transient 
neurologic symptoms (TNS). A dose of 45 mg of isobaric 
spinal mepivacaine results in a mean motor block of  
142 ± 37 minutes. Using 30 to 40 mg of spinal chloro-
procaine, Yoos and Kopacz81 reported 155 ± 34 minutes 
to ambulation in outpatient surgical patients. TNS are 



symptoms of pain in the gluteal region that can radiate 
down both legs and appear within a few hours to 24 hours 
after an uneventful spinal anesthetic.82,83 The incidence of 
TNS is more frequent after outpatient surgery performed 
in the lithotomy position and in patients undergoing 
knee arthroscopy. The pain can vary from mild to severe, 
last 2 to 5 days, and is best treated with NSAIDs. TNS is 
more common after a spinal anesthetic with lidocaine 
(∼14%) than with mepivacaine (6.5%) and bupivacaine 
(<1%). For ambulatory patients, the benefit of short-act-
ing spinal anesthetic must be weighed against the risk for 
developing TNS. For postoperative analgesia after anterior 
cruciate ligament repairs, a femoral nerve block with a 
long-acting local anesthetic is superior to intraarticular 
injections. Because the quadriceps muscle is blocked, it 
is important for the patient to be fitted with a knee brace 
before ambulation. Blocking the saphenous nerve in the 
adductor canal may provide postoperative analgesia with-
out also interfering with early ambulation.84

Hip arthroscopy has become a common outpatient pro-
cedure for the diagnosis and treatment of pathologic pro-
cesses in the hip. The patient can be placed in either the 
supine or the lateral position (operative side up) with 50 
to 75 lb of traction applied to the operative limb to gain 
access to the joint with the arthroscope. In positioning the 
patient, the anesthesiologist must ensure that the perineal 
post is padded and not compressing the pudendal nerve and 
that excessive traction for prolonged periods is not applied 
(see also Chapter 41). Because complete muscle relaxation 
is required for the procedure, the patient must have either 
a general anesthetic or a neuraxial block. A lumbar plexus 
block can be performed for postoperative analgesia.

Hip Fractures
Hip fractures in older individuals are common (1 in 50 
individuals older than 60 years of age), and as previously 
stated are associated with significant morbidity and mor-
tality (1-year mortality of 30%).5 The high perioperative 
complication rate is related to many factors, including 
cardiac conditions, pulmonary conditions, DVT, and 
delirium. Postoperative confusion and delirium are com-
mon, reported in 50% of older patients after the repair of 
hip fractures and associated with increased mortality.34-36 
In many cases, dehydration and electrolyte abnormalities 
contributed to this delirium. In one study, the incidence 
of hyponatremia was 4% and was associated with a seven-
fold increase in hospital mortality.85

These patients often arrive in the hospital in pain 
and under considerable stress, which may elicit signs 
and symptoms of myocardial ischemia. Although pre-
operative preparation is essential, delaying surgery may 
exacerbate these problems and increase the incidence of 
complications. Early surgery (<12 hours) has resulted in 
lower pain scores, decreased length of hospital stay, and 
reduced perioperative complications.86 However, early 
surgery has not been associated with increased overall 
survival in contrast to delaying surgery. Using geriatric 
services has been shown to improve outcomes, especially 
better lower limb function.87

Patients with hip fracture are often dehydrated and 
anemic because the fracture site can accommodate con-
siderable extravasated blood. Blood hematocrit values are 
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often normal because of the contracted blood volume in a 
dehydrated patient. A normal intravascular blood volume 
should be restored before anesthesia and surgery; this is 
best achieved with central venous catheter monitoring. 
Central venous catheter monitoring also may prevent 
overhydration, which can precipitate congestive heart 
failure. Placement of an arterial catheter permits accurate 
blood pressure monitoring during surgery and the ability 
to follow serial arterial blood gases. Hypoxemia, possibly 
owing to fat embolization, has been a major determinant 
of mortality in these patients.

Several studies have reported improved outcome with 
regional anesthesia compared with general anesthesia in 
these patients.61 Patients undergoing hip fracture surgery 
have the greatest risk for death from a PE.71 In a meta- 
analysis of patients undergoing the repair of femoral neck 
fractures, the incidence of DVT was almost four times 
greater in the patients who received general versus regional 
anesthesia.88 A spinal anesthetic with isobaric 0.5% bupi-
vacaine provides a stable regional anesthetic of sufficient 
duration to complete the surgical repair. Epidural anesthe-
sia with postoperative analgesia is usually not indicated, 
because in most cases aggressive postoperative antico-
agulation is instituted.73 Intravenous sedation during the 
procedure must be coupled with the ability of the patient 
to remain adequately oxygenated. Long-acting benzodiaz-
epines should be avoided because of their association with 
postoperative confusion. In many cases, these patients 
require postoperative monitoring in an ICU-like setting.

PELVIC FRACTURES

Pelvic fractures are often the result of significant trauma to 
the lower trunk and hence are accompanied by additional 
injuries, including chest (21%), head (16%), and liver and 
spleen (8%).89 The 3-month mortality for pelvic fractures 
approaches 14%. Acute mortality directly related to the 
pelvic fracture may result from retroperitoneal bleeding. 
An indication for emergency exploratory surgery after a 
pelvic fracture would include persistent hypotension and 
increasing abdominal girth. Injuries to the bladder and 
urethra are also often associated with pelvic fractures; 
thus urology clearance is usually indicated before insert-
ing a Foley catheter. Because there is a significant risk of 
DVT and PE, many of these patients require a temporary 
inferior vena cava filter before surgery.

Recent reports suggest that the optimal time for sta-
bilization of a pelvic fracture is within the first week of 
trauma; however, associated injuries often delay the oper-
ation. An optimal anesthetic may be the combination of 
a general anesthetic with the placement of an epidural 
catheter for postoperative analgesia. Because iatrogenic 
sciatic nerve injury is the most frequent surgical compli-
cation (∼18%), the use of intraoperative neuromuscular 
monitoring precludes dosing of the epidural catheter 
during the procedure and dictates waiting to dose the 
catheter until after the preservation of lower extremity 
movement and sensation has been confirmed. In most 
cases, these patients require monitoring with arterial 
and central venous catheters, as well as the placement of 
large-gauge venous catheters in the event of sudden surgi-
cal hemorrhage.
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HIP AND KNEE ARTHROPLASTIES

As the population ages and remains physically active 
through their sixth decade, major orthopedic joint 
replacement procedures are increasingly more common. 
Between 1991 and 2010, the number of annual TKA pro-
cedures in Medicare patients increased 162% from 93,230 
to 243,802.90 The rate of major adverse events after hip 
and knee arthroplasties is 6.4%, and as stated earlier 
the most important risk factor is advanced age (see also 
Chapter 80).4-10 The most common complications after 
THA and TKA are cardiac events, PE, pneumonia and 
respiratory failure, and infection.5,10,91,92 Older patients 
with major comorbidities, including cardiac disease, pul-
monary disease, and diabetes, should have a complete 
preoperative medical evaluation. In addition, obesity, 
particularly in a patient who has undergone TKA, can be 
a problem anesthetically, as well as postoperatively, with 
regard to OSA and infections.33,92 Many of these patients 
require prolonged postoperative monitoring in the post-
anesthesia care unit or ICU (see also Chapter 96).

THA may be performed via an anterior or lateral 
approach. The anterior approach offers the advantage of 
exposure without violation of the muscles, but restricts 
full access to the femur, with the risk for lateral femoral 
cutaneous nerve injury. The lateral posterior approach 
provides excellent exposure to the femur and the ace-
tabulum with minimal muscle damage, but increases 
the risk for posterior dislocation. Most surgeons prefer 
the lateral posterior approach, which places the patient 
in the lateral decubitus position, surgical side up, for the 
operation. The anesthesiologist must be aware that this 
position may compromise oxygenation, particularly in 
obese and severely arthritic patients, as a result of venti-
lation-perfusion mismatch. In addition, to prevent exces-
sive pressure on the axillary artery and brachial plexus by 
the dependent shoulder, an anterior roll or pad must be 
placed beneath the upper thorax.

The nerve supply to the hip joint includes the obturator, 
inferior gluteal, and superior gluteal nerves. Regional anes-
thesia for THA is best achieved with a spinal or epidural 
anesthetic. Although most studies suggest decreased post-
operative respiratory complications, including a reduction 
in the incidence of DVT and PE with regional anesthesia 
compared with rates in general anesthesia, some contro-
versy still remains.61 A lumbar paravertebral block may be 
used for postoperative analgesia when postoperative anti-
coagulation requires removal of the epidural catheter.93

Blood loss during THA can be significant, and with 
revision procedures the patient can lose 1 to 2 L of blood. 
Several studies have shown that controlled hypotensive 
epidural anesthesia with mean arterial blood pressures of 
50 to 60 mm Hg can reduce intraoperative blood loss to as 
low as 200 mL for primary THAs.94 Older patients (mean 
age 72 years) were able to tolerate this degree of blood 
pressure reduction without cognitive, cardiac, or renal 
complications.95 In addition to reduced overall blood 
loss during THA, hypotensive anesthesia may improve 
the prosthesis-to-bone fixation by limiting bleeding in 
the femoral canal.96 An intravenous bolus injection of 
tranexamic acid or intraoperative fibrin spray also have 
been shown to reduce blood loss after joint arthroplasty.97
The femoral prosthesis can be fixed to the femoral 
canal through methyl methacrylate cement or bony 
ingrowth. Cemented fixation of the femoral prosthesis 
has been complicated by the bone-cement implantation 
syndrome, which may result in intraoperative hypoten-
sion, hypoxia, and cardiac arrest and FES postopera-
tively (Fig. 79-6; see Fig. 79-2).42-44 Several mechanisms 
have been suggested for these events, including embo-
lization to the circulation of bone marrow debris dur-
ing pressurization of the femoral canal, toxic effects of 
circulating methyl methacrylate monomer, and release 
of cytokines during reaming of the femoral canal that 
promote the formation of microthrombi with subse-
quent pulmonary vasoconstriction. The intravenous 
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Figure 79-6. Intraoperative heart rate (HR), systemic arterial blood 
pressure (ART), and pulmonary arterial pressure (PAP) tracings of 
a patient undergoing revision total hip arthroplasty. E, Induction of 
epidural anesthesia; FPI, insertion of a cemented femoral prosthesis; 
JR, reduction of prosthetic hip joint, producing hypotension with 
rebound from epinephrine injection; C, wound closure. (From Urban 
MK, Sheppard R, Gordon MA, et al: Right ventricular function during revi-
sion total hip arthroplasty, Anesth Analg 82:1225-1229, 1996.)



injection of the cement monomer in dogs induces sys-
temic hypotension, but not most of the other systemic 
events, including myocardial depression, which are 
manifested during the FES.98 The embolization of intra-
medullary debris is the most likely explanation for the 
FES, because this debris can be visualized in the right 
heart using TEE (see Fig. 79-2).

The hypotensive events that follow bone marrow 
embolization should be treated with epinephrine. In addi-
tion, the hemodynamic consequences of bone marrow 
embolization can be ameliorated through high- pressure 
pulsatile lavage of the femoral canal and drilling a vent 
hole in the femur before prosthesis insertion. Risk factors 
for this complication include revision surgery, a long-
stem femoral prosthesis, THA for a pathologic fracture, 
preexisting pulmonary hypertension, and the quantity of 
cement used. These patients should be monitored with 
arterial and central venous catheters.

During THA, embolization of a blood thrombus is 
possible. The hip is dislocated and the femoral vein is 
probably obstructed during reaming and insertion of the 
femoral prosthesis, resulting in blood stasis and blood 
clot formation. With relocation of the hip and unkink-
ing of the femoral vein, the embolic material generated 
is released into the circulation. At some institutions an 
intravenous bolus of heparin is administered before dislo-
cation of the hip. TKA also is becoming a major orthope-
dic procedure in the aging population, and these patients 
require the same preoperative medical evaluation as out-
lined for patients undergoing THA. The innervation of 
the knee includes the tibial nerve, the common peroneal 
nerve, the posterior branch of the obturator nerve, and 
the femoral nerve. Although general anesthesia can be 
safely provided for TKA, a prospective case-controlled 
study found general anesthesia with endotracheal intuba-
tion to be a major risk for nonsurgical complications after 
TKA.60 Regional anesthesia in the form of a neuraxial 
block (spinal or epidural) or a combination of a femoral 
and sciatic block can be provided for the surgery. How-
ever, in TKAs for valgus deformities, sciatic nerve blocks 
may prevent the early detection of sciatic and peroneal 
nerve palsies.

Patients who have undergone TKA have severe post-
operative pain, and several studies have reported a 
reduction in postoperative complications and improved 
outcomes when this pain is managed with regional 
anesthesia.99-101 Single-injection femoral nerve blocks 
in combination with intravenous and epidural patient-
controlled analgesia have been employed to manage 
postoperative pain and improve functional recovery. 
When LMWH is used for DVT prophylaxis, the infusion 
of local anesthetics through continuous femoral nerve 
catheters may be used in place of patient-controlled epi-
dural anesthesia.

A pneumatic tourniquet is routinely inflated over the 
thigh during TKA to reduce intraoperative blood loss 
and provide a bloodless field for cement fixation of the 
femoral and tibial components. When the tourniquet 
is deflated, however, blood loss begins and usually con-
tinues for the next 24 hours. Tourniquets are usually 
inflated to a pressure 100 mm Hg above the patient’s 
systolic blood pressure for 1 to 3 hours. Nerve injury 
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after extended tourniquet inflation (>120 minutes) has 
been attributed to the combined effects of ischemia 
and mechanical trauma. A peroneal nerve palsy, which 
is a recognized complication of TKA (incidence of 0.3% 
to 10%), may be caused by the combination of tourni-
quet ischemia and surgical traction.102 Horlocker and 
colleagues102 reported an incidence of combined tibial 
and peroneal nerve dysfunction in 7% of patients who 
had undergone TKA that was associated with younger 
age, the presence of preoperative flexion deformities, 
and longer total tourniquet times. When prolonged 
tourniquet inflations are required, deflating the tourni-
quet for 30 minutes of reperfusion may reduce neural 
ischemia.

Pain related only to tourniquet inflation also may 
occur after 60 minutes, despite the presence of a regional 
anesthetic that is adequate for the surgery. It has been 
postulated that tourniquet pain is caused by the unblock-
ing of unmyelinated C fibers during recession of a neur-
axial block. The addition of opioids to spinal or epidural 
anesthesia may ameliorate tourniquet pain. After tourni-
quet release, mean arterial blood pressure decreases sig-
nificantly, partly owing to the release of metabolites from 
the ischemic limb into the circulation and the decrease 
in peripheral vascular resistance. In patients with known 
preexisting sciatic neurapraxias, neuropathic pain, and 
vascular disease in the operative leg, the operation can be 
performed without a tourniquet.

Many patients have symptomatic arthritis of both 
knees and require bilateral TKA to achieve functional 
improvement in pain and lifestyle. However, controversy 
still exists as to whether both knees should be replaced 
sequentially in a single operation (simultaneous bilateral 
total knee arthroplasty [SBTKA]) or as a two-staged proce-
dure, usually separated by several months. The advantages 
of SBTKA include exposure to the risks of one anesthetic, 
one postoperative course of pain, reduced rehabilitation 
and hospitalization, and an earlier return to baseline func-
tion. However, SBTKA has been associated with a higher 
incidence of serious perioperative complications, includ-
ing myocardial infarction, fat embolization, and throm-
boembolic events. Serious postoperative complications 
are more prevalent in older patients with cardiovascular 
disease.102-106 Patients undergoing SBTKA also require 
increased numbers of blood transfusions, are more likely 
to be transferred to a rehabilitation center, and have a 
higher incidence of postoperative ICU admissions.

Two more recent reports suggest that SBTKA can be 
performed without major complications.107,108 Urban 
and associates107 reported that with regional anesthesia 
and aggressive clinical management, which included 
24-hour postoperative monitoring in an ICU, patients 
undergoing SBTKA had a major complication rate simi-
lar to that in matched control patients undergoing 
unilateral TKA, with a significantly higher incidence of 
FES and cardiac arrhythmias than patients undergoing  
unilateral TKA, possibly because of an enhanced inflam-
matory response.109 Using published reports of patients 
who underwent SBTKA and who were at risk for post-
operative complications, Urban and associates107 pub-
lished guidelines for the exclusion of patients from 
SBTKA (Box 79-5).
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FOOT AND ANKLE SURGERY

Regional anesthesia that combines sciatic and femo-
ral nerve blocks is sufficient for all surgical procedures 
below the knee that do not require a thigh tourniquet. 
The femoral nerve innervates the medial leg to the medial 
malleolus, and the remainder of the leg below the knee, 
including the foot, is innervated by the common pero-
neal nerve and tibial nerve, both branches of the sciatic 
nerve. The sciatic nerve is usually blocked high in the 
popliteal fossa to ensure anesthesia to the tibial and pero-
neal nerves. The nerves are identified through the use 
of a nerve-stimulating needle with foot inversion as the 
motor response or with ultrasound guidance. For proce-
dures that also involve the medial aspect of the leg, the 
femoral nerve (saphenous nerve) can be blocked on the 
medial aspect of the leg, just below the knee. The popli-
teal sciatic nerve block has been shown to reduce postop-
erative pain and opioid requirements after foot and ankle 
surgery, when performed as a single preoperative injec-
tion or as a continuous catheter infusion.109-112

Acute compartment syndrome exists when edema and 
blood accumulate within a confined osseofascial space, 
compromising the circulation and tissues within that 
space.113,114 If not treated promptly, the pressure in the 
compartment leads to muscle and nerve ischemia and 
necrosis, with potential loss of limb. Compartment syn-
drome can occur after fractures of the tibia, followed less 
commonly by fractures of the femur and ankle. Delay in 
diagnosis and treatment (surgical decompression) is the 
most common cause of serious complications. Pain out 
of proportion to the clinical situation is the usual early 
symptom. Thus, after the surgical repair of tibial and 
ankle fractures, a discussion with the surgeon with regard 
to the risk for compartment syndrome should occur 
before administering long-acting sciatic nerve blocks.

The ankle block is used for surgical procedures on the 
foot that do not require the use of a thigh tourniquet, 
although an ankle-level Esmarch tourniquet may be used. 
Because the block is primarily an infiltrative block, it usu-
ally is not performed by eliciting a paresthesia.

Age ≥75 years
ASA class III
Active ischemic heart disease (positive stress test)
Poor ventricular function (LVEF <40%)
Oxygen-dependent pulmonary disease
Patients considered at increased risk for morbidity and mortality

IDDM
Renal insufficiency
Pulmonary hypertension
Steroid-dependent asthma
Morbid obesity (BMI >40)
Chronic liver disease
Cerebrovascular disease

BOX 79-5 Patients Excluded for Single 
Operation for Bilateral Total Knee  
Arthroplasty

ASA, American Society of Anesthesiologists; BMI, body mass index; 
IDDM, insulin-dependent diabetes mellitus; LVEF, left ventricular 
ejection fraction.
Five terminal nerves are usually blocked to provide 
complete anesthesia to the foot: (1) posterior tibial 
nerve, which provides sensation to the plantar surface; 
(2) saphenous nerve, which innervates the medial mal-
leolus; (3) deep peroneal nerve, which supplies the inter-
space between the great and second toes; (4) superficial 
saphenous nerve, which supplies the dorsum of the foot 
and the second through the fifth toes; and (5) sural nerve, 
which supplies the lateral foot and lateral fifth toe (Fig. 
79-7). Mineo and Sharrock115 reported that the ankle 
block performed at the midtarsal level with 30 mL of 
0.75% bupivacaine provided a mean duration of 17 hours 
of analgesia with safe blood levels of local anesthetic.

UPPER EXTREMITY SURGERIES

Surgery for the upper extremity, from the shoulder to 
the hand, can be performed successfully by blocking the 
brachial plexus at several points until it branches into 
peripheral nerves (Table 79-3). Several methods are used 
to document the optimal location for neural blockade 
of the brachial plexus, including eliciting a paresthesia, 
motor nerve stimulation, ultrasound guidance, and peri-
vascular infiltration. Regional anesthesia for the upper 
extremity also can provide postoperative analgesia using 
long-acting local anesthetics or continuous catheter 
techniques.

Regional anesthesia for shoulder surgery (see also Chap-
ters 57 and 58) has not gained wide acceptance because 
of the thought by anesthesiologists and surgeons that it is 
often inadequate for surgical anesthesia and the concern 
for postoperative neurologic symptoms (PONS). Several 
studies have reported 97% or greater successful surgical 
anesthesia using the interscalene block (ISB) approach to 
the brachial plexus with documentation of a paresthesia 
or the use of a nerve stimulator or ultrasound guidance to 
locate the optimal site of injection.116-119

Deep peroneal nerve
Saphenous nerve
Superficial peroneal nerve

Tibial nerve
Sural nerve

Figure 79-7. Cutaneous distribution of anesthesia produced by an 
ankle block. (From Carron H, Korborn GA, Rowlingson JC: Regional anes-
thesia: techniques and clinical applications, New York, 1984, Grune & 
Stratton.)
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The brachial plexus is formed from the ventral rami 
of C5-T1 nerve roots. After these roots pass between the 
anterior and middle scalene muscles, they fuse into three 
trunks (superior C5-6, middle C7, inferior C8-T1). Dur-
ing performance of the ISB, local anesthetic is injected 
between the scalene muscles at the level of the cricothy-
roid notch (C6) (Fig. 79-8).

The major acute complications and side effects asso-
ciated with ISB are respiratory depression, intravascular 
injection with seizures and cardiac arrest, pneumotho-
rax, epidural and spinal anesthesia, Horner syndrome, 
hoarseness, and dysphagia. The ipsilateral phrenic nerve 
is blocked in all patients undergoing ISB, resulting in 
hemidiaphragmatic paresis.120 Because hemidiaphrag-
matic paresis may result in a 25% reduction in pulmonary 
function, patients with severe respiratory disease may not 
tolerate an ISB without the addition of mechanical venti-
lation. An ISB would be contraindicated in patients after 
pneumonectomy on the contralateral side and for bilat-
eral operative procedures. The supraclavicular approach 
to the brachial plexus with ultrasound guidance may pro-
vide effective shoulder anesthesia without complete ipsi-
lateral paresis of the phrenic nerve.121

TABLE 79-3 BRACHIAL PLEXUS ANESTHESIA

Site of Block
Stimulated Brachial 
Plexus Response

Interscalene Roots, trunks Shoulder to hand
Supraclavicular Trunks (middle, inferior) Upper arm to hand
Infraclavicular Lateral cord Forearm flexion

Hand pronation
Posterior cord Wrist extension
Medial cord Fingers and thumb

Axillary Median nerve Forearm pronation
Wrist flexion

Ulnar nerve Finger flexion
Thumb opposition

Radial nerve Wrist extension

Figure 79-8. Interscalene approach to brachial plexus. At the level of 
the cricoid cartilage (C6), the anesthesiologist’s finger is rolled laterally 
from the posterior border of the sternocleidomastoid muscle (S) into 
the interscalene groove (I) between the anterior and middle scalene 
muscles (Sc). The needle is inserted at point I and directed 45 degrees 
caudad and perpendicular to all planes. (From Urban MK: The interscalene 
block for shoulder surgery, Tech Shoulder Elbow Surg 5:61-65, 2004.)
Because of the proximity to major vascular structures 
(vertebral artery, carotid artery, jugular vein), CNS toxic-
ity is usually cited as a major risk of ISB. The reported 
incidence of CNS effects has been very low, however. 
Conn and associates122 reported that ISB resulted in 3 of 
100 patients experiencing CNS symptoms and only one 
seizure. Urban and Urquhart116 reported that 2 of 266 
patients had CNS symptoms and none had seizures.

PONS related directly to brachial plexus anesthesia is 
often cited as the reason to avoid regional anesthesia for 
shoulder and hand surgery. The few large studies that 
have attempted to ascertain the extent of nerve injury 
associated with ISB have concluded that although some 
patients may have neurologic issues after surgery, many 
of the problems cannot be attributed to the anesthetic 
and most of them resolve (Table 79-4). In the retrospec-
tive study by Conn and associates,122 2 of 100 patients 
had PONS that persisted for 7 months and 18 months, 
respectively. In the prospective analysis of 266 patients 
by Urban and Urquhart,116 9% reported paresthesias on 
the day after surgery, two thirds of which resolved after  
2 weeks and one that persisted beyond 6 weeks. Liguori 
and colleagues117 reported the incidence of PONS after 
ISB performed with either the documentation of a pares-
thesia (10 of 108) or the use of a nerve stimulator (11 of 
109), with a median duration of 2 months and resolution 
of all cases of PONS within 1 year.

Arthroscopic shoulder surgery is often performed in 
the sitting (beach chair) position. Hypotensive and bra-
dycardic events, some progressing to asystolic arrest, have 
been associated with shoulder surgery in the sitting posi-
tion under regional anesthesia.124 There is some evidence 
that these events are the result of a cardiac inhibitory 
reflex, the Bezold-Jarisch reflex, which occurs in response 
to diminished ventricular volume (venous pooling in the 
sitting position) and a hypercontractile ventricle. Prophy-
lactic administration of β-blockers, anxiolytics, and intra-
venous fluids reduces the incidence of these events.125

For surgery from the elbow to the hand, the brachial 
plexus can be blocked via either the infraclavicular block 
approach or the axillary approach. Blockade of the nerves 
to the arm at the axilla can be achieved by a transarterial 
technique or the stimulation of a single nerve or multiple 
nerves. Advocates of the multiple paresthesia technique 
cite the report by Thompson and Rorie,126 which states 
that within the axillary sheath the nerves are separated 
by discrete septa. Using a transarterial approach, Urban 
and Urquhart116 reported a success rate of 93%. Advo-
cates of the paresthesia or nerve stimulator technique for 

TABLE 79-4 INTERSCALENE BLOCK 
COMPLICATIONS: POSTOPERATIVE  
NEUROLOGIC SYMPTOMS

Reference Acute Symptoms (%)
Chronic 
Symptoms (%)

Conn et al122 — 2
Urban and 

Urquhart116
9 0.4

Borgeat et al123 14 0.2
Faryniarz et al118 1.4 0
Liguori et al117 10 0
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the axillary block argue that the transarterial approach 
may produce a hematoma with the potential for isch-
emic damage to the brachial plexus. When the transarte-
rial axillary block was used in 242 patients for forearm 
and hand surgery, 23% of the patients complained of 
tenderness and bruising at the axilla, and 19% had acute 
PONS.116

The infraclavicular block to the brachial plexus may be 
the best approach for elbow surgery, and it may result in 
less patient discomfort and PONS when used for forearm 
and hand surgery compared with the axillary approach, 
although objective evidence is still lacking.127,128 Using 
the nerve stimulator technique, two large series of infra-
clavicular blocks reported 90% to 94% success with only 
posterior cord stimulation, whereas other reports still 
recommend a double stimulation technique. Performing 
the infraclavicular block with ultrasound guidance may 
avoid the need for multiple needle passes and the compli-
cations of vascular puncture and pneumothorax.129

Forearm and hand surgery also can be performed under 
intravenous regional anesthesia. Intravenous regional 
anesthesia is a simple technique that involves exsangui-
nating the arm by wrapping it with a tight band, inflating 
an upper arm tourniquet to approximately 250 mm Hg, 
and injecting in a hand vein approximately 50 mL of a 
short-acting local anesthetic (0.5% lidocaine). A second 
tourniquet, proximal to the first, is often inflated 15 min-
utes later with subsequent deflation of the first, to mini-
mize tourniquet pain. This technique is limited to short 
surgical procedures (∼1 hour). Complications occur when 
the tourniquet fails during initial anesthetic injection or 
the tourniquet is deflated early (<30 minutes), risking sys-
temic local anesthetic toxicity.

SPINAL SURGERY

In the United States with an active, aging population, 4.6 
million individuals will require spinal surgery at some 
time during their life. Spinal surgery includes a wide 
variety of procedures ranging from a microdiskectomy 
for a herniated disk to complex reconstructive surgery 
for spinal deformities. These procedures can be simple 
or involve fusions at multiple levels, anterior or poste-
rior approaches, and considerable blood loss. A few pro-
cedures, such as a diskectomy, can be performed under 
regional anesthesia.130

Most spinal surgeries require general anesthesia. In 
this patient population with preexisting arthritic condi-
tions, tracheal intubation often poses a challenge (Box 
79-6). Awake, sedated fiberoptic intubation of many of 
these patients is the safest approach to general anesthesia. 
This is the standard of care in a patient with cervical spi-
nal instability who requires posterior stabilization. These 
patients should be intubated first with a flexible fiberoptic 
bronchoscope, then positioned prone for surgery sedated 
but awake (if possible) and assessed for movements of 
upper and lower extremities before the induction of gen-
eral anesthesia. Some patients with reduced but stable 
cervical mobility, may be intubated using glide scope 
technology after the induction of general anesthesia.

The careful positioning of patients for spinal surgery is 
an important shared responsibility of the anesthesiologist 
and surgeon (see also Chapter 41). As stated previously, 
patients at risk for spinal cord compression should be 
positioned under light sedation, then observed for upper 
and lower extremity movement before inducing general 
anesthesia. Because some posterior cervical spine decom-
pressions are done in the sitting position, preparations 
must be made for the possibility of a venous air embo-
lism. Complex spinal deformity procedures often require 
anterior and posterior approaches to the spine. For a low 
lumbosacral anterior approach, the patient is supine 
with the legs spread wide. Pelvic retraction during this 
procedure may compromise blood flow to the legs, and 
a pulse oximeter placed on a toe may be used as a moni-
tor for compromised lower extremity blood flow. Patients 
undergoing anterior thoracolumbar procedures are usu-
ally positioned in the lateral decubitus position, in which 
attention must be focused on the dependent arm and leg 
and the position of the neck. Table 79-5 outlines possible 
complications from prone positioning for these spinal 
procedures.

Postoperative airway management in patients after 
single-stage multilevel anterior, posterior, or both cervi-
cal spinal decompressions and fusions should be a major 
concern of the anesthesiologist. Postoperative compli-
cations include dysphagia (12%), dysphonia (4%), and 

Facial dissymmetry (trauma)
Tracheal deviation
Cervical fractures
Small mouth opening (interincisor gap)
Inability to visualize the faucial pillars and uvula (Mallampati)
Limited neck range of motion
Prominent incisors
Distance between thyroid cartilage and mandible less than 6 cm
Narrow maxillary arch  

BOX 79-6 Predictors of a Difficult 
Endotracheal Intubation

TABLE 79-5 COMPLICATIONS OF THE PRONE 
POSITION*

Airway ETT kinking, dislodgment
Upper airway edema

Neck Hyperextension or hyperflexion
Cervical rotation—compromised 

blood flow to brain
Eyes Orbital pressure—central retinal artery 

occlusion, supraorbital nerve
Corneal abrasion

Abdomen Pressure transmitted to epidural veins, 
increased bleeding

Upper extremity Brachial plexus stretch—arms out
Ulnar nerve compression—arms at 

the side
Lower extremity Flexion of hips—occlusion of femoral 

vein, DVT, kinking of vascular grafts
Pressure lateral to fibula—peroneal 

nerve palsy
Pressure on iliac crest—lateral femoral 

cutaneous nerve

*See Chapter 41.
DVT, Deep vein thrombosis; ETT, endotracheal tube.
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airway compromise (up to 14%).131 Tissue trauma from 
the procedure often causes airway edema, which can 
 progress to complete airway obstruction. Reported risk 
factors for postoperative respiratory complications are 
length of surgery, volume of infused crystalloid, obesity, 
revision surgery, four or more levels fused, and fusion 
of C2. A protocol for the management of these patients 
should be established such that patients at risk for post-
operative airway complications are monitored with emer-
gency airway equipment and specialists available and/
or the patients kept intubated overnight and extubated 
when upper airway edema has subsided.

Posterior lumbar fusions for degenerative disk disease 
are often accompanied by anterior fusions to stabilize the 
surgical area and increase the success of the fusions. The 
anterior open procedures have recently been replaced in 
many cases by minimally invasive techniques, includ-
ing transperitoneal anterior lumbar interbody fusion and 
extreme lateral interbody fusion.131 To reduce the risk for 
nerve root injury during disk excision, intraoperative elec-
tromyographic monitoring is used, which precludes the 
use of neuromuscular blocking drugs. Large-bore venous 
access out of proportion to the usual blood loss should 
be secured in these patients, because the techniques are 
performed in close proximity to major vascular structures 
that are at risk for iatrogenic injury.

Complex corrective surgery of the spine includes 
patients with scoliosis, kyphosis, kyphoscoliosis, and 
revision surgery on patients with previous thoracolum-
bar fusions. Kyphosis is an exaggerated anterior flexion 
of the spine, as seen in ankylosing spondylitis. Scoliosis 
is defined as a lateral rotation of the spine greater than 
10 degrees accompanied by vertebral rotation. Scoliosis 
is classified as idiopathic, congenital, or neuromuscular. 
Congenital scoliosis is the result of early embryonic errors 
in vertebral column formation, and half of the cases are 
associated with other organ system anomalies. Adoles-
cent idiopathic scoliosis is common, present in 2% to 
4% of children 10 to 16 years of age. Only 10% of these 
adolescents have curves that require some type of medi-
cal intervention. Surgical intervention occurs when the 
curve magnitude estimated by the Cobb method is more 
than 40 degrees (Fig. 79-9) and the likelihood of curve 
progression is strong. Most idiopathic scoliosis curves are 
right-sided; a left thoracic curve is more likely to be asso-
ciated with other thoracic anomalies.

Thoracic scoliosis results in a narrowed chest cav-
ity producing a decrease in chest wall compliance and 
restrictive lung disease. Cobb angles of greater than 
65 degrees usually cause significant decreases in lung 
volumes. Although exercise tolerance is an important 
determinant of the effects of the severity of the curve 
on respiratory function, formal pulmonary function 
studies should be obtained before surgery. This infor-
mation guides decisions regarding the extent of surgery 
permitted at one time and the requirement for postop-
erative ventilatory support. A vital capacity of less than 
40% of the normal range is predictive of the require-
ment for postoperative ventilation. The major abnor-
mality in arterial blood gases is hypoxemia, secondary 
to ventilation-perfusion inequalities caused by alveolar 
hypoventilation.
Chronic hypoxemia produces elevated pulmonary 
vascular resistance, which ultimately leads to cor pulmo-
nale. An echocardiogram should be assessed for pulmo-
nary hypertension and right ventricular hypertrophy. In 
patients with pulmonary hypertension, the electrocardio-
gram may reveal evidence of right ventricular hypertro-
phy and right atrial enlargement.

Surgical spinal corrections involving high anterior 
thoracic levels or video-assisted thoracoscopic surgery 
require the isolation of one lung. One-lung ventilation 
traditionally has been achieved with a double-lumen 
endotracheal tube. In single-staged anterior then poste-
rior spinal fusions and for postoperative ventilation, the 
double-lumen endotracheal tube must be replaced with 
a single-lumen endotracheal tube. A single-lumen endo-
tracheal tube with an enclosed bronchial blocker also can 
provide one-lung ventilation, but has the advantage of 
being left in place as a single-lumen endotracheal tube 
with the blocker deflated at the end of the anterior proce-
dure.132 In patients with restrictive lung disease, adequate 
oxygenation may be difficult during one-lung ventilation 
and may require continuous positive airway pressure to 
the nonventilated lung and positive end-expiratory pres-
sure to the ventilated lung.

Surgery for the correction of spinal deformities is usu-
ally associated with large blood losses. Multiple factors 
have been suggested to influence the magnitude of this 
blood loss, including surgical technique, operative time, 
number of vertebral levels fused, anesthetics, mean arte-
rial blood pressure, platelet abnormalities, dilutional 
coagulopathy, and primary fibrinolysis.133 Several tech-
niques have been employed to reduce this blood loss 
and limit the need for homologous blood transfusions, 
including proper positioning of the patient to reduce 
intraabdominal pressure, surgical hemostasis, deliberate 

Figure 79-9. Radiograph of a patient with scoliosis. The Cobb angle 
is an angle formed by a line drawn perpendicular to the top of the 
superior vertebra of the scoliotic curve and a similar perpendicular 
line drawn along the bottom of the inferior vertebra. The Cobb angle 
in this patient is 62 degrees. (From Reamy BV, Slakey JB: Adolescent 
idiopathic scoliosis: review and current concepts, Am Fam Med 64:1-10, 
2001.)
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controlled hypotensive anesthesia, reinfusion of salvaged 
blood, intraoperative normovolemic hemodilution, use 
of pharmacologic agents that promote clot formation, 
and preoperative donation of autologous blood.

Controlled hypotensive anesthesia has been used com-
monly in limiting blood loss during idiopathic scoliosis 
corrections in adolescents, but must be used with caution 
in older patients.134 In a young healthy patient, a mean 
arterial pressure of 50 to 60 mm Hg is well tolerated, 
but higher pressures may be required in adult patients 
with cardiovascular disease. In addition, perfusion of 
the spinal cord during deformity-correcting surgery may 
be exquisitely sensitive to low perfusion pressures. The 
adequacy of end-organ perfusion can be estimated with 
invasive monitoring, a urine output of 0.5 to 1 mL/kg/hr, 
and periodic blood gas analysis looking for evidence of 
metabolic acidosis.135 In addition, central venous oxygen 
saturation with an arterial blood gas provides an indica-
tion of end-organ oxygen supply and demand. Although 
an increase in heart rate during hypotensive anesthesia 
may indicate anemia, hypovolemia or “light” anesthesia, 
the use of a β-blocker to reduce the risk for myocardial 
ischemia and ameliorate renin release with concomitant 
pressure rebound when the surgery has ended eliminates 
this physiologic marker. Synthetic lysine analogues, such 
as aminocaproic acid and aprotinin, a polypeptide with 
serine protease inhibitor activity, also have been used to 
limit blood loss during these procedures by reducing fibri-
nolysis, but there may be concern because of more recent 
findings in postoperative cardiac cases.136

A postoperative neurologic deficit is one of the most 
feared complications of complex spinal reconstructive 
surgery. In a large survey of 97,586 spinal surgeries, neuro-
logic deficits occurred in 0.55% of the cases.137 To reduce 
this complication, Vauzelle and colleagues138 introduced 
the concept of waking the patient up during surgery to 
determine the functional integrity of the spinal cord. This 
test is limited to gross motor movements of the lower 
extremities and can be influenced by anesthetics and the 
cognitive integrity of the patient. In addition, complica-
tions related to the test include inadvertent extubation of 
the patient during movement in the prone position, air 
embolism during a deep inspiration, and dislodgment of 
the instrumentation during violent movements.

Multimodal intraoperative monitoring has become 
the standard of care for complex reconstructive spinal 
surgery.139 This monitoring includes somatosensory 
evoked potential (SSEP), motor evoked potential (MEP), 
and electromyogram (EMG) monitoring. EMGs are used 
to monitor nerve root injury during pedicle screw place-
ment and nerve decompressions (see also Chapter 49). 
The posterior (sensory) portion of the spinal cord is eval-
uated using SSEP monitoring. MEPs assess the integrity 
of the anterior (motor) spinal cord. Potential adverse 
effects of MEP monitoring include cognitive deficits, sei-
zures, bite injuries, intraoperative awareness, scalp burns, 
and cardiac arrhythmias. It is advisable to employ a soft 
bite block during MEP monitoring to prevent tongue 
biting and dental damage. MEP monitoring should be 
avoided in patients with active seizures, vascular clips in 
the brain, and cochlear implants. In SSEPs, an impulse 
is sent from a peripheral nerve and measured centrally.  
In MEPs, an impulse is triggered in the brain and moni-
tored as movement of a specific muscle group. SSEPs and 
MEPs are evaluated with regard to amplitude—strength—
of the signal and latency—time it takes the signal to travel 
through the spinal cord—compared with the patient’s 
nonsurgical control values.

Numerous physiologic factors attenuate SSEP and MEP 
monitoring, including hypotension, hypothermia, hypo-
carbia, hypoxemia, anemia, and anesthetics. The potent 
inhaled agents reduce the amplitude of the signal and 
increase latency in a dose-dependent manner. If a volatile 
anesthetic is used for the anesthesia, the concentration 
should be kept at approximately half minimum alveolar 
concentration and not varied throughout the procedure. 
Nitrous oxide produces a decrease in the amplitude of the 
signal and may have to be eliminated during MEP moni-
toring. Total intravenous anesthesia has been used suc-
cessfully for MEP and SSEP monitoring.

MEPs are the least affected by opioids, midazolam, and 
ketamine, but are depressed by propofol. The depressant 
effect of propofol is diminished, however, with ketamine, 
such that the best total intravenous anesthetic may be 
an infusion of an opioid, ketamine (at low doses), and 
propofol.140,141 Muscle relaxants cannot be administered 
during MEP monitoring.

Postoperative visual loss (POVL) is another devastat-
ing complication of spinal surgery (see also Chapter 
100). POVL is rare after spinal surgery (≤0.1%) and may 
be caused by ischemic optic neuropathy (ION), retinal 
artery or vein occlusion, and cortical brain ischemia. 
In an attempt to delineate the cause of POVL, the ASA 
Committee on Professional Liability established a POVL 
registry to collect detailed information on these cases.142 
Most patients with central retinal artery occlusion had 
evidence of unilateral ocular trauma, suggesting a role for 
improper head positioning. ION was the most common 
cause of POVL after spinal surgery. ION can be divided 
into anterior ION and posterior ION depending on the 
visual field cut and whether edema to the optic disk is 
present early (anterior ION) or later (posterior ION). Both 
types are the result of reduced blood flow or oxygen deliv-
ery from end-arteriole branches of the ophthalmic artery.

The ASA registry of 93 POVL cases after spinal surgery 
reported that most patients were relatively healthy and 
that blood loss greater than 1000 mL and duration in 
the prone position for longer than 6 hours were present 
in 96% of the cases. ION occurs in the absence of direct 
pressure on the eye. In a multicenter case-control study 
that compared the 80 adult patients with ION in the ASA 
registry to 315 adult patients who had undergone central 
spinal fusion without ION, the risk factors for ION iden-
tified were obesity, Wilson frame use, length of surgery, 
blood loss, and decreased colloid use with fluid replace-
ment.143 Because ION occurred in the absence of vascular 
injury to other critical organs and in cases in which nei-
ther hypotension nor anemia was reported, optic nerve 
blood supply may be uniquely vulnerable to hemody-
namic perturbations in the prone position.

Patients experience considerable pain after multilevel 
spinal fusions with instrumentation (see also Chapter 98).  
Most of these patients are initially treated with intrave-
nous opioids, but because of the multiple side effects of 



these drugs, a multimodality approach with other agents 
has been recommended. For lumbar fusions, an epidural 
catheter placed at a level above the incision can be used 
for patient-controlled epidural anesthesia infusions of 
local anesthetics and opioids. For procedures involv-
ing more extensive spinal levels, intrathecal morphine 
administered during surgery has been shown to provide 
reliable postoperative pain control.144 NSAIDs may have a 
negative influence on the success of spinal fusions, how-
ever. For opioid-tolerant patients, subanesthetic doses 
(0.2 mg bolus, then 2 mcg/kg/hr) of ketamine reduced 
postoperative pain after posterior spine fusions.145
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Geriatric Anesthesia
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K e y  P o i n t s

 •  An important principle of aging is a progressive loss of functional reserve in all 
organ systems, with considerable variation from person to person.

 •  Older patients are more sensitive to anesthetic drugs. Less medication is usually 
required to achieve a desired clinical effect, and drug effects are often prolonged. 
Hemodynamic responses to intravenous anesthetics may be exaggerated because 
of interactions with the aging heart and vasculature.

 •  The incidence of postoperative delirium is substantially more frequent in patients 
with preoperative dementia.

 •  The ability to predict patients at high risk for postoperative delirium has enabled 
proactive interventions to prevent or attenuate the severity or duration of 
postoperative delirium. The cornerstone of management of delirium is the 
recognition and treatment of any predisposing or precipitating factors for delirium.

 •  Postoperative cognitive dysfunction (POCD) in older patients occurs in the 
first days to weeks after surgery. POCD is well documented, and early POCD is 
reversible.

 •  Perioperative management of depression is a lower priority than management of 
the patient’s more acute medical illnesses.

 •  Although advance directives can be helpful in perioperative decision making, 
accurate documentation of advance care planning is often lacking for many older 
patients.

 •  In older patients perioperative complications lead to poor outcome. The most 
important risk factors for perioperative complications in older patients are age, 
the patient’s physiologic status and coexisting disease (American Society of 
Anesthesiologists class), whether the surgery is elective or urgent, and the type of 
procedure.

 •  The success of surgical intervention in geriatric patients depends partly on whether 
patients can return to their previous level of activity and independence.

 •  Recognizing acute illness and exacerbation of chronic disease in older adults can 
be challenging. Not infrequently, acute illness may have an atypical presentation.
Defining and implementing optimal perioperative care 
for older adults is of increasing importance to all stake-
holders in health care, including consumers, insurers, 
and government agencies. Health care reform legisla-
tion has focused an increasing emphasis on cost con-
tainment, value, and rigorous assessment of meaningful 
outcomes for older patients. The demographic consider-
ations are sobering. The U.S. Census 2010 data revealed 
the number of persons older than 65 years of age in the 
United States had increased to 40.4 million, with 21.7 
million 65 to 74 years old, and 13.1 million 75 to 84 
years of age, with 5.5 million over the age of 85 years. 
The average life expectancy was 78.2 years. It is estimated 
2407

that by 2030, 20% of U.S. citizens will be older than 65 
years. By 2034, baby boomers in the United States will 
all be over 70 years of age. By 2050 those over 85 years of 
age will represent 14% of the population over 65 years.1 
Worldwide, nearly 2 billion people will be over 60 years 
of age.2

Older individuals frequently access health care. In 
2003, older patients represented roughly 12% of the U.S. 
population, accounted for one third of all hospitaliza-
tions and 43.6% of inpatient hospital charges.3 Patients 
65 years of age and older have surgery at a rate 2 to 3 
times that of younger patients and tend to have longer 
hospital stays.4
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CORE CONCEPTS IN THE ANESTHETIC 
MANAGEMENT OF THE OLDER PATIENT

Two important principles must be kept in mind when dis-
cussing the physiology of aging. First, aging is associated 
with a progressive loss of functional reserve in all organ 
systems. Second, the extent and onset of these changes 
vary from person to person. In most older patients, physi-
ologic compensation for age-related changes is adequate 
and underlying limitation in physiologic reserve may 
become evident only during times of physiologic stress, 
including exercise, illness, and surgery. Anticipating 
the interaction of underlying disease, limited end-organ 
reserve, and the stress of the perioperative period should 
aid the perioperative physician in providing the best care 
possible.

MECHANISMS OF AGING

Aging is a universal and progressive physiologic process 
characterized by declining end-organ reserve, decreased 
functional capacity, increasing imbalance of homeostatic 
mechanisms, and an increasing incidence of pathologic 
processes.5 Aging is now viewed as an extremely complex 
multifactorial process with interaction of various path-
ways to differing degrees and effect.6 Theories of aging 
may be grouped into broad categories including evolu-
tionary and physiologic mechanisms. These may also be 
defined according to the “programmed” or biologic clock 
theory, in which genetic mechanisms program declining 
function, and “error” theories, in which environmental 
damage to processes lead to impaired function and pro-
gressive decline. These processes of aging overlap and may 
be further defined by the organizational level of an organ-
ism in which a given process occurs. Changes at one level 
influence processes at another level. Molecular effects will 
influence cellular function, which in turn causes altera-
tions in major organ systems and may ultimately exert 
evolutionary pressure by influencing survival and repro-
duction. Theories of aging have been reviewed.5,7 These 
are summarized in Table 80-1.

CENTRAL NERVOUS SYSTEM

With aging, several important processes occur that are of 
interest to the anesthesiologist.8 These changes may be 
further modified by other underlying pathologic or age-
related processes.9 Memory decline occurs in more than 
40% of persons over 60 years of age but is not a universal 
finding.10 Importantly, age-related memory decline can 
dramatically affect performance of the activities of daily 
living (ADL).

Structurally, a decrease occurs in the volume of both 
gray matter and white matter in the central nervous 
system (CNS).11 Regions of the brain are affected in a 
selective and differential manner. The decrease in gray 
matter volume is likely secondary to neuronal shrinkage 
as opposed to neuronal loss. A small overall loss occurs 
of neurons from the neocortex.8 This decrease in neuron 
number is not as massive as older studies had indicated. 
Some neocortical areas do not lose any neurons with 
aging. There may be 15% loss, however, of white mat-
ter with aging.8 These structural changes result in gyral 
atrophy and increased ventricular size. Shrinkage in the 
subcortical white matter and hippocampus may be accel-
erated by hypertension and vascular disease.

Whether the aging process alters the number of syn-
apses present in the cortex is controversial. Data from 
nonhuman primates suggest significant regional reduc-
tions with aging in the neurotransmitters dopamine, 
acetylcholine, norepinephrine, and serotonin.12 Levels 
of glutamate, the primary neurotransmitter in the cortex, 
TABLE 80-1 CLASSIFICATION AND BRIEF DESCRIPTION OF THEORIES OF AGING 

Biologic Level and Theory Description

Evolutionary
Mutation accumulation Mutations that affect health at older ages are not selected against
Disposable soma Somatic cells are maintained only to ensure continued reproductive success; after reproduction, soma 

becomes disposable
Antagonistic pleiotropy Genes beneficial at younger age become deleterious at older age
Molecular
Gene regulation Aging is caused by changes in the expression of genes regulating both development and aging
Codon restriction Fidelity and accuracy of mRNA is impaired as a result of inability to

decode codons in mRNA
Error catastrophe Decline in fidelity of gene expression with aging results in increased fraction of abnormal proteins
Somatic mutation Molecular damage accumulates primarily to DNA and genetic material
Dysdifferentiation Gradual accumulation of random molecular damage impairs regulation of gene expression
Cellular
Senescence-telomere theory Phenotypes of aging are caused by an increase in frequency of senescent cells as a result of telomere loss 

or cell stress
Free radical Damage caused by free radical production from oxidative metabolism
Wear-and-tear Accumulation of normal injury
Apoptosis Programmed cell death
System
Neuroendocrine Alterations in neuroendocrine control of homeostasis leads to physiologic change
Immunologic Decline in immune function leads to altered incidence of infection and autoimmunity
Rate-of-living Assumes a fixed amount of metabolic potential for every living organism (live fast, die young)

Modified from Weinert BT, Timiras PS: Invited review: theories of aging. J Appl Physiol 95:1707, 2003. With permission.
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are not affected. Coupling of cerebral electrical activity, 
cerebral metabolic rate, and cerebral blood flow remains 
intact in older individuals.

Although biochemical and anatomic changes have been 
described in the aging brain, the exact mechanisms caus-
ing changes in functional reserve are unclear. Decreases 
in brain reserve manifest by decreases in functional ADL, 
increased sensitivity to anesthetic medications, increased 
risk for perioperative delirium, and increased risk for post-
operative cognitive dysfunction (POCD).

Neuraxial changes include a reduction of the area of 
the epidural space, increased permeability of the dura, 
and decreased volume of cerebrospinal fluid. The diam-
eter and number of myelinated fibers in the dorsal and 
ventral nerve roots are decreased in older individu-
als. In peripheral nerves, inter–Schwann cell distance is 
decreased, as is conduction velocity. These changes tend 
to make older individuals more sensitive to neuraxial and 
peripheral nerve blocks.13

CARDIOVASCULAR CHANGES

Primary changes in the vasculature, or arterial aging, 
cause important secondary changes in the heart and other 
end organs including the brain and kidney. The process 
of vascular aging is accelerated by the presence of primary 
cardiovascular disease, including hypertension and ath-
erosclerosis, as well as other risk factors such as diabetes, 
tobacco abuse, and obesity. Primary changes in cardiac 
function also occur with advancing age. Morphologic 
changes include decreased myocyte number, thickening 
of the left ventricular wall, and decreases in both conduc-
tion fiber density and the number of sinus node cells.14 
Functionally, these changes translate to decreased con-
tractility, increased myocardial stiffness and ventricular 
filling pressures, and decreased β-adrenergic sensitivity.14 
Breakdown of elastin in the proximal thoracic aorta and 
proximal branches of the great vessels leads to progressive 
central aortic dilatation, increased thickness of the arte-
rial wall, and increased vascular stiffness with advancing 
age.15 Alterations in nitric oxide–induced vasodilatation 
also contribute.16 Functionally, these changes are readily 
observed in terms of an elevated mean arterial pressure 
and increased pulse pressure.17,18

Increased vascular stiffness leads to important second-
ary responses in the heart. Functionally, the vascular sys-
tem acts as both a cushion and a conduit to ensure the 
mechanically efficient and smooth delivery of blood to 
the periphery. In youth, the cardiac pump and the blood 
vessels are optimally coupled to maximize efficiency.19 
With increased resistance in the blood vessels, the veloc-
ity of conduction of pulse waves down the vascular tree 
increases. Increased pulse wave velocity results in earlier 
reflection of pulse waves from the periphery. In younger 
humans, wave reflection occurs later as a result of slower 
propagation such that reflected waves reach the heart 
after aortic valve closure. This timing preserves pres-
sure in the compliant central aorta, promoting coronary 
blood flow during diastole. In the setting of increased 
pulse wave velocity with wave reflection occurring ear-
lier, reflected pulse waves reach the heart during the lat-
ter phases of ejection, resulting in an increased cardiac 
load.18 Alterations in left ventricular afterload lead to left 
ventricular wall thickening, hypertrophy, and impaired 
diastolic filling.20 Decreased ventricular compliance and 
increased afterload combine to cause compensatory pro-
longation of myocardial contraction. This occurs at the 
expense of decreased early diastolic filling time. Under 
these conditions the contribution of atrial contraction 
to late ventricular filling becomes more important and 
explains why cardiac rhythm other than sinus is often 
poorly tolerated in older adults and why older patients 
are often preload sensitive.

Peripheral blood pressure measurements probably do 
not accurately represent central aortic pressures. In youth, 
pulse pressure amplification occurs as pulse waves travel 
down the vascular tree. This is observed as an increase in 
systolic pressure of 10 to 15 mm Hg between the central 
aorta and the periphery, with a slight decrease in diastolic 
and mean pressures. With aging, this is lost, which results 
in an augmentation of central aortic pressure (Fig. 80-1). 
Several methods have been described to estimate changes 
in aortic stiffness. These include noninvasive technolo-
gies to measure aortic pulse pressure, pulse wave veloc-
ity, and aortic augmentation index.21 Increased vascular 
stiffness as assessed by these methods is associated with 
adverse cardiovascular events.22,23 Differential responses 
to drugs with regard to central aortic pressure and periph-
eral arterial pressure may have important implications for 
treatment of cardiovascular disease.21

Changes in the autonomic system with aging include 
a decrease in response to β-receptor stimulation and 
an increase in sympathetic nervous system activity.24 
Decreased β-receptor responsiveness is secondary to both 
decreased receptor affinity and alterations in signal trans-
duction.25 Decreased β-receptor responsiveness assumes 
functional importance when increased flow demands 
are placed on the heart. Normally β-receptor–mediated 
mechanisms act to increase heart rate, venous return, and 
systolic arterial pressure while preserving preload reserve. 
In contrast, the attenuated β-receptor response in older 
individuals during exercise and stress is associated with 
decreased maximal heart rate and decreased peak ejec-
tion fraction. This causes the increased peripheral flow 
demand to be met primarily by preload reserve, mak-
ing the heart more susceptible to cardiac failure.14 Sym-
pathetic nervous system activity increases with aging. 
Although changes in β-receptor responsiveness are well 
defined, it is controversial whether the aging process 
alters the α-receptor response. Increased resting sympa-
thetic nervous system activity may contribute to increases 
in systemic vascular resistance and mechanical stiffening 
of the peripheral vasculature.14 This explains in part the 
exquisite sensitivity of many older patients to interven-
tions that decrease sympathetic tone. Clinically, these 
autonomic changes lead to a greater likelihood of adverse 
intraoperative hemodynamic events and decreased abil-
ity to meet the metabolic demands of surgery.

Although the age-related changes in cardiovascular 
physiology are generally well tolerated, several patho-
physiologic states deserve mention. Impairment of dia-
stolic relaxation leads to diastolic dysfunction in the 
aging heart. In its severest form, diastolic dysfunction 
may manifest as diastolic heart failure, now referred to 
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Figure 80-1. Illustration of the influence of increased vascular stiffness on peripheral (radial) and central (aortic) derived pressures. Note the 
similarity of peripheral radial pressures in individuals with normal (lower left panel) and increased (upper left panel) vascular stiffness. In young 
individuals with normal vascular stiffness, central aortic pressures are lower than radial pressures (lower panels). In contrast, in older individuals 
with increased vascular stiffness, central aortic pressures are increased and can approach or equal peripheral pressures as a result of wave reflection 
and central wave augmentation during systole (top panels). (Redrawn from Barodka VM, Joshi BL, Berkowitz DE, et al: Implications of vascular aging 
[Review article], Anesth Analg 112:1048-1060, 2011. With permission)
as heart failure with preserved ejection fraction (HFpEF). 
Predisposing disease states for HFpEF include hyperten-
sion with left ventricular hypertrophy, ischemic heart 
disease, hypertrophic cardiomyopathies, and valvular 
heart disease. HFpEF is twice as prevalent in females.26 
Population-based studies suggest that diastolic dysfunc-
tion is common and associated with an increase in all-
cause mortality.27 Furthermore, in patients with clinically 
evident heart failure, ejection fraction is preserved in over 
half, with 40% manifesting overt HFpEF. Mortality in the 
cohort with preserved ejection fraction is similar to that 
in patients with reduced ejection fraction (HFrEF).28 The 
pathophysiologic process includes decreased left ven-
tricular compliance during diastole, resulting in greatly 
increased left ventricular diastolic pressure with retro-
grade conduction to the pulmonary circulation, which 
causes pulmonary venous congestion and pulmonary 
edema. HFpEF is often related to systemic blood pressure 



and does not necessarily imply volume overload. Diag-
nosis can be difficult because the clinical picture appears 
identical to that of left ventricular systolic failure. Making 
the correct diagnosis is important because interventions 
commonly employed in systolic failure—such as diuretics 
and inotropes—may exacerbate diastolic dysfunction.29 
Echocardiography is the diagnostic modality of choice. 
Classically, echocardiography will demonstrate pre-
served or hyperdynamic left ventricular systolic function 
and characteristic changes of flow velocity at the mitral 
valve. Left ventricular systolic dysfunction and diastolic 
dysfunction often coexist. Pulmonary arterial pressures 
increase in aging, and HFpEF may be a contributing 
factor.30

Aortic valve sclerosis and mitral annular calcification 
are common echocardiographic findings in older adults. 
These represent non–flow-limiting calcifications around 
the aortic and mitral valves, respectively. Aortic valve 
sclerosis is common in older individuals and is associated 
with an increase in the risk for adverse cardiovascular and 
coronary events.31

RESPIRATORY CHANGES

Alterations in control of respiration, lung structure, 
mechanics, and pulmonary blood flow place older adults 
at increased risk for perioperative pulmonary complica-
tions. Ventilatory responses to hypoxia, hypercapnia, and 
mechanical stress are impaired secondary to reduced CNS 
activity.32 In addition, the respiratory depressant effects 
of benzodiazepines, opioids, and volatile anesthetics are 
exaggerated.32,33 These changes compromise the usual 
protective responses against hypoxemia after anesthesia 
and surgery in older patients.

Structural changes in the lung with aging include the 
loss of elastic recoil after reorganization of collagen and 
elastin in lung parenchyma. This combined with altered 
surfactant production leads to an increase in lung com-
pliance. Increased compliance leads to limited maximal 
expiratory flow and a decreased ventilatory response 
to exercise.34 Loss of elastic elements within the lung 
is associated with enlargement of the respiratory bron-
chioles and alveolar ducts and a tendency for early col-
lapse of the small airways on exhalation, leading to an 
increased risk for air trapping and hyperinflation. Pro-
gressive loss of alveolar surface area occurs secondary 
to increases in size of the interalveolar pores of Kohn. 
The functional results of these pulmonary changes are 
increased anatomic dead space, decreased diffusing 
capacity, and increased closing capacity, all leading to 
impaired gas exchange.

Changes in chest wall compliance result in greater 
elastic load during inspiration, with an increased work of 
breathing. Loss of height and calcification of the verte-
bral column and rib cage leads to a typical barrel chest 
appearance with diaphragmatic flattening. The flattened 
diaphragm is mechanically less efficient, and function is 
further impaired by a significant loss of muscle mass asso-
ciated with aging.

Although alterations in lung volumes occur with 
aging, total lung capacity is relatively unchanged. 
Residual volume increases by 5% to 10% per decade. 
Chapter 80: Geriatric Anesthesia 2411

Therefore, vital capacity decreases. Closing capacity—the 
volume at which small dependent airways start to close—
increases with age. Although functional residual capac-
ity is unchanged or slightly increased, closing capacity 
is unaffected by body position. Change in the relation-
ship between functional residual capacity and closing 
capacity causes an increased ventilation-perfusion mis-
match and represents the most important mechanism for 
the increase in the alveolar-arterial gradient for oxygen 
observed in aging.35

In younger individuals, closing capacity is less than 
functional residual capacity. At 44 years of age, closing 
capacity equals functional residual capacity in the supine 
position, and at 66 years of age, in the upright position.35 
When closing capacity encroaches on tidal breathing, 
ventilation-perfusion mismatch occurs. When functional 
residual capacity is below closing capacity, shunt will 
increase and arterial oxygenation will fall. This effect is 
observed in the decreased resting arterial oxygen (O2) ten-
sion with aging and impairs the effectiveness of breathing 
O2 before induction of general anesthesia (Table 80-2). 
Another effect of increasing closing capacity in concert 
with depletion of muscle mass is a progressive decrease 
in forced expiratory volume in 1 second (FEV1) by 6% 
to 8% per decade. Increases in pulmonary vascular resis-
tance and pulmonary artery pressure occur with age and 
may be secondary to decreases in the cross-sectional area 
of the pulmonary capillary bed.36 Hypoxic pulmonary 
vasoconstriction is blunted in older adults and may cause 
difficulty with one-lung ventilation.

Older patients may have an increased sensitivity for 
bronchoconstriction and a diminished response to treat-
ment with inhaled β-agonists.37 Alterations in immune 
responses in older adults may lead to an increased sus-
ceptibility to environmental exposure and lung injury.38

RENAL AND VOLUME REGULATION

Structural and functional changes occur in the kidney as 
part of normal aging. Nephrosclerosis is observed with 
increasing age but may not correlate with decreases in glo-
merular filtration rate (GFR).39 Renal blood flow decreases 
approximately 10% per decade after 40 years of age, with 
a decline in GFR of 8 mL/min/1.73 m2 from a baseline of 
140 mL/min/1.73 m2.40

With normal aging, serum creatinine remains rela-
tively unchanged in the face of a progressive decrease in 
creatinine clearance. This occurs because muscle mass 
also decreases with aging. Therefore, serum creatinine is a 
poor predictor of renal function in older individuals.40,41 

TABLE 80-2 NORMAL VALUES FOR ARTERIAL 
PARTIAL PRESSURE OF OXYGEN 

Age (yr) Mean and Range (mm Hg)

20-29 94 (84-104)
30-39 91 (81-101)
40-49 88 (78-98)
50-59 84 (74-94)
60-69 81 (71-91)

From Nunn J: Nunn’s applied respiratory physiology, ed 4, Oxford, 
Butterworth-Heinemann, 1995, p 269.
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This concept is important in proper dosage adjustment 
for medications excreted by the kidneys.

Functional changes in the kidneys with aging include 
alterations in response to abnormal electrolyte concen-
trations and the ability to concentrate and dilute urine.42 
Renal capacity to conserve sodium is decreased. Overall, 
the older patient has a tendency to lose sodium in the set-
ting of inadequate salt intake. This paired with a decreased 
thirst response may place the older patient at risk for 
dehydration and sodium depletion. The older patient 
also has a diminished ability to respond properly to an 
increased salt load, as evidenced by increased sodium 
retention and expansion of the extracellular volume dur-
ing the perioperative period. This change assumes impor-
tance under conditions of limited fluid intake.

HEPATIC CHANGES

Liver volume decreases approximately 20% to 40% with 
aging. Hepatic blood flow decreases approximately 10% 
per decade.43 A variable decrease occurs in the liver’s 
intrinsic capacity to metabolize drugs. Effects on phase 
I reactions predominate. Decreases in hepatic blood flow 
may decrease maintenance dose requirements in drugs 
that are rapidly metabolized. The pharmacokinetics of 
drugs that are slowly metabolized are more affected by 
innate liver capacity than blood flow.44

COGNITIVE ISSUES IN OLDER ADULTS

DEMENTIA

Dementia is common in the geriatric population. In the 
population 65 years of age and older, 5% to 8% of peo-
ple experience dementia. For those 75 years of age and 
older, 18% to 20% suffer dementia. For individuals over 
85 years of age, more than one third may have demen-
tia.45 Dementia has many causes, with Alzheimer disease 
accounting for the majority of cases. The main periop-
erative management issues concerning the demented 
patient include detection, informed consent, possible 
anesthetic interactions causing delayed emergence, post-
operative delirium, pain management, and increased 
mortality.

Many instruments of varying length are available 
to test for cognitive impairment.46 However, accurate 
diagnosis of dementia is not always easy. For demen-
tia screening, the AD8, an 8-item questionnaire that 
distinguishes between people who have dementia and 
people who do not, is a quick and reliable instrument.47 
For preoperative evaluation of baseline cognitive status, 
rather than detection of dementia, the Short Blessed 
Test allows for quick screening.48 In addition, insight 
may be gained by speaking with the patient’s family 
concerning baseline function and ADL. Some of the 
instruments for testing cognition may be used to help 
guide the physician in determining the patient’s capac-
ity to consent.49

The patient with dementia may display one of a num-
ber of psychiatric symptoms, including agitation, depres-
sion, and sleep disturbances.50 Many of the drugs used to 
manage dementia and its symptoms interact with general 
anesthetics,51 causing delayed emergence. It is unclear 
whether use of the bispectral index (BIS) monitor (see also 
Chapter 50) or other processed electroencephalography 
methods for guidance of drug administration is helpful 
because dementia does alter baseline BIS values.52 When 
determining an anesthetic plan, no anesthetic technique 
or drug has been shown to be superior in older patients. 
However, patient cooperation may be an issue with 
regional anesthesia (see also Chapters 56 and 57).

Dementia is critical in risk stratification for postopera-
tive delirium. The incidence of postoperative delirium is 
substantially more frequent in individuals with preopera-
tive dementia than in those without.53

Pain management in the patient with dementia is 
challenging for several reasons (see also Chapter 98). 
Pain assessment can be difficult.54 Despite use of the best 
available pain assessment instruments, decreased pain 
scores and opioid administration occur postoperatively in 
patients with dementia.55 Pain management can be more 
nursing intensive because patient-controlled analgesia 
often is not an option in these patients. Furthermore, 
the clinician must maintain a delicate balance between 
opioid CNS effects and the role of poorly treated pain in 
precipitating delirium.56,57

Dementia has many associated comorbidities, includ-
ing vascular disease, diabetes, alcoholism, and neu-
rodegenerative disease (e.g., Parkinson, Huntington). 
Dementia is associated with a 2.18 (1.10 to 4.32) relative 
risk for developing a patient-related adverse event dur-
ing an unplanned acute hospital admission.53,58 Long-
term postoperative mortality is related to the presence 
of dementia,59 with the severity of cognitive impairment 
being associated with higher mortality.60

Whether general anesthesia accelerates the progres-
sion of senile dementia is controversial.61,62 Certainly, 
much evidence exists both in vitro and in animal models 
suggesting that inhaled anesthetics enhance amyloid β 
oligomerization,63 increase plaque density in transgenic 
mice (human APP gene),64 induce caspase-3 activation 
(one of the final steps of apoptosis), and increase amy-
loid β protein (Aβ) levels in cell culture.65 However, in 
humans, recent retrospective data suggest that long-term 
cognitive decline is neither independently attributable 
to surgery (and anesthesia) or illness, nor have surgery 
(and anesthesia) or illness been associated with acceler-
ated progression of dementia.66,67 Unfortunately, no pro-
spective human data convincingly answer this question. 
Thus, the relationship between anesthetic exposure and 
accelerated progression of dementia remains unclear; 
“Available human studies on anesthesia and Alzheimer 
disease are inconclusive because they are under-powered 
or confounded by coincident illness, independent risk 
factors for dementia and, of course, surgery.”68

DELIRIUM

The overall prevalence of delirium in older patients 
after surgery has been estimated to be 10%.69 The inci-
dence of postoperative delirium in older patients varies 
widely depending on the type of surgery, underlying 
comorbidities, and intensive care unit (ICU) stay. For 



instance, cardiac surgery and hip fracture repair may 
have an increased incidence over that of other proce-
dures.69 Delirium occurs in 60% to 80% of patients in 
the ICU.70

Postoperative delirium has profound financial implica-
tions. Delirium is associated with prolonged hospital stay, 
increased incidence of nursing home placement, and an 
increased incidence of postoperative complications.71 
Overall 2 to 3 million older patients per year sustain delir-
ium during their hospital stay, involving more than 17.5 
million inpatient days.70 The total direct 1-year health 
costs attributable to delirium range from $143 billion 
to $152 billion nationally.72 Adding to these costs, the 
occurrence of postoperative delirium is associated with 
an accelerated trajectory of cognitive decline in patients 
with underlying dementia.73

Delirium and POCD are not the same. Postoperative 
delirium is an acute confusional state with alterations in 
attention and consciousness. On the other hand, POCD 
is a decline in a variety of neuropsychological domains 
(e.g., memory, executive function, speed of processing). 
Delirium is a syndrome characterized by acute onset of 
variable and fluctuating changes in level of conscious-
ness accompanied by a range of other mental symptoms. 
By convention, the presence or absence of delirium is 
based on application of diagnostic criteria articulated in 
the fourth edition of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-IV): “The essential feature of a 
delirium is a disturbance in consciousness that is accom-
panied by a change in cognition that cannot be better 
accounted for by a preexisting or evolving dementia”74 
(Box 80-1). Postoperative delirium may have several pre-
sentations with the hyperactive (“wild man”), hypoac-
tive (“out of it”), and mixed (hypoactive alternating with 
hyperactive) presentations accounting for 1%, 68%, and 
31% of cases, respectively.75

Several instruments are available to diagnose delirium. 
The Confusion Assessment Method (CAM)76 is the most 
widely used instrument in North America. The CAM is 
a bedside rating scale developed to assist clinicians not 
trained in psychiatry in the rapid and accurate diagnosis 

 A.  Disturbance of consciousness (i.e., reduced clarity of aware-
ness of the environment) with reduced ability to focus, 
sustain, or shift attention

 B.  A change in cognition (e.g., memory deficit, disorientation, 
language disturbance) or the development of a perceptual 
disturbance that is not better accounted for by a preexisting, 
established, or evolving dementia

 C.  The disturbance develops over a short time (usually hours to 
days) and tends to fluctuate during the course of the day

 D.  There is evidence from the history, physical examination, 
or laboratory findings that the disturbance is caused by 
the direct physiologic consequences of a general medical 
condition

BOX 80-1 Diagnostic and Statistical Manual 
of Mental Disorders IV Diagnostic Criteria for 
293.0 Delirium

From American Psychiatric Association: Diagnostic and statistical manual 
of mental disorders, 4th ed, Text Revision (DSM-IV-TR), Washington, DC, 
2000, American Psychiatric Publishing.
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of delirium in clinical settings. The CAM is designed to 
be administered by any clinician, including physicians 
or nurses, and may be administered by trained lay inter-
viewers. Geriatricians, nurses, and trained lay interview-
ers perform as well as psychiatrists in rating the CAM.77 
The sensitivity of the CAM against the gold standard of 
psychiatric diagnosis is 94% to 100%, with specificity 
90% to 95%.76 The CAM-ICU has been adapted for mea-
suring delirium in ventilated patients in the ICU.78

Many possible pathophysiologic mechanisms can 
account for delirium. Delirium may be associated with 
inflammatory mediators or alterations in one of several 
neurotransmitter systems.79 Although we do not yet 
fully understand the basic mechanisms of delirium, in 
the geriatrics paradigm, delirium epitomizes an atypical 
presentation of disease80 in which acute illness is mani-
fested in the most vulnerable organ system, or “the weak-
est link”—in this case, the brain. This theory holds that 
the normal aging process can be characterized as homeo-
stenosis, the progressive constriction of each organ sys-
tem’s ability to respond to stress.81 In addition, the aging 
brain is more likely to be affected by diseases and drugs 
that cloud the sensorium. The sum of these effects leads 
some older adults to be teetering on the brink of neu-
rodysfunction. Add any stressor, and these individuals 
develop acute worsening of their mental status. Based on 
the concept that “lack of brain reserve” predisposes older 
patients to delirium when exposed to stress, investigators 
have examined which preexisting vulnerability factors 
predispose older patients to delirium.

In medical patients, Inouye and Charpentier82 devel-
oped a risk model for delirium that showed that the 
greater the number of preexisting vulnerability factors, 
the less acute are the stressors required to invoke delirium. 
The important preexisting vulnerability factors defined in 
the medical model of delirium are advanced age, visual 
impairment (visual acuity <20/70), severe illness (apache 
score >16), cognitive impairment (Mini–Mental State 
Examination score <24), and dehydration (blood urea 
nitrogen-to-creatinine [BUN/Cr] ratio ≤18). Kalisvaart and 
associates83 attempted to validate the medical risk factor 
model of delirium in older patients who have had hip 
surgery. Their study showed the usefulness of the medi-
cal risk factor model in predicting postoperative delirium 
in surgery patients and supports the concept that when 
more preexisting vulnerability factors are present, a more 
frequent risk is seen for postoperative delirium.

The ability to predict patients at high risk for postop-
erative delirium has enabled the clinician to enact proac-
tive interventions to prevent or attenuate the severity or 
duration of postoperative delirium. Thus, a cornerstone 
of management of delirium is the recognition and treat-
ment of any predisposing or precipitating factors for 
delirium (Box 80-2). Interventions consisting of standard-
ized protocols for the management of known risk factors 
for delirium (e.g., cognitive impairment, sleep depriva-
tion, immobility, visual impairment, hearing impair-
ment, and dehydration) result in significant reductions 
in the number and duration of episodes of delirium in 
hospitalized older patients.84 Another simple, nonphar-
macologic intervention helpful in delirium prevention 
is early proactive geriatric consultation in the medical 
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management of patients.85 More recent studies have 
examined prophylactic administration of antipsychotics 
in high-risk patients. Both haloperidol and the atypical 
antipsychotics may have some efficacy when used in this 
capacity.86,87 Anesthetic-specific interventions include 
correction of metabolic and electrolyte disorders and 
perioperative continuation of pharmacologic therapy for 
neuropsychiatric disorders. Other interventions may be 
aimed at decreasing exposure to any known pharmaco-
logic drugs triggering delirium (e.g., opioids, benzodi-
azepines, dihydropyridines, antihistamines).88 Type of 
anesthesia (regional versus general) and intraoperative 
hemodynamic complications have not been associated 
with delirium.89,90 However, the incidence of postopera-
tive delirium may be decreased by using lighter levels of 
sedation during regional anesthetic techniques.91

An increased incidence of delirium occurs with larger 
intraoperative blood loss, more postoperative blood trans-
fusions, and postoperative hematocrit less than 30%.89 
However, recent randomized controlled trials have found 
no impact of blood transfusion strategy on severity or 
incidence of delirium.92

Systematic reviews of postoperative pain management 
with opioids demonstrate that meperidine is the only opi-
oid consistently associated with delirium.93 No difference 
in cognitive outcome is seen when comparing fentanyl, 
morphine, and hydromorphone. In addition, no differ-
ence in cognitive outcome is noted when comparing 
epidural and intravenous opioid administration.93 Two 
important pain management techniques associated with 
decreased incidence of postoperative delirium include the 
use of peripheral nerve blockade94 and the use of multi-
modal pain therapy featuring gabapentin.95 One might 
also consider opioid rotation, a well-described approach 
to decreasing opioid-induced delirium in the manage-
ment of cancer pain.96 (See also Chapters 98 and 99.)

Should delirium occur despite preventive measures, it 
is important to first provide supportive care and focus on 
prevention of complications. Next, the clinician should 
diligently search for and treat any underlying precipi-
tating medical causes. If pharmacologic intervention is 

Demographic characteristics: Age older than 65 years, male
Cognitive impairment or depression
Functional impairment
Sensory impairment, especially visual and hearing
Decreased oral intake
Drugs: Polypharmacy, alcoholism, psychoactive, sedatives,  

opioids, anticholinergic
Comorbidity: Severe illness and neurologic disease
Some types of surgery: High-risk surgery (American Heart  

Association guidelines) and orthopedic surgery
Intensive care unit admission
Pain
Sleep deprivation
Immobility or poor physical condition  

BOX 80-2 Predisposing and Precipitating 
Factors for Postoperative Delirium

Modified from Inouye SK: Delirium in older persons. N Engl J Med 354:1157-
1165, 2006.
needed, algorithms for pharmacologic treatment of delir-
ium have been outlined in several more recent reviews.97 
Typical and atypical antipsychotics are similar in efficacy 
for the treatment of delirium, with the atypical agents 
having fewer extrapyramidal side effects.98

POSTOPERATIVE COGNITIVE 
DYSFUNCTION

Short-term changes in cognitive test performance during 
the first days to weeks after surgery are well documented 
and typically involve multiple cognitive domains, such 
as attention, memory, and psychomotor speed (see 
also Chapter 99). POCD is important because it affects 
quality of life and has significant social and financial 
implications.99

Unfortunately, POCD is not a formally recognized con-
dition with DSM criteria. Rather, the criteria for POCD are 
based on changes between preoperative and postoperative 
scores on a set of neuropsychological tests that evaluate 
a broad range of cognitive domains.100 The time point at 
which POCD is said to exist has not been clearly defined. 
In addition, patient subjective complaints of POCD have 
not always been borne out by objective testing. The most 
important risk factor for POCD is increasing age.101 In 
comparing all age groups, POCD is clearly more frequent 
in older individuals.102

Initial uncontrolled observational studies in patients 
undergoing coronary artery bypass graft (CABG) proce-
dures reported a 36% incidence of cognitive decline at 6 
weeks and a 42% incidence of cognitive decline at 5 years 
postoperatively (see also Chapter 67).103,104

However, later investigations addressing the issue of 
neurocognition and CABG procedures, including com-
parison with nonsurgical control groups, concluded that 
long-term POCD may result from factors other than anes-
thesia and surgery. First, patients with underlying coro-
nary artery disease, regardless of whether they undergo 
surgery, have lower baseline cognitive test scores than 
controls without coronary artery disease.105 Second, 
long-term cognitive outcome of on-pump and off-pump 
CABG is similar.106 Third, long-term neurocognitive per-
formance in CABG and nonsurgical controls with com-
parable coronary artery disease is similar.107 These data 
suggest that the cause of long-term cognitive changes 
after anesthesia and surgery may be related to underlying 
cerebrovascular disease risk factors. However, in contrast 
to the studies mentioned previously, other investigators 
report that cardiovascular risk factors are not predictive 
of POCD.108 The reported incidence of cognitive dysfunc-
tion after major noncardiac surgery in patients older than 
65 years of age is 26% at 1 week and 10% at 3 months.100

Postoperative cognitive decline after major noncar-
diac surgery is reversible in most cases, but may persist 
in approximately 1% of patients.109 Chronic POCD is 
important to identify because of its association with 
more frequent 1-year mortality.102 The identified risk 
factors for long-term POCD after noncardiac surgery 
include age (odds ratio [OR] 2.58 [1.42 to 4.70]), infec-
tious complication in the first 3 months postoperatively 
(OR 2.61 [1.02 to 6.68]), and POCD at 1 week postopera-
tively (OR 2.84 [1.34 to 5.96]).109
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POCD has been attributed to multiple causes. The 
most likely causative elements include medications, sur-
gery, or issues with the patient. Whether anesthesia con-
tributes to long-term POCD is controversial and an area 
of intense clinical and laboratory investigation.110 Studies 
comparing coronary angiography (sedation) versus total 
hip replacement versus CABG report similar incidence of 
POCD at 3 months in all three groups, suggesting that 
POCD may be independent of both surgery and anesthe-
sia.108 The cause of long-term POCD may be more related 
to underlying patient comorbidities than other factors. 
Minimal cognitive impairment could be a risk factor for 
postoperative cognitive deficits.111 Similarly, in orthope-
dic surgery, dementia is a risk factor for POCD.112 Future 
studies examining underlying minimal cognitive impair-
ment may help better define patients at risk for long-term 
POCD.

In conclusion, current evidence suggesting POCD 
occurs in the first days to weeks after surgery is well docu-
mented, especially in older patients. For the most part, 
this early POCD is reversible. However, in a small per-
centage of patients, POCD may persist. Unfortunately, 
no well-defined anesthesia best practice to prevent POCD 
has been determined. The regional versus general anes-
thesia approach shows no difference in POCD incidence, 
and no anesthetic drug is associated with less POCD. At 
present no specific treatment for POCD is available.

DEPRESSION

Depression is estimated to occur in 8% to 16% of the com-
munity-dwelling population over the age of 65 years.113 
Preoperative depression is an independent predictor of 
postoperative delirium.114 Depression predicts greater 
risk for major adverse cardiac events.115 After CABG, pre-
operative and persistent postoperative depression carry 
an increased risk for death over that of patients without 
depression.116

Antidepressants should be continued during the peri-
operative period because their cessation may increase 
symptoms of depression and confusion.117 Perioperative 
management of depression is a lower priority than man-
agement of the patient’s more acute medical illnesses. 
However, preoperative assessment of mood and cognition 
is important for baseline data to provide the practitioner 
with a yardstick to measure against when evaluating post-
operative delirium, dementia, or depression.

CONSENT, SURROGATE DECISION 
MAKERS, AND ADVANCE DIRECTIVES

Issues of consent and end-of-life decisions for older adults 
are complex and familiar to the practicing anesthesiolo-
gist. The most important principle in health care deci-
sion making for older patients is autonomy.118 However, 
autonomy implies mental competence. The legal stan-
dards for competence include the abilities to communicate 
a choice, understand relevant information, appreciate the 
current situation and its consequences, and manipulate 
information rationally.119 Cognitive and sensory difficul-
ties frequently jeopardize informed consent in frail older 
patients. Dementia, depression, hearing difficulties, and 
stroke all may interfere with the ability to make indepen-
dent decisions. If one’s ability to make decisions becomes 
severely impaired, a surrogate must give consent. How-
ever, caution must be exercised in this situation. A low 
rate of agreement has been demonstrated when compar-
ing the health care decisions made by surrogates and the 
desires of the older patients involved.120

Advance directives, when available, can be extremely 
helpful, but even with them, difficult problems remain. 
Accurate documentation of advance care planning is 
often lacking.121 Patients presenting to the operating 
room with “do not resuscitate” orders are an increasingly 
common problem reviewed recently.122 The presence of 
“do not resuscitate” status does not appear to influence 
short-term surgical outcome.123,124

RISK ASSESSMENT AND PREOPERATIVE 
EVALUATION

THE ROLE OF COMPLICATIONS

Increased life expectancy, safer anesthesia, and less 
invasive surgical techniques have made it possible for a 
greater number of geriatric patients to be considered for 
surgical intervention (see also Chapter 38). Although it is 
possible to safely manage older surgical patients during 
the perioperative period, surgical mortality and morbid-
ity are increased in this patient population.125 Many fac-
tors contribute to surgical morbidity and mortality,126 but 
in older patients, perioperative complications are directly 
related to poor outcome.127 Major perioperative compli-
cations increase with age128 and are associated with more 
frequent mortality.129 The most important risk factors for 
perioperative complications in older adults are age, physi-
ologic status, and coexisting disease (American Society of 
Anesthesiologists [ASA] class), whether the surgery is elec-
tive or urgent, and the type of procedure.

How does aging alter surgical risk? The association 
between age and surgical risk is related to the aging pro-
cess and its ongoing decrease in functional organ reserve 
and associated increased incidence of chronic systemic 
disease processes. It is difficult to disentangle the effects 
of aging alone from those caused by concurrent disease. 
Acute and chronic pathologic insults occur in the set-
ting of a decreased physiologic reserve that can have pro-
found effects on the usual compensatory mechanisms. 
These factors become especially confusing in considering 
perioperative risk in older patients. Extremes of age do 
incur additional risk. For instance, when compared with 
younger patients, patients 90 years of age or older are 
more likely to die during hospitalization after hip fracture 
repair.130 However, chronologic age is a less important 
risk factor for complications than the sum of underlying 
comorbidities.131 Thus, age alone should not necessarily 
be a deterrent from surgery.

Emergency surgery is an independent predictor of 
adverse postoperative outcomes in older surgical patients 
undergoing noncardiac surgery.131,132 Poorer preopera-
tive physiology and preparation has a large influence on 
these results. Emergent care presents special problems, 
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such as atypical presentations, alterations in the pulmo-
nary and circulatory system, and fluid and electrolyte 
balance changes secondary to modifications in metabolic 
needs and body composition with aging that complicate 
resuscitation.

Surgical mortality in older patients varies widely 
according to procedure.133 The fact that risk varies widely 
depending on the type of surgery is well recognized. 
The current guidelines for cardiovascular evaluation of 
patients undergoing noncardiac surgery provide a useful 
means of categorizing procedures into those of low, inter-
mediate, and high risk.134

PREOPERATIVE EVALUATION

Age and Age-Related Disease
Several principles should be kept in mind when per-
forming preoperative evaluation of the geriatric patient 
(see also Chapter 38). First, a high index of suspicion is 
necessary for disease processes commonly associated 
with aging. Common diseases of older adults may have 
a major impact on anesthetic management and require 
special care and diagnosis. Second, of the many types of 
postoperative complications that may occur in older indi-
viduals, neurologic, pulmonary, and cardiac morbidities 
are the most common,135 and the anesthesiologist should 
pay attention to these specific organ systems (anesthetic 
physiology of cardiovascular disease, neurologic, and pul-
monary disorders is discussed in Parts VI and V of this 
edition). Third, the degree of functional reserve of spe-
cific, pertinent organ systems—as well as the patient as 
a whole—should be assessed before surgery. Laboratory 
and diagnostic studies, history, physical examination, 
and determination of functional capacity should attempt 
to evaluate the patient’s physiologic reserve. This will 
help better predict how the patient will manage the stress 
of surgery and anesthesia.

Functional Status and Assessment  
of Functional Reserve
The greatest concern of older patients and the most 
important outcome in determining the success of surgi-
cal intervention in geriatric patients is whether patients 
can return to their previous level of activity and inde-
pendence. Evidence suggests that the current level of 
function is helpful in predicting long-term outcomes in 
medical patients.136 A variety of instruments are available 
to evaluate functional activity137 and health-related qual-
ity of life.138 Commonly used screening tools for deter-
mining patient independence and functional level for the 
preoperative assessment are the ADL and instrumental 
activities of daily living (IADL) checklists. ADL represents 
activities involved in physical day-to-day self-care, and 
the IADL represents more complex tasks. These instru-
ments are useful for indicating specifically how a person 
is performing at the present time. When they are used 
longitudinally over time, they serve as documentation 
of a person’s functional improvement or deterioration. 
IADL and ADL assessments are important for their predic-
tive ability. For instance, any ADL impairment is associ-
ated with a relative risk of 1.9 (1.2 to 2.9, 95% confidence 
interval [CI]) for 90-day mortality in medical patients. 
Any IADL impairment is associated with a relative risk 
of 2.4 (1.4 to 4.2, 95% CI) for 90-day mortality in medi-
cal patients.136 Furthermore, any impairment of one to 
two ADL is associated with a 1.47 (1.08 to 2.01, 95% CI) 
hazard ratio of recovering independent function from a 
disability.139

Frailty
Frailty refers to a multisystem loss of physiologic reserve 
that makes a person more vulnerable to disability during 
and after stress. It is a clinical syndrome characterized by 
weight loss, fatigue, and weakness. Chronic inflamma-
tion and endocrine dysregulation appear to be key drivers 
in the underlying pathophysiology of this process.140-143 
The components of the frailty syndrome include mobil-
ity, muscle weakness, poor exercise tolerance, unstable 
balance, and factors related to body composition such 
as weight loss, malnutrition, and muscle wasting143,144 
(Box 80-3). The incidence of frailty in the community-
dwelling population older than 65 years of age is approxi-
mately 6.9%.145

Frailty is a prognostic factor for poor outcomes.145,146 
When followed over a period of 3 years, frailty is predictive 
of disability, hospitalization, and death. Studies in various 

Weight Loss Criterion

The patient is asked the question, “In the last year, have you lost 
more than 10 lb unintentionally (i.e., not as a result of dieting 
or exercise)?”

Patients answering “Yes” are categorized as frail by the weight 
loss criterion.

exhaustion Criterion

The patient is read the following two statements: (1) I felt that 
everything I did was an effort; (2) I could not get going. The 
question is asked, “How often in the last week did you feel this 
way?” The patient’s response is rated as follows: 0 = rarely or 
none of the time (<1 day); 1 = some or little of the time (1 to 
2 days); 2 = a moderate amount of the time (3 to 4 days); or  
3 = most of the time.

Patients answering “2” or “3” are categorized as frail by the 
exhaustion criterion.

PhysiCaL aCtivity Criterion

The patient is asked about weekly physical activity.
Patients with low physical activity are categorized as frail by the 

physical activity criterion.

WaLk time Criterion

The patient is asked to walk a short distance and timed.
Patients who are slow walkers are categorized as frail by the walk 

time criterion.

griP strength Criterion

The patient’s grip strength is measured.
Patients with decreased grip strength are categorized as frail by 

the grip strength criterion.  

BOX 80-3 Criteria Used to Define Frailty*

Modified from Fried LP, Tangen CM, Walston J, et al: Frailty in older adults: 
evidence for a phenotype. J Gerontol A Biol Sci Med Sci 56:M146-M156, 
2001.

*Frailty is defined as a clinical syndrome in which three or more of the 
frailty criteria are met.



surgical populations have identified frailty as an indepen-
dent risk factor for major morbidity, mortality, protracted 
length of stay, and institutional discharge.147-151

SPECIAL PERIOPERATIVE 
CONSIDERATIONS FOR THE  
OLDER PATIENT

ATYPICAL PRESENTATION OF DISEASE

Recognizing acute illness and exacerbation of chronic dis-
ease in older adults can be challenging. Not infrequently, 
acute illness may have an atypical presentation.152 For 
instance, the appearance of pneumonia in the older 
patient may be heralded by such uncharacteristic features 
as confusion, lethargy, and general deterioration of con-
dition.153,154 Significant differences may be seen in the 
presentation of disease in patients who have dementia 
and those who do not. The nonspecific presentation of 
disease in older people is primarily linked to the presence 
of dementia rather than a characteristic feature of the 
aging process.155

POLYPHARMACY

Polypharmacy occurs in 61% of acutely hospitalized older 
patients.156 The number of medications used is directly 
proportional to the likelihood of having an adverse drug 
reaction. The anesthesia provider must be familiar not 
only with potential interactions between the medications 
a particular patient is taking but also clearly must under-
stand the interaction with medications introduced in the 
perioperative period.

MALNUTRITION, IMMOBILITY,  
AND DEHYDRATION

In the community-dwelling aged population, malnutri-
tion has been reported to occur in 16.9% of females and 
11.4% of males.84 Among the acutely hospitalized older 
patients, the prevalence of malnutrition is 52%.156 Surgi-
cal patients who are malnourished have increased mor-
bidity, mortality,157 and length of stay.158 No uniformly 
accepted definition of malnutrition in older adults has 
been determined.159 The diagnosis of malnutrition 
should be made on the basis of both preoperative history 
and physical and laboratory tests.

Bed rest induces loss of skeletal muscle, which may 
influence functional capacity.160 Bed rest also leads to 
ventricular atrophy, hypovolemia, and orthostatic intol-
erance.161 In 2008, dehydration accounted for greater 
than 99,000 Medicare admissions.162 Dehydration is 
often associated with hypernatremia and accompanied 
by infection.

TRAUMA

The leading cause of traumatic injury and death in the 
population over 65 years of age is unintentional falls (see 
also Chapter 81).163 Substance abuse, particularly alcohol, 
is often an underappreciated factor in these events.164,165 
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lcohol disorders may be present in 5% to 14% of older 
atients in the emergency department.166

Falls are a common problem both in and out of the 
ospital. As with any traumatic injury, prevention is the 
rimary goal. Simple interventions, including identify-

ng patients at risk, physical therapy, modification of the 
nvironment, and avoiding medications associated with 
rthostatic hypotension, may mitigate risk.167 Age is asso-
iated with increased mortality with many types of trau-
atic injuries. This may result from a variety of factors, 

ncluding decreased reserve, comorbidity, and multiple 
edications, particularly anticoagulants. For instance, 
ortality and functional outcome after head injury is 

onsiderably worse in older patients with preinjury anti-
oagulation or antiplatelet therapy.168,169

The American College of Surgeons has recognized that 
lder patients should have a lower threshold for transport 
o a trauma center.170 However, evidence exists that older 
atients are often undertriaged. This may occur as a result 
f inaccuracy of standard criteria in this population or to 
n age bias in referral patterns.

HRONIC PAIN

hronic pain occurs in 25% to 50% of community- 
welling older persons (see also Chapter 64).171 Surveys 
f nursing home residents show arthritis is the most 
revalent indication for analgesics (41.7% of residents), 
ollowed by bone fracture (12.4%) and other musculo-
keletal conditions (9.7%). More residents (76.8%) have 
hronic pain than acute pain (19.9%), and 3.0% have 
oth chronic and acute pain.172

Chronic pain is frequently undetected, and the current 
se of pain medication should be reviewed.173 The conse-
uences of persistent pain in older patients are numerous 
nd include depression, sleep disturbance, and impaired 
mbulation.171

NESTHETIC MANAGEMENT

LINICAL PHARMACOLOGY

actors that affect the pharmacologic responses of older 
atients are well described and include changes in plasma 
rotein binding, body content, drug metabolism, and 
harmacodynamics.

The main plasma binding protein for acidic drugs is 
lbumin and for basic drugs is α1-acid glycoprotein. The 
irculating level of albumin decreases with age, whereas 
1-acid glycoprotein levels increase. The effect of altera-
ions in plasma binding protein on drug effect depends 
n which protein the drug is bound to and the resulting 
hange in fraction of unbound drug. The relationship is 
omplex, and, in general, changes in plasma binding pro-
ein levels are not a predominant factor in determining 
ow pharmacokinetics are modified with aging.

Changes in body composition with aging reflect a 
ecrease in lean body mass, an increase in body fat, and 
 decrease in total body water. We might infer that a 
ecrease in total body water could lead to a smaller central 
ompartment and increased serum concentrations after 
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bolus administration of hydrophilic drugs. The increase 
in body fat might result in a greater volume of distribu-
tion, with the potential to prolong the clinical effect of 
lipophilic medications.174,175

As discussed previously, alterations in both hepatic 
and renal clearance occur with aging. Depending on 
the degradation pathway, decreases in liver and kidney 
reserve can affect a drug’s pharmacokinetic profile.

The clinical response to anesthetic medications in 
older adults may be the result of alterations in sensitivity 
of the target organs (pharmacodynamics). A given anes-
thetic’s physical properties and alterations in receptor 
numbers or sensitivity will determine the relative influ-
ence of pharmacodynamic alterations on anesthetic 
effect in older patients. Generally, older individuals are 
more sensitive to anesthetic drugs. Less medication is 
usually required to achieve a desired clinical effect, and 
drug effect is often prolonged. Undesired hemodynamic 
perturbations also tend to occur more frequently and in 
greater magnitude. Hemodynamic responses to intrave-
nous anesthetics may be exaggerated as a result of inter-
actions with the aging heart and vasculature. Expected 
compensatory or reflex responses are often blunted or 
absent because of physiologic changes associated with 
normal aging and age-related disease. Regardless of the 
cause of altered pharmacologic effect, the aged patient 
usually requires a downward adjustment in medication 
dose.

CLINICAL PHARMACOLOGY OF SPECIFIC 
AGENTS

Table 80-3 summarizes the clinical pharmacology of anes-
thetic drugs in older patients.

TABLE 80-3 CLINICAL PHARMACOLOGY OF 
ANESTHETIC AGENTS IN OLDER PATIENTS

Drug
Brain 
Sensitivity Pharmacokinetics Dose

Inhaled agents ↑ — ↓
Thiopental — ↓Initial distribution 

volume
↓

Etomidate — ↓ Initial distribution 
volume

↓ Clearance

↓

Propofol ↑ ↓ Clearance ↓
Midazolam ↑ ↓ Clearance ↓
Morphine ↑ ↓ Clearance ↓
Sufentanil ↑ — ↓
Alfentanil ↑ ↓
Fentanyl ↑ — ↓
Remifentanil ↑ ↓ Clearance

↓ Central 
compartment 
volume

↓
↓

Pancuronium NA ↓ Clearance* ↓*
Atracurium NA — —
Cisatracurium NA — —
Vecuronium NA ↓ Clearance ↓

NA, Not applicable.
*See text.
Inhaled Anesthetics
The minimum alveolar concentration (MAC) decreases 
approximately 6% per decade for most inhalation anes-
thetics. A similar pattern is observed for MAC-awake.176 
The mechanism of action of inhalation anesthetics is 
related to altered activity of neuronal ion channels asso-
ciated with nicotinic, acetylcholine, γ-aminobutyric acid 
(GABAA), and glutamate receptors. Perhaps with aging, 
alterations in ion channels, synaptic activity, or recep-
tor sensitivity may occur to account for these changes in 
pharmacodynamics.

Intravenous Anesthetics and 
Benzodiazepines
Although thiopental is not often used in modern anes-
thesia, certain pharmacologic principles are important 
(see also Chapter 30). No change in brain sensitivity to 
thiopental occurs with age,177 yet the dose of thiopental 
required to achieve anesthesia decreases with age. The 
age-related decrease in thiopental dose is related to an 
age-related decrease in the initial distribution volume 
of the drug. The decrease in initial distribution volume 
results in higher serum drug levels after a given dose of 
thiopental in older patients.177 Likewise, in the case of 
etomidate, age-dependent changes in pharmacokinet-
ics (decreased clearance and initial volume of distribu-
tion) rather than altered brain responsiveness account 
for the decrease in etomidate dose requirement in the 
older patient.178 The brain becomes more sensitive to 
the effects of propofol with age.179 In addition, clear-
ance of propofol is reduced. These additive effects are 
associated with a 30% to 50% increased sensitivity to 
propofol in older adults.174

The dose requirement of midazolam to produce seda-
tion during upper gastrointestinal tract endoscopy is 
decreased approximately 75% in older patients.180 These 
changes are related to both increased brain sensitivity 
and decreased drug clearance.181

Opiates
Age is an important predictor of postoperative mor-
phine requirements, with older patients needing less 
drug for pain relief (see also Chapter 31).182 Morphine 
and its metabolite morphine-6-glucuronide have anal-
gesic properties. Morphine clearance is decreased in 
older adults.183

Morphine-6-glucuronide depends on renal excre-
tion.184 Patients with renal insufficiency may have 
impaired elimination of morphine glucuronides, and this 
may account for some of the enhanced analgesia from a 
given dose of morphine in the older patient.185

Shafer174 provided a comprehensive review of the 
pharmacology of sufentanil, alfentanil, and fentanyl in 
older patients. Sufentanil, alfentanil, and fentanyl are 
approximately twice as potent in older patients. These 
findings are primarily related to an increase in brain sen-
sitivity to opioids with age, rather than alterations in 
pharmacokinetics.

Aging is associated with changes in both the pharma-
cokinetics and pharmacodynamics of remifentanil. An 
increase in brain sensitivity to remifentanil occurs with 
age. Remifentanil is approximately twice as potent in  
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the older adults, and half the bolus dose is required.186 
The volume of the central compartment, V1, and clear-
ance decrease with age, and approximately one-third the 
infusion rate is required in the older adult.186

Neuromuscular Blocking Drugs
Generally, age does not significantly affect the pharma-
codynamics of muscle relaxants (see also Chapter 34). 
Duration of action may be prolonged, however, if the 
drug depends on liver or renal metabolism. One would 
expect that pancuronium clearance would decrease in 
older patients because of its dependence on renal excre-
tion. Yet, changes in pancuronium clearance with aging 
are controversial.187,188 Atracurium depends to a small 
extent on hepatic metabolism and excretion, and elimi-
nation half-life is prolonged in older individuals. Clear-
ance is unchanged with age, suggesting that alternative 
pathways of elimination (ester hydrolysis and Hofmann 
elimination) assume importance in older patients.189 Cis-
atracurium undergoes Hofmann degradation and is unaf-
fected by age. Plasma clearance of vecuronium is slower 
in older patients.188 The age-related prolonged duration 
of action of vecuronium may reflect decreases in renal 
or hepatic reserve.190 Rocuronium is associated with a 
prolonged duration in older patients, and recovery after 
administration of sugammadex may be delayed.191,192

Neuraxial Anesthesia and Peripheral  
Nerve Blocks
Age has no effect on duration of motor blockade with 
bupivacaine spinal anesthesia (see also Chapter 56).193 The 
time of onset is decreased, however, and spread is more 
extensive with hyperbaric bupivacaine solution.193,194 
Effects of age on duration of epidural anesthesia have 
not been determined with 0.5% bupivacaine.195 When 
using 0.75% ropivacaine for peripheral nerve block, age 
is a major factor in determining duration of motor and 
sensory blockade.196

ANESTHETIC TECHNIQUE

Advantages of Specific Drugs in Older Adults
Perioperative care should be tailored to comorbid dis-
ease and requirements of the surgical procedure. Several 
comments concerning pharmacologic and physiologic 
management are in order, however. A role may exist for 
shorter acting anesthetics in caring for older patients. 
A more predictable method of opioid titration may be 
to use a shorter acting opioid, such as remifentanil. By 
adjusting the bolus and infusion doses, the variabil-
ity in remifentanil pharmacokinetics is considerably 
less than for other intravenous opioids.197 Similarly, 
shorter acting muscle relaxants probably should be 
used. An increased incidence of residual neuromuscular 
block and pulmonary complications occur in patients 
receiving pancuronium in contrast to atracurium or 
vecuronium198 (see also Chapters 34 and 35). When 
comparing inhaled anesthetics, there does not appear 
to be a significant difference in recovery profile of cog-
nitive function. Desflurane is associated with the most 
rapid emergence.199,200
Generally, it is unclear what constitutes the optimal 
physiologic management to produce the best surgical 
outcomes. Yet, hemodynamic responses to anesthe-
sia and surgery may be associated with adverse out-
come. These findings are in opposition to earlier work 
suggesting hypotension can be well tolerated in older 
patients.90 A recent study reports a strong association 
between 30-day mortality and hypotension in the pres-
ence of low BIS and low minimum alveolar gas concen-
trations during noncardiac surgery.201 An association 
between severity and duration of intraoperative hypo-
tension and 1-year mortality in older patients also has 
been reported.202 It is unclear if these studies are identi-
fying a susceptible population with decreased end-organ 
reserve based on sensitivity to anesthetics or suggesting 
a potential therapeutic target for intraoperative man-
agement. However, earlier studies have demonstrated 
that older patients can safely receive controlled hypo-
tensive anesthesia (mean arterial blood pressure range 
of 45 to 55 mm Hg) during orthopedic procedures with-
out increased risk.90 Further controversy surrounds the 
question of whether better outcomes are obtained with 
goal-directed therapy when hemodynamic monitoring 
is used to optimize hemodynamics and fluid administra-
tion. No benefit is thought to exist for therapy directed 
by pulmonary artery catheter over standard care in 
older, high-risk surgical patients requiring intensive 
care.203

Regional Versus General Anesthesia
The difference in outcome between regional and general 
anesthesia in older patients is not clear.204 Many types 
of surgery, including major vascular and orthopedic 
procedures, have been studied.205,206 Furthermore, the 
incidence of POCD is similar with regional versus gen-
eral anesthesia.207 Yet, other specific effects of regional 
anesthesia may provide some benefit. First, regional 
anesthesia affects the coagulation system by prevent-
ing postoperative inhibition of fibrinolysis.208 Deep vein 
thrombosis or pulmonary embolism may occur in 2.5% 
of patients after certain high-risk procedures.209 Regional 
anesthesia may decrease the incidence of deep vein 
thrombosis after total hip arthroplasty.210 These find-
ings are controversial, however, because similar results 
have not been reported with total knee arthroplasty.211 
In lower extremity revascularization, regional anesthesia 
is associated with a decreased incidence of postoperative 
graft thrombosis in contrast to that with general anesthe-
sia.212 Second, the hemodynamic effects of regional anes-
thesia may be associated with decreased blood loss in 
pelvic and lower extremity surgery.213,214 Third, regional 
anesthesia does not necessitate instrumentation of the 
airway and may allow patients to maintain their own 
airway and level of pulmonary function. Older patients 
are likely more susceptible to hypoxemic episodes in the 
recovery room. Patients who undergo regional anesthe-
sia may have a lower risk for hypoxemia.215 However, 
it is unclear whether fewer pulmonary complications 
occur with regional versus general anesthesia. Finally, 
well-conducted regional anesthesia has opiate-sparing 
effects that may benefit older patients after total joint 
arthroplasty.216
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POSTOPERATIVE CONSIDERATIONS

Postanesthesia Care Unit
No guidelines for postanesthesia care unit (PACU) man-
agement relate specifically to older patients because many 
issues of anesthetic recovery are shared by all age groups 
(see also Chapter 96). Postoperative management of pul-
monary problems is of particular importance because the 
most important patient-related factors for postoperative 
pulmonary complications are age and ASA status.217 In the 
PACU, older patients have a greater reported incidence of 
postoperative desaturation.218 In addition, the aged may 
be at higher risk for aspiration secondary to the progres-
sive decrease in laryngopharyngeal sensory discrimina-
tion and associated dysfunctional swallowing.219 Urinary 
retention is more common in older adults220; nausea and 
vomiting are not.221

Treatment of Acute Postoperative Pain
Experimental and clinical studies provide support for 
the notion of an age-related decrease in pain percep-
tion.222,223 However, whether the observed changes are 
caused by the aging process or reflect other age-asso-
ciated effects such as an increased presence of comor-
bid disease is not known.224 A greater problem occurs 
in cognitively impaired patients. Alzheimer disease is 
associated with a decrease in reported pain.225 In con-
trast to older persons without dementia, patients with 
Alzheimer disease appear to perceive pain less intensely 
and with a corresponding decrement in its affective 
component.226

Although the sensory-discriminative component of 
pain is maintained in patients with Alzheimer disease, 
pain tolerance increases with the severity of demen-
tia.227 The basic principles of evaluation of pain in older 
patients are similar to those in other age groups. In addi-
tion, aging alters functional organ reserve and pharma-
cokinetics. Thus, the combination of pain assessment 
and drug dose adjustment provides challenges in the 
management of postoperative pain in older patients. 
Many of the principles of postoperative pain manage-
ment in older patients are discussed in Chapters 64 and 
98. Several general principles should be kept in mind 
when managing frail, older patients. For one, multiple 
modalities of analgesia should be considered, such as 
intravenous patient-controlled analgesia and regional 
nerve blocks, which will enhance analgesia and reduce 
opioid toxicity. This principle is especially important in 
frail elders, who often tolerate systemic opioids poorly. 
Second, the use of site-specific analgesia is a help-
ful adjunct. Certain operative sites, such as the upper 
extremity, are especially amenable to local nerve blocks. 
Third, whenever possible, nonsteroidal antiinflamma-
tory drug preparations should be used to spare opioids, 
enhance analgesia, and decrease inflammatory media-
tors. Unless the patient has a contraindication or strong 
concern exists about hemostasis or peptic ulceration, 
nonsteroidal antiinflammatory drugs should generally 
be administered.228 Opioid-based postoperative pain 
management may be used in older patients. However, 
it is imperative to keep in mind the alterations in dose 
requirements that occur with age.
Iatrogenic Complications
Numerous hazards of hospitalization exist for the older 
surgical patient. Iatrogenic complications are common 
and of increased severity in older adults.229

Those of importance to the anesthesiologist include 
adverse drug events, dehydration, delirium, and func-
tional decline. Adverse drug events have a reported prev-
alence of 14.6% in hospitalized patients 70 years of age 
and older and are associated with both the number of 
new inpatient medications and admission cognitive sta-
tus. Patients experiencing an adverse drug event often 
incur a longer length of stay and functional decline.230-232

OUTCOMES

The goal of a surgical intervention should be to preserve 
or improve activity and independence while avoiding dis-
ability.233 Although many procedures can be performed 
with relatively low mortality rates, functional recovery 
may be challenging and require significant time for many 
high-risk older patients.129 After major abdominal surgery, 
functional recovery may take up to 6 months or longer 
for patients older than 60 years.234 Many patients under-
going vascular surgery experience a decline in capacity 
for independent function.235 Postoperative complications 
are common in hospitalized older patients, with the inci-
dence ranging from 20% to 50% and associated with both 
short-term and long-term mortality.236

For older patients requiring admission to an ICU, survival 
to discharge is most closely related to severity of illness at 
the time of admission, and age and prehospital functional 
status correlate most closely with long-term survival.237 
Recovery is often a long process, with many elders requir-
ing assistance with IADL up to 1-year after discharge.238
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Anesthesia for Trauma
MAUREEN MCCUNN • THOMAS E. GRISSOM • RICHARD P. DUTTON

K e y  P o i n t s

 •  Successful perioperative anesthesia care for patients who have undergone acute 
trauma depends on an understanding of trauma system design and surgical 
priorities.

 •  Successful emergency airway management is based on having a clear plan, such 
as the American Society of Anesthesiologists algorithm for difficult airways adapted 
for trauma. In general, rapid-sequence induction of anesthesia and in-line cervical 
stabilization, followed by direct laryngoscopy or video laryngoscopy, is the safest 
and most effective approach. The use of cricoid pressure is controversial and is no 
longer a class I recommendation.

 •  Recognition of hemorrhagic shock is at the center of advanced trauma life support. 
Hemorrhagic shock indicates the need for rapid operative treatment, with the 
possibility of a damage control approach. Although establishing an adequate 
airway remains the initial priority, obvious hemorrhage should be concurrently 
addressed through immediate application of tourniquets or direct pressure.

 •  Resuscitation during acute hemorrhagic shock has undergone a significant change 
in emphasis. Current recommendations are to maintain deliberate hypotension 
during active bleeding by limitation of crystalloid infusion. Recognizing the impact 
of early coagulopathy in trauma, a “hemostatic” resuscitation should be employed, 
with an emphasis on maintenance of blood composition by early transfusion of red 
blood cells, plasma, and platelets and viscoelastic monitoring (see also Chapter 61) 
when available.

 •  Management of patients with severe traumatic brain injury (see also Chapter 70) 
requires monitoring and maintenance of cerebral perfusion and oxygenation for 
successful operative and intensive care management.

 •  Trauma anesthesiology includes a substantial component of critical care practice 
(see also Chapter 101). Use of intraoperative advanced ventilator strategies, 
including permissive hypercapnia and facilitated spontaneous ventilation (bilevel 
or airway pressure release ventilation), may improve outcomes.

 •  Prehospital, interhospital, and intrahospital transport of critically injured patients 
is the province of the trauma anesthesiology team and requires planning and 
attention to detail.
Unintentional injury is the leading cause of death between 
the ages of 1 and 45 years in the United States and the 
fifth leading cause of death overall.1 Because it affects 
primarily the young, trauma is the leading cause of years 
of life lost before the age of 75 years. The World Health 
Organization (WHO) estimates that injury is the leading 
cause of death worldwide for both men and women from 
the age of 15 to 44 years; and by 2020, injuries will be 
the third leading cause of death and disability in all age 
groups.2 Unlike in developed nations, where road traf-
fic deaths are predicted to decrease by 2020, annual road 
traffic mortality is expected to increase by 80% in low- 
and middle-income countries.3
Globally, approximately 16,000 people die of injuries 
every day and approximately 5.8 million people every 
year, which corresponds to an annual mortality rate 
of 97.9 per 100,000 population. Mortality from injury 
underrepresents the true burden of disease inasmuch as 
hundreds of people require hospital treatment for every 
death. According to the 2002 World Report on Violence 
and Health, injury accounts for 12.2% of the total bur-
den of disease.4 In contrast to other disease and health 
conditions, morbidity and disability as a result of injury 
account for a disproportionate number of deaths in 
children and young adults. This leads to a major bur-
den on health sector and social welfare services, and the 
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economic consequences include both the cost of care and 
a substantial amount of lost productivity.

Globally, more than nine people die every minute from 
injuries or violence. The three leading causes of injury 
and violence-related deaths are road traffic incidents, sui-
cides, and homicides.5 Many patients in the world have 
little or no access to trauma care. In the United States, 
research shows that receiving care at a Level I trauma 
center can decrease the risk for death among seriously 
injured patients by 25%.6 The Centers for Disease Control 
and Prevention (CDC) National Center for Injury Preven-
tion and Control and the WHO Violence and Injury Pre-
vention program have several global projects under way 
that are aimed at building trauma-response capacity to 
decrease this burden of injury.

Management of trauma patients presents unique chal-
lenges to the health care system because they require 
resource-intensive care, they have multiple injuries to 
multiple body systems, and their acute injuries overlie 
and interact with a variety of chronic medical conditions. 
Anesthesia providers in practice at designated trauma 
centers are involved in the care of trauma patients, begin-
ning with airway and resuscitation management in the 
emergency department (ED) and proceeding through the 
operating room (OR) to the intensive care unit (ICU). 
Trauma patients represent a significant proportion of 
all OR cases managed during night and weekend shifts. 
Critical care and pain management specialists often see 
trauma patients as a significant fraction of their practice, 
depending on the overall purpose of their respective med-
ical centers. Yet even practitioners at outpatient surgery 
centers encounter trauma patients in need of reconstruc-
tive, orthopedic, or plastic surgery.

At the same time, very few anesthesiologists in the 
United States consider trauma their primary specialty. 
This is distinct from European practice, in which an anes-
thesiologist also works in the prehospital environment, as 
an ED director, or as leader of a hospital’s trauma team. 
The U.S. model, in which many anesthesiologists treat 
trauma patients but few do so exclusively, has led to a 
relative dearth of research, publication, and education in 
this field, except for publications resulting from trauma 
in a military situation (i.e., wars), which is discussed later 
in this chapter. This situation is unfortunate because 
nonmilitary domestic trauma is a rapidly evolving field of 
study that presents unique challenges to the clinician and 
one in which improvements in care can have a dramatic 
impact on society as a whole.

Anesthesia for trauma patients is different from rou-
tine OR practice. Most urgent cases occur during off-
hours, when the most experienced OR and anesthesia 
personnel may not be available. In small hospitals and 
military and humanitarian practice, austere conditions 
may influence the resources available. Patient informa-
tion may be limited, and allergies, genetic abnormali-
ties, and previous surgeries may create sudden crises. 
Hopefully, with the increasing dependence of medicine 
on information technology (computers), such patient 
information will become more readily available. Patients 
are frequently intoxicated, with full stomachs and the 
potential for cervical spine instability. Simple operations 
may become complicated, and specialty surgical and 
anesthesia equipment may be required on short notice. 
Patients often have multiple injuries requiring complex 
positioning, multiple procedures, and the need to con-
sider priorities in management. Occult injuries, such as 
tension pneumothorax, can be manifested at unexpected 
times. Fortunately, there does not appear to be a higher 
risk for medical liability associated with the provision of 
anesthesia for trauma versus nontrauma surgical anesthe-
sia cases.7 Successful perioperative care of these patients 
requires a good understanding of the basics, supple-
mented by preparation, flexibility, and the ability to react 
quickly to changing circumstances.

As with other endemic diseases, successful treatment 
of trauma extends well beyond the boundaries of an 
individual hospital. Community-based prevention has 
included efforts to incorporate airbags in motor vehicles, 
mandate helmet use on motorcycles, encourage citizens 
to wear seat belts, punish intoxicated drivers, and pro-
mote responsible handgun ownership.8 These measures 
have had an impact on the demographics of injury in 
much the same fashion that smoking cessation, dietary 
modification, and routine mammography have affected 
the incidence of heart disease and cancer. When preven-
tion fails, outcomes after injury are heavily influenced by 
the community’s commitment to an organized system of 
trauma care.9

A systems approach to the delivery of trauma care 
improves outcome. Trauma care systems represent a con-
tinuum of integrated care that is a coordinated effort 
between out-of-hospital and hospital providers with close 
cooperation of medical specialists in each phase of care. 
In 1998, the first Academic Symposium to Evaluate Evi-
dence Regarding the Efficacy of Trauma Systems (the Ska-
mania Conference) systematically reviewed the published 
literature in an effort to quantify the understanding of 
trauma system effectiveness at that time and to chart a 
course to outline future research endeavors.10,11 The Ska-
mania Symposium concluded that treatment at a trauma 
center versus a nontrauma center is associated with fewer 
inappropriate deaths and less disability. This conclusion 
was substantiated in 2006 by a New England Journal of 
Medicine study showing that mortality is reduced when 
care is provided at a trauma center versus a nontrauma 
center.12 Studies in the United States have shown that a 
reduction in unnecessary deaths from more than 30% to 
less than 5% occurred in trauma centers compared with 
general hospitals and that a regionalized system with tri-
age criteria and dedicated trauma centers also reduces the 
potentially preventable mortality rate to as infrequent 
as 1% to 3%. However, based on a U.S. study evaluating 
rates of mortality after implementation of a statewide 
trauma system program, a mean of 9 years elapsed after 
passage of enabling legislation before a significant benefit 
in survival was achieved.13

The degree to which the trauma system is organized 
and regulated varies widely from state to state across the 
United States. States such as Maryland, Pennsylvania, 
Connecticut, and Illinois have established protocols for 
the care of trauma patients that begin at the moment of 
first contact with the emergency medical system. In other 
states the system may be more fragmentary, and care may 
vary widely across jurisdictions. Mature trauma systems 
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include protocols for patient triage and transport, stan-
dards for hospitals providing trauma care, and data col-
lection systems that facilitate benchmarking. Although 
some states have written their own standards for certify-
ing trauma hospitals, the most influential national docu-
ment is Resources for Optimal Care of the Injured Patient, 
published by the American College of Surgeons Commit-
tee on Trauma in 2006.14 This reference offers standards 
for accreditation of trauma hospitals based on the avail-
ability of key resources, the volume of trauma patients 
treated, and the institutional commitment to prevention 
and education. The presence of an experienced anesthesi-
ologist and the immediate availability of an open OR are 
both core resource standards for accreditation of a level 
1 trauma center. Patient outcomes are improved when 
a hospital pursues and attains designation as a trauma 
center.15,16

The numerous innovations in trauma care that have 
occurred in just the past decade dictate the need for ongo-
ing education, including targeted hemostatic resuscita-
tions; “damage control” surgical techniques; diagnostic 
modalities such as high-speed computed tomography 
(CT), angiography, and focused abdominal ultrasound; 
and perfusion-focused strategies for managing traumatic 
brain injury (TBI). The coming decades will see new 
pharmacologic therapies for shock and reperfusion, new 
strategies for achieving hemostasis, and better patient 
monitoring. Improving patient outcomes requires a com-
mitment to continuing education on the part of the anes-
thesiologists and every member of the trauma team.

This chapter provides an overview of important areas 
of trauma care for the anesthesiologist. We begin with a 
description of the initial approach to an injured patient, 
followed by discussions of emergency airway manage-
ment, resuscitation, and care of patients with central ner-
vous system (CNS) injuries. We briefly cover the needs of 
orthopedic and reconstructive surgery patients and then 
conclude with a discussion of postoperative and critical 
care issues for the trauma anesthesiologist.

PRIORITIZING TRAUMA CARE

The Advanced Trauma Life Support (ATLS) course of the 
American College of Surgeons is the most widely recog-
nized training program for trauma physicians of all dis-
ciplines.17 Although not comprehensive in subspecialty 
areas, the ATLS curriculum nonetheless provides a frame-
work and a common language for the care of injured 
patients. ATLS is based on a primary survey that includes 
simultaneous efforts to identify and treat life-threatening 
and limb-threatening injuries, beginning with the most 
immediate. This focus on urgent problems first is cap-
tured by the “golden hour” catchphrase and is the most 
important lesson of ATLS. Put simply, better outcomes 
are achieved with faster diagnosis and treatment. Reso-
lution of urgent needs is followed by a meticulous sec-
ondary survey and further diagnostic studies designed 
to reduce the incidence of missed injuries. Knowing the 
basics of ATLS is essential for any physician who interacts 
with trauma patients. Figure 81-1 is a simplified represen-
tation of the ATLS protocol.
ATLS emphasizes the ABCDE mnemonic—airway, 
breathing, circulation, disability, and exposure (see also 
Chapter 108). Verification of a patent airway and acceptable 
respiratory mechanics is of primary importance because 
hypoxia is the most immediate threat to life. Inability to 
oxygenate the patient will lead to permanent brain injury 
and death within 5 to 10 minutes. Trauma patients are at 
risk for airway obstruction and inadequate respiration for 
the reasons listed in Box 81-1. Endotracheal intubation, 
whether performed in the prehospital environment or in 
the ED, must be confirmed immediately by capnometry. 
Esophageal intubation or endotracheal tube dislodgement 

Vocal response
Auscultation

Chin lift
Bag-valve-mask 

assist with 
100% oxygen 

Intubation

Pulse oximetry
Arterial blood gas

Chest x-ray

Mechanical ventilation
Tube thoracostomy

Vital signs
Capillary refill

Response to fluid bolus
CBC, coagulation studies

Type and crossmatch
FAST

Pelvic plain films

Adequate intravenous access
Fluid administration

Pressure on open wounds
Pelvic binder

ED thoracotomy
Uncrossmatched blood

Surgery

Determination of GCS score
Motor and sensory examination

Cervical spine films
Head, neck, spine CT

Support of oxygenation 
and perfusion

Emergency surgery
Intracranial pressure

monitoring

Airway

Breathing

Circulation

Neurologic Disability

Laboratory studies
ECG

Indicated plain films
and CT scans

Detailed history
and physical examination

Removal of all clothes
Further surgical

treatment as indicated
Detailed review of
all laboratory and 

radiographic findings

Exposure and Secondary Survey

Figure 81-1. Simplified assessment and management of the trauma 
patient. CBC, Complete blood count; CT, computed tomography; ECG, 
electrocardiogram; ED, emergency department; FAST, focused assess-
ment by sonography for trauma; GCS, Glasgow Coma Scale. ( Modified 
from the Advanced Trauma Life Support curriculum of the American  
College of Surgeons.)
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are common and devastating if not promptly corrected. 
When cardiac arrest exists, end-tidal carbon dioxide values 
may be very low; direct laryngoscopy should be performed 
if there is any question about the location of the endotra-
cheal tube (see also Chapter 55).

If establishment of a secure airway and adequate ven-
tilation requires a surgical procedure such as a trache-
ostomy, tube thoracostomy, or open thoracotomy, this 
procedure must precede all others. Indeed, these proce-
dures are commonly performed in the ED, often before 
the arrival of an anesthesiologist. Subsequent surgery to 
convert a cricothyroidotomy to a tracheostomy or close 
an emergency thoracotomy may then follow in the OR.

Hemorrhage is the next most pressing concern inas-
much as ongoing blood loss is inevitably fatal. The symp-
toms of shock are presented in Box 81-2. Shock is presumed 
to result from hemorrhage until proved otherwise. Assess-
ment of the circulation consists of an early phase, during 
active hemorrhage, and a late phase, which begins when 
hemostasis is achieved and continues until normal physiol-
ogy is restored. In the early phase, diagnostic efforts focus 
on the five sites of bleeding detailed in Table 81-1, the only 
areas in which exsanguinating hemorrhage can occur. 
Immediate actions to control hemorrhage can include 
application of pelvic binders for bleeding associated with 
pelvic fractures or tourniquet application for extremity 
injuries. Any surgical procedure to diagnose or control 
active hemorrhage should be immediately transported to 
the OR. This includes exploration of the neck or pericar-
dium to rule out hemorrhage in sensitive compartments. In 
the OR, the trauma surgeon focuses on anatomic control of 
hemorrhage, whereas the anesthesiologist is responsible for 
restoring the patient’s physiology. Goals for early and late 
resuscitation are discussed in more detail later.

After management of the circulation is assessment of the 
patient’s neurologic status by calculation of the Glasgow 
Coma Scale (GCS) score (Box 81-3)18; examination of the 

AirwAy ObstructiOn

Direct injury to the face, mandible, or neck
Hemorrhage in the nasopharynx, sinuses, mouth, or upper 

airway
Diminished consciousness secondary to traumatic brain injury, 

intoxication, or analgesic medications
Aspiration of gastric contents, blood, or a foreign body (i.e., 

dentures, broken teeth, soft tissue)
Misapplication of oral airway or endotracheal tube (esophageal 

intubation)

inAdequAte VentilAtiOn

Diminished respiratory drive secondary to traumatic brain or 
high cervical spine injury, shock, intoxication, hypothermia, or 
oversedation

Direct injury to the trachea or bronchi
Pneumothorax or hemothorax
Chest wall injury
Aspiration
Pulmonary contusion
Cervical spine injury
Bronchospasm secondary to smoke or toxic gas inhalation  

BOX 81-1 Causes of Obstructed Airway or 
Inadequate Ventilation in a Trauma Patient
pupils for size, reactivity, and symmetry; and determination 
of sensation and motor function in each of the extremities. 
Significant abnormalities on the neurologic examination 
are an indication for immediate cranial CT. Most trauma 
patients with a diminished GCS score will have nonoperative 

Pallor
Diaphoresis
Agitation or obtundation
Hypotension
Tachycardia
Prolonged capillary refill
Diminished urine output
Narrowed pulse pressure  

BOX 81-2 Signs and Symptoms of Shock

TABLE 81-1 DIAGNOSTIC AND THERAPEUTIC 
OPTIONS FOR MANAGEMENT OF TRAUMATIC 
HEMORRHAGE

Site of Bleeding
Diagnostic 
Modalities Treatment Options

Chest Chest x-ray Observation
Thoracostomy tube 

output
Surgery

Chest CT
Abdomen Physical examination Surgical ligation

Ultrasound (FAST) Angiography
Abdominal CT Observation
Peritoneal lavage

Retroperitoneum CT Angiography
Angiography

Long bones Physical examination Fracture fixation
Plain x-rays Surgical ligation

Outside the 
body

Physical examination Direct pressure

Surgical ligation

CT, Computed tomography; FAST, focused assessment by sonography for 
trauma.

eye-Opening respOnse

4 = Spontaneous
3 = To speech
2 = To pain
1 = None

VerbAl respOnse

5 = Oriented to name
4 = Confused
3 = Inappropriate speech
2 = Incomprehensible sounds
1 = None

MOtOr respOnse

6 = Follows commands
5 = Localizes to painful stimuli
4 = Withdraws from painful stimuli
3 = Abnormal flexion (decorticate posturing)
2 = Abnormal extension (decerebrate posturing)
1 = None  

BOX 81-3 Glasgow Coma Score*

*The Glasgow Coma Score is the sum of the best scores in each of three 
categories.
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Airway Management
Cricothyroidotomy

Control of Exsanguinating Hemorrhage
Exploratory thoracotomy or laparotomy

Pelvic external fixation
Neck exploration

Intracranial Mass Excision
Epidural hematoma

Subdural hematoma with mass effect

Threatened Limb or Eyesight
Traumatic near-amputation

Peripheral vascular trauma or 
compartment syndrome

Open globe injury

High Risk for Sepsis
Perforated stomach or bowel
Massive soft tissue infection

Early Patient Mobilization
Closed long-bone fixation

Spinal fixation

Better Cosmetic Outcome
Facial fracture repair
Soft tissue closure

Control of Ongoing Hemorrhage
Exploratory thoracotomy 

or laparotomy
Wound management

Figure 81-2. Surgical priorities in a trauma patient. (Reprinted with permission from Dutton RP, Scalea TM, Aarabi B: Prioritizing surgical needs in the 
patient with multiple injuries, Probl Anesth 13:311, 2001.)
conditions, but for the few who require operative evacu-
ation of an epidural or subdural hematoma, timeliness of 
treatment has a strong influence on outcome. Patients with 
unstable spinal canal injuries and incomplete neurologic 
deficits will also benefit from early surgical stabilization.

The final step in the primary survey is complete expo-
sure of the patient and a head-to-toe search for visible 
injuries or deformities, including deformities of bones or 
joints, soft tissue bruising, and any breaks in the skin. The 
anesthesiologist can assist in this procedure by support of 
the head and neck, maintenance of the airway, and care 
in manipulating the spine.

After the primary survey a more deliberate secondary 
examination should be undertaken that includes a thor-
ough history and physical examination, diagnostic stud-
ies, and subspecialty consultation. Any remaining injuries 
are diagnosed at this time and treatment plans established. 
Indications for urgent or emergency surgery also may arise 
during the secondary survey. The presence of a limb-threat-
ening injury as a result of vascular compromise, compart-
ment syndrome, or a severely comminuted fracture is one 
such indication. Although the awakening, breathing, coor-
dination, delirium monitoring and management, and early 
mobility (ABCDE) issues must be addressed first, a pulseless 
extremity, compartment syndrome, near- amputation, or 
massively fractured extremity must go to the OR as soon as 
the patient is otherwise stable.

Another category of urgency arises in patients with a time-
dependent potential for systemic infection. Because sepsis 
is a leading cause of complications and death in trauma 
patients, open injuries should be thoroughly debrided—
and closed if appropriate—at the earliest opportunity (see 
also Chapters 101 and 102). Other urgent indications for 
surgery include perforation of the bowel, open fracture, and 
extensive soft tissue wounds. The frequency of infectious 
complications of open fractures increases in a linear fash-
ion with time from the moment of injury until operative 
debridement19 although a recent meta-analysis has chal-
lenged the traditional 6-hour rule for initial debridement.20 
Nonetheless, the need for early surgery must be balanced 
against the need for diagnostic studies, adequate preopera-
tive resuscitation, and the priority of other cases.

Figure 81-2, an algorithm for prioritizing surgical man-
agement in trauma patients, is presented with the under-
standing that individual situations will vary according 
to available resources and patient response to therapy. 
A trauma patient often will arrive at the OR with the 
need for more than one surgical procedure by more than 
one surgical service. A trauma patient may have injuries 
requiring emergency surgery coexisting with injuries that 
can be repaired at any time. The anesthesiologist plays an 
important role in determining which procedures to per-
form, in which order, and which procedures should be 
postponed until the patient is more stable.

ANESTHESIA IN WAR AND AUSTERE 
CONDITIONS

“While it is evident that the general principles of anes-
thesia are not affected by the circumstances of war, it 
is equally evident that it is our duty to assiduously seek 
those means in anesthesia which are especially suited to 
the exigencies of battle.”21

Although written in 1942, these words are still true 
today, and many of the principles developed from earlier 
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wars still apply on the modern battlefield or in a large-
scale disaster (see also Chapter 83). Recent conflicts and 
events have allowed anesthesiologists, nurse anesthe-
tists, and other providers to help improve management 
of traumatically injured patients in the areas of anesthe-
sia, resuscitation, and damage control surgery. Manage-
ment of battlefield casualties typically follows the same 
flow as outlined earlier, but with special consideration in 
the areas of prehospital interventions, resuscitation, tech-
nologic and logistic support, patient movement, mass 
casualty management, and surgical interventions.22 Pain 
management considerations also may be affected by the 
nature of the injuries and transport considerations.23

Modern advancements in battle armor, prehospital 
interventions, provision of forward surgical support, and 
resuscitative strategies have had an impact on survival 
from combat injuries. During the most recent conflicts in 
Iraq and Afghanistan, the killed-in-action rate decreased 
to 13.9% from 20.2% in Vietnam and World War II.24 
This is mirrored by a similar reduction in the case fatal-
ity rate. Paradoxically, the ability to get many of the 
severely wounded patients to a hospital (e.g., rapidly by 
helicopter) has led to an increase in the “died-of-wounds” 
rate. Most likely this rate would be even higher if not for 
improvements in surgical management such as damage 
control techniques, improved ICU care, earlier recogni-
tion of abdominal compartment syndrome, liberal use of 
fresh whole blood (see also Chapter 61), and institution 
of a theater-wide trauma system approach.

One of the major advances in battlefield medical sup-
port has been the rapid movement of patients out of the 
theater of operations to more comprehensive medical 
facilities. Even in the late l960s, wounded soldiers were 
evacuated out of Vietnam within 3 days of injury. In the 
most recent conflict, the time from injury in the Middle 
East until return to the United States is frequently less than 
81 hours for even the most seriously injured patients.25 
This may include initial in-theater damage control surgery 
followed by one or two aeromedical evacuation missions 
lasting up to 12 hours with a critical care air transport 
team (CCATT). In preparation for such rapid movement, 
the anesthesiologist must ensure that perioperative inter-
ventions such as airway management, pain control, and 
adequacy of resuscitation are addressed before transfer. 
In addition, anesthesiologists are frequently assigned to a 
CCATT as the physician team member based on their over-
all skill set and ability to provide support en route to criti-
cally ill or injured patients. Beyond the support provided 
during wartime, the CCATT also has proved useful for the 
movement of critical patients during large-scale disasters 
such as occurred after Hurricane Katrina in 2005.26

Mass casualty situations are not uncommon in wartime 
conditions, although the role of the anesthesiologist will 
vary depending on the number of patients and require-
ments for urgent surgical interventions. Given the limited 
number of anesthesia providers in most combat-related 
scenarios, often they are not involved in the triage pro-
cess. If available, however, anesthesia support can enhance 
emergency airway management, establishment of venous 
access, and supervision of resuscitative efforts. Only 10% 
to 20% of arriving casualties require immediate lifesav-
ing interventions, although a much larger percentage will 
ultimately require surgical procedures.27 A well-developed 
trauma system is persistently evolving, and management 
of mass casualty scenarios will become routine.28

Overall, anesthetic management of battlefield casualties 
is similar to that for patients in a civilian trauma setting; 
however, many factors must be considered in the periopera-
tive plan for a combat casualty.29 Environmental consider-
ations such as extremes of temperature, availability of water, 
contamination with sand, lack of consistent electricity, and 
other aspects may have to be taken into consideration. 
Logistic support chains may be long and unable to provide 
sufficient supplies in the early phases of a conflict. Deploy-
able equipment, such as drawover vaporizer systems or por-
table ventilators, may be different from those used during 
Figure 81-3. Deployable military 
anesthesia equipment. A, Drawover 
vaporizer and portable ventilator 
(circled) in field hospital. B, Portable 
anesthesia machine. (Used with per-
mission from CPT Bruce Baker, MD, 
USN.)

A B
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peacetime, so predeployment training is vital (Fig. 81-3).30 
In addition, techniques such as total intravenous (IV) anes-
thesia and regional anesthesia or analgesia will frequently 
be used and thus require familiarity with their management 
and associated equipment (see also Chapter 57).29

Optimal care of wartime casualties or victims of large 
disasters requires not only familiarity with a broad range 
of anesthetic principles and techniques but also the abil-
ity to be flexible in the face of a rapidly changing envi-
ronment. With special training in airway management, 
provision of anesthesia and sedation, resuscitation, and 
pain management, anesthesiologists may find themselves 
involved in triage, emergency management, and periop-
erative and critical care.

EMERGENCY AIRWAY MANAGEMENT

The American Society of Anesthesiologists (ASA) algo-
rithm for management of difficult airways modified for 
trauma (see also Fig. 55-2) is a useful starting point for 
the trauma anesthesiologist, whether in the ED or the 
OR (see also Chapter 55).31,32 The concept of the algo-
rithm is an important one. The anesthesiologist should 
have a plan for the initial approach to the airway and for 
coping with any difficulties that might develop. Figure 
81-4 is a typical algorithm for emergency intubation of 

Need for emergency intubation

Induction
Muscle relaxation

Laryngoscopy no. 1

Success

Failure

Failure

Failure

Success

Success

Confirmation
with capnometry, 

auscultation

LMA placement

Cricothyroidotomy

Operating room for definitive airway

Laryngoscopy no. 2
Bougie

Preoxygenation with 
 bag-valve-mask system
Cricoid pressure
In-line cervical stabilization

Figure 81-4. Emergency airway management algorithm used at the R. 
Adams Cowley Shock Trauma Center, presented as an example. Individual 
practitioners and trauma hospitals should determine their own algorithm, 
based on available skills and resources. LMA, Laryngeal mask airway.
an unstable trauma patient. Note that it differs from the 
ASA algorithm in that reawakening the patient is seldom 
an option because the need for emergency airway con-
trol will presumably remain. Once the decision to obtain 
a definitive airway is made, efforts will continue until a 
cuffed tube is in position in the trachea, whether by con-
ventional intubation or via a surgical approach. Failure to 
commit to a surgical airway soon enough results in bad 
outcomes more commonly than do complications of a 
procedure that might have been unnecessary.

INDICATIONS

The goal of emergency airway management is to ensure 
adequate oxygenation and ventilation while protecting 
the patient from the risks for aspiration. Endotracheal 
intubation is commonly required and is specifically indi-
cated in the following conditions:

 •  Cardiac or respiratory arrest
 •  Respiratory insufficiency (see Box 81-1)
 •  Airway protection
 •  Need for deep sedation or analgesia, up to and including 

general anesthesia
 •  Transient hyperventilation of patients with space-

occupying intracranial lesions and evidence of 
increased intracranial pressure (ICP)

 •  Delivery of a 100% fraction of inspired oxygen (FiO2) to 
patients with carbon monoxide poisoning

 •  Facilitation of the diagnostic workup in uncooperative 
or intoxicated patients

APPROACH TO ENDOTRACHEAL 
INTUBATION

In general, monitoring standards for airway management 
should be the same in the ED and OR, including an elec-
trocardiogram (ECG), blood pressure, oximetry, and cap-
nometry. Appropriate equipment, including an O2 source, 
bag-valve-mask ventilating system, mechanical ventilator, 
suction, and a selection of laryngoscope blades, endotra-
cheal tubes, and devices for managing difficult tracheal 
intubations, should be available in any location where 
emergency intubation is likely, including the ED.

Endotracheal intubation is best accomplished in 
almost all cases with a modified rapid-sequence approach 
by an experienced clinician. Although concern may 
exist that the use of neuromuscular blocking drugs and 
potent anesthetics outside the OR will be associated with 
a more frequent complication rate, in fact the opposite 
is more likely correct. Anesthesia and neuromuscular 
blockade allow the best tracheal intubating conditions 
on the first approach to the airway, which is advanta-
geous in an uncooperative, hypoxic, or aspirating patient. 
Attempts to secure the airway in an awake or lightly 
sedated patient increase the risk for airway trauma, pain, 
aspiration, hypertension, laryngospasm, and combative 
behavior. Experienced providers, supported by appropri-
ate monitoring and equipment, have achieved results of 
medication-assisted intubation outside the OR that are 
equivalent to those for emergency tracheal intubation 
within the OR (Table 81-2).33-35



PART V: Adult Subspecialty Management2430
PROPHYLAXIS AGAINST PULMONARY 
ASPIRATION OF GASTRIC CONTENTS

A trauma patient should always be treated as having a full 
stomach and at risk for aspiration of gastric contents dur-
ing induction of anesthesia (see also Chapter 55). Reasons 
include ingestion of food or liquids before the injury, 
swallowed blood from oral or nasal injuries, delayed gas-
tric emptying associated with the stress of trauma, and 
administration of liquid contrast medium for abdomi-
nal CT scanning. As with obstetric anesthesia (see also 
Chapter 77), nonparticulate antacids should be given to a 
trauma patient before induction of anesthesia if time and 
patient cooperation exist.

Cricoid pressure—the Sellick maneuver—has been rec-
ommended to be applied continuously during emergency 
airway management from the time the patient loses pro-
tective airway reflexes until endotracheal tube placement 
and cuff inflation are confirmed. The Sellick maneuver 
consists of elevating the patient’s chin (without displac-
ing the cervical spine) and then pushing the cricoid carti-
lage posteriorly to close the esophagus. However, cricoid 
pressure may worsen the laryngoscopic grade of view in 
up to 30% of patients36 without providing effective pre-
vention of aspiration of gastric contents.37 In a recent 
prehospital study evaluating the impact of cricoid pres-
sure on subsequent intubation success, discontinuing cri-
coid pressure usually facilitated intubation of the trachea 
without worsening the grade of laryngoscopic view.38 
Thus, cricoid pressure should be released in the trauma 
patient if a difficult intubation can be facilitated. The lack 
of evidence supporting the use of cricoid pressure and its 
potential to make intubation more difficult led the Amer-
ican Heart Association to recommend discontinuation of 
its use during cardiac arrest situations.39 Additionally, the 
Eastern Association for the Surgery of Trauma Practice 
Management Guidelines for emergency tracheal intuba-
tion have removed it as a class 1 recommendation.40

In the traditionally defined rapid-sequence induction 
of anesthesia, any attempt at ventilation between admin-
istration of medication and intubation is avoided, pre-
sumably because positive-pressure ventilation may force 
gas into the patient’s stomach, leading to regurgitation 
and aspiration. Sellick’s original paper described ventila-
tion during cricoid pressure in patients with full stomachs 
with the belief that cricoid pressure during mask ventila-
tion would prevent gastric inflation.41 Although this may 
be true, cricoid pressure reduces tidal volumes, increases 

TABLE 81-2 DRUG-ASSISTED INTUBATIONS 
OUTSIDE THE OPERATING ROOM 

Author No. Patients Problems

Talucci et al35 260 No hemodynamic or 
neurologic complications

Stene et al34 >3,000 No difference from OR
Rotondo et al33 204 No difference from OR
Karlin* 647 None noted

Modified from Karlin A: Airway management of trauma victims, Probl Anesth 
13:283, 2001.

OR, Operating room.
*Unpublished data.
peak inspiratory pressure, or prevents ventilation.37 On 
the other hand, the increase in O2 consumption in trauma 
patients necessitates preoxygenation whenever possible. 
If preoxygenation is not possible as a result of facial 
trauma, decreased respiratory effort, or agitation, *rapid 
desaturation is a possibility. Positive-pressure ventilation 
during all phases of induction provides the largest pos-
sible O2 reserve during emergency airway management 
and will help mitigate hypoxia if intubation proves dif-
ficult. In this situation, large tidal volumes and high peak 
inspiratory pressures should be avoided. Application of 
cricoid pressure during attempts at positive-pressure ven-
tilation should be considered to reduce gastric inflation, 
but it may prevent effective ventilation in some patients 
necessitating discontinuation.

PROTECTION OF THE CERVICAL SPINE

Standard practice dictates that all victims of blunt trauma 
be assumed to have an unstable cervical spine until this 
condition is ruled out. The airway management of these 
patients receives much attention from anesthesiologists 
because direct laryngoscopy causes cervical motion, with 
the potential to exacerbate spinal cord injury (SCI). Sta-
bilization of the cervical spine will generally occur in the 
prehospital environment, with the patient already having 
a rigid cervical collar in place. This collar may be kept in 
place for several days before the complete gamut of tests 
to rule out cervical spine instability have been completed 
(see later discussion). The presence of an “uncleared” 
cervical spine mandates the use of in-line manual stabi-
lization (not traction) throughout any attempt at intu-
bation.17 This approach allows removal of the front of 
the cervical collar to facilitate wider mouth opening and 
jaw displacement; however, this may slightly lengthen 
the time to intubation and worsen laryngeal visualiza-
tion during laryngoscopy.42 In-line stabilization has been 
tested through considerable clinical experience and is 
the standard of care in the ATLS curriculum. Emergency 
awake fiberoptic intubation, though requiring less manip-
ulation of the neck, is generally very difficult because of 
airway secretions and hemorrhage, rapid desaturation, 
and lack of patient cooperation and is best reserved for 
cooperative patients with known cervical instability 
under controlled conditions. Indirect video laryngoscopy 
with systems such as the Bullard laryngoscope43 or Gli-
deScope44,45 offer the potential to enjoy the best of both 
worlds: an anesthetized patient and decreased cervical 
motion.46,47 In comparative studies of direct laryngos-
copy, video laryngoscopy, fiberoptic intubation, blind 
nasal intubation, or cricothyrotomy—in patients with 
known cervical cord or spine injuries, or both—there is 
no difference in neurologic deterioration with technique 
used, and no clear evidence that direct laryngoscopy 
worsens outcome.48

PERSONNEL

Emergency endotracheal intubation requires more assis-
tance than an intubation performed under controlled 
conditions (see also Chapter 7). Three providers are 
required to ventilate the patient and manage the airway, 
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administer medications, and provide in-line cervical sta-
bilization; a fourth provider may be needed to provide 
cricoid pressure if deemed appropriate. Figure 81-5 is an 
illustration of this approach. Additional assistance may 
be required to restrain a patient who is combative as a 
result of intoxication or TBI.

The immediate presence of a surgeon or other physi-
cian who can expeditiously perform a cricothyroidotomy 
is desirable. Even if a surgical airway is not required, addi-
tional experienced hands may prove useful during diffi-
cult intubations. The surgeon may also wish to inspect 
the upper airway during laryngoscopy if trauma to the 
face or neck has occurred. Urgent tube thoracostomy 
may prove necessary in some trauma patients to treat the 
tension pneumothorax that develops with the onset of 
positive-pressure ventilation.

ANESTHETICS AND INDUCTION OF 
ANESTHESIA

Any IV anesthetic administered to a trauma patient in 
hemorrhagic shock may cause profound hypotension 
and even cardiac arrest as a result of inhibition of circu-
lating catecholamines. Although propofol is the mainstay 
of IV induction in the OR, its use in trauma patients is 
especially problematic because of its vasodilatory and 
negative inotropic effects. Moreover, the effects of hem-
orrhagic shock on the brain potentiate anesthetics, with 
propofol doses as small as one tenth of normal produc-
ing deep anesthesia in animals in shock.49 Etomidate is 
a frequently espoused alternative because of its cardio-
vascular stability in contrast to other IV hypnotic drugs 
in the trauma population,50-52 although its inhibition of 
catecholamine release may still produce hypotension.

Ketamine continues to be popular for induction of 
anesthesia in trauma patients because it is a CNS stim-
ulant.53 However, it is also a direct myocardial depres-
sant.54,55 In normal patients the effect of catecholamine 

Figure 81-5. Emergency intubation of a trauma patient, immobi-
lized on a long spine board. The front of the cervical collar is removed 
once in-line manual stabilization of the spine is established, allowing 
for cricoid pressure and greater excursion of the mandible. (Reprinted 
with permission from Dutton RP: Spinal cord injury, Int Anesthesiol Clin 
40:111, 2002.)
release masks cardiac depression and results in hyper-
tension and tachycardia. In hemodynamically stressed 
patients the cardiac depression may be unmasked and 
lead to cardiovascular collapse.56

Hypotension will develop in patients with hypovole-
mia with the administration of any anesthetic because 
of interruption of compensatory sympathetic outflow 
and the sudden change to positive-pressure ventilation. 
Previously healthy young patients can lose up to 40% of 
their blood volume before hypotension occurs, thereby 
leading to potentially catastrophic circulatory collapse 
with induction of anesthesia, regardless of the anesthetic 
chosen. The dose of anesthetic must be decreased in the 
presence of hemorrhage, including no anesthetic at all 
in patients with life-threatening hypovolemia. Rapid-
sequence induction of anesthesia and endotracheal 
intubation may proceed with muscle relaxants alone, 
although onset time may be prolonged in a patient with 
circulatory impairment. Subsequent patient recall of intu-
bation and emergency procedures is highly variable and 
affected by the presence of coexisting TBI, intoxication, 
and the depth of hemorrhagic shock (see also Chapters 
13 and 14). Decreased cerebral perfusion inhibits mem-
ory formation but cannot be reliably associated with any 
particular blood pressure or chemical marker. Adminis-
tration of 0.2 mg of scopolamine (a tertiary ammonium 
vagolytic) may inhibit memory formation in the absence 
of anesthetic drugs in this situation, but it may interfere 
with subsequent neurologic examination because of its 
long half-life. Small doses of midazolam will reduce the 
incidence of patient awareness but also can contribute to 
hypotension. Although recall of ED and OR events is not 
unusual in this circumstance, anesthesia provider liability 
appears to be limited; an analysis of intraoperative aware-
ness lawsuits in the ASA Closed Claims Database revealed 
no claims related to surgery in trauma patients.57

NEUROMUSCULAR BLOCKING DRUGS

Succinylcholine remains the neuromuscular blocker with 
fastest onset—less than 1 minute—and shortest duration 
of action—5 to 10 minutes (see also Chapters 34 and 35).  
These properties make it popular for rapid-sequence 
induction of anesthesia. Although the use of succinylcho-
line may allow return of spontaneous respiration before 
the development of significant hypoxia in the “cannot 
intubate, cannot ventilate” situation, this is unlikely to 
be of benefit in an emergency intubation in a trauma 
patient. The anesthesiologist should not rely on return 
of spontaneous breathing in time to salvage a difficult 
airway management problem but should instead proceed 
with efforts to obtain a definitive airway, including crico-
thyroidotomy if other possibilities have been exhausted.

Administration of succinylcholine is associated with 
several adverse consequences. Increases in serum potas-
sium of 0.5 to 1.0 mEq/L are expected, but in certain 
patients K+ may increase by more than 5 mEq/L.58 A 
hyperkalemic response is typically seen in burn victims 
and those with muscle pathology secondary to direct 
trauma, denervation (as with SCI), or immobilization. 
Hyperkalemia is not seen in the first 24 hours after these 
injuries, and succinylcholine may be used safely for acute 
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airway management. Patients at risk are those with under-
lying pathologic processes before their traumatic event 
or those undergoing subsequent surgery in the weeks to 
months after injury.

Succinylcholine causes an increase in intraocular pres-
sure and should be used cautiously in patients with ocular 
trauma.59 Succinylcholine may also increase intracranial 
pressure (ICP),60 so its use in patients with brain trauma 
is controversial. In both these cases, however, hypoxia 
and hypercapnia may be as damaging as the transient 
increase in pressure caused by the drug. If the use of succi-
nylcholine will lead to faster intubation, its benefits may 
outweigh its risks. The provider must weigh the use of 
succinylcholine in each individual situation based on the 
acuity of CNS injury, the anticipated speed with which 
intubation can be accomplished, and the likelihood that 
hypoxia will develop.

Alternatives to succinylcholine include rocuronium 
0.9 to 1.2 mg/kg and vecuronium 0.1 to 0.2 mg/kg. 
Rocuronium is preferred because it has a more rapid onset 
of action than that of vecuronium. Also, large doses of 
rocuronium can be immediately reversed with a relatively 
new antagonist, sugammadex. Basically, the combination 
of rocuronium and sugammadex provides all the advan-
tages of succinylcholine, but none of the complications. 
Because these drugs have no significant cardiovascular 
toxicity, large doses can be administered to achieve rapid 
(1- to 2-minute) paralysis.

Specific situations will always exist in which maintain-
ing spontaneous ventilation during intubation is the pre-
ferred manner in which to proceed. If patients are able to 
maintain their airway temporarily but have clear indica-
tions for an artificial airway (e.g., penetrating trauma to the 
trachea), slow induction with ketamine or inhaled sevoflu-
rane through cricoid pressure will enable placement of an 
endotracheal tube without compromising patient safety.

ADJUNCTS TO ENDOTRACHEAL 
INTUBATION

Equipment to facilitate difficult intubation should be 
readily available wherever emergency airway manage-
ment is performed (see also Chapter 55). The particular 
equipment available depends on the preferences of the 
anesthesiologist; the usefulness of most special equip-
ment depends more on previous experience than on any 
intrinsic properties of the device. Certain items deserve 
mention, however, because they are frequently cited as 
aids to management of a difficult airway.

The gum elastic bougie, or intubating stylet, is an inex-
pensive and easily mastered adjunct for management of 
a difficult airway. The stylet is placed through the vocal 
cords via direct laryngoscopy, and the endotracheal tube 
is then advanced over the stylet into the trachea. Place-
ment of the bougie is easier than direct placement of an 
endotracheal tube because of both its smaller diameter 
and the ability of an experienced operator to feel it enter 
the trachea even when the glottic opening cannot be 
visualized. The bougie is passed under the epiglottis and 
gently advanced; if resistance is met, the bougie is with-
drawn, rotated slightly, and advanced again. In this fash-
ion the anesthesiologist can blindly palpate the larynx 
until the bougie advances into the trachea. The bougie 
also can be used with indirect video laryngoscopy sys-
tems such as the GlideScope (Verathon, Bothell, Wash) 
and is especially useful in the ED when the sniffing posi-
tion cannot be used because of uncertainty about the 
cervical spine. The GlideScope may provide improved 
visualization (based on the Cormack score) and facilitate 
safe intubation in patients wearing a cervical collar.61

The laryngeal mask airway (LMA) (LMA North America, 
San Diego, Calif) is recommended in the ASA algorithm for 
management of a patient with a difficult airway. The LMA 
can be used as a guide for intubation when an unsuspected 
difficult intubation is encountered in a trauma patient; 
an endotracheal tube may be placed blindly through the 
lumen of the LMA and into the trachea, or a fiberoptic 
bronchoscope may be used to guide the tube through the 
LMA. The LMA is an appropriate rescue device for a difficult 
airway situation in trauma, provided no major anatomic 
injury or hemorrhage is present in the mouth and larynx. 
In our practice the LMA has most commonly been used 
as a bridge to emergency tracheostomy because it allows 
more controlled conditions than a cricothyroidotomy.

ORAL VERSUS NASOTRACHEAL 
INTUBATION

The most recent ATLS guidelines suggest that practitio-
ners providing emergency airway management should 
proceed with the method of intubation with which they 
are most proficient.17 In general, oral intubation is prefer-
able to nasal intubation in the emergency setting because 
of the risk for injury to the brain from nasal instrumenta-
tion in the presence of a basilar skull or cribriform plate 
fracture. Furthermore, nasal intubation poses a risk for 
sinusitis in a patient who will be mechanically ventilated 
for longer than 24 hours, and use of a smaller diameter 
tube will also increase the difficulty of subsequent airway 
suctioning and fiberoptic bronchoscopy. If nasal intuba-
tion is most likely to be successful in a given situation, 
however, this is the route that should be used. Change 
to an oral tube with a larger internal diameter can occur 
once the patient’s condition has stabilized.

FACIAL AND PHARYNGEAL TRAUMA

Trauma to the face and upper airway poses particular dif-
ficulties for the anesthesiologist. Serious skeletal derange-
ments may be masked by apparently minor soft tissue 
damage. Failure to identify an injury to the face or neck can 
lead to acute airway obstruction secondary to swelling and 
hematoma. Laryngeal edema is also a risk in patients who 
have suffered chemical or thermal injury to the pharyngeal 
mucosa. Intraoral hemorrhage, pharyngeal erythema, and 
change in voice are all indications for early intubation.

In general, both maxillary and mandibular fractures 
will make ventilation by mask more difficult, whereas 
mandibular fractures will make endotracheal intubation 
easier. Palpation of the facial bones before manipulation 
of the airway will alert the anesthetist to these possibili-
ties. Patients with injuries to the jaw and zygomatic arch 
often have trismus. Although the trismus will resolve with 
the administration of neuromuscular blocking agents, 
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preinduction assessment of airway anatomy may be dif-
ficult. Bilateral mandibular fractures and pharyngeal hem-
orrhage may lead to upper airway obstruction, particularly 
in a supine patient, although intubation may be easier 
because of loss of skeletal resistance to direct laryngoscopy. 
A patient arriving at the ED in the sitting or prone position 
because of airway compromise is best left in that position 
until the moment of anesthetic induction and intubation.

RESUSCITATION FROM  
HEMORRHAGIC SHOCK

Resuscitation refers to restoration of normal physiology 
after injury. Resuscitation from hemorrhagic shock refers 
specifically to restoration of normal circulating blood vol-
ume, normal vascular tone, and normal tissue perfusion. 
Resuscitation begins immediately after injury, via the 
patient’s own compensatory mechanisms, and continues 
through the prehospital, ED, OR, and ICU phases of care.

PATHOPHYSIOLOGY OF  
HEMORRHAGIC SHOCK

During massive hemorrhage an imbalance occurs between 
systemic O2 delivery and O2 consumption. Blood loss leads 
to hemodynamic instability, coagulopathy, decreased O2 
delivery, decreased tissue perfusion, and cellular hypoxia. 
The initial response to hemorrhage takes place on the 
macrocirculatory level and is mediated by the neuroen-
docrine system. Decreased arterial blood pressure leads 
to vasoconstriction and release of catecholamines to pre-
serve blood flow to the heart, kidney, and brain, whereas 
other regional beds are constricted. Pain, hemorrhage, 
and cortical perception of traumatic injuries lead to the 
release of hormones and other inflammatory mediators, 
including renin, angiotensin, vasopressin, antidiuretic 
hormone, growth hormone, glucagon, cortisol, epineph-
rine, and norepinephrine.62 This response sets the stage 
for the microcirculatory response that follows.

Individual ischemic cells respond to hemorrhage by 
taking up interstitial fluid, thus further depleting intravas-
cular fluid.63 Cellular edema may choke off adjacent cap-
illaries and result in the no-reflow phenomenon, which 
prevents reversal of ischemia even in the presence of ade-
quate macroperfusion.64 Ischemic cells produce lactate and 
free radicals, which accumulate in the circulation if perfu-
sion is diminished. These compounds cause direct damage 
to the cell and form the bulk of the toxic load that washes 
back to the central circulation when flow is reestablished. 
Ischemic cells also produce and release inflammatory 
 factors—prostacyclin, thromboxane, prostaglandins, leu-
kotrienes, endothelin, complement, interleukins, tumor 
necrosis factor, and others.65 Figure 81-6 shows the inflam-
matory response to shock, with an emphasis on immune 
system amplification. This inflammatory response, once 
begun, becomes a disease process independent of its ori-
gin. Such alterations lay the foundations for subsequent 
No reflow

Decreased fluid
Ischemic

insult

Toxins

Cell 
damage

Cytotoxins
Activated
neutrophils and
macrophages

volume

Inflammatory
mediators

IMMUNE CELL

Injury to nonischemic cells

Liver
Lung

Kidney

Brain
Heart

Endocrine
organs

Bone
marrow

Cellular
edema TRIGGER CELL

OTHER IMMUNE CELLS
(AMPLIFIED RESPONSE)

Lactic acid
Free radicals
Other direct

toxins

Figure 81-6. The “shock cascade.” Ischemia of any given region of the body will trigger an inflammatory response that will impact nonischemic 
organs even after adequate systemic perfusion has been restored. (Reprinted with permission from Dutton RP: Shock and trauma anesthesia. In 
Grande CM, Smith CE, editors: Anesthesiology clinics of North America: trauma. Philadelphia, 1999, WB Saunders, pp 83-95.)



PART V: Adult Subspecialty Management2434
development of multiple organ failure, a systemic inflam-
matory process that leads to dysfunction of different vital 
organs and accounts for high mortality rates.66

Specific organ systems respond to traumatic shock in 
specific ways. The CNS is the prime trigger of the neuro-
endocrine response to shock, which maintains perfusion 
to the heart, kidney, and brain at the expense of other 
tissues.67 Regional glucose uptake in the brain changes 
during shock.68 Reflexes and cortical electrical activity are 
both depressed during hypotension; these changes are 
reversible with mild hypoperfusion but become perma-
nent with prolonged ischemia. Failure to recover prein-
jury neurologic function is a marker for a poor prognosis, 
even when normal vital signs are restored.69

The kidney and adrenal glands are prime responders 
to the neuroendocrine changes associated with shock and 
produce renin, angiotensin, aldosterone, cortisol, erythro-
poietin, and catecholamines.70 The kidney maintains glo-
merular filtration in the face of hypotension by selective 
vasoconstriction and concentration of blood flow in the 
medulla and deep cortical area. Prolonged hypotension 
leads to decreased cellular energy and an inability to con-
centrate urine (renal cell hibernation), followed by patchy 
cell death, tubular epithelial necrosis, and renal failure.71

The heart is preserved from ischemia during shock 
because of maintenance of or even an increase in nutrient 
blood flow, and cardiac function is well preserved until 
the late stages. Lactate, free radicals, and other humoral 
factors released by ischemic cells all act as negative ino-
tropes and, in a bleeding patient, may produce cardiac 
dysfunction as the terminal event in the shock spiral.72 
A patient with cardiac disease or direct cardiac trauma is 
at great risk for decompensation because a fixed stroke 
volume inhibits the body’s ability to increase blood flow 
in response to hypovolemia and anemia. Tachycardia is 
the patient’s only option, with potentially disastrous con-
sequences on the O2 supply-demand balance in the heart. 
Therefore, shock in older patients may be rapidly progres-
sive and not respond predictably to fluid administration.73

The lung is the filter for the inflammatory by- products 
of the ischemic body. Immune complex and cellular 
factors accumulate in pulmonary capillaries and lead 
to neutrophil and platelet aggregation, increased capil-
lary permeability, destruction of lung architecture, and 
acute respiratory distress syndrome (ARDS)74,75 (see also 
Chapter 101). The lung is the sentinel organ for the 
development of multiple organ system failure (MOSF) in 
a patient with traumatic shock.76,77 Pure hemorrhage, in 
the absence of hypoperfusion, does not produce pulmo-
nary dysfunction.78 Traumatic shock is obviously more 
than just a hemodynamic disorder.

The gut is one of the earliest organs affected by hypo-
perfusion and may be the prime trigger of MOSF. Intense 
vasoconstriction occurs early and frequently leads to a 
no-reflow phenomenon, even when the macrocirculation 
is restored.79 Intestinal cell death causes a breakdown in 
the barrier function of the gut that results in increased 
translocation of bacteria to the liver and lung, thereby 
potentiating ARDS.80

The liver has a complex microcirculation and may 
experience reperfusion injury during recovery from 
shock.81 Hepatic cells are also metabolically active and 
contribute to the ischemic inflammatory response and to 
irregularities in blood glucose.82 Failure of synthetic func-
tion of the liver after shock is almost always lethal.

Skeletal muscle is not metabolically active during 
shock and tolerates ischemia better than do the other 
organs. The large mass of skeletal muscle, though, makes 
it important in the generation of lactic acid and free rad-
icals from ischemic cells. Sustained ischemia of muscle 
cells leads to an increase in intracellular sodium and free 
water, with an aggravated depletion of fluid in the vascu-
lar and interstitial compartments.83

ACUTE TRAUMATIC COAGULOPATHY

During resuscitation from hemorrhagic shock, attention 
must also be directed to avoidance or correction of coagu-
lopathy (see also Chapter 61). In patients with identical 
injury severity scores (ISS), the presence of coagulopathy 
is associated with at least a twofold to fourfold increase in 
mortality84,85; thus, current resuscitation strategies focus 
on coagulopathy and shock during the initial and sub-
sequent resuscitation. The presence of trauma-induced 
coagulopathy (TIC)—defined as a “multifactorial, global 
failure of the coagulation system to sustain adequate 
hemostasis after major trauma”—has an endogenous 
component linked to hypoperfusion and tissue injury 
referred to as acute traumatic coagulopathy (ATC).86 A 
proposed mechanism for the development of ATC is endo-
thelial activation of protein C secondary to the traumatic 
inflammatory response described earlier.87 Activated pro-
tein C (APC) is generated by thrombomodulin-thrombin 
complex production as a result of tissue hypoperfusion. 
APC inactivates factors Va and VIIIa, and in combination 
with the reduction in thrombin availability for fibrin for-
mation, supports the development of ATC.88 Addition-
ally, degradation of the endothelial glycocalyx as a result 
of hypoperfusion may play a supporting role in ATC.89

By clinical definition, ATC starts by the early presence 
of reduced clot strength as demonstrated by viscoelastic 
monitoring and changes in laboratory-based coagulation 
testing associated with an increase in mortality and likeli-
hood of receiving a massive transfusion.90 Davenport and 
colleagues90 proposed a clot amplitude threshold of less 
than 35 mm at 5 minutes using ROTEM (Tem Innova-
tions, Munich, Germany) analysis, which predicted the 
subsequent need for a massive transfusion with a detec-
tion rate of 77% and false-positive rate of 13% (see also 
Chapter 61). Similar results have been obtained using 
RapidTEG (Haemonetics, Niles, Ill) viscoelastic testing.91 
Laboratory-based coagulation testing is of limited utility 
in early detection of ATC because of time considerations. 
However, Frith and associates92 found patients with a pro-
thrombin ratio of greater than 1.2 on admission to have 
larger transfusion requirements and increased mortality.92 
Regardless of the means used to detect coagulopathy in 
the severely traumatized patient undergoing resuscita-
tion for hemorrhagic shock, the resuscitation itself should 
include consideration for early treatment of ATC.

In addition to the described cascade, hyperfibrinolysis 
occurs in some of the more severely injured patients and 
contributes to ATC.93,94 The mechanism behind this early 
fibrinolysis is not clearly understood but may be related 
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to hypoperfusion-induced APC formation resulting in the 
consumption of plasminogen activator inhibitor. The latter 
normally serves to down-regulate tissue plasminogen acti-
vator (tPA), which promotes fibrin clot degradation. The 
reported incidence of hyperfibrinolysis varies significantly 
based on the methods and cutoffs used to diagnose fibrino-
lysis, but its presence is clearly associated with the increased 
mortality and transfusion requirements seen with ATC.

INITIAL RESUSCITATION

Fluid administration is the cornerstone of resuscitation 
(see also Chapters 59 and 108). Intravascular volume is lost 
to hemorrhage, uptake by ischemic cells, and extravasa-
tion into the interstitial space. Administration of IV fluids 
will predictably increase cardiac output and arterial blood 
pressure in a hypovolemic trauma patient. The ATLS cur-
riculum advocates rapid infusion of up to 2 L of warmed 
isotonic crystalloid solution in any hypotensive patient, 
with the goal of restoring normal arterial blood pressure.17

Conversely, fluid administration during active hemor-
rhage may be counterproductive. Dilution of red cell mass 
reduces O2 delivery and contributes to hypothermia and 
coagulopathy. Increased arterial blood pressure leads to 
increased bleeding as a result of disruption of clots and 
reversal of compensatory vasoconstriction.95 The result of 
aggressive fluid administration is often a transient increase 
in arterial blood pressure, followed by increased bleeding, 
another episode of hypotension, and the need for more 
volume administration. This vicious circle has been rec-
ognized since the First World War and remains a compli-
cation of resuscitation therapy today. The ATLS manual 
characterizes such patients as “transient responders” with 
active, ongoing hemorrhage.17 Resuscitation of these 
patients should be considered in the following two phases:

 •  Early: While active bleeding is still ongoing
 •  Late: Once all hemorrhage has been controlled
  

Managing late resuscitation is driven by end-point tar-
gets and consists of giving enough fluid to maximize O2 
delivery. Early resuscitation is much more complex because 
the risks associated with aggressive intravascular volume 
replacement (Box 81-4), including the potential for exacer-
bating hemorrhage and thus prolonging the crisis, must be 
weighed against the risk for hypoperfusion and ischemia.

Deliberate hypotensive management is an accepted 
standard of anesthetic care for elective surgical procedures 
such as total joint replacement, spinal fusion, radical neck 
dissection, reconstructive facial surgery, and major pelvic 
or abdominal procedures.96 Application of this technique 
to the initial management of hemorrhage is controver-
sial and has been the focus of numerous laboratory and 
clinical research efforts. In 1965, Shaftan and colleagues97 
published the results of a study of coagulation in dogs 
that demonstrated that the formation of a soft extralumi-
nal clot limits bleeding after arterial trauma. This study 
compared the quantity of blood lost from a standardized 
arterial injury under a variety of conditions. The least 
blood loss occurred in hypotensive animals (whether 
hypotensive from hemorrhage or from administration of 
a vasodilator), followed by the control group and then 
vasoconstricted animals. The largest amount of blood 
was lost in animals that underwent vigorous reinfusion  
during the period of hemorrhage.

Laboratory data have shown the benefits of limiting 
intravascular fluid volumes and blood pressure in actively 
hemorrhaging animals.98-101 In the most sophisticated mod-
els, direct assessment of cardiac output and regional perfu-
sion showed no difference between moderate-volume or 
large-volume resuscitation in terms of cardiac output, arte-
rial blood pressure, or regional perfusion of the heart, kid-
neys, and intestines. Moderate resuscitation to a lower than 
normal blood pressure improved perfusion of the liver.102 
Burris and co-workers103 studied both conventional resusci-
tation fluids and various combinations of hypertonic saline 
and dextran and found that rebleeding was correlated with 
higher mean arterial pressure (MAP) and that survival was 
best in groups resuscitated to lower than normal MAP. The 
optimum target blood pressure for resuscitation varied with 
the composition of the fluid used.103 A 1994 consensus 
panel on resuscitation from hemorrhagic shock noted that 
mammalian species are capable of sustaining MAP as low as 
40 mm Hg for periods as long as 2 hours without deleteri-
ous effects. The panel concluded that spontaneous hemo-
stasis and long-term survival were maximized by reduced 
administration of resuscitation fluids during the period of 
active bleeding in an attempt to keep perfusion only just 
above the threshold for ischemia.104

The literature contains two prospective studies of delib-
erate hypotensive resuscitation in trauma patients and 
preliminary data from a third study. The first was that of 
Bickell and colleagues105 and Martin and associates106 in 
1994. The investigators randomized victims of penetrat-
ing torso trauma to one of two treatment groups: standard 
of care (up to 2 L of crystalloid infused in the prehospital 
setting) or delayed resuscitation (no fluid until the patient 
reached the OR). This well-managed 37-month study even-
tually included 598 patients. Average times of transport 
and care were 30 minutes from injury to the ED and then 
50 minutes before reaching the OR; the fluid-restricted 
group received an average of about 800 mL of fluid during 
this time. The immediate-resuscitation group received an 
average of 2500 mL of crystalloid and 130 mL of blood 
over this same period. Although substantially different 
during the period of study, blood pressure on arrival at the 
OR was similar in both groups, which the authors took 
as evidence that the unresuscitated group had achieved 
spontaneous hemostasis. Survival to hospital discharge 
in the delayed-resuscitation group was significantly 

Increased blood pressure
Decreased blood viscosity
Decreased hematocrit
Decreased clotting factor concentration
Greater transfusion requirement
Disruption of electrolyte balance
Direct immune suppression
Premature reperfusion
Increased risk for hypothermia  

BOX 81-4 Risks of Aggressive Volume 
Replacement during Early Resuscitation*

*Most complications of volume resuscitation arise from increased hemor-
rhage volume or excessive hemodilution.
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improved over the immediate-resuscitation group (70% 
versus 62% [P < .04]). No data were presented on the con-
duct of anesthesia after arrival at the OR but before con-
trol of hemorrhage or on the incidence of rebleeding after 
volume loading and induction of anesthesia in patients 
who had achieved hemostasis preoperatively.

A retrospective review of trauma admissions to the 
Los Angeles Medical Center published in 1996 supported 
these findings. Patients brought to the hospital by private 
conveyance fared substantially better than those delivered 
by paramedics, even with high levels of injury severity.107 
Further corroboration was provided by retrospective 
examination of outcomes in a population of hemorrhag-
ing trauma patients who received fluids via a commercial 
rapid infusion system (RIS, Haemonetics, Niles, Ill) during 
initial resuscitation.108 The survival rate of this group was 
compared with that predicted by the institution’s trauma 
registry. Patients who received fluid by the rapid infusion 
system, when compared with case-matched controls, had 
a survival rate of only 56.8% versus 71.2% for patients of 
similar age with similar injuries (P < .001).

This retrospective review was followed in 2002 by the 
second prospective trial of delayed resuscitation in trauma 
patients.109 Patients with systolic blood pressure lower than 
90 mm Hg and clinical evidence of blood loss were random-
ized to fluid resuscitation titrated to a systolic blood pressure 
of 100 mm Hg (normal group) or 70 mm Hg (study group) 
until the end of surgical interventions to control hemor-
rhage. The results of this study are summarized in Table 
81-3. As in the Bickell study, hypotension allowed spontane-
ous resolution of hemorrhage and autoresuscitation; blood 
pressure would increase without exogenous fluid adminis-
tration once hemostasis was achieved. The typical patient 
began with a low initial pressure, followed by recovery to the 
vicinity of the target, overshoots and undershoots as bleed-
ing and fluid administration continued, and an eventual 
rise above the target when the hemorrhage resolved, even 
in the absence of further fluid administration (Fig. 81-7). 
The 93% overall survival rate in this study was more fre-
quent than predicted from historical data and substantially 
more frequent than seen in Bickell’s group. This reflects the 
exclusion of patients who died in the prehospital phase 
or arrived at the trauma resuscitation unit in a moribund 
condition. It may also reflect improvements in overall care, 

TABLE 81-3 RESULTS OF A RANDOMIZED TRIAL 
OF DELIBERATE HYPOTENSIVE RESUSCITATION*

Conventional Hypotensive Total

Patients enrolled 55 55 110
Male 46 41 87
Blunt trauma 22 31 53
Penetrating trauma 33 24 57
Injury severity score 19.65 23.62 (P = .11)
Predicted survival 0.94 0.90 (P = .19)
SBP during study 

period
114 100 (P < .001)

Survived to 
discharge

51 51

Died 4 4

SBP, Systolic blood pressure.
*Probability of survival was calculated based on published historical data.
an observation effect (i.e., patients in both groups received 
better care than did patients not in the study), or a bias in 
subject recruitment. Over the first 24 hours, lactate and base 
deficit cleared to normal in both groups and required similar 
amounts of fluid and blood products, thus suggesting that 
both groups were reaching an equivalent resuscitation end 
point. The authors concluded that administration of fluids 
to an actively hemorrhaging patient should be titrated to 
specific physiologic end points, with the anesthesiologist 
navigating a course between the Scylla of increased hemor-
rhage and the Charybdis of hypoperfusion.

In the most recent study, Morrison and colleagues com-
pared a hypotensive resuscitative strategy targeting a MAP 
of 50 mm Hg to one targeting a MAP of 65 mm Hg with 
conventional resuscitation for patients requiring emergent 
surgery. In a preliminary report, they found that patients 
in the hypotensive resuscitation group had a lower, early 
postoperative mortality, a reduced incidence of coagulop-
athy, and lower mortality related to coagulopathy. Taken 
in combination, the current consensus at major trauma 
centers is to allow for hypotensive resuscitation. While 
the optimal arterial blood pressure remains controversial, 
a reasonable approach is to target a systolic pressure of less 
than 100 mm Hg with MAP between 50 to 60 mm Hg.110

Finally, the effect of anesthetic drugs on the body’s 
response to hemorrhage is an important difference 
between deliberate hypotension occurring in the elec-
tive operative setting and hemorrhagic shock occurring 
in the ED. Trauma patients who are hypertensive receive 
a minimum of anesthetics, even for induction of anesthe-
sia, because of the obvious effect of these drugs on arte-
rial blood pressure. A hypotensive trauma patient is thus 
in a state of profound vasoconstriction, as opposed to a 
patient undergoing elective intraoperative hypotension 
who is vasodilated by general anesthesia before any blood 
loss. Table 81-4 summarizes the physiologic contrasts 
between these two states. It should be noted that blood 
loss without shock does not produce systemic complica-
tions such as ARDS in experimental models.78 Based on 
this physiology, the recommended goals for early resus-
citation are expressed in Box 81-5, and an algorithm for 
management is presented in Figure 81-8. The emphasis in 
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Figure 81-7. Typical systolic blood pressure measurements of a 
patient undergoing damage control surgery for a grade V liver injury 
during deliberate hypotensive management. Oscillations of blood 
pressure are common during early resuscitation as a result of ongo-
ing hemorrhage and bolus fluid administration. Once hemorrhage is 
controlled, blood pressure will stabilize.
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TABLE 81-4 DIFFERENCES IN PRESENTATION 
BETWEEN SURGICAL PATIENTS UNDERGOING 
ELECTIVE DELIBERATE HYPOTENSION AND 
EMERGENCY TRAUMA CASES*

Aspect Elective Trauma

Intravascular volume Euvolemic Hypovolemic
Temperature Normal Likely hypothermic
Capillary beds Dilated Constricted
Level of general 

anesthesia
Deep Usually light

Preexisting mental status Normal May be impaired
Coexisting injuries None May be significant
Comorbid conditions Known and 

managed
Unknown

*Each of these factors produces a real or perceived contraindication to the 
use of deliberate hypotensive technique in the trauma patient.
Maintain systolic blood pressure of 80 to 100 mm Hg
Maintain hematocrit of 25% to 30%
Maintain prothrombin time and partial thromboplastin time in 

normal ranges
Maintain platelet count at greater than 50,000 per high-power 

field
Maintain normal serum ionized calcium
Maintain core temperature higher than 35° C
Maintain function of pulse oximeter
Prevent increase in serum lactate
Prevent acidosis from worsening
Achieve adequate anesthesia and analgesia  

BOX 81-5 Goals for Early Resuscitation*

*Fluid administration to limit hypoperfusion is balanced against an unde-
sirable increase in blood pressure and thus bleeding.
Late resuscitation

Early managementEarly management

PATIENT IN SHOCK

 DIAGNOSIS AND PRIMARY 
 TREATMENT
Rule out mechanical factors
• Pneumothorax
• Cardiac tamponade
Control hemorrhage
• Direct pressure
• Thoracostomy tubes
• Long bone splinting
• Pelvic binder or external fixator
• Angiographic embolization
• Surgery

SUPPORT AND RESUSCITATION
ABCs
• Oxygen
• Intubation
• Ventilation
Laboratory samples
• CBC
• Lactate
• ABG
• Toxicology
• Type and crossmatch
Monitors
• Standard noninvasive
• Arterial line
Temperature
• Fluid warmer
• Forced hot air blanket
Fluid therapy
• Maintain SBP 80-90 mm Hg
• Maintain Hct ≥ 30%
• Maintain PT ≤ 14 sec

Hemorrhage controlled?

Yes

No

SBP ≤ 90 mm Hg
Traumatic mechanism of injury

Late resuscitation

Figure 81-8. Algorithm for management of early hemorrhagic shock. ABCs, Airway, breathing, circulation; ABG, arterial blood gas; CBC, com-
plete blood count; Hct, hematocrit; PT, prothrombin time; SBP, systolic blood pressure.
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this situation must be on rapid diagnosis and control of 
ongoing hemorrhage; vascular volume should be restored 
and anesthesia provided together by shifting the patient 
from a vasoconstricted to a vasodilated state while facili-
tating hemostasis by maintenance of a decreased arterial 
blood pressure.

HEMOSTATIC RESUSCITATION

As discussed earlier, management of the early coagulop-
athy associated with trauma must be incorporated into 
the overall resuscitation strategy—often referred to as a 
hemostatic resuscitation. Little utility is found in target-
ing end points of resuscitation in the face of ongoing 
hemorrhage. Life-threatening coagulopathy is one of the 
most serious complications of patients in profound shock 
from massive hemorrhage and is generally predictable at 
an early stage.111

The majority of trauma patients initially present 
with normal or prothrombotic coagulation profiles. As 
discussed earlier, the most seriously injured are likely 
to present with evidence of hypocoagulability, acceler-
ated fibrinolysis, or both, with evidence of ATC.112,113 
The patient’s coagulation status must be assessed to 
initiate appropriate therapy as part of the early resus-
citation. Standard laboratory tests such as prothrombin 
time (PT), partial thromboplastin time (PTT), interna-
tional normalized ratio (INR), fibrinogen level, and 
platelet count are still the most common coagulation 
assays in clinical use, despite considerable evidence 
that they provide an extremely incomplete picture of 
in vivo hemostasis,114,115 that they are poor predictors 
of clinical bleeding,116 and that they do not provide an 
adequate basis for rational targeted hemostatic resusci-
tation.117 Although significantly increased admission 
PT and PTT levels are predictive of increased mortality 
from injury,85 they do not provide a realistic target for 
resuscitation. In addition, the delay between admission 
and obtaining the values may be significant when ear-
lier treatment would be beneficial. Moderately increased 
values may have little clinical significance, and correc-
tion to “normal” values may require large amounts of 
resuscitation fluids, especially fresh frozen plasma (FFP). 
In the absence of active clinical bleeding, attempts to 
normalize laboratory values have the potential to intro-
duce transfusion-related and intravascular volume–
related complications

These deficiencies underscore the need for reliable 
point-of-care hemostatic monitoring with clinical rele-
vance in situations of generalized coagulopathy resulting 
from massive hemorrhage. Increasing evidence indicates 
that viscoelastic monitoring technologies such as throm-
boelastography and ROTEM are superior for detecting 
clinically relevant hemostatic abnormalities in trauma 
and surgical patients with massive bleeding and diffuse 
coagulopathy118,119 (see also Chapter 61). Schöchl and 
colleagues120 published a detailed review on the use of 
viscoelastic monitoring on targeted resuscitations. Both 
viscoelastic and standard coagulation tests are generally 
performed after warming specimens to 37° C and do not 
reflect the potentially considerable effects of hypother-
mia on in vivo hemostasis.121
Because of evidence that severely injured trauma 
patients are likely to develop an early and aggressive 
endogenous coagulopathy separate from later loss and 
dilution of clotting factors compounded from hypother-
mia and acidosis,85,88,122 the practice of hemostatic resus-
citation has become commonplace in the most severely 
injured patients with shock and ongoing hemorrhage. 
This entails the early and aggressive use of hemostatic 
products combined with red blood cells (RBCs) as the 
primary resuscitation fluids to avoid rapid deterioration 
into the “bloody vicious cycle” and the classic lethal 
triad of hypothermia, acidosis, and coagulopathy.123 
Two very distinct paradigms of hemostatic resuscita-
tion have emerged: (1) the damage control resuscitation 
model, which uses preemptive administration of empiric 
ratios of blood and hemostatic products to approximate 
whole blood, often according to an established institu-
tional massive transfusion protocol124-127 (Fig. 81-9); and 
(2) goal-directed hemostatic resuscitation approaches 
(also often protocol based), which generally use point-of-
care viscoelastic monitoring combined with the prompt 
administration of hemostatic concentrates114,115,120,128 
(see also Chapter 61).

The application of damage control resuscitation relies 
on hypotensive resuscitation and limited crystalloid 
usage, as discussed previously in conjunction with the 
administration of empiric ratios of blood and hemostatic 
products. In a retrospective review of combat casualties, 
Borgman and colleagues129 found a mortality rate of 65% 
in patients receiving less than 1 unit plasma for every 4 
units RBCs, but only 20% in those with a ratio of 1:2 or 
above. Evidence exists of a survivor bias because patients 
bleeding more rapidly were likely to die after receiving 
RBCs but before plasma could reach the bedside. Although 
the issue of a survivor bias does exist, this approach has 
been substantiated in published reviews.129,130 Currently a 
ratio of 1:1:1 is most commonly adopted, although some 
experts believe that the amount of FFP can be reduced in 
most cases.

In addition to the hypocoagulability associated with 
ATC, fibrinolysis is especially deleterious in severely 
injured trauma patients and carries an associated mor-
tality well upward of 50%.112,131 Many patients with pri-
mary fibrinolysis from severe hemorrhagic shock may 
never survive to reach the ICU. The recently concluded 
Clinical Randomisation of an Antifibrolytic in Signifi-
cant Haemorrhage 2 (CRASH-2) trial is the only class I 
evidence showing a 30-day survival benefit for a resusci-
tative therapy including tranexamic acid (TXA).132 Sub-
group analysis showed that the benefit was greatest when 
therapy was instituted within 1 hour of admission. A sub-
sequent analysis, however, showed that mortality actu-
ally increased when therapy was instituted after 3 hours, 
suggesting that the risks of therapy outweighed the ben-
efits in patients who survived beyond that timeframe.133 
Many resuscitative protocols for massive hemorrhage 
now include the early administration of TXA based on 
this and subsequent studies.134

Other potential drugs that may play a role in hemo-
static resuscitation include recombinant activated human 
coagulation factor VII (rFVIIa), prothrombin complex 
concentrates (PCC), and fibrinogen concentrates. rFVIIa 
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Clinical criteria (admission)
 • SBP ≤ 70 mm Hg
 • Crystalloid > 4 L
 • Estimated blood loss > 1000 mL
 • SBP < 90 mm Hg despite      

3.5 L crystalloid (50 mL/kg)
 • Temperature < 34°C
 • ISS > 25

Clinical criteria (trauma OR)
 • Nonsurgical hemorrhage
 • EBL > 150 mL/minute

Laboratory criteria (any time)
 • Base defecit > 8
 • INR > 1.4
 • PT > 18 seconds
 • PTT > 60 seconds
 • Admission Hct < 30

Contact blood bank
Stop MTP

Subsequent packs: 6 RBC/6 FFP/6 platelets

Bleeding controlled?

Bleeding controlled?

Repeat coagulation studies, 
fibrinogen level, CBC 

(consider TEG if available)

Coagulation studies, 
fibrinogen level, CBC 

(consider TEG if available)

Repeat coagulation studies, 
fibrinogen level, CBC 

(consider TEG if available)

Blood bank pack no. 1: 4 RBC/2 FFP
 • Consider tranexamic acid 1 g over 

10 minutes followed by infusion of 
      1 g over 8 hours
 • Blood bank prepares next pack

 Damage control resuscitation
 • Limited crystalloid administration
 • Target SBP 70-100 mm Hg
 • Uncrossmatched RBCs and FFP 

until crossmatched blood available

1. Contact blood bank; activate trauma massive transfusion protocol (MTP)
2. Contact OR; send runner to blood bank and wait for blood bank pack
3. Submit specimen for crossmatch immediately

Yes

Yes

No

No

Figure 81-9. Example of a massive transfusion protocol using specified ratios of blood products. CBC, Complete blood count; EBL, estimated 
blood loss; FFP, fresh frozen plasma; INR, international normalized ratio; ISS, injury severity score; OR, operating room; PT, prothrombin time; PTT, 
partial thromboplastin time; RBC, red blood cell; SBP, systolic blood pressure; TEG, thromboelastogram.
is licensed for the treatment of patients with hemophilia 
with active or anticipated hemorrhage and known anti-
bodies to factor VIII (see also Chapters 59 and 61). The 
observation of rapid hemostasis in this population led 
to the anecdotal use of rFVIIa in other congenital and 
acquired coagulopathies, including the dilutional coagu-
lopathy of traumatic hemorrhage. Factor VIIa in pharma-
cologic doses works by triggering a burst of thrombin on 
the surface of platelets activated by exposed tissue fac-
tor, which produces rapid clot formation. Because tissue 
factor is required, coagulation is limited to the site of 
vascular injury, and inappropriate clotting of uninjured 
organs or vessels, though an acknowledged risk, occurs 
at only low frequency.135 Prospective trials of rFVIIa have 
demonstrated decreased blood loss in patients undergo-
ing elective open prostate surgery136 and rapid reversal of 
coagulopathy in patients taking warfarin.137 Retrospective 
reports have suggested a role for rFVIIa in the manage-
ment of acute traumatic hemorrhage,138 gastrointestinal 
hemorrhage secondary to cirrhosis,139 hemorrhage after 
cardiovascular surgery140 and liver transplantation,141 and 
intracranial hemorrhage in both neonates142 and older 
patients.143 One small placebo-controlled trial of rFVIIa 
in hemorrhaging trauma patients has demonstrated 
decreased blood loss, decreased transfusion requirements, 
and improved outcome,144 although a large, randomized 
trial failed to show a mortality benefit.145
Experience with PCCs in clinical practice is limited. 
PCC has been used for many years for the treatment of 
congenital coagulation disorders and is recommended 
for reversing oral anticoagulation. PCCs contain coagu-
lation factors II, VII, IX, and X. Differences exist among 
products in the concentrations of these factors and other 
constituents, including heparin, protein C, and pro-
tein S, so results obtained with one product may not be 
obtained with a different formulation. Fibrinogen con-
centrates also may have a role in a hemostatic resuscita-
tion for the patient with a coagulopathy with low levels 
of fibrinogen.146

VULNERABLE PATIENT POPULATIONS

Clinical trials of deliberate hypotensive resuscitation 
have avoided the application of this technique to popu-
lations perceived to be at greater risk for ischemic com-
plications,105,109 including patients with known ischemic 
coronary disease, older patients, and those with injuries 
to the brain or spinal cord (see also Chapters 39, 70, and 80).  
The prohibition against hypotension in patients with TBI 
is especially well established because of the observed dis-
parity in outcome between TBI patients who experience 
hypotension and those who do not.147,148 Older trauma 
patients suffer worse outcomes from similar injuries than 
younger patients, presumably because of their reduced 
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physiologic reserve.149 Clinical care of these patients is 
focused on avoidance of ischemic stress and rapid cor-
rection of hypovolemia. It may well develop, however, 
that deliberate hypotensive management to enable rapid 
control of hemorrhage is equally beneficial in vulner-
able populations. No clinical trials to date have been 
conducted on this subject, but a laboratory study did 
find a benefit of deliberate hypotension in animals with 
both TBI and hemorrhagic shock.150 Absent convincing 
evidence in humans, deliberate hypotension in older 
patients or patients with brain injury should generally be 
avoided.

RESUSCITATION FLUIDS

Isotonic crystalloids (normal saline, lactated Ringer solu-
tion, Plasma-Lyte A) are the initial resuscitative fluids 
administered to any trauma patient (see also Chapter 59). 
They have the advantage of being inexpensive, readily 
available, nonallergenic, noninfectious, and efficacious 
in restoring total body fluid. They are easy to store and 
administer, they mix well with infused medications, and 
they can be rapidly warmed to body temperature. Disad-
vantages of crystalloids include their lack of O2-carrying 
capacity, their lack of coagulation capability, and their 
limited intravascular half-life. More recent laboratory data 
have implicated specific crystalloid solutions as immuno-
suppressants and triggers of cellular apoptosis.151 Unlike 
necrosis, apoptosis is highly regulated and involves gene 
modulation and complex pathways of signal transduc-
tion. It seems clear that apoptosis is an important element 
of reperfusion injury. In a rat model of controlled hemor-
rhage, animals receiving lactated Ringer solution showed 
an immediate increase in apoptosis in the liver and small 
intestine after resuscitation.152 Neither whole blood nor 
hypertonic saline increased the amount of apoptosis.

Hypertonic saline solutions, with or without the addi-
tion of polymerized dextran (HS or HSD), have been 
extensively studied in resuscitation from hemorrhagic 
shock.153 In theory, HS will draw fluid into the vascular 
space from the interstitium and thereby reverse some of 
the nonhemorrhagic fluid loss caused by shock and isch-
emia. A given amount of HS will thus have an enhanced 
ability to restore intravascular volume in contrast to an 
equivalent volume of an isotonic solution. This has made 
HS a popular choice for fluid resuscitation under austere 
conditions. HSD is licensed for prehospital use in some 
European countries and is used for resuscitation by units 
of the U.S. military. Multiple studies of otherwise lethal 
hemorrhage in animals have demonstrated improved sur-
vival after resuscitation with HSD versus either normal 
saline solution or the components of HSD alone. Stud-
ies of the efficacy of HSD in trauma patients have been 
inconclusive154; the most obvious benefit occurred in a 
subset of polytraumatized patients with both hemorrhage 
and TBI, in whom improved neurologic status was dem-
onstrated in those who received HSD as a resuscitation 
fluid. Indeed, HS is commonly used as an osmotic agent 
in the management of TBI with increased ICP.155

Colloids, including starch solutions and albumin, have 
been advocated for rapid plasma intravascular volume 
expansion (see also Chapter 61). Like crystalloids, col-
loids are readily available, easily stored and administered, 
and relatively inexpensive. As with hypertonic solutions, 
colloids will increase intravascular volume by drawing 
free water back into the vascular space. When IV access 
is limited, colloid resuscitation will restore intravascular 
volume more rapidly than crystalloid infusion will and 
at a lower volume of administered fluid. Colloids do not 
transport O2 or facilitate clotting; their dilutional effect 
will be similar to that of crystalloids. Systematic reviews 
continue to show no benefit of colloids over crystalloids 
in the setting of trauma resuscitation,156 although this 
topic continues to generate significant controversy and 
would benefit from several well-conducted, randomized 
trials.157 Recent concerns, however, have been expressed 
about specific colloids such as 6% hetastarch and an 
adverse effect on renal function (see also Chapter 61).158

Many of the risks of aggressive intravascular fluid 
administration just summarized are related to dilution of 
the circulating blood volume. Recognition of this fact and 
continued improvement in the safety of donated blood 
led to increased use of blood products in the management 
of early hemorrhagic shock (see also Chapter 61). The risk 
for systemic ischemia is decreased by the maintenance of 
an adequate hematocrit, and the potential for dilutional 
coagulopathy can be decreased by the early administra-
tion of plasma. The composition of resuscitation fluids 
may be as important as the rate and timing of adminis-
tration. A 4-year retrospective review of a cohort of criti-
cally injured patients who underwent emergency surgery 
examined the outcomes of short-term care based on the 
number of units of blood transfused.159 One hundred 
forty-one patients received massive blood transfusions 
(≥20 units of RBCs) during preoperative and intraoper-
ative resuscitation. The number of blood units did not 
differ between survivors (30%) and nonsurvivors (70%). 
Eleven variables were significantly different: aortic clamp-
ing for control of arterial blood pressure, use of inotropic 
drugs, time with a systolic blood pressure higher than 
90 mm Hg, time in the OR, temperature less than 34° C, 
urine output, pH lower than 7.0, PaO2/FiO2 ratio less than 
150, Paco2 more than 50 mm Hg, K+ more than 6 mM/L, 
and calcium less than 2 mM/L. Of these, the presence of 
the first three variables in the face of transfusion of more 
than 30 units of packed RBCs was invariably fatal. Total 
blood loss and the amount of transfused blood were less 
critical than the depth and duration of shock. These con-
cerns led to the concept of damage control surgery, which 
emphasizes rapid control of active hemorrhage.160

RBCs are the mainstay of treatment of hemorrhagic 
shock. With an average hematocrit of 50% to 60%, a unit 
of RBCs will predictably restore O2-carrying capacity and 
expand intravascular volume as well as any colloid solu-
tion. RBCs of blood type A, B, or AB carry major incompat-
ibility antigens that may precipitate a lethal transfusion 
reaction if given to a patient with the opposite blood 
type. Because RBCs also carry dozens of minor antigens 
that can cause reactions in susceptible patients, cross-
matching is desirable when time allows (typically approx-
imately 1 hour from the time a sample reaches the blood 
bank until the RBCs reach the patient). Type- specific 
blood requires less time for delivery from the blood bank  



(usually ∼30 minutes) and may be an appropriate alter-
native in some situations. Type O blood—the universal 
donor type—can be given to patients of any blood type 
with little risk for a major reaction.161 This is the preferred 
approach for patients who arrive at the ED in hemorrhagic 
shock. If O-positive blood is given to a Rhesus- negative 
woman who survives, prophylactic administration of 
anti-Rh0 antibody is indicated.

Risks of RBC administration include transfusion reac-
tion, transmission of infectious agents, and hypothermia 
(see also Chapter 61 for details). For example, RBCs are 
stored at 4° C and will decrease the patient’s tempera-
ture rapidly if not infused through a warming device or 
mixed with warmed isotonic crystalloid at the time of 
administration.

Plasma requires blood typing but not crossmatching; 
delay in availability of plasma is caused by the need to 
thaw frozen units before they can be administered. Busy 
trauma hospitals will often maintain a supply of prethawed 
plasma (thawed fresh plasma as opposed to FFP) that can 
be issued quickly in response to an emergency need; in 
smaller hospitals it is important to request plasma early in 
resuscitation if it is likely to be needed. Very busy centers 
are experimenting with keeping 2 to 4 units of prethawed 
type AB (universal donor) plasma available in the trauma 
resuscitation unit. Units are kept ready in this way for  
2 days at a time; if not used on an emergency basis, the 
units are returned to the blood bank and released to the 
next patient needing plasma. Whether this approach 
improves outcomes has not yet been studied.

Platelet transfusion should normally be reserved for 
patients with clinical coagulopathy with a documented 
low serum level (>50,000 per high-power field). When the 
patient is in shock, however, and blood loss is likely to be 
substantial, platelets should be empirically administered 
in proportion to RBCs and plasma (1:1:1), as discussed ear-
lier for DCR. Transfused platelets have a very short serum 
half-life and should be administered only to patients with 
active coagulopathic bleeding. Platelets should not be 
administered through filters, warmers, or rapid infusion 
systems because they will bond to the inner surfaces of 
these devices, thereby reducing the quantity of platelets 
actually reaching the circulation (see also Chapter 61).

Rapid transfusion of banked blood carries the risk for 
inducing citrate intoxication in the recipient. Harvested 
blood units are treated with citrate to bind free Ca2+ and thus 
inhibit the clotting cascade. Consecutive administration of 
multiple units of banked blood leads to a correspondingly 
large dose of citrate, which may overwhelm the body’s abil-
ity to mobilize free Ca2+ and have a profound negative ino-
tropic effect on the heart. Unrecognized hypocalcemia is a 
cause of hypotension in patients after massive transfusion 
and persists despite an adequate volume of resuscitation. 
Ionized Ca2+ levels should be measured at regular intervals 
in a hemorrhaging patient, and Ca2+ should be adminis-
tered as needed (in a separate IV line from transfusion prod-
ucts) to maintain serum levels greater than 1.0 mmol/L.

RESUSCITATION EQUIPMENT

Intravascular fluid resuscitation of any kind is impossible 
in the absence of IV access. Immediate placement of at 
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least two large-bore catheters (16 gauge or larger) is rec-
ommended during the primary assessment of any trauma 
patient.17 Practitioners should have a low threshold for 
placement of a large-caliber central line in any patient in 
whom antecubital or other peripheral placement attempts 
have been unsuccessful. Potential sites for central line 
placement include the internal jugular, subclavian, and 
femoral veins, each of which has its own benefits and 
potential risks. The internal jugular approach, though 
familiar to most anesthesiologists, will require removal 
of the cervical collar and manipulation of the patient’s 
neck and is not recommended in the acute setting unless 
other options have been exhausted. The femoral vein is 
easily and rapidly accessed and is an appropriate choice 
in patients without apparent pelvic or thigh trauma who 
require urgent drug or fluid administration. Caution 
should be used in patients with penetrating trauma to 
the abdomen because fluids infused via the femoral vein 
may contribute to hemorrhage from an injury to the infe-
rior vena cava or iliac vein; these patients should have IV 
access placed above the diaphragm if possible. Femoral 
vein catheterization carries a high risk for the formation 
of deep venous thrombosis (DVT),162 thus limiting use of 
this approach to the acute setting. Femoral lines should be 
removed as soon as possible after the patient’s condition 
stabilizes. The subclavian vein is the most common site 
for early and ongoing central access in a trauma patient 
because the subclavian region is easily visible and seldom 
directly traumatized. This approach carries the highest risk 
for the development of pneumothorax, although many 
patients will already have indications for tube thoracos-
tomy in one or both chest cavities; when possible, this 
is the preferred side for placement of a subclavian line. 
Placement of an arterial line facilitates frequent laboratory 
analysis and allows close monitoring of blood pressure; 
this should be undertaken as soon as possible but should 
not impede other diagnostic or therapeutic maneuvers.

The anesthesiologist should work to maintain thermal 
equilibrium (see also Chapter 54) in any trauma patient. 
Although deliberate hypothermia has been suggested as 
a management strategy for both hemorrhagic shock163 
and TBI,164 insufficient evidence exists to support this 
approach. Hypothermia will potentiate dilutional coagu-
lopathy and systemic acidosis, and shivering and vasocon-
striction in response to cold will demand an additional 
metabolic effort that may predispose the patient to myo-
cardial ischemia. Hypothermia also greatly increases the 
subsequent risk for sepsis. Because many trauma patients 
arrive at the ED cold from exposure to the elements, early 
active warming measures are required. All IV fluids should 
be prewarmed or infused through a warming device. The 
patient should be kept covered with warmed blankets 
whenever possible, and the environment should be kept 
warm enough to make the patient comfortable. If hypo-
thermia has already developed, the use of forced hot air 
warming is strongly indicated to restore normothermia. 
Even though all these measures are routine and obvious 
in the OR, the anesthesiologist can perform a valuable 
service by ensuring that they are available and applied in 
the ED, CT scanner, and angiography suite as well.

Commercial rapid-infusion devices are of great benefit 
in trauma care, particularly in the presence of hemorrhagic 
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shock. These machines offer benefits when large quanti-
ties of fluid resuscitation are likely (Box 81-6). Early expe-
rience with these devices demonstrated higher patient 
temperature and reduced acidosis at the conclusion of the 
initial surgery,165 although rapid infusers may contrib-
ute to overinfusion of fluids, inappropriately increased 
arterial blood pressure, and contribute to rebleeding.108 
Application of the principles described earlier can pre-
vent this complication; basal fluid administration should 
be kept low (200 to 500 mL/hr), with small fluid boluses 
given in response to measured systolic blood pressure less 
than 80 to 90 mm Hg. In practice, fluid boluses are given 
alternately with anesthetics, with the goal of reaching a 
normal depth of anesthesia without increasing systolic 
arterial blood pressure.

LATE RESUSCITATION

Box 81-7 summarizes end points for late resuscitation, 
and Figure 81-10 presents an algorithm for management. 
IV fluid administration is an integral, mandatory compo-
nent. The adequacy of resuscitation should not be judged 
by the presence of normal vital signs, but by restoration 
of organ and tissue perfusion. The role of the anesthesi-
ologist-intensivist is to recognize the presence of ongoing 
shock after traumatic hemorrhage and to resuscitate the 
patient with the appropriate type and amount of fluids 
intravenously at the appropriate time.

Late resuscitation begins once bleeding is defini-
tively controlled by surgery, angiography, or the pas-
sage of time. The goal at this time is to restore normal 

An active mechanical pump enables fluid administration rates up 
to 1500 mL/minute

Compatible with crystalloid, colloid, packed red blood cells, 
washed salvaged blood, and plasma (not platelets)

Reservoir allows for mixing of products in preparation for rapid 
blood loss

Fluids infused at a controlled temperature (38° to 40° C)
Able to pump simultaneously through multiple intravenous lines
Fail-safe detection systems to prevent infusion of air
Accurate recording of fluid volume administered
Portable enough to travel with patient between units  

BOX 81-6 Benefits of a Fluid Infusion System 
in Resuscitation from Hemorrhagic Shock

Maintain systolic blood pressure higher than 100 mm Hg
Maintain hematocrit above individual transfusion threshold
Normalize coagulation status
Normalize electrolyte balance
Normalize body temperature
Restore normal urine output
Maximize cardiac output by invasive or noninvasive 

measurement
Reverse systemic acidosis
Document decrease in lactate to normal range  

BOX 81-7 Goals for Late Resuscitation*

*Fluid administration should be continued until adequate systemic perfu-
sion is restored.
perfusion to all organ systems while continuing to sup-
port vital functions. Hypoperfusion caused by hemor-
rhagic shock triggers a predictable cascade of biochemical 
events that will cause physiologic derangements persist-
ing long after adequate blood flow is restored. The extent 
of  hypoperfusion—the depth and duration of shock—
dictates the magnitude of subsequent organ system  
failure. Unfortunately, traditional vital sign markers such 
as arterial blood pressure, heart rate, and urine output are 
insensitive to the adequacy of resuscitation. Occult hypo-
perfusion syndrome is common in postoperative trauma 
patients, particularly young ones.166 This syndrome is 
characterized by a normal blood pressure maintained by 
systemic vasoconstriction; decreased intravascular vol-
ume and cardiac output; and organ system ischemia. The 
patient will be at frequent risk for MOSF if the hypoperfu-
sion is not promptly corrected.

The search for the optimal end point of resuscitation 
has led to several different hemodynamic, acid-base, 
and regional perfusion targets. Table 81-5 summarizes 
modalities that are available to gauge the adequacy of 
resuscitation, along with the shortcomings of each tech-
nique. Although the flow of blood to tissue beds is a 
determinant of tissue perfusion, pressure should also be 
an important consideration. The left ventricular stroke 
work index is a variable that accounts for both flow and 
pressure. Furthermore, left ventricular power output 
has been used to quantify left ventricular performance. 
These indices were compared with purely flow-derived 
hemodynamic and O2 transport variables as markers of 
perfusion and outcome in critically injured patients dur-
ing resuscitation.167 A consecutive series of 111 patients 
were monitored with a volumetric pulmonary artery 
catheter during the first 48 hours of resuscitation. The 
ability to clear lactate in less than 24 hours and survival 
were studied. Survivors exhibited significantly higher 
stroke work and left ventricular power output than did 
nonsurvivors. In addition to heart rate, these were the 
only variables that were significantly related to lactate 
clearance and survival. The higher stroke work and left 
ventricular power output in survivors were related to bet-
ter ventricular-arterial coupling and therefore more effi-
cient cardiac function.

Monitoring resuscitation with invasive monitors is 
gradually changing to noninvasive approaches that assess 
the return of adequate metabolism, respiration, and O2 
transport in peripheral tissue beds. One such technique is 
tissue O2 monitoring (skin, subcutaneous tissue, or skel-
etal muscle). Skeletal muscle blood flow decreases early 
in the course of shock and is restored later during resus-
citation, thus making the skeletal partial pressure of O2 
a sensitive indicator of decreased flow.168,169 Early goal-
directed treatment of septic shock,170 with an emphasis 
on measurement of mixed-venous O2 saturation, has 
influenced the care of trauma patients, and many ICUs 
are now using continuously measured venous oxygen-
ation to guide resuscitation. Stroke volume variation, the 
change in arterial pressure driven by the respiratory cycle, 
is emerging as another less invasive measure of fluid vol-
ume status; increased variation in arterial pressure dur-
ing positive-pressure ventilation is a reliable predictor of 
decreased intravascular volume.171
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HEMORRHAGE
CONTROLLED

MAXIMIZE CARDIAC OUTPUT
 PA catheter
 Fluid bolus

Maintain volume status, blood composition, and cardiac output
Consider inotropic therapy

Return to early
resuscitation

 RESUSCITATION
 COMPLETE?
SBP ≥ 100 mm Hg
HR ≥ 100/minute
pH � 7.40
Lactate normal
Urine output adequate
Hct ≥ 25%
PT ≤ 14

Ongoing hemorrhage?
(Missed injury?)

Resuscitation complete?

Yes

No

No

No

Yes

Finished

HEMORRHAGE
CONTROLLED

MAXIMIZE CARDIAC OUTPUT
 PA catheter
 Fluid bolus

Maintain volume status, blood composition, and cardiac output
Consider inotropic therapy

Figure 81-10. Algorithm for management of late hemorrhagic shock. Hct, Hematocrit; HR, heart rate; PA, pulmonary artery; PT, prothrombin 
time; SBP, systolic blood pressure.
Tissue hypercapnia may be a universal indicator of 
critically reduced perfusion. Measurement of gastric Pco2 
by gastric tonometry may be a reliable monitor in trauma 
patients as an indicator of restoration of splanchnic blood 
flow, and distal gut pH is also a reliable indicator.172 The 
most proximal area of the gastrointestinal tract, the sub-
lingual mucosa, is a useful site for measurement of Pco2 
(Pslco2).173 When Pslco2 exceeded a threshold of 70 mm 
Hg (normal, 45.2 ± 0.7 mm Hg), its positive predictive 
value for circulatory shock was 100%.174 Inadequate tis-
sue perfusion, as indicated by these specific monitors or 
by the traditional systemic markers of serum lactate, base 
deficit, and decreased pH, must be treated promptly once 
ongoing hemorrhage is controlled. The rate at which 
lactate returns to normal after shock is strongly corre-
lated with outcome; failure to normalize within 24 hours 
is associated with a greater risk for MOSF and eventual 
death.166,175

TRAUMA TO THE CENTRAL  
NERVOUS SYSTEM

CNS trauma accounts for almost half of all trauma death 
postmortem examinations in population-based analy-
ses176 or after trauma center admission (see also Chapter 
70).177 In addition, more than 90,000 Americans are dis-
abled by TBI178 and 8000 to 10,000 by SCI179 each year. As 
with hemorrhagic shock, CNS trauma consists of both the 
primary injury, in which tissue is disrupted by mechani-
cal force, and a secondary response, in which the body’s 
reaction to the injury plays an important role. Mitigation 
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of secondary CNS injury depends on prompt diagnosis 
and early, goal-directed therapy. Although primary CNS 
injuries cannot be minimized other than with preven-
tive strategies, secondary injury accounts for much of 
the death and disability that follows trauma.180 The ini-
tial management of these patients can significantly affect 
outcome. Attention to the ABCDE approach is paramount 
to successful resuscitation, and the trauma anesthesiolo-
gist should be intimately involved in this process. Critical 
care management of TBI patients is covered elsewhere in 
this volume (see also Chapter 105). What follows is a brief 
discussion of the early management of these patients.

Trauma produces shear forces that result in primary 
damage to neuronal cell bodies and axons and to the vas-
culature. The pathophysiologic processes of secondary 
injury includes metabolic failure, oxidative stress, and a 
cascade of biochemical and molecular events leading to 
both delayed necrotic and apoptotic cell death.181 Sec-
ondary injury is often exacerbated by tissue hypoxia or 
ischemia and by inflammatory responses, and outcomes 
from TBI are influenced by a large number of interacting 
factors. Individual drugs such as free radical scavengers, 
antiinflammatory agents, and ion channel blockers have 
been effective in animals but have had little impact or 
yielded disappointing results in human trials.182 Long-
term outcome cannot be predicted from TBI; thus, full 
resuscitative efforts should be initiated and continued, 
even in the most severely injured. In a recent review of 
the Trauma Registry of the German Society for Trauma 
Patients looking at over 50,000 patients, outcome pre-
diction was most accurate using the GCS motor score 
and pupil reactivity. In patients with bilateral fixed and 
dilated pupils, a good outcome was still seen in 8% of 
patients.183

Patients with mild TBI (GCS score of 13 to 15) who 
maintain a stable GCS score for 24 hours after injury 
are very unlikely to deteriorate further, although they 
are at risk for several postconcussive effects, including 
headache, memory loss, emotional lability (including 

TABLE 81-5 MODALITIES FOR ASSESSMENT OF 
SYSTEMIC PERFUSION

Technique Shortcomings

Vital signs Will not indicate occult hypoperfusion
Urine output May be confounded by intoxication, 

diuretic therapy, circadian variation, or 
renal injury

Systemic acid-base 
status

Confounded by respiratory status

Lactate clearance Requires time to obtain laboratory result
Cardiac output Requires placement of a pulmonary 

artery catheter, or use of noninvasive 
technology

Mixed-venous 
oxygenation

Difficult to obtain, but a very accurate 
marker

Gastric tonometry Requires time to equilibrate, subject to 
artifact

Tissue oxygenation Emerging technology, appears beneficial
Stroke volume 

variation
Emerging technology, requires an arterial 

line
Acoustic blood flow Investigational technology, unproved
aggressive behavior and violence), and sleep distur-
bance.184 Currently, recognition of long-term effects of 
mild TBI—and a better understanding of the pathophysi-
ologic processes—have led to prevention strategies and 
interventional programs for these patients. Specifically, 
soldiers returning from battle and athletes who experi-
ence repetitive mild brain injuries—and even those with 
a single episode—are at risk. The most frequently pro-
posed cellular mechanism is diffuse axonal injury, asso-
ciated with alterations in many physiologic processes. 
As early as 2 hours after severe TBI, increased levels of 
soluble amyloid β–peptide and deposition of amyloid 
plaques are evident in brains of 30% of survivors, regard-
less of their age. An acute, single-incident TBI occurs in 
20% to 30% of patients with Alzheimer disease or par-
kinsonism but in only 8% to 10% of control subjects. TBI 
researchers and the U.S. National Football league have 
now identified chronic traumatic encephalopathy (CTE), 
a condition typically seen in retired or aging athletes, 
in younger patients. CTE may be caused by large accu-
mulations of τ proteins in the brain that kill cells in the 
regions responsible for mood, emotion, and executive 
functioning.185,186

Moderate TBI (GCS score of 9 to 12) may be accompa-
nied by intracranial lesions that require surgical evacu-
ation, and early CT is strongly indicated. Early tracheal 
intubation, mechanical ventilation, and close observa-
tion may be required in the management of patients with 
moderate TBI because of combative or agitated behavior 
and the potentially catastrophic consequences of respira-
tory depression or pulmonary aspiration occurring dur-
ing diagnostic evaluation. Extubation of the trachea can 
be undertaken if the patient is hemodynamically stable 
and appropriately responsive after the diagnostic workup. 
Treatment of secondary brain injury is accomplished by 
early correction and subsequent avoidance of hypoxia, 
prompt intravascular fluid resuscitation, and manage-
ment of associated injuries. The timing of indicated non-
cranial surgery in these patients is highly controversial 
because early surgery can increase the episodes of hypoxia 
and hypotension.187 Whereas neurologic outcomes can 
decrease after early surgery,188,189 delayed surgery can 
increase the incidence of pulmonary and septic compli-
cations in orthopedic and soft tissue surgeries.190,191 An 
increased risk has not been described with early surgery, 
although a definitive prospective trial has not yet been 
reported.

Neurologic monitoring of patients with moderate TBI 
consists of serial assessment of consciousness and motor 
and sensory function (see also Chapter 49). Deterioration 
of the GCS score is an indication for urgent CT to establish 
the need for craniotomy or invasive monitoring of ICP. If 
frequent neurologic monitoring is not possible because 
of general anesthesia continuing longer than 2 hours, 
aggressive analgesia, or prophylaxis against delirium tre-
mens, invasive ICP monitoring is indicated.148 Although 
mortality from moderate TBI is infrequent, almost all 
patients will have significant long-term morbidity.

Severe TBI is classified as a GCS score of 8 or less at the 
time of admission and carries a significant risk for mortal-
ity. Patients with severe TBI have mortality three times that 
of patients with other types of traumatic injury.192 Early, 



rapid management focused on restoration of systemic 
homeostasis and perfusion-directed care of the injured 
brain will produce the best possible outcomes in this dif-
ficult population. Guidelines for all aspects of the manage-
ment of patients with severe TBI have been published by 
the American Association of Neurological Surgeons and 
Brain Trauma Foundation, now in the third edition.148 The 
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clinical pathway in place at the R. Adams Cowley Shock 
Trauma Center in Baltimore appears in Figure 81-11.

A single episode of hypoxemia (PaO2 < 60 mm Hg) 
occurring in a patient with severe TBI can double the inci-
dence of mortality.193 Prehospital tracheal intubation is 
controversial. Previously, intubation of the trachea before 
arriving at the hospital was advocated because providing 
Intracrainal 
hypertension?
≥ 25 mmHg or *

Intracrainal 
hypertension?
≥ 25 mmHg or *

Intracrainal 
hypertension?
≥ 25 mmHg or *

Critical Pathway for Treatment of Cerebral Perfusion Pressure in Patients with
Severe Traumatic Brain Injury

General parameters for ALL patients

No

No

No

Yes

Yes

Initial interventions
• Establish airway, breathing, and circulaton
• Ventilate to maintain PaCO2 to 35 mm Hg
• Provide supplemental O2 to keep PaO2 �70 mm Hg or SpO2 �94%
• Maintain normothermia
• Maintain head of bed to optimize CPP and minimize ICP
• Ensure good head and neck alignment
• Reduce unnecessary noxious stimuli
• See sedation algorithm

• Maintain systolic BP � 90 mm Hg with
transducer leveled at the phlebostatic axis

• Keep Hct 30%-33%
• Maintain serum sodium at 140-145 mEq/L 
  unless patient has ICP elevations
• Encourage use of PETCO2 monitoring
• Initiate DVT prophylaxis
• Initiate nutrition as soon as medically

appropriate with full caloric replacement
by 7 days after injury

• Initiate anticonvulsants for the first
7 days after injury; phenytoin is
the agent of choice

• Ensure all initial interventions are in place*
• Insert IVC and drain CSF
• Consider repeating a brain CT scan

• Ensure all initial interventions are in place*
• Administer sedation (see algorithm)
• Consider repeating a brain CT scan

 * When patient has an unexplained
 ICP elevation or there is a change
 in mental status:

    – Check the ABG to ensure PaO2 and PaCO2

    are in the desired range
    – Ensure that the patient’s position is not 

    limiting ventilation or causing increased ICP

Maintain CPP � 60 mm Hg

Intracranial hypertension?
≥20 mm Hg or �25 mm Hg
after decompressive craniectomy

Intracranial hypertension?
≥20 mm Hg or �25 mm Hg
after decompressive craniectomy

Intracranial hypertension?
≥20 mm Hg or �25 mm Hg
after decompressive craniectomy

Carefully remove
treatment for ICP

Insert camino or IVC
ICP monitor: PbrO2 monitor

Figure 81-11. Clinical pathway for management of severe traumatic brain injury. The goal of therapy is to maintain cerebral perfusion pressure 
above 60 mm Hg by support of the circulation and control of intracranial pressure. Progressively more intensive therapies are added until this 
goal is achieved. ABG, Arterial blood gas; BP, blood pressure; CBF, cerebral blood flow; CPP, cerebral perfusion pressure; CSF, cerebrospinal fluid; CT, 
computed tomography; DVT, deep venous thrombosis; Hct, hematocrit; ICP, intracranial pressure; IVC, intraventricular catheter.

Continued
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No

No

Yes

Yes

Continued

• Ensure all initial interventions are in place*
• Mannitol 0.25-1.0 g/kg and/or hypertonic saline

(3% or 7.5% [50% chloride and 50% acetate]; for
acute ICP management consider a 250-mL bolus
of hypertonic saline)
Maintain serum osmolarity �320 mOsm/l and
keep patient euvolemic 

• Consider repeating a brain CT scan
• Maintain serum sodium �150

• Ensure all initial interventions are in place*
• Consider repeating a brain CT scan
• Consider use of other second-tier therapies

• Ensure all initial interventions are in place*
• Short-term hyperventilation to PaCO2 to 30-35 mm Hg
• Consider repeating a brain CT scan

Carefully remove
treatment of ICP

Decompressive
craniectomy

High-dose
barbiturate
therapy

Hyperventilation to
PaCO2 �30 mm Hg
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AvjDO2, PbrO2 and/or
CBF recommended

Decompressive
laparotomy

•

 * When patient has an
   unexplained ICP elevation
   or there is a change in
   mental status:
    – Check the ABG to ensure
       PaO2 and PaCO2 are in the
       desired range
    – Ensure that the patient’s
       position is not limiting
       ventilation or causing
       increased ICP

Intracranial hypertension?
≥20 mm Hg or �25 mm Hg
after decompressive craniectomy

Intracranial hypertension?
≥20 mm Hg or �25 mm Hg
after decompressive craniectomy
Figure 81-11, cont’d 
a definitive airway allowed adequate O2 to be delivered to 
the brain, benefiting the patients. Yet worsened neurologic 
outcomes have been described with attempts at prehospi-
tal tracheal intubation in adult trauma patients.194,195 The 
first prospective trial of prehospital intubation, conducted 
in urban Australia, randomized patients with severe TBI—
defined as evidence of head trauma and GCS of less than 
9—to intubation by paramedics in the field or by physi-
cians on the arrival to hospital.196 Of 312 patients, the pro-
portion with favorable outcome was 51% in the paramedic 
group, compared to 39% in the hospital tracheal intuba-
tion group (P = .046). Because no international standard 
or consensus exists, the patient should be transported as 
rapidly as possible to a facility capable of managing severe 
TBI or to the nearest facility capable of tracheal intuba-
tion of the patient and initiation of systemic resuscitation. 
The sine qua non is adequacy of systemic oxygenation, by 
whatever means this can best be accomplished.

The patient with TBI will frequently require periopera-
tive monitoring to include ICP, brain temperature, arterial 
pressure, and cerebral oxygenation (see also Chapter 49).  
ICP may be monitored through the use of an intra-
parenchymal probe or intraventricular catheter and 
should be maintained at less than 20 mm Hg. A variety 
of monitoring devices have been used to assess adequacy  
of cerebral oxygenation, including jugular venous O2 
saturation, positron emission tomography, near-infrared 
spectroscopy, and direct brain tissue oxygenation (Pbto2) 
monitoring.197 Brain tissue hypoxia, may be corrected 
by increasing Fio2, blood transfusion, inotropic support, 
or sedation, if increased ICP results in decreased cerebral 
blood flow.198-201 Small studies suggest an improvement in 



Glasgow Outcome Score (GOS) and mortality with brain 
O2– targeted strategies, but no overall consensus exists.

Finally, patients with severe TBI are also at risk for non-
CNS organ failure. A retrospective review of patients with 
isolated TBI found a frequent incidence of subsequent 
organ failure: 89% developed dysfunction of at least one 
nonneurologic organ system. Takotsubo cardiomyopa-
thy may develop in the setting of severe TBI and lead to 
severe myocardial dysfunction in the patient with brain 
injury.202 The reasons for development include interplay 
between the neuroendocrine system and the injured 
brain. A catecholamine surge that occurs after TBI may 
manifest as subendocardial ischemia, leading to biven-
tricular heart failure, even in young, previously healthy 
patients. This cycle may be exacerbated during OR pro-
cedures when vasoactive drugs might be administered. 
β-Adrenergic blockade may be protective in human stud-
ies in patients with brain injuries. Retrospective database 
reviews have indicated improved neurologic outcome 
and reduced morbidity and mortality in patients receiv-
ing periinjury β-adrenergic blockade.203-206

TRAUMATIC BRAIN INJURY AND 
CONCOMITANT TRAUMA

Patients with isolated head injuries can be managed with 
traditional ventilatory strategies, but those with chest 
trauma, aspiration, or massive resuscitation after shock 
are at high risk for the development of acute lung injury 
(ALI) (see also Chapters 70 and 101). The classic teach-
ing of no or low-level positive end-expiratory pressure 
(PEEP) to prevent increased ICP is inappropriate because 
hypoxemia may not be corrected. With adequate intra-
vascular volume resuscitation, PEEP does not increase 
ICP or decrease cerebral perfusion pressure (CPP)207 and 
may actually decrease ICP as a result of improved cerebral 
oxygenation.208 Patients who develop ALI after TBI are at 
risk for cerebral hypoxia.209 A double-hit model has been 
proposed as the cause of ALI secondary to CNS trauma—
severe TBI leads to a systemic inflammatory response, 
which then primes the lungs to be more susceptible to 
injurious ventilator strategies or other mediators of lung 
injury. ALI and cardiac insufficiency after TBI may lead 
to compromised systemic oxygenation and therefore 
a decrease in cerebral O2 delivery.210 Hyperventilation 
therapy (e.g., at a Paco2 of 25 mm Hg), long a main-
stay in the management of patients with TBI, is no lon-
ger recommended as a prophylactic treatment. A range 
of Paco2 between 30 and 35 mm Hg should be induced 
with hyperventilation to 30 mm Hg only for episodes of 
increased ICP that cannot be controlled with sedatives, 
drainage of cerebrospinal fluid, neuromuscular blockade, 
osmotic drugs, or barbiturate coma.147 Hyperventilation 
during the first 24 hours is of particular concern because 
of the critical reductions in perfusion during this time-
frame. However, these recommendations should be taken 
in context and modified in the face of unstable clinical 
circumstances such as an expanding mass lesion or signs 
of imminent herniation.211

The most challenging of all trauma patients are those 
with severe TBI and coexisting hemorrhagic shock. A 
single episode of hypotension, defined as systolic blood 
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pressure lower than 90 mm Hg, is associated with an 
increase in morbidity and doubled mortality after severe 
TBI.193 Hypotension together with hypoxia increases 
mortality 30-fold. Current recommendations are to main-
tain a patient with severe TBI in a euvolemic state. There-
fore, fluid resuscitation is the mainstay of therapy, followed 
by vasoactive infusions as needed. The ideal fluid has not 
been defined, but perhaps hypertonic saline solutions are 
optimal. Correction of anemia from acute blood loss is 
the first priority; however, an optimal target hematocrit 
has not been defined. Animal models and healthy human 
subjects support maintaining a hemoglobin lower than 
7 g/dL because impaired brain function may occur with 
lower values, yet a hemoglobin lower than 10 g/dL may 
be detrimental to recovery from TBI.212 At this time it is 
not clear what optimal transfusion trigger should be used 
(see also Chapter 61). After the initial ABCDE manage-
ment of a patient with severe TBI, a stepwise approach to 
maintenance of CPP is initiated, with a currently recom-
mended goal range of 50 to 70 mm Hg, as discussed in 
Chapter 70.

Decompressive craniectomy is a surgical procedure 
used to control severely increased ICP and prevent her-
niation after stroke, and it is now used for the same indi-
cations after severe TBI.213 Decompressive craniectomy is 
indicated for selected anatomic patterns of TBI, such as 
when CPP cannot be maintained despite vigorous appli-
cation of the previously described therapies, including 
barbiturate coma. Relieving ICP by removal of a piece of 
cranium and use of a dural patch may improve mortal-
ity and morbidity in patients who might not otherwise 
survive.214 Decompressive laparotomy may be indicated 
in patients with severe TBI if coexisting injuries or vig-
orous intravascular volume infusion have increased 
intraabdominal compartment pressure to greater than 
20 mm Hg. Increased abdominal pressure worsens pul-
monary mechanics, thus necessitating higher MAP to 
maintain arterial O2 saturation. This increase in venti-
lating pressure will increase intrathoracic pressure and 
impair venous drainage from the head and consequently 
decrease CPP. The use of decompressive celiotomy as a 
therapy to reduce ICP was recently described.215 The con-
cept of multiple compartment syndrome in patients with 
severe TBI has been proposed.216 Fluid therapy, ALI, or 
both may increase intraabdominal pressure and intra-
thoracic pressure, thereby increasing ICP. Further fluid 
administration to support cerebral perfusion or increas-
ing ventilatory support to treat ALI further exacerbates 
this problem. This can create a cycle that ultimately pro-
duces multiple compartment syndrome and necessitates 
opening of the abdomen, even in the absence of primary 
abdominal trauma. Isolated TBI can thus become a mul-
tisystem disease.

Like hyperventilation therapy, the use of hypother-
mia to treat severe TBI has changed. Early studies dem-
onstrated that moderate, systemic hypothermia reduces 
both the rate of cerebral edema and mortality after corti-
cal injury in laboratory animals.217,218 Small clinical series 
in humans also suggested improved outcome in patients 
with TBI when hypothermia was maintained for 24 or  
48 hours.219,220 However, a multicenter, randomized  
trial of hypothermia (33° C) versus normothermia 
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demonstrated no improvement in outcome in a popu-
lation of patients with severe TBI.221 Patients who were 
hypothermic on admission and then were randomized 
to the normothermia group had a worse outcome than 
those who were left hypothermic, thus leading to the 
recommendation that patients with severe TBI who are 
hypothermic on admission not undergo active rewarm-
ing. Current Brain Trauma Foundation guidelines pres-
ent only level III evidence suggesting decreased mortality 
if target temperatures are maintained for more than 48 
hours and that prophylactic hypothermia is associated 
with better long-term neurologic outcomes.148

MANAGEMENT OF INTRACRANIAL 
PRESSURE IN THE OPERATING ROOM

Although most interventions for management of a patient 
with severe TBI will occur in the ICU, urgent cranial or 
noncranial surgery can be indicated (see also Chapter 49).

The previously described therapies should be contin-
ued throughout the perioperative period, including posi-
tional therapy (when possible), aggressive hemodynamic 
monitoring and resuscitation, administration of osmotic 
agents (with attention to maintaining euvolemia), and 
deep levels of analgesia and sedation. Appropriate anes-
thetic choices include opioids and low concentrations of 
volatile anesthetics. Pharmacologic management of TBI is 
the mainstay of the anesthesiologist’s role in the operating 
room. Intraoperative management of elevated ICP may 
be accomplished with osmotic diuretics or hypertonic 
saline. No difference was noted in long-term outcomes 
between mannitol and hypertonic saline on outcomes 
at 6 months, although hypertonic saline may potenti-
ate small short-term improvements is cerebral blood flow 
and CPP.222,223 A meta-analysis of common drugs used in 
intraoperative management of patients with TBI, includ-
ing propofol, barbiturates, opioids, benzodiazepines, and 
corticosteroids showed corticosteroids to be the only drug 
associated with an increase in mortality. The other drugs 
had acute benefit in reductions in ICP and sedation, but 
no appreciable long-term benefit.182,224

SPINAL CORD INJURY

SCI after trauma affects some 10,000 Americans each 
year.179 Blunt trauma accounts for the majority of SCI: 
40% from motor vehicle collisions, 30% from falls, and 
15% as a result of penetrating trauma.225 Cervical spine 
injuries occur in 1.5% to 3% of all major trauma. Half of 
all SCIs involve the cervical spine, usually between the 
C4 and C7 levels. Complete quadriplegia occurs in half of 
SCI cases. It is important to realize that more than 40% 
of trauma patients who have SCI may also have other sig-
nificant injuries, including TBI.

Most spinal injuries are in the lower cervical spine, 
just above the thorax, or in the upper lumbar region, 
just below the thorax. Blunt SCI is most common in the 
regions of the cord that are most flexible, especially at the 
junctions between flexible and inflexible segments. The 
vertebral column is divided longitudinally into three col-
umns: anterior, middle, and posterior; injuries to any two 
of these three columns suggest biomechanical instability. 
These are the patients who will often require urgent sur-
gical stabilization. Patients with unstable cervical spine 
injuries who meet criteria for emergency intubation, 
should undergo rapid-sequence induction (see section on 
protection of the cervical spine). SCI at midthoracic lev-
els is less common because of the rotational stabilization 
provided by the rib cage and intercostal musculature.

SCI is commonly accompanied by radiographically vis-
ible injury to the bony spine and concomitant disruption 
of the muscles, ligaments, and soft tissues that support 
it. However, clinically significant injury to the cervical 
spinal cord can occur in the absence of visible skeletal 
injury. This entity, known as spinal cord injury without 
radiographic abnormality (SCIWORA) is more common 
in children and is presumably the result of temporary 
hyperdistraction or torsion of the neck insufficient to dis-
rupt the bony skeleton.226

Primary injury to the spinal cord sustained at the 
moment of trauma may be exacerbated by secondary 
factors (Fig. 81-12). The combination of biochemical 
changes, vascular disruption and electrolyte abnormali-
ties can lead to cellular changes and worsening of SCI 
lesions up to 3 days after injury.227 SCI includes sensory 
deficits, motor deficits, and both. Incomplete deficits may 
be worse on one side than the other and may improve 
rapidly in the first minutes after injury. Complete  
deficits—representing total disruption of the spinal cord 
at one level—are much more ominous, with generally lit-
tle improvement seen over time. Spine injuries above the 
level of T4-6 are accompanied by significant hypotension 
because of inappropriate vasodilatation, loss of cardiac 
inotropy, and bradycardia resulting from denervation of 
the cardiac accelerator fibers (neurogenic shock). (Note 
the distinction between neurogenic shock and the incorrect 
term spinal shock, which refers to a loss of reflexes.) Func-
tioning of the lower cord will gradually return, along with 
restoration of normal vascular tone. Diagnosing cervical 
spine instability can be difficult. The Eastern Association 
for the Surgery of Trauma has published guidelines regard-
ing which patients require cervical spine radiographs, 
which views and studies should be obtained, and how to 
determine the absence of significant ligamentous injury 
in an unconscious patient.228 The need for magnetic reso-
nance imaging versus the adequacy of CT to diagnose SCI 
is not clear. The most commonly missed cervical fractures 
are at the C1-2 and C7-T1 levels, usually because of the 
result of inadequate imaging.

Early intubation of the trachea is almost univer-
sally required for patients with cervical spine fracture 
and quadriplegia. Ventilatory support is almost always 
required for patients with a deficit above C4, because 
they will lack sufficient diaphragmatic function. Patients 
with levels from C6 to C7 may need support because 
of impairment in respiratory muscle function resulting 
from (1) loss of chest wall innervation, (2) paradoxical 
respiratory motion, (3) inability to clear secretions, and 
(4) decreased lung and chest wall compliance. Early tra-
cheal intubation is recommended and, if elective, often 
can be accomplished by awake fiberoptic bronchoscopy 
or video laryngoscopy before hypoxia renders the patient 
anxious and uncooperative.229,230 Also, two retrospective 
studies have evaluated the need for tracheal intubation 
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Figure 81-12. Mechanisms of spinal cord injury. Mechanical trauma to the spinal cord is exacerbated by systemic hypoperfusion or hypoxia. 
(Reprinted with permission from Dutton RP: Spinal cord injury, Int Anesthesiol Clin 40:109, 2002.)
in patients with cervical SCI. Como and colleagues231 
identified 119 patients, 45 of whom had complete SCI. 
All patients with injuries at C5 and above required intu-
bation, and 71% of these progressed to tracheostomy. 
A second study of 178 patients with complete cervi-
cal SCI showed 70% of patients required tracheostomy, 
particularly those with an injury between C4 and C7.231 
Spontaneous ventilation and extubation of the trachea 
are possible after surgical stabilization and resolution of 
neurogenic shock, although pneumonia is a common 
and recurrent complication that frequently necessitates 
tracheostomy to facilitate pulmonary toilet.230

Although administration of a glucocorticoid steroid 
bolus in patients with blunt SCI and deficit was recom-
mended, current guidelines suggest caution. Large-dose 
glucocorticoid therapy has resulted in a small, but statis-
tically significant, improvement in neurologic level after 
SCI in two large multicenter trials: the National Acute 
Spinal Cord Injury Study (NASCIS) II and III.232,233 How-
ever, the NASCIS results have been challenged for several 
reasons.234-236 The positive benefits seen with high-dose 
steroid administration were driven by results in a few sub-
populations and were not present in a majority of patients. 
The improvement in spinal level seen after steroid admin-
istration has not been shown to lead to increased survival 
or improved quality of life, and the results have not been 
reproducible in other studies of acute SCI. Current recom-
mendations by the American Association of Neurological 
Surgeons and the American College of Surgeons state that 
steroid administration is an option and should be under-
taken with the knowledge that harmful side effects are 
more consistent than any proved benefit.237
INTRAOPERATIVE MANAGEMENT  
OF SPINAL CORD INJURY

A patient about to undergo surgical reduction and fixa-
tion of a spinal column fracture presents challenges for the 
anesthesiologist. First and foremost is the need for intuba-
tion of the trachea in a patient with a known injury to the 
cervical spine (see also Chapter 55). Direct laryngoscopy 
with in-line stabilization is appropriate in the emergency 
setting and in unconscious, combative, or hypoxemic 
patients when the status of the spine is not known.238 Tra-
cheal intubation can occur in the OR, in an awake, alert, 
and cooperative patient by several methods known to pro-
duce less displacement of the cervical spine, presumably 
with less risk for worsening an unstable SCI. A common 
technique in current clinical practice is awake fiberoptic 
intubation. Although the nasal route is associated with an 
easier path to intubation in most patients, it can lead to 
an increased risk for sinusitis in the ICU if the trachea is 
not extubated at the end of the procedure. Oral intubation 
may be more challenging technically but will be of greater 
value if the patient remains mechanically ventilated. 
Blind nasal intubation, transillumination with a lighted 
stylet, and use of an intubating LMA, GlideScope, or Bul-
lard laryngoscope, or any of a variety of other instrument 
systems for indirect laryngoscopy are acceptable. Again, in 
comparative studies of direct laryngoscopy, video laryn-
goscopy, fiberoptic examination, blind nasal intubation, 
or cricothyrotomy in patients with known cervical cord 
or spine injuries, no difference is seen in neurologic dete-
rioration with technique used and no clear evidence exists 
that direct laryngoscopy worsens outcome. Clinicians are 
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advised to use the equipment and techniques with which 
they are most familiar. The important concept is to suc-
cessfully achieve tracheal intubation while minimizing 
motion of the cervical spine and preserving the ability to 
assess neurologic function after positioning.48

A patient with a partial deficit and visible spinal canal 
impingement on imaging studies is considered an emer-
gency because of the potential for regaining neurologic 
function after decompression. Patients with either no 
deficit or complete deficit may require surgical stabiliza-
tion to facilitate mobilization, but are less urgent cases. 
Hemodynamic instability may complicate urgent and 
emergent spinal surgery. Hypotension from neurogenic 
shock is characterized by an inappropriate bradycardia 
resulting from loss of cardiac accelerator function and 
unopposed parasympathetic tone. However, this situ-
ation can be difficult to distinguish from hypotension 
resulting from acute hemorrhage, and a trial of fluid 
administration is still indicated, subject to the end points 
of resuscitation listed earlier. Once hemorrhage has been 
controlled or ruled out, patients who have maintenance 
of an increased MAP more than 85 mm Hg for 7 days 
after SCI may have improved functional recovery. This 
approach is highly controversial and remains an option 
in treatment according to the American Association of 
Neurological Surgeons.237

ORTHOPEDIC AND SOFT TISSUE TRAUMA

Musculoskeletal injuries are the most frequent indica-
tion for operative management in most trauma centers 
(see also Chapter 79). Orthopedic trauma, like TBIs and 
SCIs, can be associated with long-term pain and disabil-
ity. In addition to physical handicaps that these patients 
may endure, orthopedic injuries incurred in both civil-
ian and military settings lead to long-term psychological 
trauma.239-241 The length of many procedures, particu-
larly in patients with multiple extremity injuries, neces-
sitates attention to body positioning, maintenance of 
normothermia, fluid balance, and preservation of periph-
eral blood flow.

For the last 15 years, the emphasis in trauma manage-
ment of a multiply injured patient has included early stabili-
zation of long-bone, spine, pelvic, and acetabular fractures. 
Failure to do so results in increased morbidity, pulmonary 
complications, and length of hospital stay.242 In one study, 
only 2% of patients with femoral shaft fractures stabilized 
within the first 24 hours of injury had pulmonary compli-
cations, in contrast to 38% of patients in whom fracture 
stabilization was delayed for more than 48 hours.243

SPECIFIC CONDITIONS

Hip fracture is a common, morbid, and costly event 
among older adults (see also Chapter 80). Frequently, 
patients with isolated hip fracture present to the OR 
for urgent repair. Regional anesthesia is associated with 
decreased odds of inpatient mortality and pulmonary 
complications among patients with hip fracture in con-
trast to general anesthesia.244 A retrospective cohort of 
18,158 patients undergoing surgery for hip fracture in 
126 hospitals showed that 5254 (29%) received regional 
anesthesia. Although unadjusted rates of mortality and 
cardiovascular complications did not differ by anesthesia 
type, regional anesthesia was associated with a decreased 
adjusted odds of mortality (odds ratio: .710, 95% confi-
dence interval [CI] .541, .932, P = .014) and pulmonary 
complications (odds ratio: .752, 95% CI .637, 0.887,  
P < .0001) relative to general anesthesia.245

Dislocation of the hip is common after high-energy 
trauma and is frequently accompanied by fracture of 
the acetabulum. Whereas the fracture itself can be safely 
managed on a delayed basis or nonoperatively, the dis-
location is a medical emergency that must be promptly 
addressed if the patient is to have a good functional out-
come. Failure to promptly diagnose and reduce a dislo-
cated hip joint is a significant risk factor for avascular 
necrosis of the femoral head. Reduction typically requires 
a very deep level of sedation, which may be facilitated 
by nondepolarizing neuromuscular blockade (see also 
Chapters 34 and 35). For this reason the anesthesiologist 
is commonly involved.246 Although a dislocated hip can 
be reduced in a spontaneously breathing sedated patient, 
an acutely injured patient is at high risk for aspiration 
of gastric contents. Any patient who will be undergoing 
surgery in the near future (such as for an open long-bone 
fracture or exploratory laparotomy) should be tracheally 
intubated at the time of reduction and maintained with 
appropriate sedation and analgesia until reaching the 
OR. Other patients who may require intubation even for 
uncomplicated reductions include those who are inebri-
ated or uncooperative, hemodynamically unstable, or 
suffering from pulmonary dysfunction. Additionally, suc-
cessful postoperative fracture reduction is more difficult to 
achieve in morbidly obese patients (see also Chapter 71)  
than in those with normal body mass index.247

Unlike acetabular fractures, fracture of the pelvic ring 
requires immediate recognition and management by the 
trauma team. Hemorrhage, even exsanguination, is com-
mon after a major pelvic ring fracture and is a leading 
contributor to early death after motor vehicle collisions. 
Bleeding occurs from multiply disrupted venous beds in 
the posterior pelvic bowl; if the pelvis as a whole is unsta-
ble, no anatomic barrier exists to continued expansion 
of this retroperitoneal bleeding. Surgical exploration by 
way of the peritoneum is usually unrewarding because the 
bleeding vessels are not easily accessed.248 In the past, ther-
apy consisted of supportive volume resuscitation, external 
fixation of the unstable pelvis, and angiography. Despite 
this multidisciplinary approach, mortality remained fre-
quent in these patients, partially because of the inability 
of angioembolization to control venous bleeding from 
the rich venous plexuses associated with the most severe 
fractures. The technique of preperitoneal packing has 
been adopted by many U.S. trauma centers. Preperitoneal 
packing via laparotomy is a rapid method for controlling 
pelvic fracture–related hemorrhage that can supplant the 
need for emergent angiography and reduces transfusion 
requirements and mortality.249 Endotracheal intubation 
is usually undertaken on an emergency basis in a hypo-
tensive patient, and the anesthesiologist may remain with 
the patient throughout the initial hours of stabilization 
to manage sedation, analgesia, transport, and ongoing 
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resuscitation needs. In the absence of an orthopedic spe-
cialist, temporary stabilization and tamponade of some 
pelvic fractures can be accomplished with use of a spe-
cially made pelvic binder, the pelvic portion of military 
antishock trousers, or a bed sheet knotted tightly around 
the bony pelvis.250 Mechanically unstable pelvic ring frac-
tures are associated with increased fluid and blood resus-
citation volumes, significantly more frequent presence of 
concomitant injuries, and increased ventilation and ICU 
stay, rate of MODS, sepsis, and rate of mortality.251

Open fractures should be pulse-lavaged and debrided 
as soon as possible after injury to minimize the risk for 
infectious complications. If ongoing resuscitation or 
unstable TBI precludes the patient from early manage-
ment in the OR, this procedure can be performed at 
the bedside. Despite the frequency of open fractures, 
their management remains one of the greatest and 
most debated orthopedic challenges. Timing of surgi-
cal fixation in open fractures is often surgeon-specific 
or center- specific, because little consensus exists among 
orthopaedic surgeons as to optimal treatment.252

The advantages and disadvantages of regional and 
general anesthesia are summarized in Boxes 81-8 and 
81-9. Regional anesthesia seems to decrease postoperative 

AdVAntAges

Allows continued assessment of mental status
Increased vascular flow
Avoidance of airway instrumentation
Improved postoperative mental status
Decreased blood loss
Decreased incidence of deep venous thrombosis
Improved postoperative analgesia
Better pulmonary toilet
Earlier mobilization
Lower incidence of long-term pain syndromes

disAdVAntAges

Peripheral nerve function difficult to assess
Patient refusal common
Requirement for sedation
Hemodynamic instability with placement
Longer time to achieve anesthesia
Not suitable for multiple body regions
May wear off before procedure(s) conclude  

BOX 81-8 Advantages and Disadvantages  
of Regional Anesthesia for Trauma

AdVAntAges

Speed of onset
Duration: Can be maintained as long as needed
Allows multiple procedures for multiple injuries
Greater patient acceptance
Allows positive-pressure ventilation

disAdVAntAges

Impairment of global neurologic examination
Requirement for airway instrumentation
Hemodynamic management more complex  

BOX 81-9 Advantages and Disadvantages  
of General Anesthesia for Trauma Patients
morbidity and mortality245,253,254 (including cognitive 
measures of function), but clinically measurable benefits 
may not be seen in patients receiving combined general 
and regional techniques.255-257

One prevalent concern in the management of an ortho-
pedic trauma patient is the concomitant use of regional 
anesthesia, analgesia, or both and prophylaxis for venous 
thromboembolism, as discussed in Chapter 79.

Intraoperative transesophageal echocardiography (TEE) 
has shown that most patients undergoing long-bone frac-
ture manipulation experience microembolism of fat and 
marrow.258 Most patients suffer no discernible clinical 
impact from this phenomenon, but some will experience 
a significant acute inflammatory response. After long-
bone fractures, some lung dysfunction occurs in almost all 
patients, ranging from minor laboratory abnormalities to 
full-blown fat embolism syndrome (FES). A lack of univer-
sally accepted diagnostic criteria combined with concomi-
tant pulmonary and cardiovascular dysfunction accounts 
for the varying incidence reported in the literature. Clini-
cally significant FES occurs in 3% to 10% of patients but 
is likely underdiagnosed in patients with multiple injuries 
or a high ISS.259 Patients with coexisting lung injury are at 
additional risk for FES. Signs include hypoxia, tachycardia, 
mental status changes, and, classically, a petechial rash on 
the axillae, upper arms and shoulders, chest, neck, and 
conjunctivae. FES should be considered whenever the alve-
olar-arterial O2 gradient deteriorates in conjunction with 
decreased pulmonary compliance and CNS deterioration. 
Under general anesthesia, the CNS changes will not be 
apparent but may be manifested as failure to awaken after 
surgery. If central hemodynamic monitoring is available, 
pulmonary artery pressure is elevated, often accompanied 
by decreases in the cardiac index. Diagnosis in the OR is 
largely based on the clinical findings after ruling out other 
causes of hypoxemia. Fat globules in urine are nondiagnos-
tic, but lung infiltrates seen on chest radiography confirm 
the presence of lung injury and the need for appropriate 
ventilatory management with O2, higher PEEP, and pos-
sible longer-term mechanical ventilatory support.260,261 
Treatment includes early recognition, administration of 
O2, and judicious fluid management.262 A change in the 
orthopedic procedure may be indicated, such as converting 
intramedullary nailing of the femur to external fixation.

Acute compartment syndrome of the extremities is 
defined as a “condition in which increased pressure 
within a limited space compromises the circulation and 
function of the tissues within that space.”263 The most 
common cause of compartment syndrome is edema 
secondary to muscle injury and associated hematoma 
formation. Although most commonly associated with 
traumatic injuries, compartment syndrome also can occur 
as a result of causes associated with trauma, including 
reperfusion injury, burns, drug overdose, and prolonged 
limb compression (Box 81-10). The most common frac-
tures associated with the development of compartment 
syndrome are those of the tibial shaft (40%) and forearm 
(18%).264,265 Forearm compartment syndrome requiring 
fasciotomy predominantly affects males and can occur 
after either a fracture or soft-tissue injury. A further 
23% of cases are caused by soft tissue injuries without 
fracture.266 Although no randomized, prospective trials 
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have been conducted, regional anesthesia does not blunt 
detection of compartment syndromes as long as there is 
not an associated dense motor block.267

Fasciotomy is usually indicated when compartment 
pressure approaches 20 to 30 mm Hg below diastolic 
pressure in any patient with a worsening clinical condi-
tion, a documented rising tissue pressure, major soft tis-
sue injury, or a history of 4 to 6 hours of total ischemia of 
an extremity. Prophylactic fasciotomy may be indicated 
in patients with warm ischemic time in excess of 2 hours, 
ligation of the major veins in the popliteal region or distal 
part of the thigh, and crush injuries. Early or prophylactic 
fasciotomy decreases subsequent muscle loss.268

Crush syndrome is the general manifestation of crush 
injury caused by continuous prolonged pressure on one 
or more extremities269 and is commonly found in patients 
who have been trapped in one position for an extended 
period. Muscle injury secondary to ischemia causes myo-
globinuria, which can lead to acute renal failure and 
subsequent profound electrolyte disturbances. The most 
critical treatment consists of crystalloid fluid resuscita-
tion; a total body fluid deficit of 15 L may occur in severe 
rhabdomyolysis.270 Osmotic diuresis with mannitol and 
alkalinization of urine with sodium bicarbonate to pre-
vent precipitation of myoglobin in the renal tubules are 
controversial.271,272 The preferred therapy for renal failure 
secondary to rhabdomyolysis at the shock trauma center 
is continuous renal replacement therapy and hemofiltra-
tion.273 Most of these patients eventually have full recov-
ery of native renal function.274

SOFT TISSUE TRAUMA

Assessment of soft tissue injury is critical in the manage-
ment of a trauma patient. Muscular coverage is necessary 
for the viability of any orthopedic repair, but it may be 
jeopardized by avulsion at the time of injury, ischemia 

OrthOpedic

Fractures and operative repair

VAsculAr

Reperfusion injury
Hemorrhage with hematoma formation
Ischemia from arterial and venous injuries

sOft tissue

Crush injury
Burns
Prolonged compression in immobile state

iAtrOgenic

Casts and circular dressing
Use of pneumatic antishock garment
Intraosseous fluid replacement in infant or child
Pulsatile lavage with extravasation
Extravasation from venous or arterial puncture site

MiscellAneOus

Snakebite
Acute exertion  

BOX 81-10 Risk Factors for the Development 
of Compartment Syndrome
from elevated compartment pressure, and ongoing bac-
terial infection in open wounds. Acute surgical manage-
ment of soft tissue injury is straightforward: all dead or 
devitalized tissue must be debrided and the wound thor-
oughly irrigated to reduce the load of bacterial contami-
nants. When muscle or fascia involvement is significant, 
serial debridement at frequent intervals is necessary to 
establish a margin of completely viable tissue. Vacuum 
dressings for large soft tissue wounds are gaining in 
popularity because continuous negative pressure over 
the wound surface removes contaminants and encour-
ages blood flow.275 When serial debridement establishes 
viable tissue at all margins of the wound, arrangements 
for definitive closure can be made. Closure may be as 
simple as a split-thickness skin graft or as complex as free 
tissue transfer of muscle and fascia from an uninjured 
portion of the body, with attendant arterial and venous 
anastomoses.

A degloving injury results in significant soft tissue 
loss, usually in the extremities. Multiple plastic surgery 
and reconstructive procedures may be necessary. Gen-
eral anesthesia is usually required, although combining it 
with epidural or regional block analgesia may confer the 
benefits of both techniques. Close consultation with the 
surgical teams is suggested.

Superficial vacuum dressings can be changed at the 
bedside under light sedation, but patients with deep 
wound dressings may require general anesthesia. The 
need for repeated surgeries is an important consideration 
for the anesthetic technique. Anesthesia for free tissue 
transfer surgery requires meticulous attention to detail 
because these operations can be quite protracted. Every 
effort should be made to facilitate perfusion of the grafted 
vessels, including keeping the patient warm, euvolemic, 
and comfortable and maintaining the hematocrit in the 
rheologically favorable range of 25% to 30%. The use of 
epidural anesthesia and analgesia is controversial, with 
some surgeons favoring it for its vasodilatory effects and 
others being concerned that it will induce a steal phe-
nomenon that will actually limit flow in the denervated 
free tissue.276 The use of vasopressors in microsurgery is 
generally avoided. Yet in one study, the vasopressor used 
did not cause more complications.277

OTHER TRAUMATIC INJURIES

HEAD AND NECK SURGERY

With the exception of emergency exploration of pene-
trating trauma to zone II of the neck (from the clavicles 
up to the angle of the mandible), most surgical repair of 
head and neck trauma will occur in the subacute phase, 
after complete resuscitation and secondary diagnostic 
studies (see also Chapter 85). Anesthetic management of 
these patients is not substantially different from that for 
similar elective procedures, although coexisting injuries 
may influence patient positioning, airway management, 
and ventilator settings.278,279 Surgery on the mandible 
and maxilla will be facilitated by nasotracheal intuba-
tion, but a secure airway should be not jeopardized by 
attempting to switch from an oral to a nasal tube in a 
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patient in whom visualization of the larynx might be dif-
ficult because of traumatic swelling or body habitus. It is 
safer in these cases for the surgeon to either work around 
an oral tube secured behind the second molar (to allow 
dental occlusion) or place a tracheostomy if the need for 
intubation and mechanical ventilation is likely to be pro-
tracted. Surgery on the zygoma and the nasal, orbital, and 
ethmoid bones will be possible with an oral endotracheal 
tube. Securing the endotracheal tube to the molar with a 
fine-gauge wire will help stabilize it through the opera-
tion. All of these surgeries will lead to significant soft tis-
sue swelling in the immediate postoperative period, often 
necessitating several days of continued intubation and 
sedation until sufficient venous drainage has occurred to 
allow safe extubation of the trachea. Though not by itself 
definitive, the presence of an air leak when the endotra-
cheal tube cuff is deflated is suggestive that the airway 
will remain patent once the tube is removed.

CHEST INJURIES: PULMONARY

Injuries to the lung parenchyma that produce pneumo-
thorax can be managed by tube thoracostomy to relieve 
tension, drain accumulated blood, and apply suction to 
the pleural space until the air leak spontaneously resolves 
(see also Chapter 66). Bleeding from the low-pressure 
pulmonary circulation is usually self-limited. Thoracos-
tomy is uncommon but becomes necessary when evi-
dence exists of mediastinal injury, chest tube output 
exceeds 1500 mL in the first hours after injury, tracheal 
or bronchial injury and massive air leak are apparent, or 
the patient is hemodynamically unstable with evident 
thoracic pathology.17 Blood collected from the pleu-
ral space is generally free of clotting factors and can be 
directly reinfused with any of several commercial sys-
tems.280 Hemorrhage necessitating surgery may be from 
injured intracostal or internal mammary arteries or from 
the lung parenchyma. Staple resection of injured lung or 
even anatomic lobectomy is not uncommon, particularly 
after penetrating trauma.

Although double-lumen endotracheal intubation is 
desirable during urgent thoracotomy, this should not be 
the initial approach. Rapid-sequence induction with a 
large-caliber (at least 8.0 mm in internal diameter) con-
ventional endotracheal tube will allow diagnostic bron-
choscopy and protect the patient from aspiration until 
passage of a gastric tube can reduce the stomach contents. 
The change to a double-lumen tube can then be made 
under controlled conditions in the presence of adequate 
oxygenation, anesthesia, and muscle relaxation. Toler-
ance of single-lung ventilation is variable in the trauma 
population and depends in large part on the absence of 
significant pathologic findings in the ventilated lung. 
Many patients with blunt thoracic injury have bilateral 
pulmonary contusions and will require increased FiO2 
and high levels of PEEP to maintain adequate oxygen-
ation, even when both lungs are ventilated.

Although chest trauma requiring pneumonectomy 
has historically resulted in mortality approaching 100%, 
a recent multicenter retrospective review reported on 
a series of survivors of this surgery.281 Intraoperative 
deaths are the result of uncontrollable hemorrhage, 
acute right ventricular failure, and air embolism. Patients 
who survive the initial procedure are at risk for early 
postoperative morbidity and mortality. Fluid manage-
ment may be complicated by the need to weigh ongoing 
resuscitation against the treatment of right ventricular 
failure. Blunt thoracic trauma requiring pneumonec-
tomy is often associated with abdominal and pelvic 
trauma. Volume replacement must be judicious, and the 
use of a pulmonary artery catheter (placed with care in 
a postpneumonectomy patient) or TEE may be benefi-
cial. Echocardiography will also play an important role 
in assessing right ventricular function and pulmonary 
hypertension (see also Chapter 46). Treatment of right 
ventricular failure after traumatic pneumonectomy is 
difficult.282 During hypovolemic shock a disproportion-
ate increase occurs in pulmonary vascular resistance 
with respect to systemic vascular resistance,283 as well as 
frequent mortality with combined hemorrhagic shock 
and pneumonectomy.284 With severe right heart dys-
function it is desirable to maintain a higher preload than 
normal. Several therapeutic approaches have been used 
to treat right ventricular failure, including close moni-
toring of pulmonary artery pressure, the use of diuretics 
for volume overload, and administration of pulmonary 
vasodilators. Because this injury is rare and the num-
ber of patients reported in the literature is small, the 
best therapy is difficult to identify. A recent case report 
describes the use of nitric oxide to successfully treat pul-
monary hypertension after posttraumatic pneumonec-
tomy285 (see also Chapter 104). Extracorporeal support 
also has been used to sustain patients through the peri-
operative period, although the technical challenges are 
substantial and successful weaning may require days to 
weeks on bypass. Early initiation has been beneficial in 
our experience, with a recent survival rate of approxi-
mately 60%.

Tracheobronchial injury can result from either blunt 
force or penetrating trauma. Penetrating injuries are usu-
ally more promptly diagnosed and treated. Blunt trauma 
most commonly results in an injury to the tracheobron-
chial tree within 2.5 cm of the carina and may initially 
be unrecognized. The presence of subcutaneous emphy-
sema, pneumomediastinum, pneumopericardium, or 
pneumoperitoneum, without apparent cause, should alert 
the practitioner to possible tracheobronchial injury.286 
Despite bronchoscopy and helical CT scanning, a small 
injury may never be delineated. If the resultant injury is 
an incomplete tear, it may heal with stenosis, subsequent 
atelectasis, pneumonia, pulmonary destruction, and sep-
sis. When surgery is required for a delayed, incomplete 
tracheobronchial injury, pulmonary resection may be 
required if significant tissue destruction has occurred, 
whereas complete transection may be amenable to recon-
struction with preservation of pulmonary tissue. The level 
of injury dictates the surgical approach. Cervical injuries 
are approached through a transverse neck incision, left 
bronchial injuries via a left thoracotomy, and tracheal 
or right main bronchial injuries via a right thoracotomy. 
In the cervical region it is sometimes possible to access a 
longitudinal tear of the posterior membranous trachea by 
opening the anterior trachea and operating around the 
endotracheal tube.
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CHEST INJURIES: TRAUMATIC  
AORTIC INJURY

Traumatic aortic injury (TAI) must be ruled out in any 
patient with a high-energy injury, such as occurs with a 
motor vehicle accident or a fall from a height. The incidence 
of TAI has decreased in recent years because of the increased 
presence of airbags in motor vehicles; a majority of cases 
in the past decade have been caused by side-impact colli-
sions.287 Aortic injury occurs most commonly just distal to 
the left subclavian artery and is the result of sheer forces 
between the mobile heart and aortic arch and the immobile 
descending thoracic aorta. TAI is manifested as a continuum 
of injury from a small intimal flap to free transection con-
tained by the surrounding mediastinum and pleura. The 
diagnosis is made by screening chest radiography, followed 
by definitive angiography, CT, or TEE. Surgical or endovas-
cular repair is indicated for most patients with TAI because 
of the high risk for rupture in the hours and days after 
injury.288 Various techniques have been described for this 
highly morbid surgery, with the best results attributed to 
partial bypass techniques using inflow from the left atrium, 
a centrifugal pump, and outflow to the descending aorta.289 
Selective nonoperative management of high-risk patients 
with TAI has been described.290,291 Treatment is similar to 
that in patients with uncomplicated type B aortic dissec-
tion and consists of β-adrenergic blockade to minimize the 
cardiac rate–pressure product. Endovascular repair is the 
evolving standard for TAI with a decreased mortality and 
morbidity rate.292-294

CHEST INJURIES: RIB FRACTURES

Rib fractures are the most common injury resulting from 
blunt chest trauma. The fracture itself generally requires 
no specific treatment and will heal spontaneously over 
a period of several weeks. Therapy is directed at minimiz-
ing pulmonary complications secondary to these fractures, 
such as pain, splinting, atelectasis, hypoxemia, and pneu-
monia. Of particular concern are rib fractures in older adults 
(older than 55 years of age). Older patients with rib frac-
tures have twice the mortality and thoracic morbidity of 
younger patients with similar injuries. Epidural anesthesia 
should be used liberally in patients with severe pain, older 
adults, and patients with preexisting compromised pulmo-
nary function. Data support a 6% decrease in morbidity 
and mortality in older patients when epidural anesthesia is 
used295; however, a recent meta-analysis failed to identify a 
reduction in mortality.296 Epidural analgesia may minimize 
or avoid complications of splinting and pain such as hypox-
emia, hypoventilation, the need for tracheal intubation, 
and the possibility of pneumonia. Endotracheal intubation 
is reserved for patients who are unable to oxygenate or ven-
tilate or who require protection of the airway.

Fracture of multiple neighboring ribs will result in the 
flail chest syndrome, characterized by paradoxical chest 
wall motion during spontaneous ventilation. Not all 
patients with a flail chest require positive-pressure ven-
tilation, and endotracheal intubation should be reserved 
for those who meet the usual criteria. Patients who are 
not initially intubated should be observed closely in 
the ICU for signs of worsening respiratory function. 
Increasing cases have been reported of the use of noninva-
sive  positive-pressure ventilation (NIPPV) for lung injury 
secondary to trauma.297 For these patients who subse-
quently require intubation for a surgical procedure, the 
anesthesiologist will need to determine the safety of extu-
bation postoperatively. NIPPV is associated with fewer 
cases of pneumonia, which may lead to fewer tracheos-
tomies and decreased ICU length of stay. A successful 
technique has been early extubation to a mask deliver-
ing continuous positive airway pressure (CPAP) or bilevel 
positive airway pressure (BiPAP).298 Concomitant pulmo-
nary injury, especially lung contusion, is commonly asso-
ciated with flail chest. Pulmonary contusion will cause 
shunting, which will lead to hypoxemia. This syndrome 
may progress rapidly in the hours and days after injury. 
An initially clear chest radiograph does not exclude the 
possibility of a pulmonary contusion, and, again, close 
observation is warranted if signs of significant chest wall 
trauma are present. As with all patients after traumatic 
injury, a high degree of suspicion along with a continu-
ous search for missed injuries is warranted. No specific 
therapy exists for a pulmonary contusion, and therapy is 
directed at the associated injuries or resultant hypoxemia. 
Early and aggressive implementation of a lung-protective 
strategy is crucial in the treatment of patients with sig-
nificant pulmonary contusion to minimize progression to 
ARDS or concomitant ventilator-associated lung injury.

CHEST INJURIES: CARDIAC INJURY

Blunt cardiac injury is a rare and poorly understood phe-
nomenon that must be considered in any patient who 
has sustained a frontal impact to the chest. Bruising or 
edema of the myocardium is functionally indistinguish-
able from myocardial ischemia and may be causally 
related in that the pathophysiology of cardiac contusion 
may involve forcible dislodgement of unstable atheroscle-
rotic plaque. If the patient is hemodynamically stable and 
the ECG does not demonstrate conduction disturbances 
or tachyarrhythmias, blunt cardiac injury can be safely 
excluded.299 If either a new tachyarrhythmia or conduc-
tion disturbance subsequently develops or the patient has 
unexplained hypotension, other causes (hypovolemia, 
renal failure) should be ruled out first. If the workup is 
negative, transthoracic echocardiography (TTE) should 
be performed. Right ventricular dysfunction resulting in 
hypotension may be overlooked while more common 
causes of hypotension in the trauma patient are being 
evaluated. TEE is superior to TTE in obese patients or 
those with injuries to the chest wall that make it difficult 
to obtain adequate acoustic windows, but it will generally 
require intubation and deep sedation to perform (see also 
Chapter 71). Once diagnosed, blunt cardiac injury should 
be managed as ischemic cardiac injury, with completion 
of resuscitation and then careful control of fluid volumes, 
administration of coronary vasodilators, and monitoring 
and symptomatic treatment of rhythm disturbances. Anti-
coagulation with aspirin or heparin should be approached 
on a case-by-case basis as determined by the patient’s 
other injuries. Cardiology consultation is appropriate if 
the patient may benefit from coronary angiography fol-
lowed by angioplasty or stenting of stenotic vessels.
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Patients with penetrating cardiac trauma and blunt 
trauma causing rupture of one or more chambers (usually 
the atria) are often not seen by the trauma center because 
of a frequent rate of prehospital mortality.300 Those who 
do not die immediately of free exsanguination into the 
thoracic cavity will have pericardial tamponade and can 
be extremely unstable in the first minutes after admission. 
This condition is diagnosed by clinical suspicion, focused 
assessment with sonography for trauma (FAST), and direct 
inspection during ED thoracotomy. Relief of the tampon-
ade and clamp or suture control of the cardiac injury may 
allow restoration of spontaneous circulation and neces-
sitate urgent transition to the OR for definitive hemosta-
sis and chest closure. Cardiopulmonary bypass may be 
required for support during repair of cardiac injuries.

ABDOMINAL INJURY

The need for exploratory laparotomy, once the mainstay 
of the trauma surgeon, has declined because FAST and 
high- resolution CT have reduced the incidence of negative 
abdominal explorations, whereas angiographic emboliza-
tion of hemorrhaging vessels in the liver and spleen has 
reduced the need for open procedures. Urgent celiotomy, 
when it does occur, will typically follow the principles of 
damage control, as described earlier.160 The abdomen is 
opened and packed tightly in all four quadrants. System-
atic exploration is undertaken in each quadrant in turn, 
with time taken only for control of hemorrhage and rapid 
staple closure of open gastrointestinal injuries. The abdo-
men is packed open at the conclusion of the procedure, 
a sterile drape is used to cover exposed viscera, and the 
patient is moved to the ICU to complete resuscitation. 
Definitive treatment of nonlethal injuries and restoration 
of bowel continuity are deferred until a second operation 
24 to 48 hours later.

Anesthetic management of emergency celiotomy 
should follow the principles of early resuscitation out-
lined earlier. Adequate IV access is required, as well as 
continuous arterial pressure monitoring. Use of cell sal-
vage devices can reduce the patient’s exposure to banked 
blood, although reinfusion is generally deferred if there 
has been significant contamination by bowel contents. A 
rapid infusion system is advantageous for preservation of 
intravascular volume and normothermia during periods 
of heavy bleeding. Subsequent abdominal surgeries will be 
needed in hemodynamically stable patients and should 
not present unusual anesthetic challenges. Subsequent 
reconstructive procedures can become technically difficult 
as scarring and adhesions develop; the anesthesiologist 
should be prepared for a long anesthetic procedure with 
the potential for significant hemodynamic compromise.

SELECTED PATIENT POPULATIONS

TRAUMA AND PREGNANCY

Trauma to pregnant patients is associated with a frequent 
risk for spontaneous abortion, preterm labor, or premature 
delivery, depending on the location and magnitude of the 
mother’s injury (see also Chapter 77). Early consultation 
with an obstetrician is desirable for any pregnant trauma 
patient, for both immediate management and long-term 
follow-up. The best treatment of the developing fetus con-
sists of rapid and complete resuscitation of the mother. 
Trauma patients in the first trimester of gestation may not 
realize that they are pregnant; for this reason human cho-
rionic gonadotropin testing is part of the initial laboratory 
studies for any injured woman of childbearing age. Seri-
ous trauma occurring during the period of fetal organo-
genesis may induce birth defects or miscarriage because 
of the effects of medications, pelvic irradiation, or hemor-
rhage leading to placental ischemia. Indicated radiologic 
tests should not be deferred, but shielding of the pelvis 
should be provided whenever possible.301 Patients who 
do not spontaneously miscarry should be advised of the 
potential risks for birth defects and be referred for coun-
seling if desired.302 Dilatation plus curettage of the uterus 
is advisable after miscarriage to avoid toxicity arising from 
retained products of conception.303

Trauma occurring in the second or third trimester of 
pregnancy necessitates early ultrasonographic examina-
tion to determine fetal age, size, and viability. Monitor-
ing of the fetal heart rate is indicated if the pregnancy 
is sufficiently advanced that the fetus would be viable if 
delivered. Preterm labor is very common in this popu-
lation and should be treated with β-adrenergic agonist 
drugs or magnesium at the direction of the obstetrician. 
Delivery should be delayed as long as the fetus is not an 
unacceptable metabolic stress on the mother. Delivery by 
cesarean section is indicated if the mother is in extremis, 
if the uterus itself is hemorrhaging, or if the gravid uterus 
is impairing surgical control of abdominal or pelvic hem-
orrhage.304 Placental abruption can occur in response to 
substance abuse or abdominal trauma and can precipitate 
life-threatening uterine hemorrhage. Emergency cesarean 
section is indicated in these cases. The Kleihauer-Betke 
blood test can be used to determine if fetal blood has 
leaked into the maternal circulation304; if positive, admin-
istration of anti-Rh0 immune globulin is recommended 
for any Rh-negative mother carrying an Rh-positive fetus. 
By the third trimester the uterus is sufficiently enlarged 
to compress the inferior vena cava when the patient is 
positioned supine, thereby impairing venous return to the 
heart and contributing to hypotension. Left lateral uter-
ine displacement is indicated to treat this problem. If the 
patient is immobilized on a long spine board because of 
concern for a thoracic or lumbar spinal fracture, the whole 
board can be tipped to the left. Because the gravid uterus 
displays abdominal contents upward, elevating the head 
of the bed may also be required to improve ventilation.

OLDER TRAUMA PATIENTS

Equivalent traumatic injuries will have a markedly more 
serious outcome in older adults than in younger victims (see 
also Chapter 80).305 Decreased cardiopulmonary reserves 
lead to a higher incidence of postoperative mechanical 
ventilation in older trauma patients and a much greater 
risk for MOSF after hemorrhagic shock. Greater care must 
be taken with intraoperative positioning to avoid pres-
sure injuries. A higher hematocrit achieved by tighter 
control of administered fluid is generally recommended 
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to maintain maximized tissue O2 delivery. Posttraumatic 
myocardial dysfunction is a significant risk, particularly 
if the heart rate is elevated secondary to blood loss, pain, 
or anxiety. Complex operations or large blood loss should 
encourage the use of TEE, invasive arterial monitoring, 
and noninvasive monitors of cardiac output and volume 
status to guide fluid and inotropic therapy.149 Although 
prophylactic β-antagonist therapy has been recommended 
for older patients undergoing major elective surgery,306 its 
role in the early management of older trauma patients is 
unknown. Older patients will have diminished require-
ments for postoperative analgesia and may respond to 
sedative medications with inappropriate agitation. Pro-
phylaxis against DVT is important in patients who cannot 
be immediately mobilized in the postoperative period, as is 
aggressive pulmonary physiotherapy.

JEHOVAH’S WITNESS PATIENTS

A trauma patient who refuses blood products requires 
special management. Early identification and control 
of hemorrhage are obviously important (see also Chap-
ter 61). Deliberate hypotension to limit bleeding may 
be helpful. Preoperative and intraoperative phlebotomy 
should be minimized. The use of salvaged red cells (from 
intraoperative collection or from a chest drainage sys-
tem) should be discussed with the patient because some 
Jehovah’s Witness patients will allow the use of salvaged 
blood provided that the entire system remains in continu-
ity with the vasculature.307 The use of albumin and other 
substances derived from circulating proteins should be 
addressed. Early hemodynamic monitoring is indicated to 
help determine the role of colloid therapy, pressors, and 
inotropes in maintaining tissue O2 delivery at the highest 
possible level. Case reports have described the successful 
use of rFVIIa and hemoglobin-based O2 carriers in Jeho-
vah’s Witness patients to rapidly correct bleeding and 
support O2 delivery, but these agents are not approved for 
these uses and large case series are not available.308 In the 
postacute phase, the use of erythropoietin to promote red 
cell growth will shorten the period of relative anemia.309

POSTOPERATIVE CARE

EMERGENCE AND TRACHEAL EXTUBATION

Initial surgery in a trauma patient is followed by a period 
of monitoring and ongoing treatment in which the anes-
thesiologist is closely involved, either in the postanesthe-
sia care unit (PACU) or in the ICU (see also Chapter 96). 
The adequacy of posttraumatic resuscitation must be con-
firmed, as outlined earlier, and diagnostic studies of the 
secondary survey completed. Rapid termination of general 
anesthesia is highly desirable, particularly in patients with 
an altered level of consciousness or other evidence of TBI 
before surgery. Change in mental status from the preop-
erative baseline is an indication for repeat cranial CT and a 
search for possible metabolic or toxic derangements.

Although neurologic function should be assessed post-
operatively, early extubation of a trauma patient should not 
be taken for granted. Many patients will require continued 
ventilator support because of CNS trauma, direct pulmo-
nary or chest wall trauma, massive transfusion, upper air-
way edema, or ongoing intoxication. Box 81-11 lists the 
criteria for extubation after urgent or emergency trauma 
surgery. If any doubt exists about the patient’s ability to 
meet these criteria, the patient should be transported to 
the PACU or ICU with the endotracheal tube in place. 
Appropriate analgesic medication should be administered, 
with sedation if necessary. Twelve to 24 hours of support 
allows confirmation of successful resuscitation and surgi-
cal repair, hemodynamic equilibration, titration of appro-
priate analgesia, and resolution of intoxication. Many 
patients can be tracheally extubated easily and safely at 
this time; those who cannot are at high risk for the devel-
opment of MOSF—heralded by the development of post-
traumatic ARDS—and will usually require days to weeks of 
subsequent intensive care (see also Chapter 101).

ACUTE PAIN MANAGEMENT

Trauma patients present significant pain management chal-
lenges to the clinician because of multiple sites of injury, 
protracted episodes of care, complicating psychological 
and emotional issues, and prior or ongoing substance abuse 
(see also Chapter 98). As with pain management practice in 
other diseases, trauma patients are frequently undertreated, 
thus creating a significant source of dissatisfaction. Because 
trauma patients run the gamut of physiology from healthy 
young athletes to debilitated older adults, anesthesiologists 
providing pain management for trauma patients must be 
prepared for a wide range of needs.

Individual trauma patients will have widely varying 
requirements for pain medication, so induction of anal-
gesia must be titrated carefully, ideally in a closely moni-
tored environment such as the PACU. Administration of 
rapidly acting IV agents in small doses at frequent inter-
vals until pain relief is achieved is recommended. This 
allows the practitioner to determine the patient’s basal 
requirements before starting long-acting medications or 

MentAl stAtus

Resolution of intoxication
Able to follow commands
Noncombative
Pain adequately controlled

AirwAy AnAtOMy And reflexes

Appropriate cough and gag
Ability to protect airway from aspiration
No excessive airway edema or instability

respirAtOry MechAnics

Adequate tidal volume and respiratory rate
Normal motor strength
Required Fio2 less than 0.50

systeMic stAbility

Adequately resuscitated (see earlier)
Small likelihood of urgent return to the operating room
Normothermic, without signs of sepsis  

BOX 81-11 Criteria for Operating Room or 
Postanesthesia Care Unit Extubation of the 
Trachea in a Trauma Patient
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patient-controlled analgesia. Hypotension in response to 
analgesics is most commonly indicative of hypovolemia 
and should prompt a search for occult hemorrhage while 
further resuscitation occurs.

The need for analgesic medication and the duration of 
requirement for analgesics will be minimized if a compre-
hensive emotional support system is available to the patient. 
Trauma, because of its unexpected nature, carries with it a 
strongly negative psychological overlay that can have a pro-
found effect on how anatomically based pain is perceived by 
the brain310 and on how the patient reacts. After an injury 
the patient may have legal, financial, and family-based con-
cerns, without the ability to immediately address them. The 
availability of counselors—religious, financial, or legal—
who can help the patient and family with these issues is of 
enormous benefit. The anesthesiologist can help by com-
municating to the patient a clear description of the injuries, 
the probable time required for recovery, and the plan for 
managing pain throughout the course. The anesthesiolo-
gist should refer the patient to counseling services as needed 
and should be alert to the potential for posttraumatic stress 
disorder (PTSD) in any traumatized patient.311 Referral to 
an experienced psychiatrist or psychologist is appropriate if 
PTSD is hindering the patient’s recovery.

The need for analgesic medication is also influenced by 
the schedule of physical therapy prescribed for the patient. 
In general, the more active a patient can be after traumatic 
injury, the lower the risk for pulmonary complications, 
venous thrombosis, and decubitus ulcers. Though pain-
ful in the short term, the sooner the patient is mobilized, 
the lower are the analgesic requirements in the long term. 
Early mobilization demonstrates to the patient the path to 
recovery and contributes to an improved emotional state. 
One of the goals of analgesia, therefore, is provision of ade-
quate medication to facilitate physical therapy without so 
sedating the patient that participation is impossible.

Neuropathic pain arises when direct injury occurs to 
a major sensory nerve and is common after spinal cord 
trauma, traumatic amputations, and major crush injuries. 
Neuropathic pain is characterized by burning, intermittent 
electrical shocks, and dysesthesia in the affected derma-
tomal distribution. Neuropathic pain must be identified 
because it responds poorly to the analgesics used for somatic 
pain. This diagnosis should be considered whenever pain 
control is poor or the patient has a rising requirement for 
medications unexplained by anatomic injuries. First-line 
therapy for neuropathic pain has been revolutionized by 
the widespread use of gabapentin, an antiepileptic drug 
with very strong specificity for this problem.312 Gabapen-
tin therapy is typically initiated at a dose of 200 mg three 
times daily, with daily titration upward to a maximum of 
2 to 3 g/day. If neuropathic pain persists, selective regional 
anesthesia or analgesia may be indicated in an effort to 
break the cycle of spinal cord receptor recruitment.313

Regional analgesia (see also Chapters 56 and 57) pro-
vided through an epidural or brachial catheter should 
be considered for any trauma patient with a potential 
to benefit from this approach because it will spare the 
use of systemic opioids and facilitate early mobilization. 
Epidural analgesia produces high levels of patient satis-
faction and improved pulmonary function after major 
thoracoabdominal and orthopedic surgery in elective 
populations314; this is very likely true for the trauma pop-
ulation as well. Regional techniques are less useful when 
the patient has multiple sites of injury or when fractures 
or open wounds make placement difficult. Although epi-
dural placement in anesthetized patients is relatively con-
traindicated because of the potential for occult SCI, the 
risk-to-benefit ratio in many trauma patients favors place-
ment during surgery, when general anesthesia facilitates 
appropriate positioning and patient cooperation.

SUMMARY

Trauma touches all ages and classes of patients, from 
young and vigorous to older and frail. Because of its great 
prevalence, practicing anesthesiologists will encounter 
trauma patients throughout their careers. Increased pub-
lic recognition of the consequences of injury has sparked 
interest in trauma research and education, with the result 
that diagnostic and therapeutic techniques have evolved 
rapidly in recent years. The anesthesiologist, as a periop-
erative physician, is in the ideal position to understand 
and apply these new techniques.
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Anesthesia and Prehospital Emergency 
and Trauma Care
PETER NAGELE • MICHAEL HÜPFL

K e y  P o i n t s

 •  After World War II, the subspecialty of prehospital emergency medicine evolved with 
anesthesiology’s leadership. In many countries, prehospital emergency medicine is 
considered the fourth pillar along with anesthesiology, critical care, and pain therapy.

 •  Emergency medical service (EMS) systems differ between and within countries. 
When these differences are put together, two primary models have evolved. In the 
United States, paramedics provide prehospital care for all patients (single-tiered 
system). In many European countries, EMS-physicians lead the prehospital care for 
patients requiring advanced life support (two-tiered system).

 •  The core approach of managing prehospital emergencies involves basic life 
support (BLS) and advanced life support (ALS).

 •  Prehospital endotracheal intubation and rapid sequence induction of anesthesia 
are critical skills in prehospital care. Yet prehospital advanced airway management 
may be too challenging for inexperienced providers and is associated with increased 
mortality and poor neurologic outcomes, especially after traumatic brain injury.

 •  In major trauma, prehospital care must limit the time spent on the scene, controlling 
hemorrhage, and expediting transport to a trauma center, often ideally via a rescue 
helicopter. Although this approach has been used both in the military (e.g., Vietnam) 
and in civilian locations, it is not always possible. Prehospital intravenous fluid 
resuscitation for major trauma varies in approach. Patients with penetrating torso 
injuries and hemorrhagic shock may benefit from limited intravenous fluid resuscitation 
and permissive hypotension, in particular in urban settings. Prevention of the lethal 
triad of hypothermia, acidosis, and coagulopathy is of paramount importance.

 •  In acute coronary syndrome (ACS) and stroke, achieving rapid reperfusion of the 
ischemic tissue is the priority. Because only specialized centers provide 24-hour 
cardiac catheter service or stroke teams, rapid transport to acute myocardial 
infarction (MI) or stroke centers is critical. In response to an MI, morphine, oxygen, 
nitrates, and aspirin (MONA) are the main components of prehospital therapy. 
Fibrinolysis for MI has been used with significant success in the prehospital setting 
but requires very close supervision by EMS physicians.
2460

The goal of this chapter is to provide a concise overview 
of prehospital emergency trauma care and to define the 
important roles anesthesiologists often play in  prehospital 
medicine.

INTRODUCTION AND HISTORICAL 
BACKGROUND

In many regions of the world, anesthesiologists serve 
as the backbone of physician-staffed prehospital emer-
gency medical service (EMS) systems,1-3 and emergency 
medicine is considered the fourth pillar, along with anes-
thesiology, critical care, and pain therapy. The specialty 
of anesthesiology was also instrumental in the creation of 
modern prehospital emergency medicine.4,5

After World War II, the inadequacy of the civil-
ian ambulance service became all too apparent for 
 wartime-experienced physicians, as vehicle traffic–related 
injuries and deaths sharply increased and ambulances 
provided only transport to the hospital. In Germany, this 
inadequacy led to a call to “bring the doctor to the patient,” 
rather than the more traditional converse arrangement.1,5 
As a consequence, the first surgeon-staffed ambulance, 
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the klinomobil, was implemented 1957 in Heidelberg 
and functioned as a mobile operating room,5 a concept 
that was soon abandoned in favor of physician-staffed 
ambulances, sometimes referred to as mobile intensive care 
units (ICUs).6 Similar developments occurred through-
out Europe, including Prague, Mainz, Munich, Moscow, 
and in several Scandinavian countries where physicians 
began to staff ambulances to respond to vehicle crashes 
and other accidents.3,4 In Belfast, Ireland, Frank Partridge 
was the first to implement a mobile coronary care unit 
(CCU) that brought a defibrillator to prehospital patients 
in cardiac arrest attributable to ventricular fibrillation.7 
Over the next decades, several European countries, such 
as France, Germany, Austria, and Norway, implemented 
nationwide physician-staffed ambulance services often 
complemented with the physician-staffed helicopter 
emergency medical service (HEMS) system.1-3,8,9 Anes-
thesiology is currently the dominant medical specialty 
providing EMS physicians in Europe, and many anesthe-
siology departments are in charge of staffing ambulances 
and helicopters with physicians.3,10

In the United States, a different development took 
place. For various reasons, physician-staffed ambulances 
were not considered an option, so specifically trained 
emergency medical technicians (EMTs) and paramedics, 
became the mainstay of the EMS system in North America. 
A landmark event for the creation of modern EMS systems 
was the publication of the report Accidental Death and Dis-
ability: The Neglected Disease of Modern Society, commonly 
referred to as The White Paper, published by the National 
Academy of Sciences in 1966.11 Among several remark-
able physicians, two anesthesiologists, Peter Safar in 
Pittsburgh, the father of modern cardiopulmonary resus-
citation (CPR), and Eugene Nagel in Miami, were most 
influential in creating the first paramedic-based EMS sys-
tem in the United States in the 1960s. Before emergency 
medicine became its own medical specialty, anesthesiolo-
gists were often involved in prehospital emergency care 
based on their unique expertise in resuscitation, airway 
management, and critical care. This involvement has 
dwindled over the last two decades, although it appears 
that anesthesiology could still play an important role in 
prehospital emergency care in the United States based on 
what the recent, widely cited Institute of Medicine report 
Emergency Medical Services: At the Crossroads identified as 
the major problems in prehospital care, such as prehos-
pital airway management, intravenous fluid resuscita-
tion, rapid sequence induction of anesthesia, and pain 
therapy12 (also see Chapters 59, 61, 81, 83, 98, and 101).

ORGANIZATIONAL MODELS OF 
PREHOSPITAL EMERGENCY CARE

LEVELS OF CARE

Originally, the terms basic life support (BLS) and advanced 
life support (ALS) were used only to describe the two dif-
ferent levels of care for CPR (see Chapter 108) but were 
then expanded to all emergency situations including 
trauma and pediatric emergencies. Currently, these terms 
denote the level of care in an organized EMS system and 
are, which is divided into the BLS and ALS levels. First 
responders, such as police officers and firefighters, are not 
part of an EMS system and only provide first aid, operat-
ing at a level less than the formal BLS level.

BASIC LIFE SUPPORT

Prehospital care at the BLS level is usually provided by 
EMTs and does not include advanced and invasive tech-
niques and skills.13 BLS is focused on the classic ABCs (Air-
way, Breathing, Circulation) and includes simple airway 
maneuvers, such as chin lift or jaw thrust, oral and nasal 
airways, bag-valve-mask ventilation, hemorrhage con-
trol, and the administration of oxygen (Box 82-1). Dur-
ing CPR, the use of an automated external defibrillator 
is considered a BLS skill. BLS-only ambulances are often 
found in rural areas where the incidence of emergencies is 
low and volunteer EMTs frequently staff the ambulances.

ADVANCED LIFE SUPPORT

ALS is usually provided by paramedics and flight nurses 
with a rigorous educational background and includes the 
use of advanced and invasive techniques (see Box 82-1). 
In many countries, ALS-level providers are allowed to 
work somewhat independently, often with only indirect 
physician control through the use of standing orders and 
protocols issued by the EMS medical director. The use of 
drugs is tightly regulated, and physician permission from 
the emergency department must be sought in cases where 
drugs outside the approved list are to be administered. 
Most urban EMS systems use ALS units to provide pre-
hospital care. In EMS systems without EMS physicians 
responding directly to the scene, the scope of practice of 
ALS-level providers is usually greater and they are allowed 
to work more independently. Combat medics in the mili-
tary frequently operate at the ALS level. EMS physicians, 
flight nurses, and critical care EMTs provide a level of care 
above and beyond ALS.

MODELS

A high degree of variability exists on how prehospital care 
is organized and staffed among different countries. Pro-
viding a description of all the nuances of the different 
EMS systems worldwide is beyond the scope of this chap-
ter. Consequently, this chapter outlines the differences 
between the two models that primarily differ by their level 
of direct physician involvement in prehospital emergency 
care: EMT-based models versus physician-based models. 
These two models are also known as the U.S. paramedic 
model and the Franco-German EMS-physician model.14 
Although controversy exists on which model provides 
superior patient care and outcomes, the design of the EMS 
system is dictated by tradition and fiscal constraints.

EMT- AND PARAMEDIC-BASED  
EMS SYSTEMS

In North America, EMTs provide organized prehospital 
care15; only rarely will physicians be directly involved 
in out-of-hospital patient care on the scene.16 By U.S. 
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law, physicians are required in most states to oversee the 
medical operations of EMS systems, either online through 
direct communication or offline as EMS medical directors 
responsible for developing and implementing standard-
ized treatment protocols. Besides developing standard 
operating procedures, EMS medical directors are responsi-
ble for quality control and improvement and are an inte-
gral part of EMT education.17 In the United States, EMS 
medical directors are often emergency physicians work-
ing in the emergency department of the local hospital.

In the United States, three levels of EMTs can be dis-
tinguished by their educational background: EMT-basic 
(EMT-B), EMT-intermediate (EMT-I), and EMT-paramedic 
(EMT-P). EMT-B providers usually have between 80 and 

Basic Life support (BLs)

 •  Basic patient evaluation
 •  Vital signs and basic monitoring (noninvasive blood pressure, 

pulsoximetry, heart rate)
 •  Hemorrhage control via direct pressure or pressure dressing
 •  Cardiopulmonary resuscitation (CPR) (BLS level) with the use 

of an automatic external defibrillator
 •  Bag-valve-mask ventilation
 •  Oral and nasal airway
 •  Oral suctioning
 •  Administration of oxygen
 •  Basic patient rescue, positioning, and transport skills
 •  Cervical spine stabilization
 •  Fracture splinting
 •  Assisting a patient taking prescribed medication (e.g., albuterol 

inhaler)

advanced Life support (aLs)

 •  Venous access and fluid therapy
 •  Administration of selected drugs*
 •  Advanced monitoring (ECG, capnography)
 •  CPR (ACLS level)
 •  Manual defibrillation
 •  Basic 12-lead ECG interpretation
 •  External pacing
 •  Endotracheal intubation* (without drugs; some EMS systems 

allow rapid sequence induction)
 •  Cricothyroidotomy
 •  Sedation*
 •  Needle decompression of tension pneumothorax
 •  Knowledge of mass casualty incident management and triage
 •  Knowledge of biologic, chemical, and nuclear agents

prehospitaL emergency physician

 •  Unlimited administration of emergency drugs
 •  Use of narcotics and controlled substances (e.g., fentanyl)
 •  Prehospital rapid sequence induction and anesthesia
 •  Advanced airway management
 •  Chest tube placement
 •  Advanced 12-lead ECG interpretation
 •  Advanced techniques (ultrasound, noninvasive ventilation)
 •  Emergency surgery
 •  Can assume role of medical incident commander in mass casu-

alty event

BOX 82-1 Skill Set for Basic Life Support 
and Advanced Life Support Providers and 
Prehospital Emergency Physicians

*Not available in all ALS-level EMS systems.

ACLS, Advanced cardiac life support; ECG, electrocardiogram;  
EMS, emergency medical service.
120 hours of training and are only allowed to perform 
BLS skills. The EMT-B level is the minimum level required 
to work in an organized ambulance service. Often, EMT-B 
providers staff nonemergent ambulance transport but 
may also respond to nonemergent calls. EMT-I providers 
are regulated differently among the individual states, and 
their skills range between BLS and ALS. Although most 
states do not allow EMT-I providers to perform endotra-
cheal intubation or administer drugs (except for drugs 
deemed extremely safe, such as albuterol for asthma), 
they do allow them to insert an intravenous line. EMT-P 
providers, on the other hand, are the most advanced 
level of EMTs who undergo intensive 1- to 2-year train-
ing in all the different aspects of advanced prehospital 
emergency care. Their scope of practice is ALS, and they 
can perform advanced techniques such as endotracheal 
intubation, administration of selected drugs, and man-
ual defibrillation. Most developed countries have train-
ing requirements for their EMT workforce similar to the 
United States model.

PHYSICIAN-BASED EMS SYSTEMS

Germany and France represent two well-known examples 
of countries where physicians are an integral part of pre-
hospital emergency care.14 These integrated EMS systems 
combine BLS-level ambulances with physician-staffed 
ALS ambulances and helicopters in a noncompetitive 
but complementary fashion. Physician-based EMS sys-
tems are always part of a multi-tiered system and often use 
what is referred to as a rendezvous system to dispatch two 
units simultaneously to the scene, one unit staffed with 
EMTs (BLS or ALS level) and one ambulance carrying the 
physician. Often, the physician-staffed vehicle is a non-
transport vehicle that provides quick response to emer-
gencies without having to move a large and slow truck 
through traffic. EMS physicians are licensed physicians 
from various medical specialties who undergo a special-
ized training in prehospital emergency care. The level 
of mandatory education varies from country to country. 
With direct physician involvement in prehospital care, 
anesthesiologists comprise the largest fraction of physi-
cians and often assume the role of chief emergency physi-
cian and medical director.18,19

HELICOPTER EMERGENCY MEDICAL 
SERVICE SYSTEM

In most countries, the HEMS system has become an inte-
gral component of the EMS system. With its ability to 
reach remote locations and cover a wide area rapidly, the 
HEMS system is a perfect supplement to the ground-based 
EMS system. Although most are privately organized and 
funded in the United States, several European countries 
have implemented a nationwide HEMS network that is 
strategically distributed to respond to emergency calls 
from every location in the country. Particularly in rural 
areas, helicopter rescue is now considered a vital ALS-
level responder for all emergencies, including trauma and 
medical emergencies.20 EMS helicopters are usually staffed 
with experienced personnel, typically a paramedic plus 
a flight nurse or an EMS physician.9,21 In mass-casualty 
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incidents, all helicopters from a large area can be concen-
trated at the scene of the accident within a short period 
and provide several highly trained ALS teams to support 
local rescue operations and quickly transport the victims 
to trauma centers (Figure 82-1). Another area where the 
HEMS system has become the most important means of 
evacuation is in mountain rescue operations. Pioneered 
in the Alps, helicopter evacuation by ALS teams specially 
trained in mountain rescue techniques is now considered 
the standard of care in countries such as Switzerland, Aus-
tria, Germany, and France (Figure 82-2). In major trauma, 
transport by helicopter is associated with a significantly 
increased rate of survival, compared with ground-based 
EMS system.22,23 For over 50 years, helicopter evacuation 
has been dominant in the military, including the Viet-
nam conflict.

COMMUNICATION

Starting with the emergency call, communications is a 
vital aspect of prehospital emergency care. The imple-
mentation of a universal emergency telephone number 
(9-1-1 in the United States and Canada, 1-1-2 in several 
European countries, 0-0-0 in Australia, and 9-9-9 in the 
United Kingdom)17 was a milestone in prehospital care. 
Currently, the location of the caller can be automatically 
identified by the system, often via Global Positioning Sys-
tem (GPS). Mobile phones, including applications for spe-
cific conditions, will undoubtedly play an ever-increasing 
role in the prehospital care of the future.24-28

Emergency medical dispatchers determine the type 
and priority of the response, based on standardized ques-
tionnaires, and provide invaluable prearrival instructions 
to the caller to start potentially lifesaving interventions 
before the ambulance arrives. For example, dispatcher-
assisted CPR improves survival after cardiac arrest.29,30

BASIC TECHNIQUES AND SKILLS

PATIENT EXAMINATION AND INITIAL 
ASSESSMENT ON THE SCENE

Patients in an emergency situation may show a wide 
range of symptoms, challenging the prehospital care 
team to obtain a quick tentative diagnosis and start a spe-
cific treatment. In contrast to the emergency department, 
fewer diagnostic tools are available in the prehospital 
setting. The classic approach, “look, listen, and feel,” is 
still the most important aspect of the patient examina-
tion. Most commonly, patients are triaged according to 
their chief complaint, such as chest pain, rather than by 
a definitive diagnosis obtained on the scene. The most 
common chief complaints encountered in the prehospi-
tal setting are dyspnea or respiratory distress, cardiac or 
circulatory problems, altered level of consciousness, and 
trauma. A rapid assessment of potential hazards on the 
scene is critical before approaching the patient.

Vital Signs
The initial survey uses the well-known ABCDE mnemonic 
from advanced cardiac life support (ACLS)31,32 (also see 
Chapter 108). The first step is to use acoustic and tac-
tile stimuli to rule out unconsciousness in the patient. 
The next step is to identify airway (A) obstruction and, 
if necessary, to secure the airway. While maintaining an 
open airway, breathing (B) is assessed by observing the 
respiratory effort and chest rise.33,34 Respiratory rate, effi-
cacy, work, and pattern of breathing are also assessed. If 
indicated, supplemental oxygen or assisted ventilation 
should be administered to support oxygenation and ven-
tilation. Circulation (C) is initially assessed by centrally 
feeling the pulse at the carotid artery and can be extended 
to feel pulses proximally and distally on the extremities. 
The pulse should be assessed for rate, quality, and reg-
ularity. To complete C, the capillary refill time should 
be measured, particularly in children.35,36 The level of 
responsiveness and consciousness, disability (D), should 

Figure 82-1. Train accident in Wampersdorf, Austria. Mass-casualty  
incident with 6 fatalities and 17 injured individuals. In addition to 
more than 50 EMS personnel and EMS physicians on the ground,  
5 EMS-physician–staffed helicopters provided invaluable EMS-physi-
cian level–backup and transport capacity.

Figure 82-2. In a mountain rescue, HEMS systems have become the 
standard of care for evacuating individuals from alpine accidents and 
emergencies. In this rescue, a rescue helicopter supported a complex 
mock rescue operation from a ski lift in alpine Austria.
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be determined according to the Glasgow Coma Scale 
(GCS), and a quick pupil check should be performed to 
determine size and reaction to light. The GCS is a reli-
able prognostic tool for head trauma37,38 and other forms 
of nontraumatic altered levels of consciousness.39 For 
children under the age of 3 years, the verbal component 
of the GCS score has to be adjusted. In case of trauma, 
exposure and environment (E) are assessed to complete 
the primary survey. At this point, the patient should be 
checked from head to toe, including the back after per-
forming a log-roll maneuver.40

MONITORING AND EQUIPMENT

Similar to standard monitoring in the surgical depart-
ment and ICU, monitoring in the prehospital setting has 
now become considerably standardized and consists of 
pulse oximetry, noninvasive arterial blood pressure mon-
itoring, electrocardiography (ECG), temperature monitor-
ing, and capnography (also see Chapters 44, 47, and 101).

Pulse Oximetry
After the first prehospital uses in the 1980s,41 pulse oxim-
eters have become the universal, easy-to-attach and easy-
to-use monitor for the patient in the prehospital setting. 
The improvement of the devices have led not only to 
smaller machines but also to pulse oximeters with better 
quality even while in motion and when in the cold.42,43 
Additionally, new features, such as the detection of met-
hemoglobin and carboxyhemoglobin,44,45 can help diag-
nose conditions such as carbon monoxide poisoning.

Arterial Blood Pressure
Noninvasive arterial blood pressure measurement is the 
most common form of blood pressure monitoring in 
the prehospital setting. Automatic or manual cuffs are 
mostly applied and use an oscillometric technique with 
its known limitations.46 The precision and accuracy of 
noninvasive oscillometric blood pressure monitoring is 
reduced by movement during transport. During interhos-
pital transfer of a patient who is critically ill, ICU moni-
toring with invasive arterial blood pressure monitoring is 
frequently used.

Electrocardiogram
ECG monitoring has two major goals in the prehospital 
setting. A 3- or 4-lead ECG or an ECG rhythm obtained 
from defibrillator paddles is sufficient for a rapid and 
crude ECG rhythm check (i.e., to distinguish a shock-
able rhythm from a nonshockable rhythm during CPR).31 
On the other hand, to identify myocardial ischemia or 
myocardial infarction (MI), a 12-lead ECG is required. 
When prehospital 12-lead ECGs support the diagnosis of 
acute MI, patients can then be rapidly directed toward 
a hospital capable of providing percutaneous coronary 
interventions (PCIs) with a substantial improvement in 
door-to-reperfusion time47-49 (also see Chapter 47).

Temperature Monitoring
Oral, esophageal, and some tympanic thermometers50-52 
are generally reliable tools in the field, considering the 
more extreme weather conditions in which they have to 
operate. The most important aspect of measuring body 
temperature on the scene is to identify hypothermia. 
Special temperature probes are required to assess severe 
hypothermia (<28° C) because most commercially avail-
able instruments become unreliable at these low temper-
atures. Patients who have experienced trauma, who are 
disabled (stroke, coma), or intoxicated, as well as patients 
in the pediatric or older adult populations, are especially 
vulnerable to hypothermia, especially during the winter 
months. Even relatively mild outside temperatures can 
result in hypothermia with long exposure times53 (also 
see Chapter 54).

Capnography
Colorimetric, mainstream, or sidestream capnographs are 
primarily used in the prehospital setting to identify the 
correct positioning of the endotracheal tube.54-56 Con-
tinuous monitoring of end-tidal carbon dioxide (ETCO2) 
allows the monitoring of cardiac output and the efficacy 
of resuscitation,57 but capnography is not yet universally 
used in the EMS system. In cardiac arrest, low carbon 
dioxide (CO2) levels are a predictor of a fatal outcome.58 
Hyperventilation may also contribute to a poor outcome59 
and may be prevented by controlling ventilation with the 
aid of ETCO2 monitoring60,61 (also see Chapter 51).

Prehospital Point-of-Care Testing
Currently, only point-of-care blood glucose testing is rou-
tinely performed by EMS providers. Cardiac troponin, 
lactate, and blood gas analysis are examples of tests that 
may have potential utility.62,63

Ultrasonography
Small and portable ultrasound machines are applicable in 
the prehospital setting.64,65 Diagnostic ultrasound requires 
a physician on the scene (or online through medical 
oversight if adequate transmission of the image can be 
achieved) but offers very interesting possibilities. Focused 
abdominal sonography for trauma (FAST) is a rapid and 
reliable technique even in inexperienced hands in the 
emergency department and could be used in the field.66 
FAST has the potential to improve the triage and manage-
ment of patients with trauma.67 During resuscitation from 
cardiac arrest, cardiac activity is a predictor for return of 
spontaneous circulation (ROSC)68 (also see Chapter 58).

PREHOSPITAL AIRWAY MANAGEMENT AND 
VENTILATION

Swift and safe airway management and ventilation are 
life-saving interventions that are central to prehospi-
tal emergency and trauma care (also see Chapter 55). 
For anesthesiologists who perform advanced airway 
management on a daily basis, the reasons why airway 
management is such a contentious issue in prehospital 
emergency medicine, particularly in the United States, 
is difficult to comprehend.69-75 The reasons are many. 
The major difference from the operating room environ-
ment is, as an EMS saying goes, “There is no easy airway 
in the field.” Challenges include a nonstandard environ-
ment; difficult access to the patient’s head; bad weather 
and lighting conditions; and blood, vomitus, secretions, 
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and foreign bodies obstructing the airway. In a patient 
who is critically ill and who has limited oxygen reserves 
with increased baseline oxygen consumption, all of these 
factors contribute to a significantly more difficult prehos-
pital airway management, compared with the operating 
room, even for the experienced anesthesiologist.76-81

Airway Management at the Basic Life 
Support Level
At the BLS level, in addition to simple airway opening 
maneuvers, the administration of supplemental oxygen 
and ventilation via a mask are the most important compo-
nents in prehospital airway management (also see Chap-
ter 108). Emergency medical technicians are trained and 
qualified to administer supplemental oxygen, often via 
a nonrebreather facemask, which creates a significantly 
higher fraction of inspired oxygen concentration (FiO2). 
Furthermore, EMTs are allowed to use nasopharyngeal or 
oropharyngeal airways to maintain a patent airway and 
to ventilate the lungs with bag-mask-valve ventilation. 
The ability to use the Combitube (EasyTube), which is a  
double-lumen tube with a proximal and distal balloon 
that was initially developed for ventilation during CPR, 
is considered a BLS skill.82,83 The use of other alterna-
tive supraglottic airways, such as the King LT (laryngeal 
tube) or laryngeal masks, is increasingly recommended 
at the BLS level if adequate training and experience are 
provided.84 These alternative airways are safe and easy to 
apply and have excellent success rates when used by EMTs 
and paramedics.85-88 The limitations of these alternative 
airways are the inability to ventilate if misplaced in the 
larynx and the lack of airway protection, compared with a 
cuffed endotracheal tube. Ironically, many anesthesiolo-
gists who do not work in EMS medicine are currently unfa-
miliar with many new alternative airway devices used in 
prehospital care, such as the King-LT, which has become 
the standard airway in the field for EMTs, replacing older 
oropharyngeal devices.84 Nevertheless, the gold standard 
for prehospital airway management is still endotracheal 
intubation, which is associated with improved outcomes, 
compared with supraglottic devices during CPR.89

Ventilation in the prehospital setting is most com-
monly achieved by bag-mask-valve ventilation. Although 
fairly common in Europe, only a few EMS services in the 
United States currently use portable field ventilators to 
ventilate intubated patients. The major disadvantage of 
relying on bag-mask-valve ventilation is that minute ven-
tilation and tidal volumes are uncontrolled, often lead-
ing to significant hyperventilation that is detrimental in 
cardiac arrest59,90,91 and in patients with head trauma.92-96

Airway Management at the Advanced Life 
Support Level
Endotracheal intubation is considered the standard of care 
in prehospital airway management and a standard inter-
vention for paramedics and EMS physicians; it provides a 
definitive airway and protection from aspiration of gas-
tric contents (also see Chapter 108). Compared with stan-
dard endotracheal intubation in the surgical unit, several 
differences exist. First, most prehospital tracheal intuba-
tions (50% to 70%) are performed in patients with cardiac 
arrest, obviating the need for induction of anesthesia or 
paralysis.97 Most other tracheal intubations in spontane-
ously breathing patients require sedation or induction of 
a general anesthesia, which is most commonly performed 
as rapid sequence induction (RSI). Particular emphasis 
should be placed on adequate preoxygenation since these 
patients who are critically ill have little to no oxygen 
reserves.81,98 The recommended approach is direct, oral 
laryngoscopy and endotracheal intubation. Recently, the 
application of cricoid pressure during RSI has become 
controversial because its use may increase the difficulty of 
visualizing the glottis.99 Endotracheal intubation in the 
field requires confirmation by auscultation and ETCO2 
monitoring.

Airway management in the field has a significantly 
more frequent rate of difficult airway management78,100,101 
and of unrecognized esophageal or endobronchial intuba-
tion.79 Every prehospital provider performing advanced 
airway management should also be trained in the man-
agement of a difficult airway, including the use of alter-
native airways and the creation of an emergent surgical 
airway (cricothyroidotomy).102 Having experienced anes-
thesiologists as EMS-physicians can significantly reduce 
the complication rates after prehospital endotracheal 
intubation.103-106

SEDATION, ANESTHESIA, AND PAIN 
CONTROL IN THE PREHOSPITAL SETTING

The general focus of this section is on the accepted 
strategies for providing prehospital sedation, induc-
tion, and maintenance of anesthesia, and pain control. 
Drugs commonly used in the field are discussed with an 
emphasis on the differences with in-hospital use (also 
see Chapters 30, 31, and 98).

Drugs Commonly Used for Prehospital 
Sedation, Anesthesia, and Pain Control
In general, not all drugs routinely used in the surgery 
department for general anesthesia are safe in the prehos-
pital setting.107 Nonanesthesia personnel, such as para-
medics and nurses, are significantly less experienced than 
anesthesiologists in the use of these drugs; patients who 
are critically ill often require a special titration of drugs. 
Therefore drugs used for analgesia, sedation, and anes-
thesia in the field should have the following desirable 
properties:

 •  Wide safety margin, even for inexperienced providers
 •  Hemodynamic stability
 •  Minimal respiratory depression
 •  Ease of administration via different routes (e.g., 

intravenous [IV], intramuscular [IM], intraosseous [IO], 
rectal)

 •  Rapid onset and minimal side effects108
  

Benzodiazepines, such as midazolam (0.05 to 0.2 mg/
kg IV) and diazepam (3 to 10 mg IV), are well suited for 
sedation in adult and pediatric patients, have a wide 
safety margin, and can be administered via several differ-
ent routes. However, the lack of analgesic properties usu-
ally requires the concurrent administration of a potent 
analgesic in patients with pain. Ketamine, on the other 
hand, is closer to an ideal agent for prehospital sedation 
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and analgesia (0.5 to 1 mg/kg IV) and in larger doses for 
induction of anesthesia (1 to 2 mg/kg IV; 4 to 8 mg/kg 
IM); it is also ideally suited to provide analgesia and seda-
tion for entrapped patients with trauma during extrica-
tion.109 Ketamine provides potent analgesia and sedation, 
maintains hemodynamic stability in patients with hypo-
volemic shock, is a potent bronchodilator, and causes 
minimal respiratory depression. Because of its hallucino-
genic properties, benzodiazepines should be co-adminis-
tered. Traditionally, the use of ketamine in the patient 
with a traumatic brain injury has been controversial but, 
in fact, may be a good choice as an induction of anes-
thesia in patients with head injuries.110-112 The new iso-
form, S(+) ketamine, is twice as potent but otherwise has 
a similar profile as a racemic drug. Etomidate is rarely used 
for sedation but is often administered as an anesthetic 
induction agent for RSI in the field (0.2 to 0.3 mg/kg IV). 
It maintains hemodynamic stability but frequently pro-
duces myoclonus, rendering intubating conditions less 
favorable. Furthermore, etomidate causes adrenocorti-
cal suppression and should not be used in patients with 
sepsis,113 but the effects of a single dose have not been 
sufficiently studied in nonseptic patients in the EMS 
setting.114,115 Although propofol is routinely used in the 
operating room, it has several disadvantages when used 
in the prehospital setting. Propofol causes significant 
hemodynamic instability and respiratory depression, 
both highly undesirable properties in patients who are 
critically ill. Barbiturates, such as thiopental, have phar-
macologic properties and side effects similar to those of 
propofol and should only be used by experienced provid-
ers and only in selected patients, for example, in patients 
with status epilepticus. The prehospital muscle relaxant 
of choice for RSI is still succinylcholine (1 to 1.5 mg/kg 
IV),116 although rocuronium has been successfully used 
by anesthesiologist in the EMS system.117 For control of 
acute pain in the prehospital setting, opioids are the drug 
of choice because of their rapid onset and ability to con-
trol severe pain.118 Morphine is considered the gold stan-
dard in acute coronary syndrome (ACS) (0.1 to 0.2 mg/
kg IV), but in trauma, other opioids such as fentanyl (1 
to 3 μg/kg IV), piritramide (0.1 to 0.2 mg/kg IV), which is 
currently not available in the United States but is widely 
used in Europe, and sometimes tramadol (50 to 100 mg 
bolus IV) are more frequently used. Nonopioid analgesics 
are infrequently used in the prehospital setting, although 
parenteral formulations of acetaminophen, ibuprofen, 
and ketorolac have recently become available.

Induction of Anesthesia—Rapid Sequence 
Induction
The prehospital induction of anesthesia is typically per-
formed as RSI, also known as drug-assisted intubation 
(DAI) in EMS literature (also see Chapter 55). The goal 
of prehospital induction of anesthesia is twofold: (1) the 
safe and swift provision of a definitive airway and ventila-
tion control and (2) the ability to provide potent analge-
sia and sedation. The actual principles of RSI do not differ 
from RSI in the emergency department, operating room, 
or ICU; only the environment in which it is applied is 
different, as discussed earlier.71 A standard RSI sequence 
consists of the steps presented in Box 82-2. As discussed 
earlier, the usefulness of applying cricoid pressure has 
been repeatedly questioned. Even more important than 
in the operating room, a backup plan needs to exist in the 
event that endotracheal intubation fails. Bag-mask-valve 
ventilation, the placement of an alternative airway such 
as a laryngeal mask airway (LMA) or intubating LMA, and 
a laryngeal tube are all acceptable options. EMS providers 
must understand that prehospital RSI is not trivial and 
is associated with significant morbidity and mortality if 
improperly performed.119 Life-threatening hypoxemia 
will ensue if endotracheal intubation is prolonged and 
ventilation difficult (Figure 82-3).

PREHOSPITAL TRAUMA CARE

The management of a patient who is severely injured is 
one of the most difficult challenges in prehospital care. 
The potential for saving lives is probably nowhere more 
prevalent in the EMS system than in major trauma, which 
was historically also the driving force behind the creation 
of the modern EMS systems (see also Chapter 81). Ironi-
cally, the details of prehospital trauma care are derived 
from wars. An analysis of the history of prehospital care 
closely correlates the military conflict of the time ranging 
from World War II, Korea, Vietnam, and the Middle East. 
Accordingly, current experience from combat casualty 
care during the wars in Iraq and Afghanistan has substan-
tially changed the core strategies in prehospital trauma 
care in areas such as intravenous fluid resuscitation and 
the prevention of trauma-induced coagulopathy. These 
newly gained insights have resulted in major changes in 
the trauma guidelines over the last years. The most com-
monly used guideline for prehospital trauma care is Pre-
hospital Trauma Life Support (PHTLS) developed by the 
National Association of Emergency Medical Technicians 
(NAEMT) in cooperation with the American College of 
Surgeons Committee on Trauma (ACS COT).40 PHTLS is 
based on the Advanced Trauma Life Support (ATLS) con-
cept that is used as the standard for inhospital trauma 

 1.  Preparation of necessary equipment—suction equipment, 
oxygen, laryngoscopes, endotracheal tube (ETT), Ambu-Bag 
plus masks, and stylet)

 2.  Preoxygenation with 100% oxygen (at least 3 minutes)
 3.  Pretreatment (optional) with small dose of a nondepolarizing 

neuromuscular-blocking agent such as vecuronium (0.01-
0.015 mg/kg IV)

 4.  Pretreatment (optional) with sedative (midazolam) and/or 
opioid analgesic (fentanyl)

 5.  Induction agent (ketamine 2-3 mg/kg IV or etomidate 0.3 
mg/kg IV) plus succinylcholine (1-1.5 mg/kg IV)

 6.  Manual in-line stabilization for patients with trauma (optional) 
and with suspected cervical spine injury

 7.  Direct laryngoscopy with oral intubation (use of stylet is 
recommended)

 8.  Confirmation of correct ETT placement: bilateral auscultation 
plus end-tidal carbon dioxide (ETCO2) confirmation

BOX 82-2 Prehospital Rapid Sequence 
Induction

Note: the administration of cricoid pressure (Sellick maneuver) is  
controversial and is no longer recommended by many authorities.
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Figure 82-3. Potentially life-threatening desat-
uration and bradycardia after out-of-hospital 
rapid sequence induction (RSI) and endotracheal 
intubation. ETCO2, End-tidal carbon dioxide; 
SpO2, saturation of peripheral oxygen. (Modified 
from Dunford JV, Davis DP, Ochs M, et al: Inci-
dence of transient hypoxia and pulse rate reactivity 
during paramedic rapid sequence intubation, Ann 
Emerg Med 42(6):721-728, 2003.)
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care.120 What are the major changes in ATLS and PHTLS? 
Trauma life support now places more emphasis on the 
team approach, advocates for a balanced fluid resuscita-
tion with limited crystalloids (1 L instead of 2 L for initial 
volume), and recommends the early use of blood prod-
ucts and massive transfusion protocols in patients with 
hemorrhagic shock (also see Chapters 59 through 62).

The challenges for EMS providers responding to major 
trauma begin with scene assessment—safety, number of 
injured individuals, mechanism of injury, injury severity, 
environmental hazards—and coordination with other 
first-responder services, such as the police and fire depart-
ment. Significant pressure exists to minimize on-scene 
and transport times, based on the “golden hour” and the 
“platinum 10 minutes” concepts in trauma.121

PATIENT EVALUATION ON THE SCENE AND 
INITIAL MANAGEMENT

Before turning their attention to the individual with 
trauma, EMS providers must ensure that the accident scene 
is safe. Crew protection is paramount, particularly in haz-
ardous accidents involving fire, chemicals, electricity, or 
on busy highways. Motor vehicle accidents often involve 
more than one person; therefore the EMS team must per-
form a quick but thorough scan of the entire accident scene 
and triage all victims. The overarching goal of the initial 
patient assessment on the scene is to identify life-threaten-
ing injuries, which usually follows the well-known ABCDE 
(Airway, Breathing, Circulation, Disability, and Exposure 
or environment) mnemonic. Treatment is immediately 
initiated if a life-threatening condition is identified—Treat 
what kills first, —which often involves emergent airway 
management for airway protection, hemorrhage control 
for major bleeding, or needle thoracostomy for tension 
pneumothorax. Supplemental oxygen via nonrebreathing 
facemask should be started on the scene, as well as standard 
monitoring (ECG, pulse oximetry, arterial blood pressure, 
capnography) applied. The goal is to maintain oxygen satu-
ration (SpO2) above 90%. If the respiratory status deterio-
rates or if the patient is unable to protect his or her airway 
(e.g., unconsciousness, intoxication, hypoperfusion, direct 
trauma), then establishing a definitive airway is indicated. 
Endotracheal intubation after RSI is the recommended 
approach.

Hemorrhage control is probably the most critical aspect 
of prehospital trauma care, particularly in combat casualty 
care. A large fraction of early deaths in trauma can be 
attributed to exsanguination.122 The recommended first 
step in controlling bleeding is the application of direct 
pressure to the wound, including an appropriate pres-
sure dressing. Compressing the major artery proximal to 
the wound at pressure points is the next step. In military 
trauma, the use of tourniquets has been accredited with 
saving many lives123,124 and has become the standard of 
care in major extremity bleeding. Not recommended for 
decades in civilian trauma, tourniquets have undergone 
a reappraisal and several organizations now advocate for 
their use.125-127 In patients with hemorrhagic shock, two 
large-bore intravenous lines should be started through 
which a fluid bolus of 1 liter of a warm crystalloid solu-
tion should be administered.40 This practice, however, has 
been repeatedly questioned, particularly for penetrating 
trauma in an urban setting.128,129 Newer concepts, such 
as permissive hypotension in the setting of uncontrolled 
hemorrhage, are advocated and currently under investi-
gation.130 Despite the initial enthusiasm, small-volume 
resuscitation with either hypertonic saline or hypertonic-
hyperoncotic hydroxyethyl starch solution does not 
improve clinical outcomes.131,132 Actually, these starch 
solutions may cause harm (also see Chapters 59 and 61). 
The controversy regarding optimal fluid therapy in the 
field goes hand in hand with the ongoing discussion of 
whether a “scoop-and-run” (evacuate the site) or a “stay-
and-play” (resuscitate on site) or the BLS versus the ALS 
approach is superior in major trauma.133 Strong evidence 
supports minimalistic on-the-scene management (BLS 
only) for penetrating trauma to the torso; the injury can 
only be treated by emergent surgery, and aggressive fluid 
management could actually increase the risk of coagulop-
athy and blood loss. Irrespective of the current contro-
versy regarding fluid resuscitation in major trauma, the 
goal is to minimize on-scene time and transport time in 
major trauma. Helicopter transport has been advocated 
for patients with major trauma; its expediency reduces 
mortality23 and facilitates treatment in a trauma center 
(Box 82-3).134 In major head trauma (also see Chapter 70), 
a modified approach is required in the field:

 •  Provide adequate oxygenation and avoid hypoxemia 
(SpO2 >90%)

 •  Maintain an adequate cerebral perfusion pressure of 
>70 mm Hg with a systolic blood pressure (SBP) of at 
least 90 mm Hg with isotonic or hypertonic fluids
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 •  Institute endotracheal intubation for patients with a 
GCS score lower than 9

 •  Maintain normoventilation (ETCO2 35 to 40 mm Hg)
 •  Avoid hyperventilation or hypoventilation
  

These steps are considered the mainstays of prehospital 
therapy in traumatic brain injury.135 However, if cerebral 
herniation is suspected, then moderate hyperventilation 
(ETCO2 30 to 35 mm Hg) and hyperosmolar therapy with 
mannitol or hypertonic saline should be instituted.

ADULT MEDICAL EMERGENCIES

Most textbooks on prehospital emergency medicine dis-
cuss adult medical emergencies under the patient’s final 
diagnosis, such as congestive heart failure, MI, or chronic 
obstructive pulmonary disease (COPD). This is not, how-
ever, how individuals present themselves to the EMS team 
on the scene. Rather, they usually first express a chief 
complaint (or lead symptom), such as dyspnea or chest 
pain. Therefore adult medical emergencies are presented 

BOX 82-3 On-scene Triage Criteria for  
Major Trauma Necessitating Transport to a 
Trauma Center

mechanism of injury

 •  Extrication time >20 minutes
 •  High-speed crash with:
 ○  Intrusion into passenger compartment >20 cm
 ○  Speed >40 mph
 •  Ejection
 •  Death of another passenger in the same motor vehicle
 •  Rollover
 •  Pedestrian or bicyclist hit by motor vehicle
 •  Motorcycle crash >20 mph or with separation of rider from 

motorcycle
 •  Falls >3 m (9.8 feet)

physioLogic criteria

 •  Systolic blood pressure <90 mm Hg
 •  Respiratory rate <10 or >29 breaths per minute
 •  Glasgow Coma Scale score <14
 •  Pregnancy

anatomic criteria

 •  Flail chest
 •  Two or more proximal long bone fractures
 •  Pelvic fracture
 •  Penetrating injury to the head, neck, torso, or extremities 

proximal to the elbow or knee
 •  Open or depressed skull fracture
 •  Amputation proximal to the wrist or ankle
 •  Paralysis

discretion of emergency medicaL technician

At the discretion of the emergency medical technician, a person 
can be declared as having a major trauma. In addition, preexist-
ing conditions of the individual can lead to an upgraded status, 
such as coronary artery disease, congestive heart failure, severe 
chronic obstructive pulmonary disease, morbid obesity, or bleed-
ing disorders.

From O’Connor RE: Trauma triage: concepts in prehospital trauma care, 
Prehosp Emerg Care 10(3):307-310, 2006.
in this text according to the chief complaints. Most adult 
medical emergencies fall into one of only three sepa-
rate chief complaints: (1) dyspnea or respiratory distress, 
(2) cardiac or circulatory problem, and altered level of 
consciousness.

DYSPNEA OR RESPIRATORY DISTRESS

Dyspnea is one of the most common presenting symp-
toms in prehospital care and is associated with a signifi-
cant mortality rate of 12% to 18%.136 Each year in the 
United States alone, 2 million patients with respiratory 
distress are transported by EMS. As reported in the large 
Canadian outcome study, Ontario Prehospital Advanced 
Life Support (OPALS), prehospital ALS decreases mor-
tality in these patients.136 In adults, acute shortness of 
breath is most commonly caused by either broncho-
spasm or pulmonary edema, secondary to congestive 
heart failure (CHF), but other differential diagnoses 
such as pulmonary embolism, pneumonia, foreign body 
obstruction must also be considered137 (Box 82-4). Identi-
fying the correct diagnosis on the scene is not easy138-140; 
the cause of dyspnea can be multifactorial, for example, 
the individual with severe COPD and CHF who develops 
pneumonia.

Patient Evaluation
The most important aspect of the initial evaluation in 
a patient with acute dyspnea is to identify whether the 
condition is life threatening with imminent respiratory 
failure that requires immediate treatment. Physical signs 
and symptoms indicating a life-threatening condition are 
cyanosis, tachypnea (respiratory rate >30 per minute), 
stridor, tachycardia, inability to speak in full sentences 
(<5 to 6 words), and the use of accessory respiratory mus-
cles.141 The use of pulse oximetry has quickly become the 
standard of care in diagnosing hypoxemia and adds an 
objective measurement of the severity of the respiratory 
distress. Irrespective of the underlying cause, all patients 
with respiratory distress should receive high-flow oxygen, 
ideally through a nonrebreathing facemask. Two of the 
most common causes of respiratory distress in adults,  
(1) bronchospasm attributable to asthma and COPD and 
(2) pulmonary edema attributable to congestive heart 
failure, are discussed in this text.

 •  Exacerbated chronic obstructive pulmonary disease
 •  Asthma
 •  Cardiogenic pulmonary edema (from congestive heart failure)
 •  Noncardiogenic pulmonary edema (inhalational, related to 

sepsis)
 •  Pneumonia
 •  Pulmonary embolism
 •  Foreign body obstruction
 •  Aspiration  

BOX 82-4 Common Nontraumatic Causes of 
Acute Shortness of Breath in Adults

Modified from Fowlkes TD: Shortness of breath. In National Association of 
EMS Physicians, Kuehl AE, editors: Prehospital systems and medical over-
sight, Dubuque, Ia, 2002, Kendall and Hunt, pp 665-671).
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Prehospital Management
Bronchospasm: chronic oBstructive pulmonary Disease 
anD asthma. Bronchospasm as a cause for dyspnea is often 
suggested by the patient’s medical history and current med-
ications. Patients with asthma and COPD often use inhaled 
β-adrenergic agonists and corticosteroids and, in severe 
cases, also systemic agents. These patients tend to have 
frequent encounters with the EMS system and emergency 
departments. In addition to the clinical signs of dyspnea, 
wheezing and coughing are classic symptoms of bron-
chospasm. In extreme forms of bronchospasm, no breath 
sounds can be auscultated, resulting in a “silent chest.” A 
long-standing myth in EMS system states that patients with 
severe COPD should not receive high-flow oxygen to pre-
vent respiratory arrest.137 However, these patients often die 
as a result of hypoxemia and thus should be given the same 
oxygen therapy as any other patient in respiratory distress.

On-the-scene management of patients with asthma 
attacks or acute COPD exacerbations is similar and fol-
lows the recommended guidelines.142-144 Besides providing 
oxygen to prevent hypoxemia, the first line of treatment 
is inhaled β-agonists plus an anticholinergic agent such 
as albuterol or salbutamol plus ipratropium, either via 
nebulized aerosol or a metered-dose inhaler. Often, these 
patients have already used their inhalers before calling 
the EMS system; therefore in moderate-to-severe exacer-
bations, the use of systemic corticosteroids (methylpred-
nisolone, 60 to 125 mg IV bolus dose) is indicated. In 
life-threatening asthma and COPD exacerbations, intrave-
nous β-agonists (epinephrine, 100 to 200 μg IV bolus dose) 
are particularly helpful. In the case of impending or actual 
respiratory arrest, endotracheal intubation is warranted, 
often after RSI with ketamine as the preferred drug because 
of its favorable bronchodilating properties. The EMS crew 
must be vigilant for additional conditions that add to the 
severity of hypoxemia, such as pneumonia, pneumotho-
rax, anaphylaxis, and pulmonary embolism.

Pulmonary Edema Precipitated by 
Congestive Heart Failure
Often, acute heart failure is precipitated by additional 
events such as ACS. Therefore a 12-lead ECG should be 
obtained to guide prehospital therapy for patients with 
acute pulmonary edema and rule out acute MI. The treat-
ment consists of three components: oxygen (noninva-
sive positive-pressure ventilation [NIPPV]), diuretics, and 
vasodilators.145 NIPPV, such as continuous positive air-
way pressure (CPAP), has become a standard therapy in 
the treatment of acute pulmonary edema in the prehos-
pital setting.146 NIPPV should be used for most patients 
with acute pulmonary edema.147 The subsequent therapy 
should be guided by the patient’s SBP:

 •  SBP higher than 140 mm Hg: NIPPV plus nitrates; 
nitroglycerin spray or continuous IV infusion is 
recommended with a starting dose of 10 to 20 μg per 
minute.

 •  SBP 140 to 100 mm Hg: NIPPV plus nitrates and a 
diuretic agent (furosemide) are recommended if signs 
of systemic fluid retention are present.

 •  SBP lower than 100 mm Hg: If hypoperfusion 
is predominant and signs of cardiogenic shock are 
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present, then these patients require inotropic agents 
such as dopamine and dobutamine and a carefully 
titrated volume challenge.

 •  Pulmonary edema with signs of ACS: These 
patients require ACS-specific management in addition 
to NIPPV plus nitrates.147

  

The treatment goals are to stabilize the patient, 
improve oxygenation and perfusion, and reduce dyspnea.

CARDIAC AND CIRCULATORY 
EMERGENCIES

Acute chest pain and circulatory conditions (e.g., syncope, 
hypertension) are frequently encountered in the prehospi-
tal setting. Significant emphasis has been put on the role 
of the EMS providers in the management of ST-elevation 
myocardial infarction (STEMI), but other conditions such 
as pulmonary embolism, hypertensive emergencies, or dys-
rhythmias require significant diagnostic and therapeutic 
skills by the providers in the field (also see Chapter 67). In 
this overview, the focus is on the most common emergen-
cies resulting in chest pain: ACS, pulmonary embolism, and 
hypertensive emergencies. ACS is defined as an umbrella 
term for all ACSs and includes STEMI, non–ST-elevation 
myocardial infarction (NSTEMI), and unstable angina. Car-
diac arrest and CPR are discussed in a separate chapter (new 
CPR guidelines were published in 201031,32,148,149).

Patient Evaluation
The most important goal in evaluating a patient with 
acute chest pain or an urgent circulatory condition is to 
rule out a life-threatening condition such as ACS or pul-
monary embolism. Because chest pain is a common com-
plaint, identifying patients who are at high risk among 
all of the patients with benign conditions such as back 
spasm, gastroesophageal reflux, or other gastrointestinal 
disorders, is difficult. History and a physical examina-
tion, as well as a 12-lead ECG, often guide the diagnosis. 
A prehospital 12-lead ECG can be quickly performed by 
the EMS crew and transmitted to a physician oversight 
if required; it offers a high sensitivity and specificity for 
detecting myocardial ischemia and MI. ECG interpre-
tation for ACS may prove difficult in patients with left 
bundle branch block, ventricular paced rhythm, isolated 
posterior MI, or an ST-elevation in the ECG lead aVR 
(augmented ECG lead from the right arm). Assessing the 
type and quality of the chest pain—stabbing versus burn-
ing, radiation, severity, and provocation—is critical in 
determining the differential diagnosis (Box 82-5). How-
ever, up to 30% of patients with ACS have atypical pain 
symptoms (epigastric discomfort, jaw pain) or no pain at 
all in the case of silent myocardial ischemia in patients 
with diabetes.

Prehospital Management
Acute Coronary Syndrome
The primary goal for a patient with suspected ACS is to 
minimize the time to diagnosis and potential reperfusion 
therapy while maintaining hemodynamic stability on 
scene and during transport. If STEMI is suspected, then 
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access to rapid reperfusion therapy is paramount. Accord-
ing to the most recent guidelines, primary PCI is the pre-
ferred reperfusion strategy compared with thrombolysis, 
but a combination of the two may provide additional 
benefits.150,151

Patients with suspected ACS should be immediately 
monitored by a continuous ECG in addition to arterial 
blood pressure and oxygen saturation. Rapid access to 
a defibrillator is mandatory, especially for patients with 
STEMI, because patients with an acute MI have a high 
risk of ventricular fibrillation. The most recent guidelines 
recommend starting supportive therapy on the scene 
consisting of morphine (pain control), high-flow oxygen, 
nitrates (if the patient is not hypotensive), and oral aspi-
rin, easily memorized by the well-known MONA acro-
nym—morphine, oxygen, nitrates, and aspirin.152-153 
β-Adrenergic blockers can be considered if the patient 

 •  Acute coronary syndrome (unstable angina, myocardial 
infarction)

 •  Pulmonary embolism
 •  Gastroesophageal reflux
 •  Peptic ulcer disease
 •  Gastritis or esophagitis
 •  Aortic dissection
 •  Pericarditis
 •  Pneumonia
 •  Pneumothorax
 •  Pleurisy
 •  Boerhaave syndrome (esophageal rupture)
 •  Pancreatitis
 •  Musculoskeletal pain

BOX 82-5 Differential Diagnosis of Acute 
Chest Pain in Adults
exhibits tachycardia and/or is hypertensive. The goal is 
to reduce myocardial oxygen demand while improving 
oxygen supply. The 12-lead ECG is a vital component 
of prehospital care for ACS because it is the only tool 
that can reliably identify patients who may benefit from 
prehospital reperfusion therapy (Figure 82-4). The over-
arching goal is to minimize myocardial ischemia time. If 
prehospital fibrinolysis is considered, then the “contact 
to needle” time should be less than 30 minutes. If pri-
mary PCI is considered, then the “door to balloon” time 
should be less than 90 minutes. Out-of-hospital fibrino-
lysis reduces mortality in patients with STEMI or new 
onset left bundle branch block154 but is no longer recom-
mended if the patient can undergo primary PCI within 
1 hour. If the 1-hour time limit for primary PCI cannot 
be met, then prehospital fibrinolysis may improve out-
comes.151 Several fibrinolytic drugs are available, and the 
choice is often based on the institution. Yet fibrinolytic 
therapy has several contraindications (Box 82-6) and also 
has the risk of intracranial hemorrhage resulting in major 
disability or death in 1% to 2% of the patients.

pulmonary emBolism. A definitive diagnosis of pulmonary 
embolism is difficult to establish on the scene because signs 
and symptoms are nonspecific and no rapid objective test 
comparable with the 12-lead ECG in ACS is available for 
on-site diagnosis. Often, the patient’s medical history is 
revealing (e.g., immobilized leg and signs of a preexisting 
deep venous thrombosis; unilateral and tender swelling 
in one extremity). The severity of pulmonary embolism 
directly relates to the size of the clots and ranges from mild 
symptoms of dyspnea to acutely life-threatening states of 
cardiogenic shock attributable to acute right-sided heart 
failure. Classic symptoms of pulmonary embolism include 
distended neck veins, hypoxemia, tachycardia, tachy-
pnea, and chest pain. More objective, but nevertheless 
Onset of
symptoms
of STEMI

Call 9-1-1
Call fast

9-1-1
EMS

Dispatch

EMS
Triage
Plan

Hospital fibrinolysis:
Door-to-needle within 30 min

Not PCI
capable

Inter-hospital
transfer

EMS transport: EMS-to-balloon within 90 minPatient Dispatch
EMS on
scene EMS transport

5 min after
symptom onset

Total ischemic time: within 120 min*

1 min Within
8 min

Prehospital fibrinolysis:
EMS-to-needle within 30 min

Patient self-transport: Hospital door-to-balloon within 90 min

Goals

PCI
capable

*Golden hour = first 60 minutes

EMS on-scene
• Encourage 12-lead ECGs
• Consider prehospital fibrinolytic if capable 

and EMS-to-needle within 30 min

Figure 82-4. Prehospital management priorities in patients with ST-elevation myocardial infarction (STEMI). ECG, Electrocardiogram; EMS, 
emergency medical service; PCI, percutaneous coronary intervention. (Data from Antman EM, Anbe DT, Armstrong PW, et al: ACC/AHA guidelines 
for the management of patients with ST-elevation myocardial infarction: a report of the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines [Committee to Revise the 1999 Guidelines for the Management of patients with acute myocardial infarction], J Am Coll 
Cardiol 44:E1-E211, 2004; and Armstrong PW, Collen D, Antman E: Fibrinolysis for acute myocardial infarction: the future is here and now, Circulation 
107:2533-2537, 2003.)
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unspecific findings, are new right bundle branch block, 
symmetric T-wave inversion in the anterior leads (V1-V4), 
and SIQIII pattern in the 12-lead ECG.155 Often the 12-lead 
ECG is more useful to rule out other conditions such as MI 
than ruling in pulmonary embolism.

In the absence of an objective means to diagnose pul-
monary embolism reliably in the prehospital setting, the 
management is largely supportive.156 Applying standard 
monitoring, administering high-flow oxygen, establish-
ing an intravenous line, and controlling pain with opioid 
analgesics are considered standard therapy. In severe pul-
monary embolism that is usually accompanied with sys-
temic hypotension (SBP <90 mm Hg), circulatory support 
with inotropic drugs is often required. The prehospital 
use of heparin in pulmonary embolism is not universally 
recommended and must be determined on a case-by-case 
basis, taking into account the likelihood of pulmonary 
embolism and the severity of symptoms. Prehospital fibri-
nolysis in pulmonary embolism is not recommended, 
although it has been successfully used in extremis.157

BOX 82-6 Contraindications of Fibrinolytic 
Therapy in ST-Elevated Myocardial Infarction 
(EMI)

aBsoLute contraindications

 •  Any prior intracranial hemorrhage
 •  Known structural cerebral vascular lesion (AVM)
 •  Known malignant intracranial neoplasm (primary or 

metastatic)
 •  Ischemic stroke within 3 months EXCEPT acute ischemic stroke 

within 3 hours
 •  Suspected aortic dissection
 •  Active bleeding or bleeding diathesis (excluding menses)
 •  Significant closed head trauma or facial trauma within 3 months

reLative contraindications

 •  History of chronic, severe, poorly controlled hypertension
 •  Severe uncontrolled hypertension on presentation (SBP >180 

mm Hg or DBP >110 mm Hg)*
 •  History of prior ischemic stroke <3 months, dementia, or 

known intracranial pathologic condition not covered in the 
contraindications

 •  Traumatic or prolonged (>10 minutes) CPR or major surgery 
(<3 weeks)

 •  Recent (within 2 to 4 weeks) internal bleeding
 •  Noncompressible vascular punctures
 •  For streptokinase or anistreplase: prior exposure (<5 days ago) 

or prior allergic reaction to these agents
 •  Pregnancy
 •  Active peptic ulcer
 •  Current use of anticoagulants (the higher the INR, the higher 

the risk of bleeding)

Adapted from American Heart Association Guidelines for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care, Part 8: Stabilization of 
the patient with acute coronary syndromes, Circulation 112(24 Suppl): 
IV-89–IV-110, 2005; and O’Connor RE, Brady W, Brooks SC, et al: Part 10: 
acute coronary syndromes: 2010 American Heart Association Guidelines 
for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care, 
Circulation 122(18 Suppl 3):S787-S817, 2010.

AVM, Arteriovenous malformation; CPR, cardiopulmonary resuscitation; 
DBP, diastolic blood pressure; INR, international normalized ratio, SBP, 
systolic blood pressure.

*Could be an absolute contraindication in low-risk patients with myocar-
dial infarction.
hypertensive emergencies. The EMS often responds to 
patients with acute hypertensive episodes, but these are 
rarely true hypertensive emergencies. The classification of 
hypertensive episodes is very helpful in determining the 
urgency of a prehospital intervention (Box 82-7). The com-
bination of acute hypertension plus end-organ damage 
(hypertensive emergency), such as hypertensive encepha-
lopathy, stroke, pulmonary edema, MI, aortic dissection, 
acute renal failure, and preeclampsia, must be immedi-
ately treated, and the progression must be stopped. The 
goal is to decrease the arterial blood pressure by 20% to 
25% within 30 to 60 minutes.158 However, in the setting 
of cerebral infarction, arterial blood pressure should be 
slowly decreased since the ischemic territory may be criti-
cally dependent on collateral perfusion pressure. Evidence 
for benefits of acute antihypertensive treatment is scant; 
perhaps only very high SBP or diastolic blood pressure 
(DBP) should be treated.159 On the other hand, patients 
with an aortic dissection require swift and aggressive treat-
ment with a target arterial blood pressure of SBP less than  
120 mm Hg and a DBP less than 80 mm Hg.160 The choice of 
antihypertensive should take into account the underlying 
pathophysiologic condition. For example, patients with 
acute hypertension plus ACS and tachycardia might bene-
fit from β-adrenergic blocker and nitroglycerin, whereas in 
intracranial hemorrhage, labetalol is probably the preferred 
drug. Depending on availability and approval, urapidil, an 
α-adrenoceptor antagonist is extremely helpful.

ALTERED LEVEL OF CONSCIOUSNESS

Altered level of consciousness is often encountered in 
prehospital care. The differential diagnoses are vast, treat-
ment options are limited, and therefore most patients 
receive only supportive care in the field. The overarching 
goal is to stabilize vital signs, quickly identify and treat 
potentially life-threatening conditions, and determine a 
likely cause.161 For example, severe hypoglycemia in an 
unconscious patient can be rapidly detected by point-
of-care testing and reversed by the administration of an 
intravenous glucose bolus. Although this section focuses 
on general principles, it briefly mentions a few specific 
conditions, such as stroke or seizure.

Patients with an altered level of consciousness should 
immediately receive high-flow oxygen and intravenous 
access, be undressed, and undergo standard monitoring. 

 1.  Hypertensive emergency: Also termed hypertensive crisis. 
Hypertension with acute end-organ dysfunction

 2.  Hypertensive urgency: Hypertensive episode with high risk of 
imminent end-organ damage that has not yet occurred

 3.  Acute hypertensive episode: Systolic blood pressure (SBP) 
>180 mm Hg or diastolic (DBP) >110 mm Hg without signs of 
evolving or imminent end-organ dysfunction

 4.  Transient hypertension: Related to anxiety or primary 
complaint  

BOX 82-7 Classification of Acute 
Hypertensive Episodes

Modified from Chobanian AV, Bakris GL, Black HR, et al: Seventh Report of 
the Joint National Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure, Hypertension 42(6):1206-1252, 2003.
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The addition of continuous capnography (when available) 
is helpful to assess adequate ventilation. The level of uncon-
sciousness and a determination of the GCS score should 
be performed. In the prehospital setting, distinguishing 
whether the patient is alert (i.e., responsive to verbal com-
mands), is only responsive to painful stimuli, or is com-
pletely unresponsive (i.e., unconscious) is often sufficient.162

Because patients with impaired consciousness are at 
risk for pulmonary aspiration of gastric contents, the 
need for airway protection needs to be assessed. Recom-
mended diagnostic steps on the scene include determin-
ing the pupil size and reaction to light, measuring core 
body temperature and point-of-care blood glucose levels. 
During the initial neurologic examination, EMS providers 
must determine whether the main neurologic symptoms 
are global or whether a focal neurologic deficit is present. 
Nasal or oral airways may be inserted to keep the airway 
patent and to test for a gag reflex. Once these basic steps 
have been accomplished, the EMS team should try to 
obtain as much information as possible about the patient 
and the circumstances to narrow the probable causes for 
the patient’s unconsciousness (Box 82-8). Often, this can 
only be accomplished by involving bystanders and fam-
ily members. Important aspects are onset and progression 
of unconsciousness (immediate or delayed), fever, the 
patient’s status before the onset of symptoms, headache, 
medications and medical history (e.g., hypertension, diabe-
tes, depression), signs of intoxication (e.g., open drug con-
tainers, needles, drug paraphernalia), and signs of trauma.

For patients with hypoglycemia, the recommended treat-
ment is to administer dextrose (D50W, 50 mL = 1 amp) 
immediately. If an intravenous line cannot be established, 
then intramuscular glucagon (1 to 2 mg) is a viable alter-
native. On average, blood glucose levels increase between 
100 and 150 mg/dL after this treatment, and patients are 
fully awake within a few minutes. In patients in whom 
opioid overdose is suspected (meiosis, respiratory rate 
<10 per minute), the opioid antagonist naloxone should 
be administered. The recommended starting intravenous 
dose is between 0.1 to 0.4 mg, but it should be titrated to 
clinical effect; that is, to the restoration of spontaneous 
ventilation and not to complete awakening. A wide range 
of required dosages may be needed, sometimes requiring as 
little as 0.2 mg and sometimes up to 10 mg.162 If too much 

Alcohol and airway (hypoxia)
Epilepsy, electrolytes, encephalopathy
Insulin—hypoglycemia
Opioids or overdose
Urea (metabolic)
Trauma or tumor
Infection
Psychiatric
Shock, subarachnoid hemorrhage, or snake bite  

BOX 82-8 Causes of Altered Level of 
Consciousness in Adults: Mnemonic 
AEIOU-TIPS

Adapted from Wolfe RE, Brown DFM: Coma and depressed level of conscious-
ness. In Marx JA, Hockberger RS, Walls, RM, editors: Rosen’s emergency 
medicine: concepts and clinical practice, ed 6, Philadelphia, 2006, 
Mosby–Elsevier.
naloxone is administered, then severe opioid withdrawal 
symptoms may result. Similarly, if patients with benzodi-
azepine overdose are aggressively treated with the antago-
nist, flumazenil, then generalized seizures can result that 
may be unresponsive to further benzodiazepine treatment.

Only recently have patients with acute stroke received 
similar attention in prehospital care as patients with acute 
MI. It is now clear that a comparable “golden hour” exists 
in acute stroke treatment.163 Stroke is a leading cause of 
death in the United States and the number-one cause 
for disability in adults. Both the rapid identification and 
the treatment of stroke limit brain damage and improve 
survival.164 Classic symptoms of stroke are hemiparesis, 
aphasia, and altered level of consciousness. Formal pre-
hospital screening tools such as the Cincinnati Prehospi-
tal Stroke Scale are useful and should be used.165

The goal in prehospital emergency care is the quick 
identification of stroke and the expeditious transport of 
the patient to a stroke center with 24-hour computed 
tomography (CT) scanner availability.164,166 An emergent 
CT scan is mandatory to distinguish between hemorrhagic 
and ischemic stroke. Because of the inability to clinically 
distinguish between ischemic stroke (85% of cases) and 
hemorrhagic stroke (15%), prehospital thrombolysis can-
not be performed and is contraindicated until hemor-
rhagic stroke is ruled out. Thus supportive care to stabilize 
the patient’s vital signs and to avoid risk factors that nega-
tively influence outcome, such as hypoxia, hypotension, 
and hyperglycemia, are the primary treatment goals in 
stroke in the prehospital setting.167 Patients with a stroke 
require supplemental oxygen, intravenous access, contin-
uous ECG, and arterial blood pressure monitoring. Hypo-
glycemia, as well as hyperglycemia, frequently occurs in 
patients with a stroke; therefore prehospital blood glucose 
measurement is mandatory. Arterial blood pressure man-
agement in patients with stroke is controversial; aggressive 
decreasing of SBP can worsen the outcome; some hyper-
tension in a patient with an acute stroke might actually be 
beneficial. If, on the other hand, end-organ dysfunction 
is apparent, such as myocardial ischemia or a SBP higher 
than 220 mm Hg, then cautious antihypertensive treat-
ment should probably be started on the scene.

Seizure is a common disorder observed in the EMS prac-
tice. Often, the seizure has abated when the EMS team 
arrives, and the patient is found in a postictal state that 
seldom requires intervention. If ongoing, however, the 
seizure requires aggressive treatment, which typically 
includes the intravenous administration of benzodiaze-
pines and the prevention of secondary complications such 
as hypoxemia.168 Intravenous access is difficult to establish 
during a generalized seizure, and an intraosseous or intra-
muscular approach may be required. High-flow oxygen 
should be administered via a nonrebreathing facemask. 
Status epilepticus is a state of ongoing, refractory general 
seizure activity and is a true life-threatening emergency 
that often requires the induction of general anesthesia.169

PEDIATRIC EMERGENCIES

Pediatric emergencies are a major challenge in prehospi-
tal care. Between 5% and 8% of EMS calls are pediatric 
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emergencies.170,171 During the first years of life, common 
pediatric emergencies are respiratory problems and febrile 
seizures. The incidence of trauma increases in older age 
groups.170 In this section, the main differences in causes, 
diagnostic procedures, and treatments between pediatric 
and adult emergencies are reviewed (also see Chapter 93).

DYSPNEA AND RESPIRATORY DISTRESS

Respiratory distress is one of the most common pediatric 
emergencies, particularly among young children under 
the age of 6 years, and is the leading cause for cardiac 
arrest in children. Airway anatomy, a smaller respiratory 
reserve attributable to a smaller residual capacity, as well 
as a higher baseline oxygen consumption, make children 
more vulnerable to hypoxic events. Infections or foreign 
body airway obstruction are most prevalent in younger 
age groups; in older children respiratory disorders such as 
asthma predominate.

Patient Evaluation
The initial assessment of a child in respiratory distress 
can be more difficult since children are often agitated and 
frightened. Important physical signs and symptoms indic-
ative of respiratory distress are tachypnea and intercostal, 
sternal, and subcostal retractions. Children use accessory 
muscles to support breathing, which may be demon-
strated as head bobbing and nasal flaring. An early sign of 
respiratory distress is the use of chest wall muscles. Para-
doxical breathing movements of the chest and abdomen 
(see-saw respiration) indicate decompensated respiration.

Prehospital Management
Pediatric respiratory support includes the administration of 
supplemental oxygen, assisted bag-mask-valve ventilation, 
or controlled ventilation with a secured airway. Prehospital 
airway management in children is difficult and significantly 
more challenging than in the controlled environment of 
an operating room. As a consequence, the risk of encoun-
tering a difficult airway in a child in the field is likely.

infection. Laryngotracheobronchitis (croup) is a 
typical emergency of the young child, 6 months to  
3 years of age at presentation. Because of its dramatic 
onset, usually during the night, and combined with sud-
den loud inspiratory stridor, laryngotracheobronchitis 
frightens both the child and the parents. Except for a 
recent minor infection of the upper respiratory tract, the 
medical history is usually noncontributory.

On-the-scene management of mild croup (without 
retractions) consists of psychologic support by the EMS 
team, humidified oxygen via facemask, and transport to a 
pediatric emergency department. More severe cases with 
retractions and/or neurologic signs such as apathy or agi-
tation require the administration of oral dexamethasone  
(0.6 mg/kg once [16 mg max]) and, as a next step, neb-
ulized epinephrine (0.5 mL of 2.25% racemic epineph-
rine or 5.0 mL of epinephrine 1:1000, irrespective of the 
weight of the child).172 The need for prehospital endotra-
cheal intubation is rare.

Epiglottitis, another upper airway infection observed 
in children, is very dangerous but fortunately very rare. 
Epiglottitis usually occurs in children aged 2 to 7 years 
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and is characterized by inspiratory stridor, hypersaliva-
tion, a high fever, and an inability to swallow. The child’s 
voice sounds muffled. Any anxiety-provoking maneuvers 
such as excessive examination or establishing an intrave-
nous access should be avoided. Complete airway obstruc-
tion can rapidly occur and emergent airway management 
may become necessary including cricothyroidotomy.173

asthma. Acute asthma exacerbation is a common emer-
gency in children. The prevalence of asthma among chil-
dren ranges from 5% to 10% and acute exacerbation, 
an asthma attack, is a frequent complication. Asthma is 
the third most frequent cause of hospitalization among 
children younger than 15 years of age. Although a severe 
asthma exacerbation often presents itself with loud wheez-
ing, tachycardia, and a SpO2 between 92% to 95%, chil-
dren in a life-threatening asthma attack lose the ability to 
speak, become quiet, and develop a paradoxical breath-
ing pattern with SpO2 <92%, pseudonormalization of the 
heart rate that may progress to bradycardia, and ultimately 
cardiac arrest. Recent guidelines recommend supportive 
therapy in mild cases and inhaled β-adrenergic agonists as 
first-line treatment (albuterol or salbuterol, 2 puffs every  
2 minutes; up to 10 puffs) and corticosteroids (oral pred-
nisolone, 1 mg/kg once daily).174 In life-threatening 
asthma, intravenous epinephrine may be administered, 
and patients may require general anesthesia and endo-
tracheal intubation; ketamine is the anesthetic drug of 
choice because to its favorable broncholytic properties.

foreign BoDy airway oBstruction. Foreign body airway 
obstruction is a common accident among children younger 
than 3 years of age, particularly boys. It is characterized by 
the sudden onset of respiratory distress associated with 
coughing, gagging, or stridor in a child with no other signs 
of illness. Foreign body airway obstruction has a promi-
nent place in the current pediatric BLS guidelines.175 With 
mild foreign body airway obstruction, when the child can 
still effectively cough, no immediate action to remove the  
foreign body by EMS team is necessary. The child should 
be encouraged to expel the foreign body by coughing. 
If the obstruction is severe and coughing is ineffective, 
urgent intervention is required. For children older than  
1 year of age, abdominal thrusts (Heimlich maneuver) are 
 recommended (up to five times until the foreign body is 
expelled) whereas in infants, a series of five back blows 
in turn with chest thrusts is recommended. If the child 
becomes unconscious, standard BLS must be initiated.175 
ALS units may inspect the airway with direct laryngoscopy 
to remove the foreign body under visualization.

CARDIAC EMERGENCIES AND SHOCK

Life-threatening pediatric cardiac emergencies in prehos-
pital emergency care are rare. Yet hypovolemic shock 
attributable to acute blood loss or diarrheal diseases does 
occur and requires urgent treatment.

Patient Evaluation
In addition to standard assessment, including mental sta-
tus assessment, heart rate, pulse quality, and particularly 
capillary refill time, are good indicators of the volume sta-
tus of the child.



PART V: Adult Subspecialty Management2474
Prehospital Management
arrhythmia. Most arrhythmias encountered in the pre-
hospital setting in pediatric patients are secondary; that 
is, most are the result of an underlying disease and not a 
primary disease. Bradycardia in children is an ominous 
sign and often the result of hypoxia or poisoning. If the 
heart rate is lower than 60 beats per minute and the child 
shows signs of inadequate end-organ perfusion (e.g., 
unconsciousness), BLS measures must be initiated and the 
underlying cause for bradycardia identified and treated. 
Most tachyarrhythmias, on the other hand, are supraven-
tricular and compensatory and seldom require treatment 
in the field. If treatment is required, then supraventricu-
lar tachycardia can nearly always be controlled by vagal 
maneuvers, such as carotid sinus massage, or intravenous 
adenosine. Ventricular tachyarrhythmias are rare in chil-
dren but clearly more dangerous and typically occur as a 
consequence of one of two conditions—inherited long-
QT syndrome and commotio cordis. In inherited long-QT 
syndrome, torsade de pointes, which is a special case of 
ventricular tachycardia, is triggered and may result in car-
diac arrest. However, most cases of torsade de pointes are 
self-limiting and do not require ALS measures, defibrilla-
tion, or drug therapy (magnesium is the drug of choice). 
Commotio cordis describes a scenario during which the 
chest of a child is struck by an object, such as a baseball or 
puck, during the critical phase of cardiac repolarization; 
as a result, ventricular fibrillation is triggered. The fatal-
ity rate tends to be high (up to 70%), and defibrillation 
appears to be the only effective therapy (also see Chapters 
45 and 47).

shock. Hypovolemic shock attributable to acute blood 
loss or acute diarrheal disease is the most common 
type, followed by septic, cardiogenic, and distributive 
shock.176,177 The top priority in children who deve-
loped shock is obtaining rapid vascular access and ini-
tiating aggressive fluid resuscitation. Venous access is 
the first choice; however, if it cannot be rapidly estab-
lished, then intraosseous access is the next alternative. 
Intraosseous access provides quick and reliable access, 
through which intravenous medications and fluids can 
be administered. An initial fluid bolus of 20 mL/kg of 
balanced crystalloid, such as lactated Ringer solution, is 
recommended.178

ALTERED LEVEL OF CONSCIOUSNESS

Chief neurologic complaints, such as meningitis, enceph-
alitis, febrile seizure, and coma, are not infrequently 
encountered in prehospital medicine. Neurologic exami-
nation of children is difficult and treatment on the scene 
is often only symptomatic.

Patient Evaluation
After an evaluation of breathing and circulation, a quick 
neurologic assessment should be made. A pediatric 
GCS has been developed that provides age-appropriate 
responses for neurologic assessment (see Chapter 97).179 
The motor score of the GCS has a good predictive value 
for outcome after traumatic brain injury.180 Blood glu-
cose measurement is mandatory on the scene to rule out 
severe hypoglycemia.
Prehospital Management
infection. Bacterial meningitis accounts for approxi-
mately 30% of the children with meningeal irrita-
tion, whereas viral or aseptic meningitis is the cause in 
approximately 13% of cases managed by EMS provid-
ers.181 Identification of this potentially life-threatening 
disease is an important challenge for the prehospital 
provider. Independent predictors of bacterial menin-
gitis obtained from the patient’s history and physical 
examination are the duration of the primary complaint, 
history of vomiting, and meningeal irritation, cyano-
sis, petechial bleeding, and altered consciousness.182 
Airway management and fluid resuscitation may be 
necessary before transferring the child to a pediatric 
emergency department. If the diagnosis of bacterial 
meningitis is confirmed, then antibiotic prophylaxis of 
all individuals who had direct contact with the patient 
is mandatory.

seizures. Febrile seizures are the most common seizure 
disorder in childhood, occurring in 2% to 5% of children, 
typically between the ages of 6 months and 5 years.183 
Usually the seizure has already terminated when the 
EMS team arrives and the patient is in a postictal state. 
An antipyretic therapy may prevent a recurrence of the 
seizure.

To rule out other underlying conditions for a seizure 
such as hypoxia, intoxication, infectious reasons, meta-
bolic disorders, trauma, or heatstroke, the child should be 
hospitalized after the vital signs are stabilized. If seizures 
recur or are still ongoing (status epilepticus), then the 
initial assessment should follow the airway, breathing, 
circulation (ABC) principle. High-flow oxygen should 
be given and blood glucose tested. For those children 
in whom intravenous access can be immediately estab-
lished, a benzodiazepine such as lorazepam 0.05-0.1 mg/
kg should be given intravenously. If intravenous access 
cannot be rapidly established, then the rectal diazepam  
(0.5 mg/kg) (or intraosseous access) is a good alternative. 
A second dose of lorazepam (0.1 mg/kg) may be given if 
the seizure is recurring.184

TRAUMA

Among children, trauma is the leading cause of death 
between ages 1 and 18 years. Boys are more at risk than 
girls. More than 90% of injuries are blunt and 10% pen-
etrating. The prehospital approach in pediatric trauma, 
including patient evaluation and management, is very 
similar to adult trauma; therefore the focus of this text is 
limited to the pertinent differences between pediatric and 
adult traumas.

Because of the anatomic differences, children experi-
ence different injury patterns, compared with adults. 
Children have proportionately larger heads and are 
thus at a higher risk for head injury.185 Bone fractures 
involving the growing ends of bones are predominantly 
observed in children. Softer, more flexible ribs decrease 
the risk for rib fractures, yet increase the risk for pulmo-
nary contusion. The large body surface area predisposes 
children to hypothermia with all the associated negative 
consequences in trauma such as traumatic coagulopa-
thy. Prehospital management of a severely injured child 
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TABLE 82-1 DEFINITIONS IN DISASTER MEDICINE

Definition
Level of Prehospital Medical Care 
Possible Examples

Emergency Incident that demands urgent action
Impact: minutes to hours

Individual medicine Patient with bicycle accident
Stroke
Angina

Mass casualty Large number of casualties in a short period 
that initially exceeds local logistic support 
capabilities

Impact: hours to days

Triage
Increasing level of medical treatment 

dependent on resources

Airplane crash
Train collision
Mass poisoning

Disaster Large number of casualties and destroyed 
infrastructure; exceeds local response 
capabilities

Supraregional (national) forces are needed to 
solve the problem

Impact: damage and interruption may last 
long-term (weeks to years)

Triage
First aid
Significant delay until professional 

medical help is available, which 
is usually only after temporary 
infrastructure is set up

Hurricane
Earthquake
Tsunami
Nuclear disaster (e.g., 

Chernobyl)
is generally more challenging than that of a severely 
injured adult. Obtaining rapid intravascular access is dif-
ficult in a volume-depleted child, and prehospital provid-
ers often resort to intraosseous access in these instances. 
Airway management in a pediatric patient with trauma is 
also significantly more difficult compared with adults and 
carries a higher risk of complications such as esophageal 
intubation and severe hypoxemia.

THE ABUSED CHILD

Child abuse is common and poses a major challenge for 
prehospital providers.186 Typical injuries consistent with 
child abuse include injuries of different ages, atypical 
burns, abrasions and hematomas reflecting the form of 
the beating hand or instrument, shaken baby syndrome, 
and injuries at unusual locations (e.g., femur fracture in a 
toddler). A delayed or inconclusive patient history should 
arouse suspicion. The management goal is to guarantee 
the well-being of the child. In suspected cases of child 
abuse, the appropriate authorities must be informed and 
the child transferred to a hospital or another safe facility 
(also see Chapter 93).

PREHOSPITAL MASS CASUALTY INCIDENT 
MANAGEMENT AND DISASTER MEDICINE

Prehospital providers are often faced with incidents 
during which the number of patients exceeds the 
capabilities of the rescue squad or local rescue forces; 
examples are multiple vehicle accidents, fires, and train 
collisions. These incidents are called mass casualty inci-
dents and are defined as having an inadequate ratio of 
rescuers to victims. Mass casualty incidents are differ-
ent from disasters; the former can be managed by local 
and regional resources, whereas disasters can only be 
managed on a national level. Examples of mass casualty 
incidents are train collisions, and examples of disasters 
are hurricanes or large earthquakes or tsunamis (Table 
82-1). Paramount for both is that in these mass casu-
alty situations, the concept of triage must be used; that 
is, trying to save as many people as possible without 
being able to provide individual one-on-one care. 
This approach is necessary to identify those critically 
injured individuals who can benefit from immediate, 
life-saving interventions and to conserve resources187 
(also see Chapter 83).

The most important duty of the first team to arrive at 
the scene is to conduct a quick assessment of the scene 
including hazards, number of victims, and other perti-
nent aspects and to communicate this assessment rap-
idly to the EMS dispatch. During mass casualty events, 
the EMS dispatch is a crucial resource because it pro-
vides accurate and good communication that is required 
to mobilize adequate additional back-up resources. The 
initial phase of mass casualty incidents is often chaotic, 
and overreacting or underreacting is common. Frequent 
assessment errors include having multiple communica-
tors on site (38%), misidentifying the number of victims 
(56%), and having unclear information for the resource 
physician (43%).188 Prehospital triage information has 
been deemed appropriate in only one third of mass casu-
alty events.

Concurrent with the individual EMS provider and 
team’s rescue, triage, and treatment efforts, the EMS sys-
tem will deploy logistics, coordination, and communi-
cation teams to the scene of the mass casualty incident 
to provide on-site local command and control abilities. 
Typically, this on-site control involves triage areas, where 
EMS physicians often play an important role in coordi-
nating triage and medical treatment of the victims. In 
disasters such as hurricanes, national resources such as 
disaster medical assistance teams (DMAT) or National 
Guard troops are deployed.

In field triage, different strategies (Simple Triage and 
Rapid Treatment [START], CareFlight Triage, modified 
START) show comparable results in correctly identify-
ing the severely injured patients (Table 82-2). In most 
circumstances, triage cards are used to register and clas-
sify triaged patients (Figure 82-5). Triage implies constant 
reevaluation of victims as conditions of the victims and 
of available resources continually change.189 Patients 
whose injuries are so grave (i.e., traumatic cardiac arrests) 
that their prognosis is dismal are often classified as expect-
ant, and no further medical resources are diverted to their 
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TABLE 82-2 TRIAGE GROUPS IN MASS CASUALTY INCIDENTS

With the aid of triage tags or colored flags, the patients are sorted into four groups.

Triage Tag Assessment of Treatments Needed Types of Injuries

Green (minor) Minor injuries with no immediate need of treatment
Psychologic support is needed
Patients can walk

Wounds
Minor fractures

Yellow (delayed) Urgent treatment is needed
No vital threat is present

Fractures, joint injuries
Amputation, major blood loss
Burns

Red (immediate) Vital threat is immediate Respiratory insufficiency, shock
Brain trauma
Burns with immediate vital threat
Abdominal trauma

Black (expectant) Patients are dead or moribund Respiratory arrest, cardiac arrest
Head injuries with dismal prognosis

Figure 82-5. Triage tag, front and back, used in field triage. Patients are assigned to one of four categories, according to the severity of their 
injuries and the need for immediate intervention or rapid transport to a trauma center.
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care. Otherwise, these patients would likely consume 
large quantities of much-needed resources in a futile 
resuscitative effort.190 Adequately triaged patients are 
then either immediately treated on the scene or trans-
ported to a hospital. The goal is to not overwhelm the 
closest local hospital with all victims from the scene but 
to intelligently, appropriately, and efficiently transfer the 
victims to  multiple surrounding health care facilities.
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K e y  P o i n t s

 •  Disasters may be natural or human-made. Both types produce a surge of 
casualties that involve both anesthesia providers and intensivists.

 •  Of the range of natural disasters, earthquakes produce the most casualties 
requiring an emergency and anesthesiologic response.

 •  Natural disasters may affect anesthetic practice either directly, as a result of effects 
on hospital operation and resilience, or indirectly because of the workload from 
excessive casualties.

For more than 30 years, Miller’s Anesthesia has been recognized 
as the most complete single resource regarding modern anesthe-
sia. During these years, the expanding role and responsibility of 
anesthesia care have required a scholarly analysis of many aspects 
of medical care overall. In the seventh edition, the potential role of 
anesthesia in rare major threats to society resulted in David J. Baker’s 
chapter, “Chemical and Biological Warfare Agents: The Role of the 
Anesthesiologist.” This editor’s memory is imprinted with radio 
 accounts of the New York City and Washington, DC, September 11, 
2001 terrorist attacks and wondering if San Francisco would be the 
next target. That morning, I was in charge of the operating rooms, 
and I and others deliberated on how to proceed and whether to 
leave some operating rooms open—just in case. Fortunately, San 
Francisco was not hit, and our decision to carry on as usual with our 
operating room schedules proved to be the right one. This personal 
experience convinced me that this chapter was and continues to be 
necessary. My overriding premise, shared by the associate editors, 
was that although most anesthesia providers will never be exposed 
to a terrorist attack, they should be familiar with the basic principles 
of anesthetic care for those “just in case” scenarios.

When planning for this eighth edition, the editors concluded 
that the chapter in the seventh edition was excellent, but one 
major component needed to be added—the role of anesthesia 
in natural disasters such as earthquakes and tsunamis. Some 
areas are known to be susceptible to natural disasters (e.g., 
Chile with earthquakes, the Philippines with typhoons, or the 
Gulf Coast of the United States with hurricanes) and, as we 
have experienced more recently, other locations are subject 
to unexpected severe weather, floods, or fires. Because of the 
unpredictability and magnitude of these events, anesthesia 
providers can be caught off guard, and for many, it may be the 
first time they have been called on to provide anesthesia under 
the strenuous conditions in a natural disaster.

The editors have concluded that this revised and updated chap-
ter by the same author, David J. Baker, provides a global baseline 
of information for anesthesia providers who may be required to 
provide clinical emergency care in the face of these unexpected 
disasters and in locations with limited resources.

Ronald D. Miller
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PART V: Adult Subspecialty Management2480
INTRODUCTION

The exact definition of disaster medicine is difficult and 
depends not only on the event but the nature and num-
ber of casualties. The working definition used by the 
World Health Organization (WHO) is “a sudden ecologi-
cal phenomenon of sufficient magnitude to require exter-
nal assistance.” Such events can exceed a given response 
system.1 A better medical approach more suited to the 
impact of disaster on anesthesia is a potential mass injury 
or event that causes illness.1 This definition is gradu-
ally gaining acceptance. Eric K. Noji, MD, Consulting 
Medical Epidemiologist, Centers for Disease Control and 
Prevention at Johns Hopkins University, has suggested 
an alternative definition of disaster as “any commu-
nity emergency that seriously affects people’s lives and 
exceeds the capacity of the community to respond effec-
tively to the emergency.”2

Dr. Patrick Guérisse of the Emergency Department 
at CHU Brugmann-Brien, Brussels, has discussed several 
definitions of a medical disaster3 and suggests that the 
term should best be reserved for situations in which the 
social and medical infrastructure is so damaged by the 
event that it places extraordinary burdens on fundamen-
tal societal functions such as law and order, communica-
tion, transportation, and water and food supply.

CLASSIFICATION

Disasters can be classified as natural or human-induced. 
Both affect anesthesiology and intensive care in terms of 
the volume of casualties with both injuries and infection. 
Natural disasters occur regularly and involve mechanisms 
related to climate and seismic activity. Human-induced 
disasters, however, involve the accidental or deliberate 
release of toxic substances and pathogens, explosions, 
and fire. The anesthesiologic management of conven-
tional trauma and burns is considered in other sections 
of this book (see also Chapter 81). This chapter deals with 
the implications for anesthesia in natural disasters and 
of chemical and biologic agent release as human-induced 
disasters.

Natural disasters are events produced by meteoro-
logic and geologic causes. These events can sometimes 
happen with a certain degree of warning (e.g., hurri-
canes) or with little or no warning (e.g., earthquakes). 
Natural disasters occur in both developing and devel-
oped countries but the impact on poorer nations where 
the medical infrastructure is already fragile magnifies 
the effect.

Natural disasters include the following:

 •  Flooding
 •  Heat wave
 •  Fires
 •  Storms
 •  Tsunamis
 •  Earthquakes
  

Of these, earthquakes are the events that produce most 
casualties with mass physical trauma that requires an 
emergency surgical response.
RESPONDING TO NATURAL DISASTER

Natural disasters affect anesthetic practice either directly, 
because of effects on the local hospital service, or indi-
rectly, as a result of the excess flow of casualties to the 
degraded hospital facility. The consequences of natural 
disaster may affect services and infrastructure in developed 
and developing nations alike, but the effects in developing 
nations are usually greater and provide the biggest chal-
lenge for mounting an emergency medical response.

For anesthesia providers involved with foreign medical 
teams (FMTs) in nations with limited resources, special 
understanding and preparation are necessary for an effec-
tive intervention. Lind and associates4 defined a frame-
work necessary for FMTs to be regulated and organized. 
In the context of earthquakes, the authors define four 
phases of development.

 •  Phase 1 (approximately 72 hours): FMTs are not present; 
therefore, any aid has to be sourced locally during this 
acute phase.

 •  Phase 2 (4 to 21 days): FMTs arrive, establish services, 
and carry out operations for trauma. During the first 
weeks after an earthquake, trauma workload increases 
and nontrauma workload decreases.

 •  Phase 3 (4 to 12 weeks): A slow return to the usual burden 
of disease. FMTs are established by this phase, but the 
pressure of local health needs begins to predominate.

 •  Phase 4 (3 to 6 months): A gradual return occurs to 
normal functioning of the health services to predisaster 
levels. The length of time for return to normalcy depends 
on the magnitude and severity of the earthquake.

  

Within these phases of disaster, three levels of care are 
recognized:

 •  Basic (primary) and immediate emergency care
 •  Secondary (intermediate level of health care), which 

includes diagnosis and treatment in hospital
 •  Tertiary, which involves specialized highly technical 

care up to state-of-the art standards
  

Note that individual countries have very different lev-
els of care at the predisaster level. Within this framework 
a cycle of disaster onset, response, and recovery has been 
described.5

THE IMPACT OF NATURAL DISASTER 
ON THE WORK OF THE ANESTHESIA 
PROVIDER

Within the phases of disaster, anesthesia providers are 
involved as part of the emergency surgical response teams. 
The overall stages in the deployment of such teams are as 
follows:

 1.  Planning and training: Establishing techniques for the 
use of unfamiliar equipment that is not used in every-
day practice in developed nations

 2.  Response: The provision of anesthesia and high- 
dependency care at a field level

 3.  Recovery: Dealing with the chronic effects of trauma 
and reestablishing the normal local anesthetic practice
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In practical terms, natural disasters have considerable 
implications for the anesthesia provider, including the 
following:

 •  The impact on the normal social infrastructure: Natural 
disasters disrupt communications and essential services, 
such as water and power supplies. This disruption 
creates a challenging background through which 
emergency medical services, including anesthesia, must 
be mobilized before any organized medical response 
can be mounted. The 1995 Kobe, Japan earthquake 
effectively cut off access to the city’s main hospital by 
staff and casualties, because the hospital was located on 
a separate island from the city.6

 •  Effects on the prehospital response: After natural 
disasters, anesthesia providers may be involved in 
prehospital care as part of a standing emergency 
medical system (EMS), as in France, where the EMS 
is medicalized,7 or as part of an onsite surgical 
intervention to free entrapped patients.8 In addition, 
anesthesia providers may be required to provide high-
quality anesthesia for the severely injured in a field 
hospital, where facilities may be basic and often very 
different from those available in the normal place of 
work.

 •  Effects within the hospital: At the hospital, mass 
casualties will occur requiring initial emergency 
care and often early surgical intervention. Time for 
resuscitation, investigation, and preparation of such 
casualties for surgery is often limited, and resources 
may be stretched.

 •  Further management of casualties in critical care: 
The problems caused by natural disasters are further 
complicated by the need for the provision of 
postoperative critical and high-dependency care in 
normal hospital surroundings, which have themselves 
been affected by the disaster. The complex equipment 
in such units depends on power and gas supplies, all of 
which may be disrupted by the effects of the disaster. 
Nevertheless, critical care must still be provided for 
victims of both physical and toxic trauma alike.9

  

It is essential that emergency medical response by 
national teams be part of a coordinated international 
response, preferably at the request of the nation affected 
by the disaster. A piecemeal, “disaster tourism” approach 
with a short stay and no postoperative patient follow-up 
presents problems that have been highlighted by van 
Horning and colleagues.10

RESPONDING TO A NATURAL DISASTER: 
PRACTICAL CONSIDERATIONS

PREPARATION AND PLANNING

Anesthesia providers, including nurse anesthetists, will be 
involved in phase 2 of disasters as members of the field 
surgical teams. Planning and preparation of necessary 
equipment is essential, preferably as part of an existing 
special response plan that was established before a disas-
ter occurs. The Haiti earthquake of 2010 provided lessons 
for emergency responders, including that a coordinated 
thesia Provider in Natural and Human-Induced Disasters 2481

effective field response can be created quickly from a 
major academic center with no special planning for a 
disaster response in another country.11 In addition to 
the preparation logistics, the anesthesia provider must 
be familiar with the manifesting pathophysiology of 
victims of natural disasters, which include crush injury, 
penetrating and blunt trauma, acute lung injury, burns 
management, drowning, and near drowning. These are 
characteristics of the specialty of disaster medicine.12

TRAINING

Apart from the need for disaster management planning, 
EMS teams require special training and experience on the 
available equipment used in disaster situations and the 
techniques involved in anesthetic care, which are very 
different from those used in everyday practice in devel-
oped countries. For those with military and humanitar-
ian aid experience or who have worked in developing 
nations where facilities are often basic, the transition 
to emergency circumstances will be familiar. However, 
many anesthesia providers have never worked outside the 
setting of a sophisticated modern hospital with facilities 
and abilities to support complex high-technology equip-
ment. This group will require training that familiarizes 
them with the relatively basic equipment and facilities of 
field anesthesia.

The practical aspects of field anesthesia are discussed 
later in this chapter.

PREHOSPITAL ON-SITE EMERGENCY CARE

Anesthesia providers may be involved in the onsite man-
agement of casualties. This may be as a result of entrap-
ment (such as after earthquakes and collapsed buildings) 
in which anesthesia may be required for extraction (emer-
gency amputation). Usually, specialist teams are deployed 
for this purpose. In France, special teams that are part of 
the prehospital emergency response system, the Service 
d’Aide Médicale Urgente, are deployed for disaster man-
agement as part of their national policy of bringing the 
hospital to the patient.13 The equivalent in a paramedical 
system is the United Kingdom’s Hazardous Area Response 
Team and Urban Search and Rescue Teams (USARs),14 
which can be supplemented by medical teams as required. 
Also, military medical teams are usually qualified. Such 
teams are able to provide immediate triage; assessment; 
and medical care, including surgery.

EARTHQUAKES: A SPECIAL DISASTER 
SITUATION

Earthquakes are a major cause of death and injury. Over 
1 million deaths as a result of seismic activity have been 
recorded over the past 40 years.15 Earthquakes affect both 
developed and developing nations, and in both cases 
social and medical infrastructure are affected. The effects 
on developing nations with an often fragile infrastructure 
are potentially greater. Earthquakes are sudden-impact 
disasters that strike quickly and without warning. These 
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are caused by shifts in the plates that form the crust of 
the earth, known as tectonic plate shift. Where plates 
meet, fault lines occur that determine the sites of poten-
tial earthquakes.16

The factors affecting the outcome of an earthquake are 
as follows16:

 •  Strength of the earthquake
 •  Degree of planning and preparation
 •  Local geologic conditions
 •  Building design
 •  Demographics: Many densely populated areas exist 

along fault lines
  

The strength of an earthquake is measured using the 
Richter scale. This scale is logarithmic between 1 and 10. 
A change of one unit on the Richter scale is equivalent to 
a 10-fold change in ground motion and a 32-fold change 
in radiated energy. Earthquakes are measured using 
instrumentation, observation of human effects, or both. 
Earthquakes above 5 on the Richter scale cause dam-
age. Those above 7 are regarded as major earthquakes. 
The 2011 northern Japan earthquake registered 8.9 on 
the Richter scale and triggered a massive tsunami with 
30-foot waves that swept inland for 3 miles resulting in 
the loss of 15,000 people and creating a nuclear melt-
down at Fukushima.

THE PREHOSPITAL RESPONSE AFTER AN 
EARTHQUAKE

Earthquakes can cause injury from the direct effects of 
the release of energy leading to structural damage and 
secondary effects from sequelae such as fires, landslides, 
floods, tsunamis, and the release of toxic substances. 
Also, health care facilities may be damaged. They must be 
inspected immediately, before care is given.

The key problems in prehospital casualty management 
are as follows:

 •  Hospital autoreferral: Earthquake casualties who 
are not trapped often take themselves to the nearest 
hospital, which can rapidly overwhelm the available 
medical facilities. At times, inappropriate referral (e.g., 
many patients without significant injury may autorefer 
to major trauma centers), leads to the inappropriate use 
of resources.17

 •  Communications: Early breakdown or overload of 
standard communications systems such as mobile 
telephones and the internet may occur. Often an 
overreliance on these systems is seen, and they have 
not proved resilient under disaster conditions. A further 
identified problem is the lack of standardization of 
radiofrequencies among emergency responders.

 •  Transportation and social infrastructure: Earthquakes 
may cause direct effects on links to major regional 
hospitals as was the case in the 1995 Kobe earthquake.7 
In addition, in poorer countries, airport and air traffic 
capacities may rapidly be overrun as in the 2010 Haiti 
earthquake.18 This had a major impact on teams trying 
to enter the country to provide emergency medical help.

 •  Entrapment: Most of the fatalities from earthquakes 
are a result of injury from collapsing buildings or 
entrapment in the ruins. Death rates rise 67-fold and 
injury rates rise 11-fold for trapped victims in contrast to 
those not trapped but injured. Ninety percent of deaths 
in earthquakes occur as a result of structural collapse.19 
Survival rate decreases with entrapments longer than 24 
to 48 hours after the earthquake. A study of more than 
3000 earthquake survivors after the 1980 earthquake in 
Irpinia, Italy showed that 93% of those who were trapped 
and survived were extricated within the first 24 hours. In 
contrast, 95% of those who died did so before they could 
be extricated.20 The provision of advanced life support 
in airway, ventilation, and circulatory management 
is an essential part of the primary rescue response for 
casualties. In entrapment cases, the anesthesia provider 
not only administers anesthetics but also general 
anesthesia and sedation to aid extrication.

 •  Triage: Triage of earthquake casualties is essential, 
particularly in settings where medical care is limited. 
Several systems of triage have been developed, and the 
anesthesia provider should be familiar with these. Of 
these, the Simple Triage and Rapid Treatment (START) 
system is probably the most familiar and has been 
evaluated.21 This system emphasizes essential lifesaving 
measures, but rescuers are instructed not to provide 
any definitive care procedures at the scene.

 •  Delays in the delivery of emergency care: Many victims 
from earthquakes die because of delays in the delivery of 
lifesaving emergency medical care. Special urban search 
and rescue teams (USARs) have now been set up around 
the world and are ready for immediate response in their 
home country and for rapid deployment elsewhere. 
The problem still remains in the delays associated 
with dispatching the teams. Studies have shown that 
USAR teams require 24 hours for deployment within 
the United States and longer for international missions. 
As an example, the first U.S. team to deploy in Turkey 
after the 1999 earthquake required 48 hours to begin 
operations.16

HOSPITAL RESPONSES

Earthquakes have a direct impact on hospital services,. 
aggravating an initial imbalance of demand for medical 
care and surge capacity,7 particularly evident in a devel-
oped country, Japan, with the 2009 Kobe earthquake.7 
All operating services are disrupted, including anesthesia, 
with loss of power, water, piped gas supplies, and inter-
net technology systems. Most major hospitals around 
the world now have a general disaster plan. For hospitals 
within earthquake zones, this plan should be specially 
modified. It is important that hospital sustainability be a 
part of any disaster plan.

Other major obstacles delaying the immediate response 
in hospital include being able to contact off-site staff and 
arranging their transportation to the facility.

PATIENT MANAGEMENT

In both the developed and developing nation settings, 
a patient identification and tracking system should be 
started as soon as possible. In the early stages, identifica-
tion numbers may have to be assigned until true identities 
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can be established. Anesthesia providers and surgeons 
should be aware of the patient flow pattern to hospital, 
to plan the best use of operating facilities. The following 
pattern of patient flow to hospital is described by Schutz 
and Deynes.16

 •  Thirty to 60 minutes after the tremor: Walking 
wounded with minor injuries and lacerations. These 
patients should be quickly evacuated to an observation 
area. Treatment should be postponed until a more 
detailed appraisal is available.

 •  More than 60 minutes after the tremor: Victims with 
more serious injuries such as crush. These patients 
will be accompanied by paramedical staff or other 
emergency medical responders and may have received 
some treatment in the prehospital zone. This wave of 
casualties may rapidly overwhelm the available hospital 
resources, and further triage is essential at this stage. 
The START system mentioned previously will not 
discriminate between those injured who will consume 
large quantities of limited supplies and those whose 
prognosis will remain poor, despite aggressive treatment. 
To overcome this problem a modified system of triage, 
Secondary Assessment of Victim Endpoint (SAVE), has 
been introduced. The objectives of this system are to 
reduce victim mortality and ensure that resources will be 
allocated only to those who will benefit from them.22

SPECIFIC INJURIES AND ANESTHETIC 
IMPLICATIONS

Earthquakes will produce a wide range of traumatic 
injury. Major injuries include skull fractures and intra-
cranial hemorrhage, spinal injuries, and intraabdominal 
and pelvic trauma. Studies of previous earthquakes have 
revealed the following major medical complications of 
trauma:

 •  Hypothermia
 •  Wound infection
 •  Gangrene
 •  Sepsis
 •  Acute respiratory distress syndrome (ARDS)
 •  Exacerbations of chronic pulmonary disease, such as 

asthma
 •  Myocardial infarction
 •  Multiple organ failure
 •  Crush syndrome
  

Crush injuries are a major cause of fatality after earth-
quakes. The mortality from crush syndrome among those 
requiring renal dialysis may reach 40% or more.23

The following life-threatening conditions may arise as 
a result of crush injury:

 •  Hypovolemic shock
 •  Lactic acidosis
 •  Rhabdomyolysis
 •  Acute renal failure
 •  Hypocalcemia
 •  Hyperkalemia
 •  ARDS
 •  Disseminated intravascular coagulation
 •  Fatal cardiac arrhythmias
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The possibility of hyperkalemia is of particular impor-
tance given the need in some cases for rapid sequence 
intubations using suxamethonium (succinylcholine).

FIELD ANESTHESIA

Natural disasters can challenge anesthesia providers 
because of the need to manage large numbers of casual-
ties over a short period. In essence, standard anesthetic 
practice has to be followed but in an abbreviated and sim-
plified format in terms of assessment of the patient and 
the anesthetic techniques used.

RESUSCITATION AND TRIAGE

Disaster anesthesia providers must be familiar with sys-
tematic standardized trauma management systems (e.g., 
Advanced Trauma Life Support [ATLS]),24 which are used to 
provide a unified system of care to the victims. Box 83A-1 
presents the conventional guidelines for resuscitation and 
triage of mass casualties (also see Chapters 81 and 108).

PREOPERATIVE ASSESSMENT

History
In the management of mass casualties in the field, a basic 
and consistent system of preoperative anesthetic manage-
ment is required. If the patient is conscious, a rapid history 
can be taken following the AMPLE mnemonic, as follows11:

 •  Allergies/Airway problems
 •  Medications (either taken or given on site)
 •  Past medical history
 •  Last meal
 •  Environment/event
  

Every patient to undergo emergency anesthesia in the 
field must be considered to have a full stomach. Injury 
causes delayed gastric emptying, and normal gastric clear-
ance times may not be appropriate.

Resuscitation

Airway maintenance with cervical spine protection
Breathing and ventilation (including the management of chest 

injury)
Circulation with control of hemorrhage
Disability or neurologic status (AVPU scale)
Exposure (undress the patient for full examination of primary 

and secondary injuries)
Environment (avoidance of hypothermia and security of the 

working area)

tRiage

P1 Requiring immediate lifesaving surgery
P2 Surgery can be delayed up to 2 hours
P3 Ambulant injured: Treatment can be delayed by several hours
P4 Expectant

BOX 83A-1 Primary Responses for Casualties 
of a Natural Disaster

AVPU, Acronym for alert, voice, pain, unresponsive.
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Physical Examination
Little time may be available for a complete physical 
examination of the patient before anaesthesia. Instead, 
an abbreviated essential examination should be used as a 
basic response. This examination involves the following:

 •  Measurement of vital signs
 •  Airway evaluation
 •  Examination of the heart and lungs
 •  Evaluation of hemorrhage and hypovolemia
 •  Assessment of chest, abdominal, and other injuries

FIELD ANESTHETIC EQUIPMENT AND 
TECHNIQUES

Sophisticated anesthetic workstations typical in developed 
nations are unlikely to be available or usable at or near the 
disaster site because of damage to the infrastructure. There-
fore, the need exists to be familiar with basic anesthetic 
equipment designed to work in extreme conditions and 
equally basic and safe anesthetic techniques. Resources 
such as bottled gases and power may be in very short sup-
ply or nonexistent, so equipment must be used that takes 
this into account. Anesthetic equipment to be used in nat-
ural disasters must meet the following standards:

 •  Simple to operate
 •  Rugged and reliable
 •  Easily transportable
  

Anesthesia providers in the nineteenth century used sim-
ple inhaled anesthetic techniques that could be used in the 
hospital or outside. Field anesthetic equipment has devel-
oped along the lines of simplicity and preservation of the 
approaches of the early anesthesia providers. Development 
has been driven by the military, which has a requirement to 
provide safe general anesthesia in battlefield surroundings.25 
However, providing care in remote areas away from main-
stream hospitals presents problems because many anesthetic 
providers do not have the experience with the equipment or 
techniques of field anesthesia; also, the equipment used is 
absent from standard hospital practice and thus, providers 
are not likely to have acquired necessary skills.

USING FIELD ANESTHETIC EQUIPMENT

Field anesthetic equipment sets should be assembled and 
used for training before disasters occur. This practice may 
raise complications with current hospital procedures and 
regulations where the daily practice is to use sophisticated 
modern equipment. However, it is necessary that anes-
thesia providers be completely familiar with the equip-
ment and adept at field techniques before deploying to 
the site of a disaster.

Field anesthetic equipment sets should contain at min-
imum the following items:

 •  Torches and emergency lighting
 •  Airway management
 •  Handheld wide-bore suction device
 •  Laryngoscopes: Conventional and visualization 

devices (see also Chapter 55)
 •  Endotracheal tube and laryngeal mask airway
 •  Cricothyroidotomy sets
 •  Essential monitoring
 •  SpO2, electrocardiogram, end-tidal carbon dioxide, 

and noninvasive blood pressure monitoring devices. 
These devices are available in a portable form suitable 
for use in field anesthesia.

FIELD ANESTHESIA SYSTEMS

A number of field anesthetic systems have been devel-
oped (see also Chapter 29). Only two will be mentioned 
here as representative of the origins and development of 
field anesthesia. The British Triservice anaesthetic appara-
tus (TSA) was developed over 35 years ago (Fig. 83A-1). In 
its simplest form, the circuit relies on draw-over of air as a 
carrier gas. Originally two vaporizers containing trichlo-
roethylene and halothane were placed in series. Oxygen 
from a compressed source was supplemented via a regu-
lator and a T-piece. Later the circuit was modified to be 
used in a ventilatory mode with a self-inflating bag placed 
distal to the vaporizers. The discovery in 1992 that the 
vaporizers performed equally well in the draw-over and 
plenum modes allowed the circuit to be modified with 
a portable ventilator driving air across a single vaporizer 
containing isoflurane.

The TSA anaesthetic apparatus achieved great success, 
notably during the Falklands War26 and is still widely 
used around the world. However, it suffers from the dis-
advantage that the Oxford Miniature Vaporiser 50 (OMV 
50, Penlon, Abingdon, United Kingdom) cannot be used 
with modern anesthetics such as sevoflurane because of 
the physical characteristics.

A more recent field anesthetic system that uses stan-
dard plenum vaporizers is the Magellan machine (Oce-
anic Medical Products, Atchison, Kan.) (Fig. 83A-2). 
The Magellan can supplement the level of O2 in the 
anesthetic gas using a bottled source or an O2 con-
centrator. In this way, precious gas resources are con-
served. The main driving gas used in the system is again 
air, but there is a field anesthetic ventilator (ComPac, 

Figure 83A-1. The British Triservice anaesthetic apparatus (TSA). The 
TSA achieved great success, notably during the Falklands War.
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Pneupac, Smiths Medical International, Luton, United 
Kingdom) built-in that can run from a variety of power 
sources, including a 28-V vehicle supply (Fig. 83A-3). 
This turns the Magellan into a plenum system using 
standard vaporizers without the need for a compressed 
gas supply

ANESTHETIC TECHNIQUES FOR USE IN 
NATURAL DISASTERS

No set rules exist for which technique of general anesthe-
sia should be used in disasters. The following factors are 
used in making the choice:

 •  Familiarity of anesthesia providers with basic equipment 
and the ability to train on it in their standard daily 
practice

 •  Circumstances and infrastructure
 •  Availability of anesthetics and equipment that are 

found in both the developed world and developing 
nations and, therefore, are familiar to anesthesia 
providers who may find themselves responding to 
disasters in developing countries

 •  Considering the potential workload and the 
requirement in mass casualty management to provide 
the greatest good for the greatest number

  

In general, in extreme disaster conditions only a limited 
role exists for local analgesic procedures and for epidural 
and spinal anaesthesia given the collapsed preoperative 
condition of many of the patients and the nonsterile 
conditions that often apply. However, in some situations, 
regional anesthesia techniques have been used success-
fully before general anesthetic capability is established.27

All patients receiving field general anesthesia should be 
regarded as having a full stomach; therefore, a full rapid 
sequence induction of anesthetics is required followed 
by tracheal intubation. Thereafter, a balanced technique 
should be employed with muscle relaxant, opioid, and 
ventilation. The actual choice of anesthetics to be used 
will depend on circumstances and national availability. 
Drugs requiring refrigerated storage (e.g., suxametho-
nium chloride/succinylcholine) may not be usable, and 

Figure 83A-2. The Magellan anesthesia machine. (Courtesy Pneupac 
Ventilation, Smiths Medical International, Luton, United Kingdom.)
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alternatives that are stable at room temperature should 
be sourced.

The anesthesia technique should be designed to mini-
mize the time spent in postoperative recovery and should 
aim for awake extubation of the trachea at the end of the 
surgery. Sufficient analgesia should be given until this 
can be continued by nursing care.

Anesthesia providers working in developing nations 
may find that modern anesthetics with suitable rapid 
induction and emergency profiles may not be available, 
even in normal practice. Here basic inhaled anesthetics 
such as ether or halothane, often long since discarded 
in developed nation practice, may be in daily use. A 
revision of the properties of such anesthetics should 
therefore be part of disaster training for anesthesia 
providers.

INDUCTION OF GENERAL ANESTHESIA IN 
FIELD ANESTHESIA

The use of intravenous anesthetics depends on availabil-
ity and experience. Propofol, which has achieved domi-
nance over intravenous barbiturates such as thiopental in 
recent years, may not be the ideal drug of choice in disas-
ter settings. It is dispensed in solutions that can easily 
become contaminated in the potentially nonsterile con-
ditions that may prevail in disaster management. How-
ever, where circumstances of sterility and storage permit, 
propofol may be appropriate for rapid procedures such as 
wound dressing change and burn debridement. Because 

Figure 83A-3. The CompPac portable gas-powered emergency and 
transport ventilator for use in contaminated environments. (Courtesy 
Pneupac Ventilation, Smiths Medical International, Ltd, Luton, United 
Kingdom.)
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of cost, propofol may not be readily available in certain 
developing nations.

Ketamine, a short-acting but potentially hallucino-
genic anesthetic that has been in service for several 
decades, still remains one of the most useful and safe 

advantages

Can be given intramuscularly or intravenously as a bolus or 
infusion

Stable and does not require refrigeration
Basic airway management often can be used with the need for 

assisted ventilation
Bronchodilator
Analgesic
Rapid recovery

disadvantages

May be associated with laryngospasm
Increased secretions
Risk for emergence hallucinations (author’s note: These are rare 

in extreme disaster conditions and with children, and they can 
be controlled using benzodiazepines)

duRation of anesthesia

Clinical effect up to 30 minutes from bolus depending on dose
Elimination half-life: 2 to 3 hours

dosage (adult)

Intravenous induction dose: 1 to 2 mg/kg
Maintenance doses: 0.1 to 0.5 mg/min or half the initial 

induction dose
Continuous infusion: 10 to 30 mcg/kg/min

BOX 83A-2 Properties and Administration 
of Ketamine
anesthetics for field anesthesia. Its properties and use are 
shown in Box 83A-2.

VENTILATION IN THE FIELD AND WHERE 
HOSPITAL FACILITIES ARE DISRUPTED

Ventilation in the austere conditions that surround 
disaster requires planning before entering the situation. 
Ventilation is required as part of emergency balanced 
anesthesia and for postoperative care in some cases. Con-
sideration must be given to the use of ventilators that are 
suitable for disaster conditions where main power and 
compressed gas supplies may be absent. Most hospital 
ventilators, including those in anesthetic workstations, 
are not suitable for this setting.

Anesthesia providers should therefore be familiar with 
portable gas or battery-powered ventilators suitable for 
use in disaster conditions. A wide range are available, and 
the following factors are important to consider: (1) Famil-
iarity. Is the device used or known in standard practice? 
(2) Simplicity of operation. Does the ventilator have the 
absolute essentials for field use? In disaster anesthesia, 
most ventilation is part of balanced anesthesia to ensure 
a rapid recovery and throughput of cases. Thus, com-
plex ventilation modes used in hospital practice are not 
required. Pneumatic portable ventilators that offer flow 
generation, time cycling, and preset volume delivery have 
been tried and tested in field conditions and have been 
widely used by the military in recent battlefield opera-
tions. The Pneupac ComPac ventilator (Pneupac Venti-
lation, Smiths Medical International, Luton, UK) shown 
in Figure 83A-3 is a good example of a device that will 
function without the requirement for compressed O2 and 
with a variety of field available power sources.28
K e y  P o i n t s

 •  The management of chemical and biologic warfare (CBW) injury is a continuing 
process from the site of release to the hospital. The anesthesia provider may be 
involved at all stages from the provision of essential early life support through 
intensive care unit care.

 •  CBW management requires advanced life support and other specialized skills that 
are part of the anesthesia provider’s sphere of operation.

 •  CBW injury should not be approached in isolation from the many clinical lessons 
that already exist from accidental hazardous materials (HAZMAT) releases and 
natural epidemic infections. CBW release poses a risk to the medical responder, 
and he or she should be trained and equipped to operate safely in a contaminated 
or infected zone.

 •  Chemical and biologic hazards form part of a continuous hazard spectrum. Agents 
from different parts of the spectrum may have common effects on susceptible 
somatic systems. Because detection of a released agent may not be immediate, 
response should be passed on presenting signs and symptoms and may require 
the provision of life support.

83B The Role of the Anesthesia Provider 
in Chemical and Biologic Warfare Injuries
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K e y  P o i n t s — c o n t ’ d

 •  Each hazard in the spectrum has four key properties: toxicity, latency, persistency, 
and transmissibility. The first two determine the management of the patient, and 
the second two determine the management of the incident.

 •  A wide range of suggested potential hazards (often loosely described as threats) 
have been suggested in a climate of apprehension because of the possibility of 
terrorist attack. On the basis of preexisting military and intelligence information, 
these potential hazards can be refined down to provide a framework of genuine 
hazards and management protocols that can be applied across the hazard 
spectrum.

 •  CBW agents should not be regarded medically as weapons of mass destruction; 
instead, they are agents that may cause mass injury. Early life support and specific 
therapy can break the link between mass injury and mass loss of life.

 •  Most of the toxic hazards likely in civil life are part of the U.N. HAZMAT classification. 
Planning for accidental industrial releases is relevant to the management of 
deliberated CBW release.

 •  Toxic agents have been used in both military and civil releases over the past 
35 years and currently should be regarded as a potential terrorist threat.

 •  Management of exposed patients depends on the protection of medical 
responders, early provision of life support, and specific antidote and antimicrobial 
therapy. Decontamination of patients may cause delays in starting treatment 
and is not always necessary. Essential advanced life support for acute toxic injury 
(TOXALS) should be given during decontamination if required. Mass ventilation 
capability in the hospital is important in the management of respiratory failure 
from accidental and deliberate chemical and biologic causes.

 •  Military chemical warfare agents, such as nerve agents, vesicants, pulmonary 
edemagens, cyanides, and certain toxins, pose the greatest hazard in civil releases. 
Many industrial chemicals are equally hazardous.

 •  Classic biologic warfare agents, such as anthrax and plague, manifest as a 
deliberately induced epidemic with far longer latencies than chemical warfare 
attack. Anesthetic involvement is usually at the intensive care stage.

 •  Lessons learned from the current fears of deliberate toxic release will have value for 
the management of the increasing number of accidental individual and mass toxic 
exposures that form the greater risk for human life in the twenty-first century.
INTRODUCTION

Until recently, the effects of exposure to chemical and 
biologic warfare (CBW) agents was a remote area of clini-
cal practice that concerned military specialists, microbi-
ologists, and toxicologists. Since the World Trade Center 
attack in New York City in September 2001, the level of 
concern has increased about the possible impact of CBW 
agents released by terrorists on a civilian population. 
The attacks in London in July 2005 involved the use of 
high-explosive devices in a confined space. Toxic effects 
occurred, and the use of a chemical device by the terrorists 
was considered by the emergency responders. Anesthesia 
providers from the helicopter emergency service were 
among the first to treat the injured onsite.29 With the con-
tinuing real threat of the use of CBW agents by terrorists, 
anesthesia providers have become more involved in the 
prehospital and hospital management of CBW injuries. 
As a result, CBW casualty management, previously domi-
nated by considerations of toxicity and pathogenicity, 
now includes considerations of modification of outcome 
by provision of early and continuing life support.

This section discusses the anesthesia aspects of man-
agement of casualties who may have been injured or 
infected after a deliberate exposure to CBW agents. 
Important lessons for management of CBW incidents 
can be taken from plans for accidental toxic releases. In 
some countries, anesthesia providers are part of the initial 
emergency medical response and are trained in the essen-
tials of personal protection and decontamination.30 They 
also may be involved in the initial reception of contami-
nated casualties at the hospital itself, particularly when 
autoreferral occurs.31 Casualties with toxic injuries also 
may have conventional injuries requiring surgery, and 
this brings a whole new dimension to the management 
of operative anesthesia, modified by the effects of a toxic 
agent. Finally, many of the victims from a CBW attack 
require immediate and long-term ventilation and other 
intensive care, which is an area in which anesthesia pro-
viders and intensivists are actively involved.
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In this chapter, the nature and management of chemi-
cal and biologic hazards will be approached first by con-
sidering their definition and classification and second by 
discussion of the properties of key representative agents 
in terms of pathophysiologic effects. A wide range of 
potential CBW hazards exist that have been the sub-
ject of exhaustive literature, and it is not the intention 
here to repeat specialized information. Instead, key fea-
tures of representatives of various classes of hazard are 
discussed from the standpoint of anesthetic and inten-
sive care practice. Finally, the practical aspects of the 
involvement of the anesthesia provider and intensivist 
in management of CBW agent release will be considered. 
This discussion covers the management of the patients 
and safe operation during the incident, including detec-
tion of release, protection of responding personnel, and 
decontamination.

APPROACHES TO THE LITERATURE

Many different specialties—both scientific and clinical—
have been involved in the study of CBW for over a cen-
tury. The literature is very extensive and covers a wide 
clinical range. Of the specialties involved, toxicology, 
microbiology, and occupational health have been the 
most dominant and have left their particular influences. 
Much of the literature relevant to CBW agents predates 
the Medline era and is not readily accessible from this 
source. Fortunately many reviews and books exist, par-
ticularly in the exhaustively studied area of choliner-
gic transmission, which makes the careful and relevant 
work of early researchers still easily accessible to modern 
anesthetists.32-38 The reader is advised to consult these 
resources to gain a working background of the nature of 
CBW agents.

EVIDENCE-BASED STUDIES

The study of CBW agents in humans has been less exten-
sive than human studies in other areas of clinical medi-
cine. This is understandable because prospective studies 
that involve exposure of human subjects either willingly 
or otherwise have been strictly controlled or proscribed 
by international convention. Despite this, a large amount 
of information exists in the literature from early clini-
cal volunteer studies and from accidental exposures to 
chemical warfare agents and many unpublished or previ-
ously inaccessible reports are now openly available.36 In 
the biologic warfare field, recent reviews are available,39-41 
along with valuable continuing clinical study in the par-
allel field of accidental (rather than deliberate) infection 
together with literature on the development of antimi-
crobial and antiviral agents, which is of immediate rel-
evance to biologic warfare release.

SECRECY

Although considerable information about the patho-
physiology and management of CBW cases exists in the 
open literature, it is highly likely that far more informa-
tion is still classified by governments involved in the 
subject and is not easily accessible.36 Nevertheless, much 
historical information is available from time-declassified 
government sources42 and from searching the sources 
provided by the Freedom of Information Act in the United 
States. Other nongovernmental organizations, such as 
the Stockholm International Peace Research Institute, 
have published extensive information, although this 
information may have a political bias.43 By far the most 
research on CBW agents was carried out by the Soviet 
Union (Union of Soviet Socialist Republics [USSR]) during 
the Cold War, and large amounts of this remain unpub-
lished. However, Soviet scientists involved in programs 
such as Mikrobioprom44 and the application of genetic 
engineering to CBW openly published many articles on 
techniques; these can be accessed through the databases 
because the major part of the Soviet program started after 
the signing of the 1972 biologic warfare Treaty,45 which 
led to the discontinuation of biologic warfare research by 
the West.

DEFINITIONS

CLASSIC DEFINITIONS OF CHEMICAL AND 
BIOLOGIC AGENTS

The accepted classic definition of a chemical warfare 
agent is a chemical substance that is intended for use in 
military operations to kill, seriously injure, or otherwise 
incapacitate people through pathophysiologic effects.46 
Traditionally, riot control agents and herbicides were 
excluded from this definition, although they have fre-
quently been used in a way that would be compatible 
with the definition of a chemical warfare agent. Biologic 
agents were defined by the 1972 biologic warfare treaty 
as living organisms, whatever their nature, or infective 
material derived from them, intended to cause disease or 
death in humans, animals, or plants.45 Toxins, which are 
essential part of the pathophysiologic process in bacterial 
infection, were excluded from the biologic warfare treaty 
and are regarded essentially as chemical agents.

THE CHEMICAL-BIOLOGIC HAZARD 
SPECTRUM

Although chemical and biologic agents have tradition-
ally been separated, it is appropriate medically to regard 
them as part of a continuous spectrum of hazards; this 
is shown diagrammatically in Figure 83B-1.47 Agents in 
Figure 83B-4 are arranged in ascending order of molecular 
weight through chemical toxic agents through to self-rep-
licating agents such as bacteria and viruses, on the right. 
The spectral approach to hazards is useful in emphasizing 
that agents from different parts of the line act in a similar 
way on the body. The failure of the neuromuscular junc-
tion caused by nerve agent anticholinesterases and botu-
linum toxin is a good example. Bacteria exert their toxic 
effects through toxins that may affect various somatic 
systems. The spectral approach serves as a reminder that 
medical management of CBW injury should respond pri-
marily to system dysfunction rather than to specific etio-
logic factors.
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Low molecular weight High molecular weight

Lung-damaging 
agents Toxins Viruses

Nerve agents
Vesicants

Cyanogens
Neuropeptides Bacteria

Figure 83B-1. The chemical-biologic hazard spectrum. Agents originally classified as chemical or biologic are arranged in order of ascending 
molecular weight. Toxins, originally classed as biologic agents, occupy the middle of the spectrum, together with neuropeptides, which normally 
act as transmitters in the central nervous system. These agents, sometimes called agents of biologic origin, can be synthesized using genetic engi-
neering techniques. (Modified from Baker DJ: Anesthesia in extreme environmental conditions. Part 2. Chemical and biological warfare. In Grande CG, 
editor: Textbook of trauma anesthesia and critical care, St. Louis, 1993, Mosby–Year Book, p 1331.)
ESSENTIAL PROPERTIES OF CHEMICAL 
AND BIOLOGIC WARFARE AGENTS

The four essential properties of hazards within the CBW 
spectrum are toxicity, latency, persistency, and trans-
missibility.38 These four characteristics are common to 
both chemical and biologic agents and determine the 
degree of risk and the appropriate response. Toxic effects 
of CBW agents appear to have a specific latent period. In 
general, chemical agents and toxins have short periods 
of latency before the appearance of specific signs and 
symptoms. In contrast, classic biologic warfare agents 
have extended latency periods (usually familiar as incu-
bation periods) before the effects of the induced disease 
begin to appear. Persistency relates to the ability of a 
toxic agent to remain in the environment into which it 
was released and is a function of the physicochemical 
properties of the agent. For chemical agents, the persis-
tency may vary, but for most biologic warfare agents, 
with the exception of spore-forming agents such as 
anthrax, persistency is usually very short. Finally, trans-
mission of a hazard may take place as a result of the 
physical contamination of the victim from a persistent 
chemical agent or as a result of infection in the case of 
an airborne agent. Chemical transmission can be con-
tained by decontamination, but biologic warfare agent 
transmissibility is more difficult to control because of 
continuing activity.

In summary, toxicity and latency determine the 
management of the casualty, and persistency and trans-
missibility determine the management of an incident 
involving the release of a CBW agent.

TOXICITY AND ITS MODIFICATIONS

Toxicity is usually expressed in terms of median lethal 
dose (LD50) or LCt50, where C is the concentration of 
agent inhaled for time (t) required to produce lethality 
in 50% of the exposed population. LD50 usually relates to 
toxicity via injected routes. In the case of most chemical 
agents, the inhaled route is usual, so expressions of con-
centration and time are used.

Haber defined a lethality coefficient as follows:

 W = C × t  

where C is the inhaled concentration of toxic agent 
and t is the time of exposure. In practice, the absorbed 
amount of agent depends on the respiratory minute 
volume of the exposed person. This is just one factor 
modifying the expression of toxicity. Others include life 
support responses in the case of respiratory failure and 
the effects of antidotes. The reader is referred to special-
ized texts for a more detailed discussion.36

THE NUCLEAR, BIOLOGIC, AND CHEMICAL 
WEAPONS CLASSIFICATION

Since the end of World War II, nuclear, biologic, and 
chemical weapons have by convention been classified 
together as “NBC” agents, giving rise to a new subsec-
tion of warfare, which was developed by both sides dur-
ing the Cold War. Although all three components are 
“toxic,” the classification ignored the very intense level 
of physical damage caused by nuclear explosions. Over 
the years, the term weapons of mass destruction (WMDs) 
has been applied to NBC agents, although the term was 
originally used by the United Kingdom at the end of 
World War II.42 Recently, the term NBC has been altered 
to reflect the threat perception from the use of explosive 
devices that can spread radioisotopes (rather than cre-
ate them as in a fission process) into chemical, biologic, 
radiologic, and nuclear (CBRN) hazards. CBW agents 
are defined by their effects after mass release on large 
populations. The term is not usually applied to the use 
of such agents for individual or small group poisonings.

MYTH AND REALITY OF CHEMICAL AND 
BIOLOGIC WARFARE AGENTS AS WEAPONS 
OF MASS DESTRUCTION

At the end of World War II, the Tizard report42 appeared, 
which looked at the future potential of nuclear and bio-
logic weapons, both of which had been used during that 
conflict. The term weapons of mass destruction appears to 
have been used for the first time in this report because it 
was thought that both agents would cause mass loss of 
life. Chemical weapons were added to this group during 
the 1950s, when the equilibrium of international power 
depended on analysis of the possession of the three WMD 
agents. In retrospect, however, the WMD classification is 
(at least medically) inappropriate. Consideration of the 
events of World War II showed that nuclear weapons 
should be classified with conventional weapons systems 
that cause mass loss of life and destruction to material 
and the environment, such as the conventional high 
explosive and firebombing of Germany in the latter part 
of the war.
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CIVIL TOXIC HAZARDS (HAZMAT)

Parallel to the definitions of CBW agents is a classification of 
hazardous materials used in everyday industrial life. These 
are usually released by accident. Many of these are as toxic 
as chemical warfare agents. Such toxic substances are clas-
sified as hazardous materials (HAZMAT) and are covered by 
the U.N. convention controlling the use and transporta-
tion of such materials (Box 83B-1).48,49 A HAZMAT material 

The U.N. hazardous materials classification for toxic substances 
(HAZMAT) defines nine classes of hazard. These are identified 
during production and transportation by a class number and 
a hazard identification number. Vehicles carrying compounds 
controlled by HAZMAT must display a plate (the Kemler plate) 
that carries this essential information for the use of emergency 
responders. The form of the Kemler plate varies internationally.

Types of Placards

DANGEROUS

Warning

POISON
GAS

2

Classification

1090
3

United Nations (UN)

33
1088 1541

European

2 3
4

NFPA Orange panel

Class Subclass Hazard Type

1 Explosives
1.1-1.5 Mass explosion hazard

Very sensitive substances
2 2.1 Flammable gases

2.2 Nonflammable nontoxic gases
2.3 Toxic gases

3 Flammable liquids
4 4.1 Flammable solids

4.2 Spontaneous combustion
4.3 Dangerous substances when wet

5 5.1 Oxidizing substances other than 
organic
peroxides

5.2 Organic peroxide
6 6.1 Poisons

6.2 Infectious substances
7 Radioactive substances
8 Corrosive substances
9 Other dangerous substances

BOX 83B-1 HAZMAT System of Classification

NFPA, National Fire Protection Association.
is defined as that which causes mass injury and death if 
released from a confined state. The civil equivalent of bio-
logic warfare agent release is natural infection expressed as 
an epidemic. Another term for HAZMAT is toxic industrial 
chemicals (TICs). TICs are substances that could be used as 
improvised chemical agents in a terrorist attack.

AGENTS OF CHEMICAL AND BIOLOGIC 
WARFARE: BACKGROUND AND 
DEVELOPMENT

WORLD WAR I

Chemical agents were used from 1915 to 1918 in World 
War I. Their use was catalyzed by the battlefield stale-
mate of trench warfare. They do not fit well with the tac-
tics of a mobile war, which was the case in World War 
II. Large-scale releases of chlorine and phosgene in 1915 
had considerable effects against unprotected troops and 
caused large numbers of casualties and deaths. It was these 
early attacks that probably gave rise to the notion of CBW 
agents being weapons of mass destruction. In fact, chemi-
cal weapon injury produced the lowest ratio of dead to 
wounded of all the arms used during the war at less than 
4%,42 whereas explosive shells had the highest ratio at 
over 15%. Artillery caused 59% of the overall mortality on 
all sides. Many different chemical agents were tried during 
the war, delivered usually by shell fills, but the difficulty 
was in building sufficiently high concentrations of agent 
to be lethal and the continuing countermeasures meant 
that better trained troops with masks were less affected. 
Although phosgene easily could be regarded as the most 
lethal of the agents used, causing untreatable toxic pul-
monary edema, mustard gas, a vesicant disabling agent, 
caused the most injuries and removed many from the field 
of battle (usually temporarily). One overlooked feature of 
the casualties from World War I is the possibility of mixed 
toxic and physical trauma. The exact figures are not avail-
able, but of 546 American soldiers who died after exposure 
to chemical warfare agents during the period March to 
November 1918, 6% also had ballistic injuries.50 The fig-
ures for dead and wounded do not reveal the true extent of 
the disability caused by exposure to toxic agents, and it is 
likely that the long-term pathology was high, particularly 
given the limited postwar medical facilities at that time.

DEVELOPMENT AND USE OF CHEMICAL 
AND BIOLOGIC WARFARE AGENTS DURING 
WORLD WAR II

Organophosphate pesticide research by Gerhard Schrader 
in 1936 led to the development of anticholinesterase “nerve 
agents” by Germany under conditions of the strictest 
secrecy during World War II. Although never used in action 
during that time, nerve agents became the major toxic haz-
ard faced by armies during the Cold War and beyond.42 A 
major nerve agent plant was captured by the Russians and 
rebuilt in the Soviet Union in 1945, giving the USSR a “mass 
destructive” capability long before it possessed nuclear 
weapons. A lesson for both military and civil anesthesia 
providers is that mixed casualties can be expected after the 
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use of toxic agents, because Soviet commanders saw the use 
of chemical weapons as part of a normal armamentarium, 
rather than being exceptional weapons.51

Some evidence exists of the use of biologic warfare 
agents in China by the Japanese, who had a secret unit 
devoted to the subject since the early 1930s.42 Plague and 
clostridia were used in tests on prisoners and against civil-
ian populations. The considerable knowledge gathered was 
passed on to the United States by the head of the section 
after his capture and formed the basis of an offensive bio-
logic warfare development program that was terminated 
in 1972 with the signing of the biologic warfare treaty.

COLD WAR DEVELOPMENT

It is now known that a major Soviet biologic warfare pro-
gram began in the early 1970s that used genetic engineer-
ing and other techniques to develop a whole new range 
of possible agents, including toxins and “agents of bio-
logic origin,” which are probably deployed at the pres-
ent time.44 Development of nerve and other agents also 
continued during the Cold War, along with extensive 
research into an antidote-based approach to the manage-
ment of the wounded.

With the end of the Cold War, much of the expertise 
in USSR laboratories may have moved to other countries, 
increasing the risk that developed CBW agents and delivery 
technology may be more easily available to terrorist groups.
THE IRAN-IRAQ WAR

The Iran-Iraq War during the 1980s saw the sustained 
use of chemical agents and the first application of mod-
ern medical techniques to chemical warfare injuries (Box 
83B-2). Extensive U.N. investigations established that sul-
fur mustard and lewisite, both vesicant agents, had been 
used together with the nerve agent tabun and a toxin 
agent, mycotoxin.52,53 Casualties were almost exclusively 
on the Iranian side and numbered approximately 27,000, 
with a mortality rate less than 1%. This continued the 
trend noted during World War I of the low mortality rate 
for chemical warfare compared with other weapons, and 
almost certainly reflects the impact of organized medi-
cal care for the casualties and techniques of protection. 
In comparison, the Iraqi attack in 1989 against civilians 
in the unprotected Kurdish village of Halabja, which had 
few or no medical facilities, produced 5000 dead.

TERRORIST CHEMICAL AND BIOLOGIC 
WARFARE RELEASES DURING THE LAST 
PART OF THE TWENTIETH CENTURY

In 1995, the first recorded terrorist use of a chemical war-
fare agent against a civilian population occurred with 
the use of the nerve agent sarin in attacks in Matsumoto 
and Tokyo, Japan, and for the first time, hospital medical 
teams were brought into direct contact with a chemical 
During the Iran-Iraq War, modern medicine was applied to the 
treatment of injuries caused by sulfur mustard, tabun, lewisite, and 
the biologic agent mycotoxin.*,† Although data are limited, there 
are lessons that should be noted. The most unexpected was the 
surprisingly low mortality: fewer than 1% of the estimated 27,000 
Iranian chemical casualties.‡

Troops with organophosphate exposure fell into four categories. 
Those with the greatest exposure died in the field. The number 
appears to have been very small, even though most of the Iraqi 
attacks were made against unprotected Iranian troops. Those most 
severely injured who reached medical aid were unconscious, unre-
sponsive, and often in respiratory arrest. The seriously intoxicated 
had symptoms of dizziness, disorientation, anxiety, salivation, and 
respiratory difficulty. Those with relatively mild symptoms were 
often physically difficult to manage because of their disorientation. 
By far the largest number of casualties required no treatment other 
than decontamination.

Treatment of mustard exposure during the Iran-Iraq War reflects 
the experience gained in the management of burn wounds during 
the 80 years since World War I. Treatment begins with early and 
thorough decontamination. Early in the course of injury, blister-
ing may not be present. Still, removal of contaminated clothing 
is important to limit contact time with the agent. Shaving of the 
affected areas followed by washing mechanically removes and 
dilutes the agent. Aspiration of blisters, removal of necrotic tissue, 
and treatment of the skin lesions with silver sulfadiazine cream 
forms the basis for treatment of skin injury. Respiratory exposure to 
mustard creates its own set of problems. Depending on the degree 

of injury, the treatment must be adjusted to the degree of injury. 
Humidified air or oxygen helps prevent airway obstruction. Bron-
chodilators, mucolytics, and expectorants are useful. In cases of 
serious injury, mechanical ventilation with positive end-expiratory 
pressure and acid-base balance control are used to support the 
patient until the injuries resolve.

Injury to the eyes was treated with irrigation and antibiotic 
cream. Pain is treated with systemic medications. Because of 
weight loss, often in excess of 10 kg (22 lb), nutritional support is 
instituted to help reduce the significant mortality associated with 
negative nitrogen balance. Once the patient reaches a setting 
for definitive care, therapy is divided into two parts: a general 
supportive treatment for sepsis and dehydration and treatment to 
eliminate toxins from the body.*

Significant observations from the Iran–Iraq War include the fol-
lowing:

 •  Decontamination, using soap and water and shaving body hair, 
was done early. This protected medical personnel and simplified 
further treatment.

 •  Comatose casualties of nerve agents who did not have cardiovas-
cular problems were treated with large doses of atropine 50 to 
200 mg administered intravenously. Most casualties received 2 
mg every 8 hours. Comatose casualties with significant cardio-
vascular deterioration (such as bradycardia after 2 mg of intrave-
nous atropine) were most often found not to survive.

 •  Mustard, although it dates from World War I, continues to be an 
important chemical agent. It is a vesicant but also has effects on 
multiple organ systems.

BOX 83B-2 Iran-Iraq War Experience With Chemical Warfare Agents

*Colardyn F, de Keyser H, Ringoir S, et al: Clinical observation and therapy of injuries with vesicants, J Toxicol Clin Exp 6:237-246, 1986.
†Kadivar H, Adams SC: Treatment of chemical and biological warfare injuries: insights derived from the 1984 Iraqi attack on Majnoon Island, Mil Med 156: 

171-177, 1991.
‡Hammick M: All stick and no carrot, Int Defense Rev Dec 1991, pp. 1323-1327.
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warfare incident during the initial and continuing man-
agement of the casualties.31,54 Unfortunately, because of 
lack of experience, casualties occurred among the attend-
ing emergency staff, but the number of fatalities was low. 
The incident brought home lessons for medical respond-
ers, including anesthesia providers. The first was that the 
use of a hitherto military chemical warfare agent was pos-
sible by a terrorist group. Second, the incident manage-
ment underlined all the lessons taught by the HAZMAT 
system, in that secondary casualties occurred among the 
attending staff as a result of lack of control, protection, 
and decontamination. Third, fatalities that occurred at 
the release site were essentially caused by lack of onsite 
resuscitation. Fourth, the well-documented clinical man-
agement of the many thousands of cases that were admit-
ted to hospital provided for the first time a significant 
clinical database for a population exposed to a nerve 
agent.55

HAZARDS AND THREATS

Confusion between the concept of a hazard and a threat 
is common. CBW agents are, by definition, hazardous. 
The term threat is usually used in the military context 
if a hazard has been weaponized and the assailant has 
the capability and the intention to use the weapon. The 
relationship may be expressed by the simple equation:

 Threat = Hazard + Capability + Intention 

For a balanced medical response to CBW attack, the 
reality is that many of the CBW hazards causing public 
concern are very difficult to weaponize and deliver. This 
understanding is important for the medical responder 
because it reduces the likelihood of encountering casual-
ties from CBW attack to a restricted number of agents, the 
properties and pathophysiology of which can be consid-
ered before casualties present.

MODES OF RELEASE OF CHEMICAL 
AND BIOLOGICAL WARFARE AGENTS

CHEMICAL AGENT RELEASE

Military Release
In warfare, the release of CBW agents is a deliberate 
action achieved through the use of shells or missiles or 
through spraying. Aerosol release is the essential tech-
nique that allows attack through the respiratory route, 
but for more persistent agents designed to deny terrain, 
the use of spray devices is more common. By the end 
of World War I, delivery of chemical warfare agents 
was almost exclusively through explosive shells, and 
at that time nearly 40% of the fills were chemical, indi-
cating the effectiveness of chemical warfare agents on 
the battlefield.42 The rise of aerial bombardment before 
World War II brought great fears that cities would be 
wiped out by gas attacks, but these fears were never 
substantiated and it is now realized that dissemina-
tion of chemical warfare agents over a wide area (rather 
than a limited tactical area) by explosion is not easy. 
During the Cold War, the Russians developed consider-
able expertise in the use of BM21/24 multiple rocket 
launchers (Stalin organs) that could rapidly deliver a 
high concentration of nonpersistent agents, such as 
hydrogen cyanide, and then allow their dispersal and 
the entry of nonprotected troops. Missiles such as the 
Scud were also developed for chemical warfare release 
at this time, and it was feared that they had been devel-
oped for chemical warfare use by Iraq before the Gulf 
War of 1991.

In the military context, release of toxic agents may 
be revealed or concealed. Attack, by whatever means, is 
usually predicted and detectable with the considerable 
resources that the military can bring to bear in this area, 
for both chemical and biologic agents. Tuned detection 
systems are employed wherever there is perceived to be a 
threat, and the threat itself is usually supported by intel-
ligence information about the hazards concerned, which 
means that the systems can be tuned. Broad detection 
systems such as mass spectrography are also employed by 
CBW reconnaissance units in the field (Box 83B-3).

Release on a Civilian Population
In civil life, toxic agent release is usually accidental and 
is usually revealed by the circumstances. Road and other 
transportation accidents, particularly when vehicles car-
rying HAZMAT identification plates are involved, give an 
immediate warning about the nature of the problem.48 
Accidental releases, particularly in nations with poor emer-
gency response resources, can be catastrophic, as in the 
case of the mass release of methyl isocyanate in the Indian 
city of Bhopal in 1984, which caused over 5000 deaths and 
50,000 casualties.56 Civil populations, unlike their mili-
tary counterparts, are usually untrained and unprotected 
against toxic agent release. In addition, the panic induced 
by the fear of the actions of CBW agents compounds the 
flexibility of the emergency medical response.

BIOLOGIC WARFARE AGENT RELEASE

The deliberate release of classic biologic warfare agents, 
such as bacteria or viruses, may not be as easy as the 

Detection: Detecting the presence of a chemical or biologic 
weapon agent in a contaminated environment. Specific detec-
tion techniques include the following:

Agent-specific chemistry
Generic chemical detection techniques
Mass spectrography
Ion current devices
Bioluminescence
Microbial techniques
Chemical and pathologic studies on an affected patient after the 

attack
Internal versus external detection

Monitoring: Detecting contamination on an exposed patient. 
Monitoring is important to determine the risk for transmission 
and the effectiveness of decontamination.

BOX 83B-3 Detection Techniques
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media have led the public to believe. Effective mass 
release implies aerosol release, and very few of the bio-
logic warfare agents are capable of withstanding the 
environmental stresses involved. Some, such as anthrax 
spores, have long been recognized as being sufficiently 
robust and have therefore attracted the most research 
attention. The only other bacteria that have probably 
been used as biologic warfare agents are Francisella 
tularensis, which is spread through infected fodder 
and causes tularemia, and Yersinia pestis, which causes 
plague and was said to have been used by the Japanese 
during the World War II campaign against China, and 
where the vector used was the traditional one of the rat-
borne flea.42

Considerable research work was carried out by the USSR 
during the Cold War to try to find new ways of delivering 
biologic agents and for their modification using genetic 
engineering.44 This work also developed agents of bio-
logic origin that lie in the middle of the CBW spectrum 
and produce subtle pathophysiologic effects and are diffi-
cult to detect postmortem in the body. In military terms, 
biologic warfare has always been seen as a debilitating 
weapon, self-propagating, and of long latency, that could 
be used to degrade the capability of static enemy forma-
tions or key formations operating behind front lines, such 
as airfields. In the civil context, biologic warfare agents 
have yet to be used in a terrorist attack, evidence of con-
tinued interest exists.57

AGENTS

Numerous reviews34-39,41,45 are available giving details of 
agents that are regarded as CBW hazards. This section 
concentrates on selected hazards that can be regarded as 
being potential threats and that are likely to be encoun-
tered by the responding anesthesia provider.

AGENT-SPECIFIC CLINICAL APPROACH: 
WHAT IS IMPORTANT TO THE ANESTHESIA 
PROVIDER

In the management of CBW casualties, the anesthesia 
provider acts as part of a clinical team. To provide a safe 
and effective response, the following are required:

 •  Physical, pharmacologic, and immunologic methods of 
individual protection

 •  Immediate measures for life support
 •  Specific antidote therapy
 •  Consideration of latent effects
  

In the following section, specific agents have been 
selected that are representative of classes of hazards and 
in some cases have been used as weapons of warfare. They 
are hazards that either can be synthesized relatively easily 
or are potentially available from stockpiles or reference 
laboratories.

NERVE AGENTS

Nerve agents are members of a very large group of 
chemical compounds called organophosphates (OPs), 
esia Provider in Natural and Human-Induced Disasters 2493

known since the nineteenth century but first exam-
ined in detail in the 1930s.35,36,58 More than 50,000 OP 
compounds have been synthesized, and several are in 
regular use as insecticides around the world, including 
parathion, malathion, and fenthion.59 Although OPs 
were originally developed as insecticides, certain highly 
toxic members of the class—known as nerve agents—
have been developed since before World War II specif-
ically for military use. As a result of development by 
Germany, and later by Russia, the United States, and 
Great Britain, at least five nerve agents have been pro-
duced. The formulae of the more common nerve agents 
are shown in Figure 83B-2. Tabun (military designation 
GA) was the first nerve agent to be produced, followed 
during World War II by sarin (GB) and soman (GD). 
2-(Diisopropylamino)ethyl-O-ethyl methylphosphono-
thioate (VX), N,N-diethyl-2-(methyl-(2-methylpropoxy)
phosphoryl) sulfanylethanamine (VR), and cyclosarin 
(GF) were developed during the Cold War. Cyclosarin 
(in which the isopropyl group in sarin is replaced by a 
cyclopropyl group) was found stockpiled in Iraq during 
the First Gulf War in 1992. Currently the most impor-
tant nerve agent hazard likely to face the anesthesia 
provider is sarin (isopropyl methyl phosphonofluori-
date), which has been widely produced, stockpiled, and 
also synthesized and used by terrorists.31,55

In terms of physical properties, tabun, VX, and VR 
are persistent and sarin, soman, and cyclosarin are not. 
However, soman may be made in a thickened form that 
is persistent. The relevance of the physicochemical data 
to the clinical situation is that the nonpersistent agents 
generally pose a respiratory risk and the persistent agents 
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Figure 83B-2. Chemical formulas of organophosphate nerve agents: 
tabun (GA) (A), sarin (GB) (B), soman (GD) (C), and VX (D). (From 
Baker DJ: Anesthesia in extreme environmental conditions. Part 2. 
Chemical and biologic warfare. In Grande CG, editor: Textbook of 
trauma anesthesia and critical care, St. Louis, 1993, Mosby–Year Book, 
p 1331.)
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TABLE 83B-1 PHYSICOCHEMICAL PROPERTIES OF NERVE AGENTS 

Properties Tabun (GA) Sarin (GB) Soman (GD) VX

Molecular weight 
(Daltons)

162.3 140.1 182.18 267.36

Specific gravity at 25° C 1.073 1.0887 1.022 1.0083
Boiling point (° C) 246 147 167 300
Melting point (° C) −49 −56 −80 −20
Vapour pressure 

(VP) and 
volatility (Vol)†,‡

° C VP  
(mm Hg)

Vol  
(mg m−3)

VP  
(mm Hg)

Vol  
(mg m−3)

VP  
(mm Hg)

Vol  
(mg m−3)

VP  
(mm Hg)

Vol  
(mg m−3)

0 0.004 38 0.52 4 279 0.044 470.9 — —
10 0.013 119.5 1.07 8 494 0.11 1 135.5 — —
20 0.036 319.8 2.10 16 101 0.27 2 692.1 0.00044 5.85§

25 0.07 611.3 2.9 21 862 0.40 3 921.4 0.0007 10.07
30 0.094 807.4 3.93 29 138 0.61 5 881.4 — —
40 0.23 1912.4 7.1 60 959 — — — —
50 0.56 4512.0 12.3 8 3548 2.60 23 516.0 — —

From Baker DJ: Anesthesia in extreme environmental conditions. Part 2. Chemical and biologic warfare. In Grande CG, editor: Textbook of trauma anesthesia 
and critical care, St. Louis, 1993, Mosby–Year Book, pp 1320-1354.
are a danger because of absorption through the skin. This 
means that different agents pose specific risks both to vic-
tims and medical attendants.

Nerve agents were originally termed nerve gases, but 
are in fact liquids with volatilities varying between those 
of petrol and heavy lubricating oil. None freezes until 
−40° C (−40° F). They are pale yellow to colorless, odor-
less, and soluble in water, in which they undergo slow 
hydrolysis. However, in the presence of strong alkalis and 
hypochlorite solution, the hydrolysis is rapid and this is 
the basis of the decontamination of the G agents. Decon-
tamination of V agents with hypochlorite can produce 
toxic products and is not recommended. Nerve agents 
can penetrate clothing, skin, and leather. Rubber and syn-
thetic materials, such as polyethylene and butyl rubber, 
are more resistant. The physical properties of the nerve 
agents are shown in Table 83B-1.

Actions of Nerve Agents
The main effect of nerve agents is inhibition of acetyl-
cholinesterase (AChE) and butaryl cholinesterase in the 
cholinergic nervous system (see also Chapter 18). These 
enzyme systems include the carbamate anticholinester-
ase and neostigmine, to reverse the action of nondepo-
larizing neuromuscular blocking drugs. OPs also inhibit 
other enzymes, notably neurotoxic esterase (NTE). This 
inhibition causes long-term neurologic effects unre-
lated to cholinergic changes  (organophosphate-induced 
delayed neuropathy [OPIDN]). The interaction of OPs 
with AChE is complex and is analogous to the inter-
action of the enzyme with the natural substrate ace-
tylcholine (Fig. 83B-3).32 Inhibition of AChE causes a 
buildup of acetylcholine at muscarinic and nicotinic 
synapses of the cholinergic nervous system. Thus, 
central and peripheral signs and symptoms occur 
that can be directly explained from the classic phar-
macologic knowledge of how the cholinergic system  
operates.

Although the classic effects of OPs are essentially cho-
linergic, important effects on other receptor systems 
occur, notably γ-aminobutyric acid (GABA) and N-methyl-
d-aspartate, which gives rise to central excitation, causing 
the initial seizures seen in acute OP poisoning.

The interaction of OPs with AChE is nonreversible 
after a certain time depending on the nerve agent. The 
formation of an irreversible complex is known as aging. 
Each nerve agent has an aging half-life. For sarin, this is 
about 5 hours, whereas for soman it is only 2 minutes. 
Tabun and VX both have aging half-lives of 40 hours. 
After five half-lives, more than 95% of the enzyme AChE 
has aged and cannot be reactivated. This has important 
consequences on the window of clinical opportunity59 
for treatment to try to reverse the AChE inhibition (see 
later section on Oximes).
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Figure 83B-3. Reaction of acetylcholine and sarin with acetylcholin-
esterase. (From Baker DJ: Anesthesia in extreme environmental conditions. 
Part 2. Chemical and biologic warfare. In Grande CG, editor: Textbook of 
trauma anesthesia and critical care, St. Louis, 1993, Mosby–Year Book, 
p 1341.)
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TABLE 83B-2 SYMPTOMS AND SIGNS OF NERVE AGENT POISONING BY TYPE OF CHOLINERGIC RECEPTOR 
AND TARGET ORGAN 

Receptor Target Organ Symptoms and Signs

Muscarinic Iris muscle ciliary 
muscle

Miosis; spasm leading to failure of accomodation and pain in the eyes; nausea and vomiting; 
headache

Conjunctival vessels Vasodilation and hyperemia
Nasal glands Rhinorrhea and hyperemia
Bronchial glands Increased secretion
Bronchial muscle Bronchoconstriction; tightness in the chest; expiratory wheezing; dyspnea
Gastrointestinal tract Anorexia; nausea; vomiting; abdominal cramps; diarrhea; tenesmus; involuntary defecation
Sweat glands Increased activity
Salivary glands Increased activity
Lacrimal glands Lacrimation (not usually marked)
Heart Bradycardia; occasionally tachycardia
Bladder Frequency; involuntary micturition

Nicotinic Skeletal muscle Weakness; fatigue; fasciculations; cramps; flaccid paralysis (early effects on respiratory muscles 
may produce dyspnea)

Autonomic ganglia Pallor; occasional elevation of blood pressure
Muscarinic and 

nicotinic
Central nervous system Anxiety; giddiness; restlessness; headache; withdrawal and depression; memory failure; 

impaired concentration; slurred speech; depression of respiratory and cardiovascular centers; 
Cheyne-Stokes respiration

From Baker DJ: Anesthesia in extreme environmental conditions. Part 2. Chemical and biologic warfare. In Grande CG, editor: Textbook of trauma anesthesia 
and critical care, St. Louis, 1993, Mosby–Year Book, pp 1320-1354.
Signs and Symptoms of Nerve Agent 
Poisoning
The classic signs and symptoms of nerve agent poison-
ing are shown in Table 83B-2. Poisoning is caused by the 
accumulation of acetylcholine and not by the OP itself. 
As a result of stimulation of muscarinic synapses, miosis; 
ciliary body spasm causing pain60; glandular hypersecre-
tion, including salivary, bronchial, and lachrymal; sweat-
ing; cardiac effects, including bradycardia (or tachycardia 
due to the effects on the anomalous sympathetic system), 
atrioventricular block, and Q-T prolongation; broncho-
constriction; vomiting; severe diarrhea; and fecal inconti-
nence also occur. The nicotinic effects are manifested by 
fasciculation and paralysis at the skeletal neuromuscular 
junction. Central effects61 give rise to apprehension, dizzi-
ness, amnesia, seizures, coma, and respiratory depression. 
Lower chronic doses of OPs lead to irritability, fatigue, 
loss of concentration, and memory loss.

Clinical Experience With Organophosphate 
Intoxication
Much of the information about actions of OPs in humans 
has been gathered from animal studies and management of 
pesticide poisoning. It should be noted that animal studies 
do not necessarily represent human reactions, and pesti-
cide studies may not accurately represent the development 
of the cholinergic syndrome after nerve agent exposure. 
Although some evidence exists from accidental exposure to 
sarin and from some human volunteer studies conducted 
early in the Cold War, the clinical evidence base is smaller 
than that for pesticide poisoning. During the early stages of 
the Cold War a number of experimental studies were done 
on human volunteers exposed to nerve agent, and these 
have been reviewed by Sidell.36 The attacks in Japan in 1994 
and 1995 also have provided important information con-
cerning the signs and symptoms after sarin release.31,55
Clinical Evidence From Recent Military 
Experience
The Iran-Iraq War produced first-hand clinical informa-
tion about the effects and management of nerve agent 
poisoning.52 Iranian casualties from nerve agents appar-
ently fell into four broad categories. Individuals who suf-
fered the greatest exposure died in the field; filtration 
mask protection by Iranian troops was severely compro-
mised by their beards, which they had for religious rea-
sons. Despite the fact that Iraqi attacks were made against 
troops having compromised or poor protection, the num-
ber of deaths appears to have been low. The most severely 
injured who reached medical care were unconscious and 
unresponsive and often in respiratory arrest. The next 
group who were seriously poisoned had symptoms of 
dizziness, disorientation, anxiety, salivation, and respira-
tory difficulty. Disorientation was a problem, and often 
cases with only mild symptoms were difficult to manage 
because of this (this parallels experience gained with the 
management of OP pesticides). Finally, most of those 
exposed required only decontamination. Treatment of 
nerve agent poisoning relied on giving large doses of 
atropine, usually 50 to 200 mg intravenously. These cases 
were usually comatose, and the degree of advanced life 
support given was limited. Most patients received only 
atropine 2 mg every 8 hours. Comatose patients with 
significant cardiovascular deterioration usually did not 
survive.

Clinical Evidence From Pesticide Poisoning
Considerable clinical evidence exists about the effects 
of OP pesticides from the many thousands of cases that 
occur in agricultural areas of the world each year.62 
Although these give an overall picture that corresponds 
to the signs and symptoms described previously, consid-
erable differences exist with nerve agents. It is also likely 
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that the various nerve agents have relatively different 
effects on the central and nervous systems.

Cardiovascular Effects of Nerve Agents
Critical care management of OP pesticide poison-
ing has indicated short-term and medium-term car-
diac changes.63,64 After an initial tachycardia (mediated 
through the anomalous sympathetic nervous system) and 
a vagally induced bradycardia, ventricular dysrhythmias, 
including torsade des pointes and prolongation of the Q-T 
interval may occur. Dysrhythmias have been reported as 
a poor prognostic sign.

The Treatment of Nerve Agent Poisoning: 
Antidotes and Life Support
Atropine. Atropine has long been a mainstay in the man-
agement of OP poisoning.58,62 Its antagonistic action 
against acetylcholine at the muscarinic synapses allows 
control of the muscarinic effects, the most severe of 
which is bradycardia. Atropine also has been used for 
many years in the management of OP pesticide poison-
ing. However, the relevance of the experience with pes-
ticides to poisoning with nerve agents is not clear.36 The 
traditional military response to confirmed or suspected 
attack with nerve agents is to use a self-administered 
autoinjector containing atropine 2 mg, a benzodiazepine, 
and an oxime. An example is shown in Figure 83B-4. Dur-
ing the Cold War, NATO troops were provided with three 
such devices to be used sequentially. Useful treatment 
indications have been gained from the Iran-Iraq War65 
and the Japanese terrorist experience.55 Atropine 2 mg 
is given intravenously (pediatric dose 0.02 to 0.05 mg/
kg) with repeat doses every 5 to 10 minutes until pupil-
lary dilatation occurs and the heart rate increases above 
80 beats/minute.36,66 Atropine infusions may be used for 
persistent bradycardia in pesticide poisoning.67

oximes. Oximes are compounds capable of reactivating, 
in some cases, the complex formed by the OP and AChE. 
Clinically this means that oximes can reverse the actions 
of OP at the nicotinic receptor and reduce the degree of 
paralysis.68,69 Oximes are widely used in the clinical man-
agement of both OP pesticide and nerve agent poisonings. 
Chemically they are monopyridinium or bispyridinium 
compounds that can bind to the complex and cause 
the nerve agent molecule to separate from the enzyme. 
Oximes are a mainstay of the standard military response 
to nerve agent attacks and are widely used in the man-
agement of pesticide poisoning. However, their effective-
ness depends on (1) the exact nature of the nerve agent 

Figure 83B-4. Military automatic intramuscular injection device con-
taining nerve agent antidotes. (ComboPen, Meridian Medical Technolo-
gies, Colombia, Md.)
involved and (2) the length of time after the attack before 
they are given. This is because aging chemical changes take 
place in the nerve agent–enzyme complex. Aging occurs 
very rapidly in humans after soman exposure, but less so 
after exposure to other nerve agents. One of the major 
problems related to oxime research is the selection of a 
suitable animal model. Originally monkeys and guinea 
pigs were both thought to be good models for human OP 
intoxication, and human treatment protocols were devel-
oped from such studies. However, major differences are 
known to exist between enzyme complex aging rates for 
primates and those for rodents.70 The rate of formation of 
aged enzyme in different species increases in the follow-
ing order: mouse < rat < guinea pig < rabbit < dog < cow 
< monkey = human. From erythrocyte studies in humans, 
the rate of aging is known to be very rapid (half-life 1.3 
minutes), indicating that the guinea pig would not be a 
good model for the use of oximes in humans.

Several oximes are available, and recent years have 
seen the development of new compounds.68,69 The most 
commonly used is pralidoxime (as either the chloride or 
methane sulphonate [mesylate]). Obidoxime is used in 
some countries for OP pesticide poisoning and may be 
effective against tabun. Recent research has concentrated 
on the rational use of a range of oximes both in terms of 
the type of oxime used and dose and timing.68,69,71 HI-6, 
a Hagadorn oxime, reactivates the soman-enzyme com-
plex, the most difficult clinical situation to treat. How-
ever, HI-6 may be useful because of other pharmacologic 
properties and may be advantageous in the treatment of 
cyclosarin poisoning and other cases in which obidoxime 
was previously used.

For most anesthesia providers treating a patient with 
the symptoms of nerve agent poisoning, a civilian setting 
is the most likely. Exposure to sarin is the most probable 
situation, and treatment schedules logically should be 
based on this premise. Military anesthesia providers may 
face other hazards, but they would be provided with spe-
cialized detection equipment and treatment modalities 
based on a threat assessment. All nerve agent casualties 
should receive pralidoxime mesylate initially, in addition 
to atropine and ventilatory life support.

Practical treatment regimen. Oxime therapy should 
be given simultaneously with atropine.66,68 A slow intra-
venous injection of pralidoxime is recommended to pre-
vent laryngospasm, muscle rigidity, and hypertension. 
Pralidoxime 15 to 30 mg/kg intravenously or intramuscu-
larly is given over 20 minutes for adults and children. This 
dose may be repeated after 4 hours (or 1 hour if paralysis 
is worsening). The target therapeutic blood concentration 
should be 4 μg/mL. However, studies by Worek and col-
leagues71 show that the full therapeutic effects of pral-
idoxime may be achieved at higher concentrations. The 
same group demonstrated that reinhibition of AChE is a 
possibility after pralidoxime treatment in human eryth-
rocytes, but the relevance to the whole body is unclear. 
Sarin is broken down rapidly in the blood by hydrolysis. 
Oxime treatment in the hospital should continue for as 
long as atropine is required.

BenzodiAzepines. The central actions of OPs give rise to 
spike discharges and seizures. Benzodiazepines have long 
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been used to counter this action. Given the known action 
of OPs at the GABA receptor and the antagonistic action 
of benzodiazepines at this site, the action may be non-
cholinergic.72,73

Seizures may be an early sign of severe nerve agent poi-
soning and must be controlled quickly to avoid long-term 
cerebral damage.

pyridostigmine pretreAtment. The problem of aging 
of the OP AChE complex, particularly with soman and 
the ineffectiveness of oxime therapy, gave rise to a novel 
military approach to prophylaxis against nerve agent poi-
soning.37 Pyridostigmine is a dimethyl carbamate com-
pound with a quaternary nitrogen atom. As a result, it 
does not penetrate the blood-brain barrier to any extent. 
In common with other carbamates such as neostigmine 
and physostigmine, pyridostigmine is an anticholines-
terase and has essentially the same action as OPs. In the 
case of carbamates, the complex formed with the enzyme 
is readily reversible. The normal treatment dose of pyr-
idostigmine is 30 mg every 8 hours. No plasma protein 
binding occurs and no drug interactions involving com-
petition for binding sites. Of the absorbed dose, 79% to 
90% is excreted unchanged in the urine. The reversibil-
ity of the complex formed with AChE is such that the 
enzyme returns to 90% of normal within 12 hours after 
the last dose. In addition, at steady state, only 40% of 
the available AChE is complexed. Given the considerable 
safety margin that exists in the level of enzyme at cholin-
ergic synapses, treatment with pyridostigmine does not 
produce any more than mild parasympathetic signs.74

The protective action of pyridostigmine against OPs is 
based on the fact that the carbamylate-complexed AChE 
is resistant to attack after subsequent exposure to OPs. 
If a person taking pyridostigmine is exposed to a subse-
quent potentially lethal dose of OP, a reserve of enzyme 
is effectively autotransfused into the patient during the 
subsequent period. This process does not require the pres-
ence of an oxime. OP is rapidly hydrolyzed in the blood-
stream after exposure and has no further action on the 
released AChE. The amount of enzyme released from the 
carbamylate complex is sufficient to restore neuromuscu-
lar transmission because of the safety margin that exists 
at the synapse. However, in severe cases of OP poison-
ing, life support measures are necessary to bridge the gap 
between OP attack on the synapse and restoration of the 
ACHE level through the autotransfusion.

anesthetic imPlications of Pyridostigmine Pretreatment. 
The anticholinergic actions of pyridostigmine have con-
siderable relevance to normal anesthetic practice. Butaryl 
cholinesterase, a determinant of the metabolism of suc-
cinylcholine, is also inhibited, and prolonged action of 
this drug may be expected in patients taking pyridostig-
mine.75 The carbamate neostigmine is usually given at 
the end of an operation to reverse the action of nonde-
polarizing neuromuscular blocking drugs. Pretreatment 
with a carbamate in a patient who is not subsequently 
exposed to OP may be expected to produce some resist-
ance to the action of the neuromuscular blocker. Experi-
mental studies indicate that pyridostigmine does not 
alter the overall characteristics of neuromuscular block 
in an isolated human forearm, and the neuromuscular 
effects may be  minimal, particularly because more cen-
tral muscles of respiration such as the diaphragm have a 
higher safety margin of neuromuscular transmission and 
are less affected by the pyridostigmine pretreatment.76 
Estimations of the degree of neuromuscular block using 
fade relationships such as the train-of-four77 theoretically 
may be affected by pyridostigmine pretreatment because 
the determinant of fade is feedback to the prejunctional 
cholinergic receptor78 (see also Chapter 18). The hyster-
esis loops for the onset and offset of fade and paralysis 
relationships in the isolated forearm are not affected by 
pyridostigmine pretreatment.76 The civilian anesthesia 
provider is referred to more specialized military texts36,41 
for a more complete discussion of pyridostigmine and its 
clinical actions.

VESICANT AGENTS

Vesicant agents were first used as chemical weapons dur-
ing World War 1.42 The most well known is sulfur mus-
tard (1917, commonly known as mustard gas). It was 
used as a disabling agent and has a long latency of 2 to 
4 hours. Its successor, lewisite (1919), an arsenic-based 
compound (2-chlorovinyl dichloroarsine), is more vola-
tile, has a short latency, and causes immediate eye pain 
in addition to its vesicant properties.46 Sulfur mustard is 
the most commonly encountered vesicant. Although an 
early chemical warfare agent, it is still widely distributed 
around the world and its easy synthesis makes it a pos-
sible agent for use by terrorists. It has a number of patho-
logic properties that make it of concern to anesthesia 
providers. The overall management of mustard gas injury 
is the domain equally of the surgeon and specialized pul-
monary physician.36,79,80 Intensive care unit (ICU) man-
agement presents longer term problems that are mainly 
respiratory. Eye and skin injuries fall within the aegis of 
other specialities.

Properties
Sulfur mustard (bis-2-chloroethyl sulfide) is a colorless 
or pale yellow, oily liquid that smells faintly of mustard. 
Its odor threshold is 1.3 mg/m3, which is below the con-
centrations usually reached in a battlefield, and several 
minutes of detection are possible before incapacitating 
doses are reached. The LCt50 is approximately 1500 mg/
min/m.3 Although the latency of action in cooler climates 
is approximately 4 hours, information from the Iran-Iraq 
War, the scene of its most recent use,81,82 indicates that at 
higher ambient temperatures, the agent has a far shorter 
latency and causes significant respiratory damage apart 
from its classic action as a skin vesicant.

Signs and Symptoms
After exposure to mustard gas, a latent period of 4 to 12 
hours occurs, after which ocular symptoms comprising 
eye pain, blurred vision, and lachrymation are experi-
enced, accompanied by a diffuse erythema of exposed 
skin with edema and first-degree burns. The groin and 
genital areas are particularly susceptible. Exposure to high 
doses produces severe cutaneous injury with necrosis. 
The burns bear some resemblance to thermal burns, but 
are very slow to heal and prone to secondary infection. 
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The bullae characteristic of exposure to mustard agent are 
filled with a fluid that is not corrosive (Fig. 83B-5). A fea-
ture of exposure is that fluid-filled bullae appear for sev-
eral days afterward in an apparently random way (i.e., not 
cropped). The eyes are particularly vulnerable to mustard 
gas, causing a usually temporary blindness (Fig. 83B-6). 
The fluid in the bullae has itself no vesicant effect.

Respiratory Effects
The respiratory effects of mustard gas exposure are poten-
tially serious, particularly when the ambient temperature 
is high.82-84 After exposure, an early tracheobronchitis 
with dry cough and hoarseness occurs. Heavy exposure 
will produce severe damage to the tracheal and main 
bronchial architecture with necrosis, sloughing, and 
blockage (Fig. 83B-7). A chemical bronchiolitis occurs 
at lower doses in high ambient temperatures and causes 
severe bronchospasm, requiring ventilation and intensive 
care.82 Lung damage after mustard gas exposure can be 
severe and permanent, with chronic obstructive pulmo-
nary disease, bronchiectasis, and reactive airways dys-
function syndrome.

Cellular Action of Mustard Agent
Sulfur mustard agent acts at a cellular level forming 
highly reactive sulfonium ions, which attack DNA by 
alkylation of sulfhydryl and amino groups.36 This causes 

Figure 83B-5. Cutaneous vesication caused by mustard gas expo-
sure. (Courtesy Her Majesty’s Stationery Office, London, United Kingdom.)
the epithelial manifestations of exposure and also long-
term carcinogenesis, particularly of the skin, pharynx, 
and respiratory tract.

Treatment
Mustard gas exposure has no specific treatment, but 
experimental studies in animals have shown a combina-
tion of sodium thiosulfate, vitamin E, and dexamethasone 

Figure 83B-6. Eye injury caused by mustard gas exposure. (Courtesy 
Her Majesty’s Stationery Office, London, United Kingdom.)

Figure 83B-7. Tracheal injury caused by mustard gas. (Courtesy Her 
Majesty’s Stationery Office, London, United Kingdom.)
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can improve survival and reduce organ damage.36 The 
key points of treatment are (1) the need for decontami-
nation, (2) the latent period of action, and (3) respira-
tory support for exposure affecting the respiratory tract. 
Willems80 reviewed information concerning the clinical 
management of mustard gas casualties and found that a 
proactive approach to airway management and ventila-
tion was evident with endotracheal intubation done early 
to allow adequate ventilation and assess for debridement 
of the large airways. Willems reported that the onset of 
severe respiratory symptoms is a serious development, 
with a loss of 87% of patients who required ventilation. 
Another point of concern for longer term management 
is the leukopenia that follows exposure to mustard gas. 
This becomes evident 3 to 5 days after exposure and usu-
ally reaches its lowest point 7 to 9 days after exposure. 
Cellular replacement, either peripherally or as marrow, 
could be considered here because mustard is bound very 
quickly in the body after exposure and will not cause 
destruction of new cells.

Recent Clinical Evidence
The Iran-Iraq war during the 1980s saw the extensive use 
of sulfur mustard and produced a significant amount of 
clinical information about casualties81 with both cutane-
ous and respiratory injuries. The treatment given reflects 
the experience gained in the treatment of burn injuries 
since its first use. Decontamination was achieved early 
to limit the contact time with the agent. Because of the 
long latency of mustard gas, vesicle formation was often 
not present at this time. Shaving of the affected areas 
was done and dilution of the agent by irrigation. The 
management of the vesicles followed the pattern of aspi-
ration, removal of necrotic tissue, and the use of silver 
sulfadiazine cream. From the anesthetic standpoint, the 
respiratory effects found in the casualties were important 
and unprecedented from the use of mustard in the lower 
temperature conditions of World War I. Chemical bron-
chiolitis giving rise to increased airway resistance was 
reported, together with soiling of the larger airways due 
to sloughing. Intermittent positive-pressure ventilation 
with positive end-expiratory pressure was required with 
ICU support for the more seriously injured cases. Many 
of these were managed in hospitals around Europe, intro-
ducing chemical warfare injury to many anesthesia pro-
viders and intensivists for the first time. For the casualties 
who reached definitive hospital care, the recovery period 
was often a long one, and patients had cachexia with sig-
nificant negative nitrogen balance.

LUNG-DAMAGING AGENTS

Lung-damaging agents were formally known as chok-
ing agents, a term that does not adequately describe the 
many levels of the lung at which they act. Lung-damag-
ing agents act at both the upper and lower respiratory 
tract levels, but their main lethal action is to cause toxic 
pulmonary edema. Lung-damaging agents were the first 
to be used as chemical weapons during World War I, 
with the use initially of chlorine, followed by phosgene. 
These agents are a universal hazard in military and civil-
ian populations because they are also used widely as 
industrial feed stocks in many chemical engineering pro-
cesses. The isocyanates are widely used in this respect, 
and the accidental release of methyl isocyanate at Bho-
pal, India in 1984 caused the largest number of casualties 
ever recorded after toxic release in either war or peace, 
with over 5000 deaths from toxic pulmonary edema.85,86 
Chemical warfare and HAZMAT sources list many lung-
damaging agents.36,48

Phosgene
Phosgene87 has been used as a chemical warfare agent, is 
an established worldwide industrial hazard, and may be 
regarded as a potential terrorist threat. It is a model for con-
sideration of other hazards in its class. Phosgene is carbonyl 
chloride, familiar to earlier anesthesia providers as the 
product of the reaction of trichloroethylene with soda lime 
used in circle absorbers. First synthesized in the nineteenth 
century, phosgene has been in industrial use for over a cen-
tury but achieved notoriety during World War I, when it 
was used extensively by both sides from 1915 onward. It 
caused more than 85% of all deaths from chemical war-
fare agents.42 Phosgene is a gas at normal temperatures and 
is nonpersistent (Box 83B-4). It is less water-soluble than 
chlorine, its immediate chemical warfare predecessor in 
1915, a feature that results in the gas being taken further 
down the respiratory tree and into the alveoli. Phosgene 
has been known since World War I to have a dual latency 
of action, which underlies its essentially dangerous charac-
ter. The stages after exposure are as follows:

 •  Stage 1: Immediately after exposure, intense upper 
respiratory irritation occurs, with coughing, retching, 
choking, and chest tightness. These symptoms are 
accompanied by eye irritation and lacrimation. In some 
cases, death followed exposure to high concentrations 
of phosgene without development of toxic pulmonary 
edema. The reason for this is obscure, but it may be 
related to hypoxia as a result of intense laryngeal or 
bronchospasm.

 •  Stage 2: The immediate choking symptoms are followed 
by a latent period of 2 to 24 hours before the onset of 
more serious symptoms and signs, including dyspnea, 

PRoPeRties

Chemical name: Carbonyl chloride (COCl2), chloroformyl 
chloride

Boiling point: 8.2° C (46.76° F)
Vapor pressure: 1215 mm Hg at 20° C (68° F)
Vapor density: 3.5 × air
Breakdown: slow aqueous hydrolysis to HCl and CO2

toxic exPosuRe levels

1 ppm chronically: Chronic lung disease
>25 ppm/minute: Acute lung effects
50 to 100 ppm/minute: Initial inflammatory response that may 

be followed by pulmonary edema
>150 ppm/minute: Clinically significant and life-threatening 

pulmonary edema
Lethal exposure in humans: 800 ppm for 2 minutes

BOX 83B-4 Properties and Toxic Exposure 
Levels of Phosgene
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painful cough, and cyanosis, with increasing signs of 
pulmonary edema leading to circulatory collapse and 
cardiac arrest.

  

pAthophysiology of toxic pulmonAry edemA. The lung 
is a delicately balanced system in which the entire car-
diac output passes through the pulmonary circulation 
arranged as a fine capillary mesh in the interstitial space 
(a loose organization of collagen, elastin, and various cell 
types). Because of its fragile organizational nature, the 
lung commonly reacts to toxic challenge by producing 
pulmonary edema, in which fluid flows from the capillar-
ies to the interstitial space and then to the interalveolar 
space. Phosgene reacts through covalent attack on many 
substrate groups, including, NH2 and SH.88 Potential cell 
targets are type I and II pneumocytes and alveolar mac-
rophages. Covalent binding can be seen as the primary 
attack leading to free radical release. This stage is followed 
by a secondary attack involving released inflammatory 
mediators, including prostaglandins (causing vasocon-
striction, vasodilatation, and platelet disaggregation), 
bradykinin (causing increased capillary permeability), 
5-hydroxytryptamine (causing constriction of postcapil-
lary vessels), thromboxane A2 (causing vasoconstriction), 
and the release of complement activating enzymes (lead-
ing to attraction of leukocytes and leukotriene release).

mAnAgement of phosgene exposure. Patients who have 
been exposed to phosgene should be removed from 
the site of exposure as quickly as possible by protected 
emergency responders. There is usually no requirement 
for decontamination unless liquid contamination has 
occurred. Phosgene has no specific antidote, and treat-
ment is based around use of supportive measures and 
pharmacologic modification of the effects of the inflam-
matory mediator cascade.87 One of the firm rules for the 
management of phosgene exposure dating from World 
War I was complete bed rest after exposure and observa-
tion for 24 hours, and this still applies. No patient who has 
had a risk for significant exposure should be discharged 
from the hospital in less than 24 hours unless accompa-
nied by a responsible observer. Provision of specialized 
respiratory care both at the prehospital and hospital level 
is necessary. Some cases may require early intubation and 
ventilation, and more will require O2 and supported ven-
tilation in the early stages. The method of provision of 
emergency ventilation is a matter of interest. Recent work 
in physical trauma has indicated that the “open lung” 
strategy89,90 is of value in the prevention of inflammatory 
cascades by opening the alveoli and keeping them open 
by use of the correct level of positive end-expiratory pres-
sure. This technique follows the hypothesis that repeated 
opening and closing of alveoli causes kinin release 
through the action of shear forces in the alveolar walls. 
This may be an important lesson for the early manage-
ment of lungs damaged by phosgene exposure, and the 
manner of emergency ventilation may be critical. Bag-
valve ventilation, which can lead to very high inflation 
pressures and high flow rates, may be harmful. The use of 
emergency ventilation strategies that provide controlled 
flow rates with the early use of positive end-expiratory 
pressure is more appropriate. These can be provided by 
the use of small automatic gas-powered ventilators (see 
Fig. 83A-3). Modern experience of the management of 
mass casualties with toxic pulmonary edema is limited, 
but it must be assumed that a considerable proportion 
who would survive the acute toxic pulmonary edema will 
go on to develop ARDS unless the appropriate measures 
are taken. A study by Parkhouse and colleagues91 demon-
strated improved oxygenation, decreased shunt fraction, 
and decreased mortality in phosgene-exposed pigs who 
received a protective in contrast to a conventional venti-
lation strategy.

the Use of steroids. The use of inhaled and systemic 
steroids in the treatment of toxic phosgene exposure has 
been controversial.92 Recently, however, chlorine has pro-
duced some encouraging results in both pig and rat stud-
ies. Gunnarsson and associates93 found that in a study of 
18 pigs subjected to 140 ppm chlorine for 10 minutes of 
inhaled beclomethasone dipropionate produced higher 
PaO2 and ventilation-perfusion ratios, with less histo-
logic damage, than the control group. In another study, 
Wang and colleagues94 exposed 24 pigs to a higher con-
centration of 400 ppm for 10 minutes and found that the 
inhaled steroid budesonide 0.1 mg/kg given within 30 
minutes of exposure was associated with more favorable 
cardiorespiratory symptoms and lower wet lung weights 
at autopsy. Demnati and co-workers95 studied the effects 
of dexamethasone in rats exposed to a high concentra-
tion of chlorine (1500 ppm for 5 minutes). They found 
that the dexamethasone group had significantly reduced 
pulmonary airway resistance and methacholine-induced 
bronchoconstriction than the controls. However, species 
differences in challenges to chemical warfare agents dic-
tate caution when applied to humans. In a clinical area 
in which few therapeutic options are available, the results 
provide encouragement for further research and for clini-
cal intervention if the need arises. Borak and Diller96 
reviewed the available evidence for treatment regimens 
in human phosgene exposure.

role of cyclic adenosine monoPhosPhate diesterase 
inhibitors. Kennedy and colleagues97 suggested that ami-
nophylline may protect against phosgene-induced phos-
gene exposure as a result of its ability to increase cyclic 
adenosine monophosphate levels. Other compounds, in-
cluding β-adrenergic agonists, also have this effect and 
may indicate a new therapeutic direction.

Phosgene and glUtathione modification. Another prom-
ising therapeutic approach is provided by compounds 
that can increase intracellular reduced glutathione lev-
els as a means of preventing lipid peroxidation–induced 
phosgene exposure. The rationale behind this approach is 
that phosgene reacts with cellular SH groups, reduces re-
duced glutathione redox state, and increases arachidonic 
acid mediator production and lipid peroxidation. Sciuto 
and co-workers98 studied the effects of N-acetylcysteine 
on anesthetized rabbits exposed to 1500 ppm phosgene. 
The N-acetylcysteine–treated group had smaller increases 
in pulmonary wet weight, lower leukotriene levels, and 
higher glutathione levels. This work suggests that N-ace-
tylcysteine may protect against phosgene exposure by 
maintaining reduced glutathione levels and inhibiting 
production of inflammatory leukotrienes.



Chapter 83: The Role of the Anesthesia Provider in Natural and Human-Induced Disasters 2501
CELLULAR TOXIC AGENTS (BLOOD 
AGENTS): HYDROGEN CYANIDE

Hydrogen cyanide (HCN) is one of several agents known 
originally as blood agents, although the term is a mis-
nomer because the agent acts at the cellular mitochon-
drial level.99 HCN is a highly volatile liquid used widely 
in industry and potentially available to terrorists. It has 
been used since World War I as a chemical warfare agent. 
Its very short persistence means that decontamination is 
usually not required after release. It is not absorbed by the 
activated charcoal of level C respirators (see the section 
on Involvement of the Anesthesia Provider in the Man-
agement of Casualties From Exposure to Chemical and 
Biologic Warfare Agents), but is removed by impregnat-
ing the charcoal with silver salts, with which HCN reacts. 
HCN in high concentrations is rapidly fatal. The LCt50 
has been estimated at 200 mg/m−3 for 10 minutes. HCN 
acts by binding to the iron atom in cytochrome oxidase 
enzymes inhibiting the catalytic function that allows 
O2 to act as an electron receptor and produce adenos-
ine triphosphate. Because of this mitochondrial uncou-
pling, the resulting lactic acidosis theoretically cannot be 
reversed by restoring oxygenation of the blood by resusci-
tation measures to improve tissue oxygenation.

Signs and Symptoms
After exposure in humans, the first sign is hyperventilation, 
which has the effect of increasing the absorbed dose. This is 
followed by dizziness, rapid loss of consciousness, and sei-
zures, followed by respiratory arrest. At levels that are not 
fatal, patients report a smell of almonds, a feeling of appre-
hension, and a metallic taste in the mouth; dyspnea also 
may occur. Because of the rapid action of HCN, patients 
with acute intoxication are unlikely to be encountered in 
hospital. Long-term management of the consequences of 
HCN poisoning is unlikely, although survivors of near fatal 
doses can suffer long-term effects, such as intellectual dete-
rioration, mental confusion, and parkinsonism.

Treatment
In the body, HCN is broken down by rhodanese, which 
detoxifies cyanide to thiocyanate.100,101 This process can 
be accelerated by provision of sodium thiosulfate, which 
provides a store of sulfane sulfur for the enzyme.102 The 
usual dose of sodium thiosufate is 50 mL of 25% solution 
(pediatric dose 1.65 mL/kg of 50% solution). It is usually 
administered in conjunction with sodium nitrite (300 mg 
given intravenously over 10 minutes [pediatric dose 0.15 
to 0.33 mL/kg of a 3% solution]), which causes the forma-
tion of methemoglobin. This acts as a scavenger for HCN 
and reduces its plasma levels. Sympathomimetic support 
may be required for hypotension produced by sodium 
nitrite. HCN also reacts with heavy metals, and this is 
the basis of the use of dicobalt edetate and hydroxyco-
balamin as cobalt providers for this reaction. Cobalt ions 
themselves are toxic, but the toxicity can be countered by 
giving glucose, which is part of standard therapy. Dico-
balt edetate is thought to be more effective in the binding 
of cyanide ions than methemoglobin despite its second-
ary effects of hypertension and nausea. It has long been 
thought that O2 therapy and ventilation have no role in 
the treatment of cyanide intoxication because the blood 
is fully oxygenated in this condition. However, this view 
has recently been challenged because some studies have 
shown that O2 enhances the antidotal effects of the classi-
cal cyanide antidotes.103 Table 83B-3 details current anti-
dote treatment approaches.

TOXINS

Toxins are high molecular weight compounds that are in 
the middle of the CBW spectrum.47 They do not repro-
duce and have characteristics of chemical warfare agents, 
although they have been considered with biologic agents 
by international convention. They are produced naturally 
by bacteria and by organisms ranging from protozoans up 
to reptiles such as snakes and scorpions.104 Toxins are haz-
ardous to humans from natural and deliberate exposure, 
and this has fueled much research into their actions and 
treatment.105 Scientifically, they are of considerable inter-
est and are used as research tools to probe natural processes 
such as nerve conduction and neuromuscular transmis-
sion. In the context of toxic warfare, toxins have often 
been cited as doomsday weapons, and considerable public 
fear exists about their actions. More than 500 toxins have 
been described, but only a few are suitable for battlefield 
and terrorist attack because of difficulties in production 
and their lack of stability in a released aerosol. The charac-
teristics of some common toxins are shown in Table 83B-4.

In the chemical warfare context, the anesthesia pro-
vider may encounter toxins as either short latency (neu-
rotoxins, such as botulinum toxin), requiring immediate 
life support and treatment, or long latency (the DNA tox-
ins, such as ricin), which cause major organ dysfunction 
and present intensive care problems.

Botulinum Toxin
Botulinum toxin is produced by the anerobe Clostridium 
botulinum and has the reputation of being the most toxic 
substance by weight, being at least 5000 times more toxic 
than sarin.106 Botulism, the natural occurrence of the 
toxin in food poisoning, is a disease of both humans and 
animals. Seven different functionally related neurotoxins 
(A through G) are produced by the parent organism. Botu-
lism is essentially an intoxication, brought on by inges-
tion of the toxin produced by clostridrial infection of 
food, usually incorrectly canned meats. Primary botulism, 
a direct infection, is rare and affects only infants in the 
human species. The interest of botulinum toxin as a toxic 
agent is that it can be relatively easily produced by fermen-
tation processes (which have been developed to produce 
antitoxins) and that it is stable as an aerosol, making mass 
delivery a theoretic possibility. Calculations that 1 kg of 
the toxin would be sufficient to destroy every human on 
the planet have rested on this fact. However, botulinum 
intoxication can be treated, and this modifies the toxicity 
considerably. It is estimated that less than 10% of natu-
ral cases receiving ventilatory and antitoxin support are 
fatal. A consensus document examines the risks to civilian 
populations exposed to botulinum toxin.107

Botulinum toxin acts at the nerve terminal of cholin-
ergic synapses and blocks the release of acetylcholine by 
being taken up into the vesicles and translocated to the 
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TABLE 83B-3 ANTIDOTES USED IN THE TREATMENT OF CYANIDE POISONING

Antidote Action Route Dose Concurrent Drugs
Duration of 
Administration Possible Side Effects

Oxygen Increases arterial 
O2 content, 
potentiates 
activity of other 
antidotes

Inhalation 
via mask 
or ETT

High flow via mask 
or 100% via ETT

O2 used as primary 
antidote in all 
cases

≤24 hr Unlikely—possible in 
patients with COPD

Amyl nitrite Methemoglobin 
formation

Inhalation Adult: 0.2 mL O2 (not 
simultaneously)

30 sec/min Difficult to achieve 
effective antidotal 
levels without 
cardiovascular 
collapse

Pediatric: 0.2 
mL; may need 
repeating

Sodium nitrite Methemoglobin 
formation

Intravenous 
injection

Adult: 300 mg (10 
mL of 30 mg/mL 
3%)

Adult: Sodium 
thiosulfate 25 mL 
of 500 mg/mL, 
(50%) solution 
and O2

≥5 min, ≤20 
min

Methemoglobinemia, 
vasodilation, and 
cardiovascular 
collapse

Pediatric: 0.13-0.33 
mL/kg of 30 mg/
mL (3%) solution 
(i.e., 4-10 mg/kg 
body weight)

Pediatric: Sodium 
thiosulfate  
1.65 mL/kg body 
weight of  
250 mg/mL 
(25%) solution 
(∼400 mg/kg 
body weight) 
and O2

Dicobalt edetate Binding of 
cyanide ions by 
dicobalt edetate 
and by free 
cyanide ions

Intravenous 
injection

Adult: 300 mg (20 
mL of 15 mg/mL) 
(15%)

50 mL dextrose 
(500 g/L) 
intravenously 
immediately after 
each dose and O2

1 min Urticaria, edema of 
face and neck, chest 
pains, dyspnea, 
hypotension, seizures

Pediatric: 4-7.5 mg/
kg (0.3-0.5 mL/
kg of 15 mg/mL 
(15%)

4-DMAP Methemoglobin 
formation

Intravenous 
injection

Adult: 3.25 mg/kg O2 and sodium 
thiosulfate

1 min Methemoglobinemia, 
vasodilation, and 
cardiovascular 
collapse; hemolysis; 
elevated bilirubin 
and iron (this is 
unlikely to be 
relevant to single-
dose exposure)

Pediatric: 3.25 mg/
kg

Hydroxycobalamin Binds cyanide 
ions

Intravenous 
injection

Adult: 5-10 g 5 g reconstituted 
in 100 mL 0.9% 
saline; O2

20 min Reddish discoloration 
to skin and mucous 
membranes

Pediatric: 70 mg/kg
Sodium thiosulfate Sulfur donor for 

endogenous 
enzymatic 
conversion 
of cyanide to 
thiocyanate

Intravenous 
injection

Adult: Sodium 
thiosulfate 25 mL 
of 500 mg/mL 
(50%) solution 
and O2

O2 and sodium 
nitrite or O2 and 
DMAP

10 min Excess administration 
may cause 
hypernatremia

Pediatric: Sodium 
thiosulfate 1.65 
mL/kg body 
weight of 250 mg/
mL (25%) solution 
(∼400 mg/kg body 
weight) and O2

COPD, Chronic obstructive pulmonary disease; ETT, endotracheal tube.
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cytoplasm, where it catalyzes the proteolysis of compo-
nents involved in the calcium-mediated exocytosis of 
acetylcholine. The inhibition is permanent, and recovery 
occurs only after the creation of new terminal boutons. 
The toxin thus blocks neurotransmission, parasympa-
thetic synapses, and peripheral ganglia. The signs and 
symptoms of botulism can be explained on this basis.

Conventionally, after ingestion of the toxin (the usual 
route), a latent period of several hours occurs, after which 
the parasympathetic action produces a dry mouth, fol-
lowed by signs of a progressive bulbar palsy (dysarthria, 
dysphasia, and dysphagia) and ocular signs (diplopia and 
ptosis). These signs are followed by a progressive symmet-
ric descending muscular weakness, leading to respiratory 
failure requiring prolonged ventilatory support. Neuro-
muscular testing shows a classic presynaptic decremental 
pattern to repeated stimuli with posttetanic facilitation. 
Single-fiber electromyography detects the neuromus-
cular changes before conventional nerve stimulation; 

TABLE 83B-4 CHARACTERISTICS OF COMMON 
TOXINS 

Source Toxin Action

Bacteria
Bacillus anthracis Anthrax toxin DNA toxin
Staphylococcus 

aureus
Staphylococcal 

enterotoxin B
Enterotoxin

Vibrio cholerae Cholera toxin Enterotoxin
Clostridium 

botulinum
Botulinum toxins Prejunctional decrease 

in acetylcholine 
release

Clostridium 
perfringens

Perfringens toxin Necrosis through 
phospholipase C

Clostridium  
tetani

Tetanus toxin Neurotoxin increase in 
excitability of motor 
neurons

Protozoa
Gonyaulax 

catenella
Saxitoxin Depolarization block

Fungi
Fusarium spp. Tricothecenes DNA toxin; 

hemorrhagic 
syndrome

Plants
Ricinus communis 

(castor bean)
Ricin DNA toxin; hepatorenal 

Na+ channel 
blockade failure

Amphibia
Colombian frog Batrachotoxin Irreversible; Na+ 

channel blockade
Reptilia
Asian cobra 

(Naja naja 
oxiana)

Cobra toxin Postsynaptic 
neurotoxin via 
phospholipase A2

Taiwan banded 
krait (Bungarus 
multicinctus)

α-Bungarotoxin Acetylcholine receptor 
blocker

Fish
Deadly pufferfish Tetrodotoxin Na+ channel blockade

Modified from Baker DJ: Anesthesia in extreme environmental conditions. 
Part 2. Chemical and biologic warfare. In Grande CG, editor: Textbook of 
trauma anesthesia and critical care, St Louis, Mosby–Year Book, 1993,  
pp 1320-1354.)
increased jitter and blocking occur, which are reduced by 
increasing the nerve firing rate.108 The pattern of signs 
and symptoms after a deliberate mass inhalation release 
is not known, but botulinum toxin must be considered 
along with the nerve agents in any cases manifesting with 
sudden disturbances of cholinergic transmission.

Conventional level C protection (see section on Per-
sonal Protection) and decontamination procedures are 
effective against the toxin, and several antisera agents 
are available. A heptavalent antitoxin exists for all the 
serotypes, but the human efficacy is not known with cer-
tainty.107 Established cases require supportive treatment 
with antitoxin and positive-pressure ventilation. The lat-
ter may be required for some time.

Saxitoxin
Saxitoxin has been suggested as a possible terrorist toxic 
agent, but no record exists of its production or use in a 
military context. In nature, it is produced by dinofla-
gellate sea organisms (causing the “red tide”) including 
Alexandrium tamarense, Gymnodinium catenatum, and Pyri-
dinium bahamense. The toxin is concentrated in shellfish 
and is the cause of paralytic shellfish poisoning.104 The 
toxin is approximately 20 times more toxic than sarin, 
having an LD50 in mice of 8 μ/kg. Saxitoxin is active by 
the inhalation route and causes bulbar palsy, respira-
tory failure, and cardiovascular failure. The toxin acts by 
blocking voltage-gated sodium channels.109 Treatment is 
based on ventilatory and organ support. An antitoxin has 
been developed in guinea pigs.110

Ricin
Ricin is considered a serious terrorist threat because it can 
be extracted relatively easily from the seeds of the castor 
bean plant, Ricinis communus. Waste from the production 
of castor oil contains approximately 5% ricin, making it 
a potential source for terrorists. Ricin has been used in 
assassinations,42 and high inhaled concentrations are 
thought to be fatal. A substantial latent period occurs 
before generalized signs and symptoms of the inhibi-
tion of protein synthesis, which include fever, abdominal 
pain, diarrhea, weakness, drowsiness, confusion, seizures, 
coma, cardiovascular collapse, and respiratory failure, all 
progressing to multiple organ failure and death within 
36 to 72 hours. Ricin poses a considerable ICU problem. 
Treatment is supportive, but an antitoxin has been devel-
oped for use in animals.111,112

PHARMACOLOGIC AGENTS AND AGENTS 
OF BIOLOGIC ORIGIN

The events in the Moscow theater siege in 2002113 high-
lighted the possible use of substances that were originally 
developed as anesthetic agents or adjuncts used as “knock 
down” weapons. In the siege, a substance was released 
into the air-conditioning system by special forces enter-
ing the theater, which led to the deaths from respiratory 
failure of 127 of 800 of the hostages. The event empha-
sized the need for immediate life support after toxic 
attack with short-latency agents. The Russian govern-
ment, after challenge, declared that the agent used was 
“fentanyl.” Many fentanyl agents have been synthesized 
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apart from those familiar in clinical practice and some 
are too toxic for general use. Another possibility is the 
use of a short-chain neuropeptide. Considerable research 
effect went into investigating such compounds during 
the last days of the USSR.44 Agents such as 3-quinuclidi-
nyl benzylate (BZ or agent-15) (also initially considered as 
a possible cause of the theater casualties) have been used 
for many years and are centrally acting anticholinergic 
agents. Phencyclidine compounds (related to ketamine) 
and other hallucinogens were tested during the early days 
of chemical warfare research during the Cold War and 
should be considered as part of the differential diagnosis 
of patients presenting with central nervous system symp-
toms after a possible toxic attack.

CLASSIC BIOLOGIC WARFARE AGENTS

General Considerations
Although many organisms have been suggested as being 
capable of use as biologic warfare agents, only a few have 
been studied to the point of being a threat rather than a 
hazard.42 Management of deliberate epidemics is the role of 
specialist physicians, and anesthesia providers are likely to 
encounter only agents that have serious pulmonary effects 
and are likely to require ICU care. Many analogies from nor-
mal epidemic outbreaks are relevant to deliberate biologic 
warfare attacks, particularly by terrorists. The severe acute 
respiratory syndrome (SARS) epidemic in 2004 was a valu-
able lesson about the spread of a new infectious pathogen 
in a world linked by fast air travel connections. Although 
previous slower forms of travel allowed the incubation of 
symptoms before arrival at the destination, air travel does 
not, and patients may be asymptomatic at the time of their 
arrival. All hospital practitioners must now be aware of the 
possibility of transmission of infection from distant loca-
tions. Recent travel history should be an essential part of 
the initial patient interrogation process.

Anthrax
Bacillus anthracis, an aerobic gram-positive, spore-form-
ing, rod-shaped organism, is one of the few listed “stan-
dard” biologic warfare agents that has been proved to be 
a hazard and a weaponized threat. The natural reservoir 
of the disease is spores in the soil, and it is these highly 
resilient spores than form the basis for its use as a biologic 
agent. During tests in World War II, a whole Scottish 
island was experimentally contaminated and remained in 
this condition for over 40 years.42 Evidence for weapon-
ization of the bacillus by several other countries has been 
presented. An accidental release from a military installa-
tion in the USSR in 1979 claimed more than 100 lives.43 
The Iraq War in 2003 was fought under the shadow of a 
possible anthrax attack, although no such weapons were 
found. Although the standard biologic warfare release is 
by aerosolization of the spores, the agent was distributed 
in the United States by mail as a powder in 2001 and 
claimed several lives, demonstrating its terrorist use.

Anthrax exists in cutaneous, gastrointestinal, and 
pulmonary forms, but the pulmonary form is the major 
concern of the anesthesia provider and intensivist. In its 
natural state, pulmonary anthrax is rare, but deliberate 
release of spores in an aerosol would make the presenta-
tion more common.

physicAl findings. The physical findings in pulmonary 
anthrax are nonspecific, but chest radiography may show 
signs of effusion or pulmonary edema and mediastinal 
widening. An immunoassay is available that can detect 
circulating toxin. The infective dose of anthrax when 
inhaled is 8000 to 15,000 spores. Spores between 2 and 
5 μm reach the alveoli; spores greater than this size are 
trapped in the upper airways. After trapping, the spores 
are removed to the mediastinal and hilar lymph nodes by 
pulmonary macrophagocytes. After a germination period 
of 1 to 3 days, large amounts of anthrax toxin are released 
into the circulation, causing the clinical manifestations 
of the pulmonary form of the disease. An initial insidi-
ous phase lasting 1 to 4 days consists of general malaise, 
fatigue, myalgia, nonproductive cough, and fever. During 
the next phase of the pulmonary disease, a necrotizing 
hemorrhagic mediastinitis occurs causing chest discom-
fort, dyspnea, and stridor. In untreated cases, multiple 
organ failure follows, which is very refractory to treat-
ment and causes death within 24 to 36 hours. In 50% of 
cases, hemorrhagic meningitis with coma occurs.

pAthogenesis. Considerable work has been done on the 
mechanism of the pathogenesis of anthrax infection and 
the effects of the toxin. This consists of three proteins 
with a central protective component binding the other 
two, known as the edema and lethal factors. After transfer 
to the cytoplasm edema factor, a calmodulin-dependent 
adenyl cyclase converts adenosine triphosphate to cyclic 
adenosine monophosphate,114 which in turn causes tissue 
edema and suppression of the oxidative burst associated 
with polymorphonuclear phagocytosis.115 Lethal factor is 
thought to be associated with macrophage expression of 
tumor necrosis factor and interleukin-1, cytokines that are 
a fundamental part of the systemic inflammatory response.

treAtment. Treatment of anthrax infection has classi-
cally been founded on the use of benzylpenicillin, but 
evidence of resistance has been reported. The current 
antibiotic recommendation is to use ciprofloxacin 400 
mg every 8 hours, and this was widely used as prophy-
laxis during the 2001 anthrax attacks in the United States. 
Other approaches may be more appropriate, including 
doxycycline 200 mg intravenously followed by 100 mg 
intravenously every 8 hours, gentamycin, erythromycin, 
or chloramphenicol (Table 83B-5).

The recommended antibiotic prophylaxis is ciproflox-
acin 500 mg every 12 hours or doxycycline 100 mg every 
12 hours orally. This should be started as soon as pos-
sible after exposure.116 Vaccines have been studied, and 
the standard Michigan vaccine should be given at 0, 2, 
and 4 weeks and then at 6, 12, and 18 months, followed 
by annual boosters. If vaccines are unavailable, antibiotic 
prophylaxis should be continued for 60 days. For anes-
thesia providers, intensivists, and other staff working on 
the longer term care of patients with anthrax, prophy-
laxis is important, together with careful filter protection 
of ventilation and disinfection. Wherever possible, dis-
posable circuits should be used.
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TABLE 83B-5 TREATMENT FOR PATIENTS EXPOSED TO BIOLOGIC WARFARE AGENTS 

Agent Infective Dose
Incubation 
Period

Effects  
(After Inhalation) Staff Protection Specific Treatment Chemoprophylaxis Vac

Bacillus anthracis 8000-15,000 
spores

1-5 days Mediastinitis, 
meningitis, MOF

Isolation, 
vaccination, 
universal 
precautions

Ciprofloxacin 400 mg IV tid; 
doxycycline 200 mg IV 
once, then 100 mg IV tid; 
penicillin 2 million units IV 
2 hourly plus streptomycin 
30 mg/kg IM daily

Ciprofloxacin 500 
mg PO bid × 4 
wk + vaccinate; 
doxycycline 100 
mg PO bid × 4 wk + 
vaccinate

Mic
2
1
a

Yersinia pestis 100-500 
organisms

2-3 days Pneumonia, 
septicemia, MOF

Isolation, 
universal 
precautions

Streptomycin 30 mg/
kg IM daily × 10 days; 
doxycycline 200 mg IV, 
then 100 mg IV tid × 14 
days (chloramphenicol)

Doxycycline 100 mg 
PO bid × 7 days; 
tetracycline 500 mg 
PO daily × 7 days

Gre
p

Viral 
hemorrhagic 
fevers

1-10 organisms 4-21 days Coagulopathy, 
edema, MOF

Isolation, 
HEPA masks, 
universal 
precautions

Ribavirin 30 mg/kg IV 
once, then 15 mg/kg IV 
daily × 4 days, then 7.5 
mg/kg IV tid × 6 days 
(immunoglobulin)

NA No

Viral 
encephalitides

10-100 
organisms

2-6 days (VEE) 
7-14 days 
(EEE/WEE)

Encephalitis, seizures, 
coma, CNS 
damage

Universal 
precautions

Supportive, anticonvulsants NA Ava
V
W

Francisella 
tularensis

10-50 organisms 2-10 days Pneumonia, pleural 
effusions

Universal 
precautions

Streptomycin 30 mg/kg 
IV daily × 10-14 days; 
gentamicin 3-5 mg/kg 
IV od

Doxycycline 100 mg 
PO bid × 14 days

Live

Variola 
organisms

10-100 7-10 days Rash, secondary 
pneumonia

Isolation, 
universal 
precautions

Cidofovir 5 mg/kg IV once 
every 2 wk

Vaccinia 
immunoglobulin

Wy

Burkholderia 
mallei

1-10 organisms 10-14 days Septicemia, 
pneumonia, 
lymphadenopathy

Universal 
precautions

Co-amoxiclav 20 mg/kg 
IV tid

Tetracycline 500 mg 
PO daily × 14 days

No

Coxiella burnetii 1-10 organisms 10-14 days Myalgia, malaise, 
fever

Barrier nursing Doxycycline 100 mg PO bid 
× 5-7 days after exposure 
× 5 days

Doxycycline 100 mg 
PO bid for 8-12 days

Q v

Brucella spp. 10-100 
organisms

5-60 days Malaise + cough, 
sacroiliitis, 
pancytopenia

Barrier nursing Doxycycline 100 mg PO bid 
plus rifampicin 900 mg tid 
PO for 6 wk

Doxycycline and 
rifampicin for 3 wk

No

Escherichia 10-100 
organisms

1-5 days Vomiting and 
diarrhea, renal 
failure

Barrier nursing Antibiotics not required NA No

odified from White SM: Chemical and biological weapons: Implications for anaesthetic and intensive care, Br J Anaesth 89:306-324, 2002.
NS, Central nervous system; EEE, eastern equine encephalitis; HEPA, high-efficiency particulate air filter; IM, intramuscularly; IV, intravenously; MOF, multiple organ failu
VEE, Venezuelan equine encephalitis; WEE, western equine encephalitis.
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Plague
Plague was the scourge of the medieval world, and natu-
ral outbreaks continued well into the twentieth century. 
Plague has long been considered a potential biologic war-
fare agent and was researched extensively by the USSR.44 
The pulmonary form is very serious and requires ICU sup-
port. The causative organism, Y. pestis, is an anaerobic, 
gram-negative coccobacillus transmitted to humans by 
fleas carried by rodents or by animal-human or human-
human droplet infection.117,118 Bubonic, pneumonic, 
and septicemic forms of plague exist; the latter two are 
fatal without treatment. Only approximately 100 to 5000 
organisms constitute an infective dose. The incubation 
period is 2 to 3 days, after which a pneumonia develops 
with malaise, high fever, myalgia, hemoptysis, and finally 
septicemia. There is dyspnea, stridor, and cyanosis. With 
the worsening condition, intermittent positive-pressure 
ventilation is required with aggressive antibiotic treat-
ment. Confirmation of the diagnosis comes from the caus-
ative organism in blood, lymph nodes, or sputum cultures. 
An enzyme-linked immunosorbent assay is available. 
Pneumonic plague has long been recognized as being fatal, 
but antibiotic treatment reduces the mortality to at least 
60%. The first line of treatment is streptomycin 30 mg/kg 
every 12 hours for 10 days. Alternatives are gentamycin or 
chloramphenicol. An inactivated vaccine (Greer vaccine) 
is available, but its effectiveness is not thought to be high.

Cholera
Cholera is a widespread natural infection originating from 
the Far East, which caused several epidemics in Europe 
throughout the nineteenth century. Although cholera is 
in the domain of the specialized physician, the profound 
fluid imbalances caused by the disease make admission 
of patients to the ICU likely in severe cases. Cholera has 
been suspected of being weaponized, but it can be spread 
effectively only by causing mass poisoning through the 
water supply. Outbreaks occurring in China during World 
War II were thought to be caused in this way.42

pAthogenesis. The infection is localized to the small 
bowel and causes a major outpouring of fluid and electro-
lytes. Paradoxically, fluid can still be absorbed, and this is 
the basis of the use of oral rehydration solutions in mass 
outbreaks in developing countries.

treAtment. The management of cholera is essentially 
fluid and electrolyte replacement. Traditionally, the 
intravenous route was used, but modern practice is to 
use oral rehydration solutions containing electrolytes 
and glucose,119 Early rehydration in this way avoids the 
need for admission to the ICU. In the case of a deliberate 
cholera epidemic, early rehydration would be a high pri-
ority for treatment of mass casualties. Tetracyclines have 
traditionally been the antibiotic treatment of choice but 
resistance has been reported.119

Glanders
Glanders is an equine disease caused by the gram-negative 
bacillus Burkholderia mallei. It has long been considered 
a potential biologic warfare agent in a modified form 
because the organism is known to be highly infectious 
in the aerosolized form. Acute and chronic forms occur 
in humans.120 The septicemic form appears 10 to 14 days 
after exposure, making the agent one of long latency. It is 
characterized by a sudden onset of high fever, rigors, and 
myalgia, with cervical lymphadenopathy, splenomegaly, 
leukopenia, or leukocytosis. In this form, septic shock and 
multiple organ failure occur, and the fatality rate without 
treatment is high. After inhalation of the organism, the 
acute pulmonary form is seen, with septicemia, bilateral 
pneumonia, and pulmonary nodular necrosis. The chest 
radiograph shows miliary shadowing. The severe acute 
forms of the disease are most likely to concern intensivists, 
but an oropharyngeal form also occurs with ulceration of 
the septum and turbinate and a blood-stained mucopuru-
lent discharge and macropapular or pustular rash similar 
to smallpox. In the chronic form, glanders can produce 
chronic lymphadenopathy, multiple musculocutaneous 
abscess formation, and oropharyngeal nodules. The first-
line treatment of glanders is an antibiotic combination 
(co-amoxiclav and sulfadiazine 30 mg/kg−1 every 8 hours 
for 3 weeks). Doxycycline, rifampicin, and ciprofloxacin 
are second-line drugs. No vaccine against glanders exists.

Viral Diseases Regarded as Potential 
Biologic Warfare Hazards
A number of viral illnesses are considered to be potential 
biologic warfare agents. They are the province of the spe-
cialized infectious disease physician, and the anesthesia 
provider is referred to the specialized texts for a broader 
discussion.

smAllpox. Of the potential biologic warfare viral disease 
agents, smallpox is placed high on the potential terrorist 
hazard list because of the continuing presence of labo-
ratory stocks of virus, which is normally promulgated 
only through human hosts. The success of the worldwide 
vaccination campaign led the WHO to declare small-
pox an extinct disease, and mass vaccination programs 
were stopped. However, laboratory studies continued, 
and there is a fear at present that strains could be stolen 
and used to create a deliberate widespread epidemic in 
a largely unprotected population. Intensive care may be 
required for cases contracting overwhelming secondary 
infection. Although treatment is based on isolation and 
supportive therapy, there is current interest in the use of 
the antivirals cidofovir and ribavirin.121

INVOLVEMENT OF THE ANESTHESIA 
PROVIDER IN THE MANAGEMENT OF 
CASUALTIES FROM EXPOSURE TO 
CHEMICAL AND BIOLOGIC WARFARE 
AGENTS

APPROACHES TO MANAGEMENT OF 
CHEMICAL AND BIOLOGIC WARFARE 
INCIDENTS

Anesthesia providers may be confronted with the man-
agement of victims from the deliberate or accidental 
release of CBW hazards inside and outside the hospital. 
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A system of management of such cases is essential that 
provides for the safety of the medical responders and the 
correct treatment for the patient. Management should be 
considered in terms of (1) management of the incident 
and (2) management of the patient’s condition. In terms 
of the four properties of agents in the CBW spectrum (see 
the section on Agents of Chemical and Biologic Warfare: 
Background and Development), management of the inci-
dent is determined by persistency and transmissibility, 
and management of the patient’s condition by toxicity 
and latency.

Many chemical hazards have very limited persistency, 
and decontamination is not required. Limited persis-
tency means reduced risk for contact transmission to 
other persons. However, certain chemical agents have 
long persistency and thus high transmissibility. Many 
such agents do not pose a significant threat by inhala-
tion, but may be absorbed through the epithelia (e.g., 
nerve agent VX). For such agents, careful decontamina-
tion is essential.

Most classic biologic warfare agents have low persis-
tency, being rapidly degraded by the environment, and 
depend on host transmission via an incubation period. In 
such cases, transmissibility is high. Anthrax is a notable 
exception; its spores have very long persistency, but no 
infective transmissibility. At the other extreme, the viral 
hemorrhagic fevers have very short persistency but high 
infective transmissibility.

MANAGEMENT OF THE INCIDENT

Disaster planning is a process familiar to many anesthesia 
providers and provides a good model of how to approach 
toxic releases. A toxic release is a special case of disaster 
and may be either accidental or deliberate. Plans put in 
place for a terrorist release of a CBW agent are equally 
valuable for the more likely case of accidental release. 
Moles122 summarized the essential points of disaster plan-
ning as follows:

 1.  The importance of risk assessment: Not all listed haz-
ards are identifiable risks

 2.  The essential stage of preplanning: Should bring 
together all the different emergency agencies, such as 
fire, civil defense, and police, who would be involved 
in CBW incident management

 3.  A phased response: Importance of, based on exercises 
and assessment
PERSONAL PROTECTION

Protection is a key feature of incident management, and
anesthesia providers should be familiar with personal
protection levels (Box 83B-5), protective suits and masks,
and techniques of decontamination. As Box 83-7 shows,
several levels of protection are used in the management of
toxic releases, but the appropriate level for medical inter-
vention is level C, which allows reasonable tactile dexter-
ity and contact with the patient to provide essential life
support and antidote therapy onsite.49 Level C protection
(Fig. 83B-8) is equivalent to that used by the military to
provide protection against the most toxic chemical war-
fare agents and virulent biologic warfare organisms.

DETECTION AND IDENTIFICATION  
OF THE HAZARD

Unlike military CBW releases, civil incidents may not
provide early information about the nature of the
hazard (Box 83B-6). Patterns of signs and symptoms
manifesting in victims may be the first indication
of the nature of the causative agent. Detection and

level a

Positive-pressure SCBA
Fully encapsulating chemical-resistant suit
Double layer of chemical-resistant gloves
Chemical-resistant boots
Airtight seal between suit and gloves and boots

level B

Positive-pressure SCBA
Chemical-resistant, long-sleeved suit
Double layer of chemical-resistant gloves
Chemical-resistant boots

level c

Full-face air-purification device (respirator)
Chemical-resistant suit
Chemical-resistant outer gloves
Chemical-resistant boots

level d

Equipment does not provide specific respiratory or skin 
 protection and usually consists of regular work clothes

BOX 83B-5 Levels of Personal Protection in 
HAZMAT Incidents

SCBA, Self-contained breathing apparatus.
Figure 83B-8. Civil (A) and mili-
tary (B) level C protective respi-
rators and suits. (Courtesy Service 
d’Aide Médicale Urgente [SAMU] de 
Paris, France.)

A B
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monitoring devices for established military chemical 
warfare hazards exist but are not widely available in the 
civil context. Intelligence information may be avail-
able for terrorist attacks. In the case of accidental toxic 
agent release, information would be available from 
the HAZMAT system and the appropriate classification 
codes (see Box 83-3).

EARLY PATIENT MANAGEMENT AFTER 
CHEMICAL AND BIOLOGIC WARFARE 
RELEASE

If the released hazard is persistent and transmissible, 
decontamination is essential in the decontamination 
zone. In some countries, level C–protected medical staff 
or paramedics can now operate in this area and work 
alongside fire personnel in providing (1) triage, in terms 
of whether the patient requires decontamination and the 
patient’s medical status; (2) immediate life support mea-
sures (TOXALS); and (3) immediate antidote and other 
pharmacologic support.

Figure 83B-9 shows a medically operated chemical 
warfare casualty reception facility in a Parisian hospi-
tal. Early life support measures in the decontamination 
zone are very important123 (see also Chapter 107). The 
concept of TOXALS, introduced in 1996,124 expands the 
familiar ABCs of life support to relate to toxic releases as 
follows:

 •  Airway (see also Chapter 55) of the casualty patient must 
be obviously maintained at all times. In the unconscious 
casualty, this may involve simple basic airway maneuvers 
plus suction of the copious secretions associated with 
chemical poisoning. Occasionally, advanced airway 
management, such as tracheal intubation, may be 
required to protect the airway from the excessive 
secretions and to prevent aspiration of regurgitated 
stomach contents.

 •  Breathing must be carefully observed until full 
decontamination and recovery have occurred. 

Military: Toxic release is an anticipated event following intel-
ligence. Military have analysis of hazards and threats.

 •  Tuned detection systems for specified hazards
 •  Use of generic detection systems
 •  Ordered responses
 •  Appreciation of the nature of the event by combat trained 

personnel

Civilian: Toxic agent release is (usually) an accidental event

 •  Natural epidemics
 •  Casualties may be the first indication of the nature of the 

incident
 •  No fixed detection systems
 •  Ability to respond without battlefield constraints
 •  Widespread HAZMAT system of hazard control
 •  Uncontrolled and usually ill-disciplined population  

BOX 83B-6 Management of Chemical and 
Biologic Warfare Releases: Military and Civil 
Approaches
Supplemental O2 will speed the recovery from volatile 
chemical poisoning. If breathing becomes compromised, 
artificial ventilation with supplemental O2 must be 
administered using a self-inflating resuscitation bag-
valve-mask or automatic ventilator. Entrained air must 
be filtered when ventilating casualties in a contaminated 
environment.

 •  Circulation must be carefully observed and monitored. 
Noninvasive blood pressure, pulse oximetry, and 
electrocardiogram monitoring are all useful indicators 
of circulatory function. The early establishment of 
intravenous access aids the administration of fluids and 
drugs.

 •  Disability (conscious level) should be assessed using the 
simple AVPU scale (Alert, responds to Voice, responds 
to Pain, Unresponsive). This assessment should be 
repeated at frequent intervals to assess the progress of 
the casualty.

 •  Drugs, especially the specific antidotes, should be 
administered when a specific agent has been identified.

 •  Exposure of the casualty is essential not only to 
assess physical damage, but also to remove all clothes 
that have been contaminated by the chemical. 
Approximately 80% of surface contamination is 
removed by undressing.

 •  Environment. The primary management as described 
may be severely limited by the need for the rescuer to 
wear protective clothing. Only those skilled in these 
techniques and trained in protective clothing should 
enter and treat casualties in a contaminated area. All 
others should await the casualties’ arrival in the cold or 
clean zone after decontamination.

  

Identification of the chemical and its specific antidote 
might take some time. However, this must not delay the 
basic medical management of the casualty.

Somatic Systems Affected by Toxic Hazards
Early patient management is based on (1) identifica-
tion information and (2) the manifesting signs and 

Figure 83B-9. Special triage, decontamination, and resuscitation 
center set up at a Parisian teaching hospital. (Courtesy Service d’Aide 
Médicale Urgente [SAMU] de Paris, France.)
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symptoms. Usually information will be available to help 
with identification of the agent used. On the basis of 
manifesting signs and symptoms, it is useful to con-
sider attacks on the various clinical systems as guide to 
the agent used (Table 83B-6). A wide range of chemical 
agents affect the respiratory system. These are summa-
rized in Table 83B-7.

TABLE 83B-6 EFFECTS OF CHEMICAL AND 
BIOLOGIC WARFARE AGENTS ON SOMATIC 
SYSTEMS

System Affected Agents

Epithelial Vesicants (e.g., sulfur mustard), 
smallpox, ricin

Respiratory
 Upper, lower airway Vesicants, phosgene
 Respiratory control 

system
Nerve agents, ABO

 Gaseous exchange Pulmonary edemagens
 Mechanics of 

breathing
Nerve agents, neurotoxins

Central nervous system Nerve agents, cyanide, neuropeptides, 
agents of anesthetic origin 
(phencyclidines, BZ)

Peripheral nervous 
system

Nerve agents, neurotoxins (e.g., 
botulinum, saxitoxin)

Immune system Vesicants, ABO (provocation of 
immune responses, inflammatory 
responses, organ failure)

Cardiovascular Nerve agents, ABO
Alimentary, renal Nerve agents, toxins, infectious agents

ABO, Agents of biologic origin; BZ, quinuclidinyl benzilate.
Problems in the Medical Management of 
Chemical and Biologic Warfare Incidents
Potential problems in managing CBW incidents include:

 •  Failure to recognize CBW release
 •  Failure to implement appropriate HAZMAT procedures 

to limit the number of secondary casualties
 •  Release of the agent overwhelming available emergency 

and medical resources
 •  Insufficient planning and training
 •  Lack of appropriate protective equipment
 •  Lack of resuscitation skills for early life support
 •  Lack of specific knowledge for the management of toxic 

or infectious hazards
 •  Panic and hysterical reactions from a frightened general 

public fueled by irresponsible reporting
  

These problems may be minimized by careful plan-
ning, equipping, and training, with the objective of mak-
ing a CBW release manageable in the same sense as for 
other mass disasters.

EFFECTS OF CHEMICAL AND BIOLOGIC 
WARFARE AGENTS ON ANESTHETIC 
PRACTICE

MANAGEMENT OF MIXED TOXIC  
AND PHYSICAL INJURY

Chemical warfare and HAZMAT release may be accompa-
nied by explosion and fire causing associated injuries 
requiring surgical intervention. The effects of the release 
TABLE 83B-7 EFFECTS OF TOXIC AGENTS ON RESPIRATION 

Respiratory Component Effect Toxic Agent

Central nervous system Depression of respiratory drive and seizures leading to apnea Nerve agents, cyanide, neuropeptides

Peripheral nervous system Neuromuscular paralysis of respiratory muscles Nerve agents, neurotoxins

Nasopharynx May become blocked by excess secretions Lung-damaging agents, nerve agents
Prodromal rhinitis and rhinorrhea Vesicants
Sneezing Early symptom of mustard agent

Larynx Irritation, laryngeal spasm Upper respiratory irritant, lung-
damaging agents

Riot-control agents, particularly CS 
and CR (tear gas)

Large airways Blocked by secretions Nerve agents (theoretic)
Blocked by inhaled vomitus Various agents
Sloughing of walls of trachea and main bronchi, produces 

“pseudodiphtheritic” membrane, serious cause of large airway 
obstruction, leading to bronchopneumonia and death

Vesicant agents

Small airways Blocked by secretions
Cholinergic innervation affected; bronchospasm (relieved by 

atropine)
Nerve agents

Chemical bronchiolitis, followed by serious bronchospasm Vesicant agents

Alveoli Toxic pulmonary edema Various agents, especially lung-
damaging agents (latency 6-24 hr)

Vesicant agents, particularly if inhaled 
at high ambient temperature*

From Baker DJ, Rustick JM: Anesthesia for casualties of chemical warfare agents. In Zaitchuk R, Grande C, editors: U.S. Army textbook of military medicine. Part 
IV, Vol I. U.S. Department of the Army, Office of the Surgeon General Borden Institute, Washington, DC, 1995, pp 833-856.

CR, Dibenzoxazepine; CS, 2-chlorobenzalmalononitrile (tear gas).
*Data from Willems JL: Clinical management of mustard gas casualties, Ann Med Mil Belg 3(Suppl):1-61:47, 51, 1989.
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agent on the subsequent conduct of general anesthesia are 
important. Many of the agents described earlier affect the 
condition of the patient and the action of anesthetic agents.

EFFECTS ON THE CONDITION  
OF THE PATIENT

Shock and toxic airway injury can produce ventilation-per-
fusion inequality, which affects preoxygenation for emer-
gency induction of anesthesia (see also Chapter 55). The 
respiratory uptake of anesthetic vapors and alveolar ventila-
tion itself are affected by degrees of shunt and pulmonary 
edema. Above all, the action of toxic agents may be expected 
to alter the balance and flow of general anesthesia and may 
cause delays in recovery, which would be labor-intensive 
in management. In terms of postoperative intensive care, 
patients who have been exposed to pulmonary edemagens 
and to OPs may pose the greatest problem (Box 83B-7).

Intensive Care Implications
Chemical warfare agent exposure may cause several syn-
dromes that require medium-term or even long-term ICU 
treatment. These include pulmonary edema and ARDS. In 
the case of OP exposure, it is possible intermediate syn-
drome may develop,125,126 with a reparalysis of the patient 
requiring several days of ventilation. Experience with OP 
anticholinesterases in this area is lacking, although consid-
erable evidence has been reported from pesticide poisoning.

Many of the infectious agents considered biologic 
warfare agents can cause infections and even an over-
whelming inflammatory response and organ dysfunction. 
Intensive care is required for cases of systemic inflamma-
tory response syndrome and multiple organ dysfunction 
syndrome cases (see also Chapter 100). The continued 
possibility of an avian flu pandemic highlights the need 
to provide simple mass ventilation systems in high-depen-
dency units. Many patients infected with biologic warfare 
agents can receive ventilation using simpler machines 
than those found in the ICU and that can be operated 
by non-ICU personnel. Mass procurement of devices and 
training is necessary. The ability of hospitals to provide 
intermittent positive-pressure ventilation for large num-
bers of casualties is a necessary step in managing not only 
epidemics of respiratory disease but also the consequences 
of a number of the CBW agents in which respiratory fail-
ure is the end stage of the pathologic condition.
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Anesthesia for Eye Surgery
MARC ALLAN FELDMAN

K e y  P o i n t s

 •  Understanding ocular anatomy and physiology and the systemic effects of 
ophthalmic medications is essential to preparing an appropriate anesthesia plan.

 •  Pressure on the globe or any orbital contents can result in a trigeminovagal or 
oculocardiac reflex with bradycardia, atrioventricular block, or even asystole.

 •  The blood supply to the retina is governed by the ocular perfusion pressure, which 
is determined by the arterial blood pressure and the intraocular pressure (IOP).

 •  Sufficient concentrations of inhaled anesthetics decrease IOP, whereas ketamine 
and succinylcholine can increase IOP.

 •  Sudden increases in IOP in the setting of open globe injury can lead to vitreous 
loss and blindness.

 •  Complications of retrobulbar block include retrobulbar hemorrhage, increased 
IOP, intraarterial injection with convulsions, and subarachnoid injection via the 
optic nerve sheath with respiratory arrest.

 •  Nitrous oxide should be avoided for 15 minutes before the insertion of intraocular 
gas. Nitrous oxide must be avoided for 7 to 45 days after use, or until the gas 
bubble is resorbed.

 •  True ophthalmic emergencies, such as chemical burns and central retinal artery 
occlusions, must be treated within minutes to avoid permanent vision loss. Open 
globe injuries and other urgent procedures can be scheduled after appropriate 
NPO status.

 •  Eye compression from a facemask or positioning can lead to central retinal artery 
occlusion.

Acknowledgment: The editors and the publisher would like to thank Dr. Anil Patel, 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.
OCULAR ANATOMY

The eye is a sphere measuring approximately 24 mm in 
diameter. It sits in the pyramidal bony orbit. The wall of 
the globe has three layers: the sclera, the uveal tract, and 
the retina.

The sclera is the outermost layer. It is the tough, fibrous 
white of the eye. The transparent cornea is the anterior-
most part of the sclera. Most of the focus power of the eye 
is from the curvature of the cornea.

The middle layer, the uveal tract, has three structures: 
the choroid, the iris, and the ciliary body. The choroid is 
a layer of blood vessels located posteriorly. Bleeding in 
this layer is one cause of intraoperative expulsive hemor-
rhage. The pigmented iris controls light entry with mus-
cle fibers that change the size of the pupil. Sympathetic 
stimulation dilates the pupil by causing iris dilator mus-
cles to contract, whereas parasympathetic stimulation 
causes miosis, or pupillary constriction, by causing the 
iris sphincter muscles to contract. The ciliary body lies 
2

just behind the iris; it produces aqueous humor. Ciliary 
muscle fibers adjust the focus by releasing tension on the 
suspensory fibers, or zonules, of the lens. Opacification of 
the lens causes a cataract. Uveitis is an inflammatory con-
dition of these structures (iris, choroid, and ciliary body).

The innermost eye layer is the retina. Light stimulates 
retinal photoreceptors to produce neural signals that the 
optic nerve carries to the brain. There are no capillaries 
in the retina; the choroid layer provides the retina with 
oxygen. Retinal detachment from the choroid layer com-
promises the retinal blood supply and is a major cause of 
vision loss. The retinal layer ends approximately 4 mm 
behind the iris. The area between the limbus of the cor-
nea and the retina is called the pars plana. Because there 
is no retinal layer there, it is a safe entrance site for vitrec-
tomy procedures.

The center of the eye is filled with vitreous gel. This 
thick fluid has attachments to blood vessels and the optic 
nerve. Traction of the vitreous on the retina is a cause of 



retinal detachment. Scarring, bleeding, or opacification 
of the vitreous is treated by vitrectomy.

The extraocular muscles move the globe within the 
orbit. They arise from a fibrous ring near the apex of the 
orbit and insert on the sclera. The six extraocular muscles 
lie within a cone behind the eye surrounding the optic 
nerve, ophthalmic artery and vein, and ciliary ganglion.

The eyelids have an outer layer of skin, a muscle layer, 
a tarsal plate of cartilage, and a layer of conjunctiva. The 
conjunctiva is a mucous membrane that lines the inner 
eyelids and covers the globe up to the corneal-scleral 
junction.

The lacrimal gland sits in the superior temporal orbit. 
It releases tears across the surface of the globe. Tears drain 
via the puncta near the medial canthus of the eyelids. 
Tears flow through the canaliculi to the lacrimal sac and 
duct, to drain into the nasopharynx.

The ophthalmic artery provides most of the blood sup-
ply to the orbital structures. It is a branch of the internal 
carotid artery, close to the circle of Willis. The superior 
and inferior ophthalmic veins drain directly into the cav-
ernous sinus.

Cranial nerves (CN) innervate the ocular structures. 
The optic nerve (CN II) carries the neural signals from the 
retina. The oculomotor (CN III), trochlear (CN IV), and 
abducens (CN VI) control the extraocular muscles. Touch 
and pain sensation is carried via the trigeminal nerve (CN 
V). Sensation to the lower lid is via the maxillary nerve. 
Sensation to the upper lid is via the frontal branch of the 
ophthalmic nerve. The nasociliary branch of the ophthal-
mic nerve sends sensory fibers to the medial canthus, lac-
rimal sac, and ciliary ganglion.

The ciliary ganglion provides sensory innervation to 
the cornea, iris, and ciliary body. Parasympathetic fibers 
originate from the oculomotor nerve (CN III) and synapse 
in the ciliary ganglion before supplying the iris sphinc-
ter muscle. Sympathetic fibers originate from the carotid 
plexus and travel through the ciliary ganglion to inner-
vate the dilator muscle of the iris. Local anesthetic block-
ade of the ciliary ganglion produces a fixed, mid-dilated 
pupil.

The facial nerve (CN VII) exits the base of the skull 
from the stylomastoid foramen. It supplies motor inner-
vation to the orbicularis muscle via the zygomatic branch. 
Local anesthetic block of the facial nerve can prevent lid 
squeezing.

OCULOCARDIAC REFLEX

The oculocardiac reflex was first described by Aschner and 
Dagnini in 1908.1,2 Traction on the extraocular muscles 
or pressure on the globe causes bradycardia, atrioventric-
ular block, ventricular ectopy, or asystole. In particular, it 
is seen with traction on the medial rectus muscle, but it 
can occur with stimulation of any of the orbital contents, 
including the periosteum.

The reflex is trigeminovagal. The afferent limb is from 
orbital contents to ciliary ganglion to ophthalmic divi-
sion of the trigeminal nerve to the sensory nucleus of the 
trigeminal near the fourth ventricle. The efferent limb is 
via the vagus nerve to the heart.3
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The reflex may be seen more often with procedures 
under topical anesthesia. Retrobulbar block is not uni-
formly effective, however, at preventing the reflex. 
Orbital injections can trigger the response. The response 
is exacerbated by hypercapnia or hypoxemia.

In the event of arrhythmia, the anesthesiologist first 
should ask the surgeon to stop manipulations. The venti-
latory status is assessed. If significant bradycardia persists 
or recurs, intravenous atropine is administered in 7-μg/kg 
increments. Rarely, severe bradycardia or asystole occurs. 
Although chest compressions might be required to allow 
the atropine to circulate, usually the heart rhythm returns 
to normal with cessation of manipulation alone. The 
response fatigues with repeated stimulation.

Pretreatment with intravenous atropine or glycopyr-
rolate can be effective. Pretreatment may be indicated in 
patients with a history of conduction block, vasovagal 
responses, or β-blocker therapy.

INTRAOCULAR PRESSURE

The blood supply to the retina and optic nerve depends 
on the intraocular perfusion pressure.4 This perfusion 
pressure is defined as the difference between the mean 
arterial pressure and the intraocular pressure (IOP). High 
IOP impairs the blood supply, leading to a loss of optic 
nerve function. After an incision in the globe is made, 
factors that would increase IOP can cause prolapse and 
loss of intraocular contents; this can cause permanent 
vision loss.

The globe is a relatively noncompliant compartment. 
The volume of the internal structures is fixed except for 
aqueous fluid and choroidal blood volume. The quantity 
of these two factors regulates IOP.

Two thirds of the aqueous fluid is actively secreted 
by the ciliary body by a sodium-pump mechanism. One 
third comes from passive filtration through vessels on 
the iris. Aqueous fluid is produced at a rate of 2 μL/min. 
Aqueous fluid flows over the lens and through the pupil 
to bathe the inner corneal endothelium. It then enters 
the angle of the anterior chamber to flow through the 
trabecular meshwork to the canal of Schlemm. The canal 
of Schlemm is continuous with channels to the episcleral 
veins. IOP is primarily regulated by the resistance at the 
trabecular meshwork. Normal pressure is 10 to 20 mm Hg.

Impairment of aqueous drainage at any point can 
elevate the IOP. Sclerosis of the trabecular meshwork is 
believed to cause the chronic pressure elevation in open-
angle glaucoma. Closed-angle glaucoma occurs when 
there is an obstruction to aqueous drainage from closure 
of the anterior chamber angle. This happens from periph-
eral iris swelling or anterior displacement. Patients with a 
preexisting narrow angle may be predisposed to this con-
dition. The acute increase in pressure causes severe pain 
and is an ophthalmologic emergency.

Changes in choroidal blood volume can increase 
IOP rapidly. Hypercapnia causes choroidal congestion.5 
Coughing, straining, or vomiting can increase IOP to 30 
to 40 mm Hg. Endotracheal intubation can cause simi-
lar increases. These increases are transient and are rela-
tively innocuous in a closed eye. In an open eye, such 
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as after traumatic injury or during cataract surgery, these 
increases can lead to loss of intraocular contents, hemor-
rhage, and permanent vision loss.6

Extrinsic compression of the eye also increases the IOP. 
A normal blink increases the IOP by 10 mm Hg. A forceful 
lid squeeze can increase IOP to more than 50 mm Hg.7 A 
poorly placed anesthesia mask can put enough pressure 
on the eye to reduce blood flow to zero.

Deep inhaled or intravenous (e.g., propofol) anesthesia 
causes a dose-related reduction in IOP by 30% to 40%.8 Opi-
oids have little effect. Usual doses of atropine do not cause a 
significant increase in IOP, even in patients with open-angle 
glaucoma. Ketamine can cause a modest increase in IOP.

Intravenous succinylcholine causes IOP to increase by 
6 to 12 mm Hg9; this lasts for 5 to 10 minutes. The use 
of succinylcholine for induction of anesthesia in cases of 
open-globe injury with full stomach has been controver-
sial. Loss of vitreous in patients from succinylcholine has 
not actually been reported.

OPHTHALMOLOGIC DRUGS

Ophthalmologic drugs are systemic medications. Eye 
drops can have systemic effects and important drug 
interactions with anesthetics. Acetazolamide is a car-
bonic anhydrase inhibitor and is used for the treatment 
of glaucoma to decrease chronically increased IOP. It 
also induces an alkaline diuresis that can result in potas-
sium depletion. Patients taking acetazolamide should 
have electrolytes checked preoperatively. Atropine eye 
drops can cause tachycardia, dry skin, fever, and agita-
tion.10 Overdose can be treated with incremental doses of 
physostigmine.

Echothiophate is a topical anticholinesterase drug 
used to maintain miosis in the treatment of glaucoma. 
Systemic absorption leads to total body inhibition of 
plasma cholinesterase. Subsequent administration of suc-
cinylcholine can cause prolonged muscle paralysis (see 
Chapter 34).11 Inhibition of the metabolism of ester-type 
local anesthetics may predispose a patient to local anes-
thetic toxicity. Echothiophate is a long-acting. A return 
toward normal enzyme activity can take 4 to 6 weeks after 
discontinuation of the drug.

Mannitol is an osmotic diuretic that causes a decrease 
in IOP lasting 5 to 6 hours. Patients who receive mannitol 
during surgery may need a urinary catheter to avoid over-
distention of the bladder. Mannitol causes an increase 
in the circulating blood volume, which can lead to con-
gestive heart failure in patients with poor ventricular 
function.

Phenylephrine is an α-adrenergic agonist applied 
topically to dilate the pupil. Systemic absorption of the 
10% solution is associated with severe hypertensive reac-
tions.12 The 2.5% concentration is safer, but can exacer-
bate hypertension in some patients.

Pilocarpine and acetylcholine are cholinergic drugs 
used to constrict the pupil and can cause bradycardia and 
acute bronchospasm.

Timolol maleate is a topical β-blocker used for the 
treatment of glaucoma. Systemic absorption causes 
β-blockade, with possible bradycardia, bronchospasm, or 
exacerbation of congestive heart failure.13 These concerns 
are especially important in patients with severe chronic 
obstructive pulmonary disease.

Tamsulosin hydrochloride (Flomax) has selective 
α-adrenoreceptor antagonistic properties and binds for 
a long period to nerves to the iris dilator muscle, affect-
ing iris dilation and leading to complications in cataract 
surgery. The iris remains floppy even after a 7- to 28-day 
interruption of the tamsulosin regimen.14

PREOPERATIVE EVALUATION (see Chapter 38)

Eye surgery is the most common surgery in the elderly 
(see Chapter 80). In 2005, the Medicare program paid for 
nearly 3 million claims for cataract surgery. These out-
patient procedures are quick and do not involve blood 
loss or significant postoperative pain. They are not minor 
procedures, however; ophthalmic surgery can be a major 
life event. Establishing a professional relationship reduces 
anxiety and helps the patient prepare for surgery. Giv-
ing information to the patient is just as important as get-
ting information from the patient. An informed patient 
is more calm, comfortable, and cooperative. The patient 
needs to know what to expect.

Patients undergoing eye surgery can be a high-risk 
group. Adults tend to be older. Most patients have other 
risk factors, such as diabetes, hypertension, and athero-
sclerosis.15 Cataracts are a marker for increased mortality 
in the Nurses’ Health Study.16 Yet, ophthalmic surgery is 
still low risk. Mortality after eye procedures is more infre-
quent than for the general surgical population. Backer 
and colleagues17 found that eye surgery did not pose the 
risk of myocardial reinfarction seen with general surgi-
cal procedures. Patients’ chronic diseases have less effect 
on outcome with these procedures. In a study of unan-
ticipated hospital admissions after outpatient ophthalmic 
surgery, age and American Society of Anesthesiologists 
(ASA) physical status were not significant factors.18

There is controversy regarding the best preoperative 
management. Some clinicians say that because cataract 
extraction is a low-stress procedure with no blood loss, 
no preoperative evaluation is needed. Publication of a 
large, multicenter trial showed no effect of preopera-
tive blood tests and electrocardiogram on postoperative 
outcome.19 Another opinion is that every patient must 
receive a full evaluation to include every possible test, 
to detect every possible finding, to institute every pos-
sible therapy, and to delay as long as possible, so that 
the patient can be in the best possible condition and 
have the lowest possible risk. The appropriate approach 
is likely in between these two approaches. Appropriate 
preoperative medical consultation is important. A study 
of malpractice litigation in cataract surgery found that 
medical consultation accounted for 16% of the liabil-
ity; this compared with 17% attributed to either local or 
general anesthesia.20

Risk cannot be ignored. Neither should we reduce 
every risk to the lowest conceivable minimum. The anes-
thesiologist’s goal is to prepare the patient to present an 
acceptable risk at surgery. Acceptable risk is determined 
by the medical care team with the informed consent of 



the patient. If a patient’s condition would indicate inpa-
tient admission for medical treatment, or if a reversible 
condition would likely lead to a perioperative complica-
tion, the risk is unacceptable.

The goal is to develop guidelines that would encourage 
consistency of care and minimize disruption to patients 
and the operating room. The following guidelines are pre-
sented after review of literature and published guidelines 
(see Chapters 38 and 80).

PATIENT HISTORY

Previous hospitalizations and surgical procedures are 
reviewed. Allergies and drug sensitivities are noted. Latex 
allergy should be addressed specifically. A current list of 
medications is obtained. Patient factors that could influ-
ence anesthetic management include dementia, deafness, 
language difficulty, restless legs syndrome, obstructive 
sleep apnea, tremors, dizziness, and claustrophobia. A 
preoperative patient questionnaire can be very helpful. 
A thorough review of the patient history helps with peri-
operative planning and establishing a physician-patient 
relationship.

PHYSICAL EXAMINATION

Check for signs of major cardiac or pulmonary conditions 
and problems. Particular attention should be paid to posi-
tioning issues, such as severe scoliosis or orthopnea (see 
Chapter 41).

LABORATORY STUDIES

No routine screening tests have been shown to improve 
outcome. Yet, laboratory studies should be determined 
based on the results of the history and physical exami-
nation. Generally, the tests that a patient needs before 
ophthalmic procedures are the same tests a patient 
would require at a routine examination if surgery were 
not planned. Tests are chosen when the results are 
likely to change management. Urgent medical man-
agement is obtained for results reaching critical limits. 
Indications for laboratory studies and critical results are 
as follows:

 •  Electrocardiogram: New chest pain, decreased exercise 
tolerance, palpitations, near-syncope, fatigue, or 
dyspnea; tachycardia, bradycardia, or irregular pulse on 
examination

 •  Critical results: Signs of acute ischemia or injury, 
malignant arrhythmia, complete heart block, atrial 
fibrillation that is new, or heart rate more rapid than 
100 beats/minute

 •  Serum electrolytes: History of severe vomiting or diarrhea, 
poor oral intake, changes in diuretic management, or 
arrhythmia

 •  Critical results: Sodium less than 120 mEq/L or greater 
than 158 mEq/L; potassium less than 2.8  mEq/L or 
greater than 6.2 mEq/L

 •  Urea nitrogen: Signs or symptoms of renal decompensation
 •  Critical result: Greater than 104 mg/dL
 •  Serum glucose: Polydipsia, polyuria, or weight loss
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 •  Critical results: Less than 46 mg/dL or greater than 
480 mg/dL

 •  Hematocrit/hemoglobin: History of bleeding, poor 
oral intake, fatigue, decreased exercise tolerance, or 
tachycardia

 •  Critical results: Hematocrit less than 18% or greater 
than 61%; hemoglobin less than 6.6 mg/dL or greater 
than 19.9 mg/dL

OPHTHALMIC EVALUATION

Visual acuity of both eyes should be noted. Patients with 
poor vision in the nonoperative eye face much greater 
potential functional loss. These patients have a higher 
anxiety level. If the patient is to be patched overnight, 
the physician should anticipate the increased need for 
postoperative assistance for a temporarily blind patient.

The axial length of the globe should be assessed. When 
ultrasound measurements are available, the axial length 
should be noted. If no ultrasound is available, a myopic 
patient likely has an increased axial length. If a posterior 
staphyloma is present, the risks of injection anesthesia 
may be dramatically increased. Preoperative glaucoma 
history, increased IOP, and increased axial length are 
important risk factors for suprachoroidal hemorrhage. 
The risk can be reduced with intense control of intraop-
erative heart rate and arterial blood pressure. Preopera-
tive softening of the globe with a compression device also 
may decrease risk.

CARDIOVASCULAR EVALUATION

The American Heart Association and American College of 
Cardiology published guidelines for perioperative cardio-
vascular evaluation for noncardiac surgery.21 Ophthalmic 
procedures, such as cataract extraction, are specifically 
identified as low-risk procedures. For these procedures, 
evaluation is focused on patients with major clinical pre-
dictors of risk. These major predictors and the evaluation 
of the patient are reviewed in Chapters 38 and 39.

HYPERTENSION

Hypertension is a common problem in ophthalmic 
patients. Severe hypertension can lead to perioperative 
complications (see Chapter 39). Degrees of hyperten-
sion have been defined. Stage 3 of severe hypertension 
is defined as a systolic blood pressure of 180  mm Hg or 
more or a diastolic blood pressure of 110 mm Hg or more. 
Elective procedures in patients with sustained stage 3 
hypertension should be delayed until after 2 weeks of 
antihypertensive therapy.

PULMONARY CONSIDERATIONS

Ophthalmic procedures generally require that the patient 
lie flat comfortably and quietly. If the patient cannot lie 
flat, or if there is intractable cough, a perioperative com-
plication is more likely. Preoperative risk reduction strate-
gies include cessation of cigarette smoking, treatment of 
airflow obstruction with bronchodilators or steroids, and 
administration of antibiotics for respiratory infections.
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Patients should be assessed for sleep apnea. Intrave-
nous sedation is often contraindicated in these patients. 
For some patients, treatment with a mild stimulant such 
as caffeine can be helpful in keeping them awake and 
cooperative during a procedure.

ENDOCRINE CONSIDERATIONS (Also see 
Chapter 39)

Diabetes mellitus is common in patients undergoing 
ophthalmic surgery. An early morning start for surgery is 
desirable to lessen the disturbance to the patient’s usual 
daily routine. Severe hyperglycemia and hypoglycemia 
should be avoided. A fasting blood glucose measure-
ment should be checked preoperatively. Insulin therapy 
should be used, if needed, to maintain blood glucose at 
150 to 250 mg/dL. The potential for autonomic neuropa-
thy needs to be considered, especially when elevating the 
patient from the supine position.

Patients undergoing long-term steroid therapy gen-
erally do not require “stress-dose” steroid treatment for 
ophthalmic surgery. The patient should be given his or 
her normal steroid dose on the day of surgery. The physi-
cian should be alert to the occasional patient who might 
require additional glucocorticoid perioperatively. Unex-
pected hypotension, fatigue, and nausea may be signs of 
a patient who needs additional steroid.

ANTICOAGULATION

Many patients undergoing ophthalmic surgery take anti-
coagulants. Perioperative management of anticoagulants 
involves weighing the relative risks of thrombotic against 
possible hemorrhagic complications. Either of these results 
can be devastating to the patient. In a study of more than 
19,000 cataract procedures, the incidence of hemorrhagic 
and thrombotic complications was infrequent.22

The risk of thrombotic complications depends on the 
following:

 1.  The indication for anticoagulation. Serious complica-
tions from arterial thromboembolic disease, such as 
atrial fibrillation or valvular heart disease, are much 
more common than complications from venous dis-
ease, such as deep vein thrombosis.

 2.  The risk factors for thromboembolism, especially 
if and when the patient had a previous episode of 
thromboembolism.

  

The risk of hemorrhagic complications depends on the 
following:

 1.  The degree of anticoagulation.
 2.  The hemorrhagic potential of the surgical procedure. 

Serious hemorrhagic complications are most prob-
able in orbital and oculoplastic surgery; of intermedi-
ate probability in vitreoretinal, glaucoma, and corneal 
transplant surgery; and least likely in cataract surgery.

  

A consensus is developing that cataract surgery can 
be performed safely while maintaining patients receiv-
ing warfarin. For intermediate-risk procedures, such as 
some glaucoma surgeries, stopping warfarin intake for 4 
days preoperatively is indicated. For high-risk cases for 
hemorrhage or thrombosis, conversion from warfarin to 
heparin may be required.

ANESTHETIC TECHNIQUES

REGIONAL TECHNIQUES

Eye surgery usually requires immobility (or akinesia) of 
the eye and profound anesthesia of the surgical site. Any 
discomfort during the procedure can be magnified by the 
patient’s anxiety and fear of possible vision loss.23 Vari-
ous regional anesthetic techniques have been developed 
that satisfy the requirements of ophthalmologic surgery 
and are generally reliable and safe. Discomfort and anxiety 
are associated with many of these blocks, and so are rare 
but severe complications. Supplementation with intrave-
nous sedation and continuous patient monitoring are fre-
quently preferred.24,25 Intravenous sedation also may be 
associated with an increased incidence of medical events.26

Regional anesthesia has several advantages over gen-
eral anesthesia (see Chapters 57 and 89). The local block 
gives significant postoperative analgesia. Nausea and 
vomiting are infrequent. The patient can return to ambu-
lation faster. Most patients meet recovery discharge cri-
teria at the end of surgery, and can bypass a stay in the 
postanesthesia care unit.

An intravenous infusion is started. Arterial blood pres-
sure, electrocardiogram, and oxygen saturation monitors 
are placed. Supplemental oxygen is administered with 
nasal prongs. A foam wedge is placed to keep the knees 
flexed to prevent lower back pain. An air blower is often 
placed with the outlet on the chest to eliminate carbon 
dioxide and oxygen buildup under the drapes and to pre-
vent claustrophobia.

An intravenous administration of midazolam (0.5 to 
1 mg), fentanyl (12.5 to 50 μg), and propofol (30 to 50 mg) 
provides excellent amnesia and sedation for the place-
ment of the blocks. This author omits midazolam and 
fentanyl in patients with limited cognitive reserve result-
ing from stroke or mild dementia. For local anesthesia, 
we use a 1:1 ratio of bupivacaine 0.75% and lidocaine 2% 
without epinephrine.27 Hyaluronidase is added to speed 
tissue penetration. Hyaluronidase can also be important 
in preventing anesthetic-related damage to the extraocu-
lar muscles.28 A human recombinant brand (Hylenex) is 
commercially available.

FACIAL NERVE BLOCKS

A facial nerve block is performed when complete akinesis 
of the eyelids is desired.29 Three methods for the eyelid 
block are as follows:

 1.  Modified van Lint block: The needle is placed 1 cm lat-
eral to the orbital rim, and 2 to 4 mL of anesthetic is 
injected deep on the periosteum just lateral to the 
superolateral and inferolateral orbital rim. The disad-
vantages of this block include discomfort, proximity to 
the eye, and common postoperative ecchymoses.

 2.  O’Brien block: The mandibular condyle is palpated infe-
rior to the posterior zygomatic process and anterior to 
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the tragus of the ear as the patient opens and closes the 
jaw. The needle is inserted perpendicular to the skin 
approximately 1 cm to the periosteum. As the needle is 
withdrawn, 3 mL of anesthetic is injected.

 3.  Nadbath-Rehman block: A 12-mm, 25-gauge needle is 
inserted perpendicular to the skin between the mas-
toid process and the posterior border of the mandi-
ble. The needle is advanced its full length, and after 
careful aspiration, 3 mL of anesthetic is injected as 
the needle is withdrawn. This blocks the entire trunk 
of the facial nerve. The patient should be told to 
expect a lower facial droop for several hours postop-
eratively. The major disadvantage to this block is the 
proximity of the injection to important structures, 
such as the carotid artery and the glossopharyngeal 
nerve.

RETROBULBAR BLOCK

The retrobulbar block provides excellent akinesia and 
anesthesia of the eye.30 A 3-cm, 23- to 25-gauge blunt 
Atkinson needle is recommended to protect against ocu-
lar perforation. The needle is placed at the junction of 
the inferior and lateral walls of the orbit just above the 
inferior orbital rim.31 The needle is advanced approxi-
mately 15 mm along the wall of the orbit until it is past 
the equator of the eye. The needle is turned superiorly 
to aim toward the superior orbit. The needle is advanced 
until it enters between the extraocular muscles; 2 to 
3 mL of anesthetic solution is injected. Some intorsion 
on downgaze is expected because the superior oblique 
muscle is outside the muscle cone and may not be 
blocked.

Retrobulbar hemorrhage is the most common compli-
cation of this block; proptosis and subconjunctival ecchy-
mosis also are seen. Monitoring of the IOP is mandatory. 
If the pressure becomes elevated, a lateral canthotomy 
is performed to decompress the orbit. Bleeding outside 
the muscle cone is seen as subconjunctival ecchymosis 
without proptosis. After some monitoring, if IOP does not 
increase, then the surgical procedure can be performed 
safely.

Intravascular injection can occur despite a negative 
aspiration test. The total dose of local anesthetic used is 
small, and even if the total dose is given intravenously, no 
systemic effects would be likely. Accidental intraarterial 
injection can give high brain levels via retrograde flow in 
the internal carotid artery. Central nervous system excita-
tion and seizures can be seen, but are usually highly tran-
sient, as the local anesthetic redistributes out of the brain. 
Obtundation and respiratory arrest have been reported. 
These prolonged effects are thought to be due to injection 
into the optic nerve sheath, which is continuous with the 
subarachnoid space.

Optic nerve damage and ocular perforation with 
retinal detachment and vitreous hemorrhage also have 
been reported. Special care must be taken when inject-
ing patients with high myopia. If the axial length of the 
globe is longer than 25 mm, the eye is larger, and the 
sclera is thinner, increasing the risk of ocular penetra-
tion. A different anesthesia technique may be advisable 
in such cases.
POSTERIOR PERIBULBAR BLOCK

To prevent retrobulbar hemorrhage, posterior peribulbar 
anesthesia has become more popular.32 A blunt, 23-gauge, 
7/8-inch Atkinson needle is placed at the junction of the 
middle and lateral thirds of the lower lid just above the 
inferior orbital rim; 1 mL of local anesthetic is put just 
below the orbital septum, 3 mL at the equator, and 2 mL 
posterior outside the muscle cone. If no bulging is noted 
at the superior nasal lid area, a second injection of 2 to 
3 mL is administered inferonasally. Disadvantages of the 
technique include a longer onset time (9 to 12 minutes) 
and lower incidence of complete akinesia. Globe perfora-
tion from peribulbar injection has been reported.33

SUB-TENON BLOCK

To avoid the complications of sharp needles, a technique 
was developed using a blunt cannula under the fascia of 
Tenon.34 Various lengths of cannulas have been used. 
Using topical anesthesia with sedation, a speculum is 
placed to retract the lids. A 2- to 3-mm spot of cautery 
can be made 5 mm from the limbus in the inferonasal 
or inferolateral quadrant. A 2-mm snip is made in the 
conjunctiva with blunt dissection through the fascia of 
Tenon. A blunt cannula is directed under fascia of Tenon 
posteriorly, but not beyond the equator of the globe, with 
injection of 1 to 3 mL of local anesthetic. A small degree 
of conjunctival edema is often seen. Analgesia is usually 
excellent.35

TOPICAL ANESTHESIA

Cataract surgery can be performed using topical anesthe-
sia alone.36 This technique arose with the increase in pop-
ularity of small incision surgery and phacoemulsification. 
Topical anesthesia avoids the potential complications 
associated with retrobulbar and peribulbar injections. In 
addition, patients have the most rapid visual rehabilita-
tion, with improved vision almost immediately after the 
procedure. Disadvantages of the technique include the 
potential for eye movement during surgery, increased 
patient anxiety, and discomfort from the microscope 
light.37 Tetracaine 0.5% and lidocaine 4% have been used 
successfully. Two drops of tetracaine are given initially. 
Approximately three more doses of tetracaine or lido-
caine are applied every 5 minutes just before surgery.

Appropriate patient selection is crucial. A confident, 
calm, and cooperative patient usually does well. A ner-
vous, hypersensitive patient may be a better candidate 
for another technique. Photophobic patients, those with 
small pupils, or the requirement of a large incision are 
other problems that may occur.

GENERAL ANESTHESIA

The choice of general versus regional anesthesia is made 
based on the duration of surgery, the relative risks and 
benefits of each technique for the patient, and patient 
preference. Neither technique has been shown to be safer.

In the past, regional anesthesia had an advantage of 
greatly reduced postoperative nausea and vomiting. With 
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the advent of shorter-acting general anesthetics and non-
opioid analgesia, the incidence of nausea and vomiting 
has decreased dramatically. Droperidol has been used 
frequently as an antiemetic, although late postoperative 
anxiety can occur in some individuals. Ondansetron may 
be as effective with fewer side effects. A comparison of 
memory function in patients after general anesthesia or 
local anesthesia with sedation showed no advantage to 
either technique.38

The goals of general anesthesia include a smooth 
endotracheal intubation, stable IOP, avoidance of severe 
oculocardiac reflexes, a motionless field, and smooth 
emergence. These goals can be accomplished with 
inhaled volatile anesthesia, balanced opioid anesthesia, 
or intravenously administered anesthetics, with or with-
out muscle relaxants. The laryngeal mask airway (LMA) 
can be used for ophthalmologic surgery and may be asso-
ciated with less coughing on emergence. Because of the 
inaccessibility of the airway during the surgery, and the 
risk of laryngospasm or aspiration of gastric contents, 
LMA should be used only by anesthesia providers who are 
highly skilled with the technique. In some cases, the LMA 
may be more appropriate for extraocular surgery.

Nitrous oxide presents a special problem in some vit-
reoretinal procedures.39 In the technique called fluid-gas 
exchange, the surgeon injects an intravitreal air bubble to 
tamponade the retina against the wall of the globe. Sulfur 
hexafluoride is a poorly soluble gas used to prolong the 
resorption of intravitreal air bubbles. Nitrous oxide dif-
fuses and causes bubble expansion, with the potential for 
dangerous increases in IOP. Nitrous oxide should be shut 
off for 15 minutes before placing the sulfur hexafluoride 
bubble and should be avoided for 7 to 10 days thereafter.

This problem is potentially worse with a relatively newer 
drug, perfluoropropane (C3F8), because this drug can per-
sist for weeks. In this case, nitrous oxide should be avoided 
for at least 1 month, or until the bubble is resorbed. If a 
patient presenting for nonophthalmic surgery has a his-
tory of a recent retinal procedure, it is critical to establish 
whether the patient has an intravitreal gas bubble before 
using nitrous oxide. Otherwise, blindness can result.

ANESTHESIA FOR PEDIATRIC 
OPHTHALMOLOGIC PROCEDURES

Anesthesia for pediatric eye surgery can be considered a 
subspecialty of its own (see also Chapter 93).40 Small chil-
dren may require examination under anesthesia. Intra-
muscular ketamine sometimes can be a good choice; it 
can be used when intravenous access may be problem-
atic. Some ophthalmologists prefer ketamine because it 
does not reduce IOP as barbiturates, and deep levels of 
inhaled anesthetics do.

The most common eye surgery in children is for stra-
bismus, or misalignment of the eyes. There is generally 
no severe postoperative pain, but nausea and vomiting 
are significant 50% to 80% of the time without treat-
ment. Droperidol 5 to 75 μg/kg seems to decrease nausea 
and vomiting significantly without undue delay of dis-
charge. Ondansetron has similar effects without sedation. 
If forced ductal testing is used to assess the muscle tight-
ness, the surgeon should be notified if succinylcholine is 
used. Succinylcholine causes a tonic increase in eye mus-
cle tone, which resolves in approximately 20 minutes.

Strabismus is a common condition, and most children 
are otherwise healthy. There is a more frequent incidence of 
strabismus in trisomy 21 or Down syndrome, cerebral palsy, 
and hydrocephalus. Malignant hyperthermia and myo-
tonic dystrophy are associated with strabismus. Myotonic 
dystrophy also occurs in patients with ptosis and cataracts.

Cataracts can be seen in children with Pierre-Robin 
syndrome and phenylketonuria. Patients with Marfan 
syndrome have a frequent incidence of subluxation or 
dislocation of the lens. Aniridia, the congenital absence 
of the iris, is associated with Wilms tumor and hyperten-
sion. Congenital glaucoma also occurs with Sturge-Weber 
syndrome and with seizures and angiomas of the mouth 
and larynx. Pediatric ophthalmic conditions associated 
with congenital syndromes are summarized in Table 84-1.

OPHTHALMOLOGIC PROCEDURES

GENERAL PROCEDURES

Most general ophthalmologic procedures are performed 
with topical or local anesthetic injection techniques. 
Enucleation can be performed during regional anesthesia, 
but is usually performed during general anesthesia.

INCISION AND DRAINAGE OF CHALAZION

A chalazion is an eyelid mass that results from chronic 
inflammation of the meibomian gland. Surgical treat-
ment is indicated when there is inadequate response to 
conservative methods.

TARSORRHAPHY

The partial or total suturing together of the eyelids is per-
formed to protect the eye and to allow healing of ulcers 
or exposure problems.

TEMPORAL ARTERY BIOPSY

A biopsy of the temporal artery is performed to diagnose 
temporal arteritis.

ANTERIOR CHAMBER PARACENTESIS

A tap of the anterior chamber fluid is done for diagnostic 
testing or to reduce IOP quickly.

ENUCLEATION

Enucleation refers to the removal of the entire eyeball after 
the muscles and optic nerve have been cut. Indications 
for surgery are a blind painful eye and intraocular tumors.

CATARACT EXTRACTION

Cataracts are opacities of the crystalline lens of the eye. 
Cataract extraction is performed under topical or regional 
block. General anesthesia is rarely used.
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TABLE 84-1 OCULAR MANIFESTATIONS AND PEDIATRIC SYNDROMES

Ocular Manifestation Pediatric Syndrome

Strabismus Trisomy 21
Cerebral palsy
Meningomyelocele
Prematurity
Retinoblastoma
Craniopharyngioma
Malignant hyperthermia
Myotonic dystrophy
Ehlers-Danlos syndrome

Ptosis Malignant hyperthermia
Myotonic dystrophy

Cataract Trisomy 21
Myotonic dystrophy
Pierre-Robin syndrome
Phenylketonuria
Homocystinuria
Lowe syndrome
Rubella
Sarcoidosis
Galactosemia
Hypoparathyroidism
Diabetes mellitus
Glucose-6-phosphate dehydrogenase 

deficiency
Lens subluxation Marfan syndrome

Homocystinuria
Ehlers-Danlos syndrome

Glaucoma Homocystinuria
Lowe syndrome
Rubella

Ocular Manifestation Pediatric Syndrome

Aniridia
Sturge-Weber syndrome
Neurofibromatosis
Ehlers-Danlos syndrome
Homocystinuria

Retinal hemorrhage Acquired immunodeficiency 
syndrome (AIDS)

Multiple myeloma
Vitreal hemorrhage Sickle cell syndromes
Orbital tumor Multiple myeloma
Glioma of the optic 

nerve
Neurofibromatosis

Retinopathy Diabetes mellitus
Hypertension

Ophthalmopathy Juvenile diabetes
Graves disease

Ocular muscle weakness Myasthenia gravis
Ocular erosions Stevens-Johnson syndrome 

(erythema multiforme)
Conjunctivitis or iritis Reiter syndrome

Infectious mononucleosis
Rheumatoid arthritis

Keratoconjunctivitis sicca Sjögren syndrome
Sarcoidosis
Systemic lupus erythematosus

Uveitis Ankylosing spondylitis
Juvenile arthritis
Sarcoidosis

Optic neuritis Multiple sclerosis
Intracapsular Cataract Extraction
Intracapsular cataract extraction is the total removal of 
the opaque lens with the lens capsule. It can be done 
with a cryoprobe. Intracapsular cataract extraction is per-
formed in selected cases of lens subluxation, dislocation, 
or a lens containing a foreign body.

Extracapsular Cataract Extraction
Extracapsular cataract extraction refers to the removal of 
the lens, while leaving the posterior lens capsule and zon-
ules intact. A rim of the anterior capsule also is preserved; 
this provides an excellent location for an intraocular lens 
implant.

PHACOEMULSIFICATION

Phacoemulsification refers to the use of ultrasonic vibra-
tion of fragments of the lens with simultaneous irriga-
tion and aspiration. This technique allows for very small 
incisions. New techniques are bringing the use of the 
femtosecond laser for the initial steps of creating cor-
neal incisions, capsulotomy, and fragmenting the lens.41 
Because use of the laser requires patient cooperation and 
because supplemental oxygen is contraindicated, these 
parts of the procedure are generally done under local 
anesthesia.
GLAUCOMA PROCEDURES

Glaucoma is a general term for diseases of the eye charac-
terized by an increase in IOP.

FILTRATION PROCEDURES

Trabeculectomy is a surgical excision of the trabecula to 
increase the drainage of aqueous humor. Baerveldt and 
Ahmed devices are glaucoma drainage implants that 
shunt aqueous fluid out of the eye to drain under the con-
junctiva of the orbit.

PROCEDURES FOR THE CORNEA

Penetrating Keratoplasty
A corneal transplant is done to replace an optically poor, 
infected, or traumatized cornea. Control of IOP and 
avoidance of patient movement are especially important 
in these open-globe procedures.

Lamellar Keratoplasty
Instead of a full thickness corneal graft, a layer of the cor-
neal donor is used.42 A gas bubble can be used to hold 
the graft in place to adhere to the patient’s cornea. In  
Figure 84-1, intraoperative ocular coherence tomography43 
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Figure 84-1. Intraoperative opti-
cal coherence tomography cross 
sections in a patient undergoing 
Descement stripping automated 
endothelial keratoplasty (DSAEK) 
immediately after delivery and 
unfolding of the donor graft (A). 
After elevation of the intraocu-
lar pressure, the size of the gap is 
decreased (B, C). After sweeping 
maneuver, there is no interface gap 
(D). (Courtesy William J. Dupps.)

A B

C D
shows how after placement of the corneal graft, the eye is 
pressurized to cause the graft to adhere.

Radial Keratotomy
A series of incisions is made in the cornea in a spikelike man-
ner to change the shape of the cornea to correct myopia.

Pterygium Excision
A pterygium is an abnormal fold of membrane in the 
interpalpebral fissure. An excision is generally performed 
when the abnormal tissue impinges on the cornea, affect-
ing vision, or for cosmetic improvement.

VITREORETINAL SURGERY

Retinal Cryotherapy
A cryoprobe is used for prophylaxis of certain retinal 
breaks and tears. This technique is used in some patients 
with retinal tumors and vascular malformations.

Repair of Retinal Detachment
Retinal reattachment involves localizing all tears and 
holes, creating chorioretinal adhesions, and scleral buck-
ling with silicone belts around the globe to pull the sclera 
in to support the retina.

Vitrectomy
Vitrectomy is the surgical extraction of the contents of 
the vitreous chamber and their replacement with a physi-
ologic solution. A posterior vitrectomy is indicated for the 
removal of foreign bodies, to repair retinal detachments, 
to remove membranes and media opacities, and to alle-
viate vitreous traction on the retina. These procedures 
may be prolonged. Many patients have diabetes or severe 
chronic hypertension, which can influence the conduct 
of anesthesia (see Chapter 39).

OCULOPLASTIC SURGERY

Most oculoplastic surgery is performed with local infiltra-
tion anesthesia. Some longer, more invasive procedures 
require general anesthesia.

Ectropion Repair
Ectropion usually results from the effects of aging on the 
eyelid. Other causes include mechanical or congenital lid 
pathology. The eyelid is turned outward.

Entropion Repair
Involutional entropion usually results from aging. The 
eyelid is inverted or turned inward.

Ptosis Repair
Ptosis, or drooping of the upper eyelid, can be congenital 
(dystrophy of the levator muscle) or acquired from aging 
or trauma.

Blepharoplasty
Blepharoplasty is plastic surgery of the eyelids to remove 
redundant tissue that is obstructing vision, or for 
improved appearance.



Chapter 84: Anesthesia for Eye Surgery 2521
DACRYOCYSTORHINOSTOMY

Dacryocystorhinostomy refers to the formation of a com-
munication channel between the lacrimal sac and the 
nasal cavity. This is performed for congenital or acquired 
nasolacrimal duct obstruction. It usually requires general 
anesthesia.

ORBITAL SURGERY

Most orbital surgery is performed using general anesthe-
sia. If the surgery is anterior, local anesthesia can be used. 
Examples of orbital surgery include the following:

 •  Repair of blowout fracture
 •  Drainage of orbital abscess
 •  Decompression of the optic nerve
 •  Exenteration of the orbit for malignancy

OPHTHALMOLOGIC EMERGENCIES

Most urgent ophthalmologic procedures do not need to 
be performed on an emergency basis. This is important 
because the anesthetic plan must consider the NPO (nil 
per os, nothing by mouth) status and general medical 
condition of the patient. This does not apply to true eye 
emergencies. In these rare conditions, therapy should be 
started within minutes. Other urgent ophthalmologic 
conditions can start within 1 to several hours, without a 
change in outcome.

True Emergencies
Therapy should be started within minutes for chemical 
burns of the cornea and central retinal artery occlusion.

Urgent Situations
Therapy should be started in 1 to several hours. Urgent 
situations include open-globe injuries, endophthalmitis, 
acute narrow-angle glaucoma, acute retinal detachment, 
corneal foreign body, and lid laceration.

Semiurgent Situations
Therapy should be started within days, but sometimes can 
be rescheduled for several weeks. Semiurgent situations 
include ocular tumors, blowout fractures of the orbit, 
congenital cataract, and chronic retinal detachment.

Open Globe and Full Stomach
A patient with eye trauma presents a challenge to the 
anesthesia provider. The dilemma is to protect the patient 
from pulmonary aspiration of stomach contents and to 
protect the eye from acute changes in IOP, which could 
cause vitreous loss, retinal detachment, and blindness. 
A rapid-sequence induction of anesthesia provides rapid 
control of the airway, but succinylcholine causes a mod-
est increase in IOP. Of course, intubating the trachea 
during light anesthesia or inadequate neuromuscular 
blockade can cause large increases in IOP, which needs 
to be avoided. Attentiveness to neuromuscular monitor-
ing can confirm the adequacy of neuromuscular blockade 
(see Chapters 34 and 53). Regional anesthetic techniques 
can also be performed.44 Factors to consider include the 
following:

 •  Size of the perforation: Small punctures have higher 
resistance to vitreous loss with changes in IOP.

 •  Pulmonary status: Patients with decreased functional 
residual capacity become rapidly hypoxic making a 
more rapid technique preferable.

 •  NPO status: What is the magnitude of the pulmonary 
aspiration of gastric contents risk?

 •  Length of procedure: If the surgery is short, and a large 
dose of nondepolarizing neuromuscular blocker is 
used, can the block be reversed (see Chapter 35) or will 
postoperative mechanical ventilation occur?

ANESTHESIA-RELATED EYE INJURIES

Anesthesia providers must be aware of possible ocular 
damage during anesthesia and surgery (see Chapter 41). If 
a patient emerges from a general anesthetic complaining 
of vision impairment, an emergency may exist because of 
the possibility of central retinal artery occlusion. When 
using a facemask, care must be taken to avoid applying 
undue pressure to the eye. Systemic hypotension and 
anemia also can be contributing factors in vision loss.

A second potential complication is corneal abrasion. 
General anesthesia decreases basal tear production. 
Proper eye care with taping of lids with or without an 
ocular lubricant provides protection. If a patient emerges 
from general anesthesia with eye pain or a foreign body 
sensation, the patient must be observed continually to 
ensure improvement. If left untreated, corneal abrasions 
can progress to form corneal ulcers.
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Anesthesia for Ear, Nose,  
and Throat Surgery
D. JOHN DOYLE

K e y  P o i n t s

 •  Difficult airways are more frequently encountered in patients undergoing ear, 
nose, and throat (ENT) surgery, especially for cancer. Reviewing the results 
of a preoperative computed tomography (CT) scan or an endoscopic airway 
examination may help identify pathologic features likely to produce airflow 
obstruction or complicate tracheal intubation.

 •  Although the tracheas of ENT patients are often intubated using ordinary polyvinyl 
chloride endotracheal tubes (ETTs), microlaryngeal, laser-safe and wire-reinforced 
tubes are frequently employed (see also Chapter 55).

 •  Endotracheal intubation in an awake patient with a flexible bronchoscope is 
commonly used when intubation following the induction of general anesthesia 
would be imprudent. (Also recall that the induction of anesthesia sometimes 
results in a deteriorated laryngoscopic view) (see also Chapter 55).

 •  Fiberoptic endotracheal intubation is usually well tolerated, is gentle on the airway, 
and does not require force to obtain glottic exposure.

 •  When the airway disorder is so extensive that awake endotracheal intubation 
is impractical, tracheostomy performed using local anesthesia (with or without 
judicious intravenous sedation) is usually the best option. In extreme loss-of-airway 
emergencies, a cricothyrotomy may be preferable to a tracheostomy because 
cricothyrotomy takes much less time to complete.

 •  In some head and neck cases, such as in patients undergoing parotid surgery, 
the need for electrical testing of the facial nerve precludes the extended use of 
neuromuscular blocking drugs.

 •  In many patients with head and neck disorders, gentle emergence from anesthesia, 
free of coughing and straining, is vitally important to prevent emergence 
rebleeding as a result of venous engorgement.

 •  Bleeding following tonsillectomy usually occurs within the first 6 postoperative 
hours, but it can also occur several days later.

 •  Facial trauma can produce unremitting bleeding and the aspiration of teeth, 
blood, bone, and tissue fragments, as well as cervical spine injury. Airway trauma 
can result from blunt or penetrating injuries, burns, inhalational injury, and 
iatrogenic causes. In both situations, initial management is dictated by the degree 
of respiratory distress or potential airway compromise, the available equipment, 
and clinical preferences.

 •  Intubating the trachea of a patient with laryngeal trauma may result in further 
injury to the airway or even complete airway loss. If intubation is attempted, it 
is advised to use a fiberoptic bronchoscope with a small ETT. Positive-pressure 
ventilation may worsen any subcutaneous emphysema. In some cases, a 
tracheostomy may be the most prudent course.

 •  Causes of stridor include inhaled foreign bodies, bilateral vocal cord palsy, airway 
edema, angioedema, epiglottitis, traumatic injury, subglottic stenosis, and other 
pathologic entities. Regardless, the first issue in the setting of stridor is whether or 
not endotracheal intubation or a surgical approach to the airway is immediately 

Continued
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necessary to rescue the patient from death or injury. Heliox administered with a 
nonrebreathing facemask can be helpful as a temporizing measure.

 •  The chosen anesthetic technique for endoscopic procedures varies with patient and 
lesion particulars, clinical preferences, and the selected surgical tools (laser, rigid 
bronchoscope). Total intravenous anesthesia is a popular choice for many of these cases.

 •  Lasers can be used to vaporize otolaryngologic lesions; however, special 
precautions are needed to prevent accidental thermal injury or an airway fire (see 
also Chapter 88), a potentially deadly complication that may also occur during 
tracheotomy surgery. Oxygen must be kept to a minimum when a significant 
potential for an airway fire exists. Moreover, nitrous oxide should not be used 
during airway surgery because it supports combustion just as does oxygen (see 
also Chapter 88).

K e y  P o i n t s — c o n t ’ d
On October 16, 1846, Dr. William Morton famously used 
ether delivered by inhalation to provide general anesthe-
sia to Gilbert Abbott and allow surgeon Dr. John War-
ren to remove a tumor from Abbott’s neck.1,2 From this 
first public demonstration of ether anesthesia onward, 
the relationship between anesthesiology and ear, nose, 
and throat (ENT) surgery has been vital. Indeed, no other 
branch of surgery has as great a need for a mutual under-
standing between the surgeon and the anesthesiologist, 
with joint procedural planning and close cooperation 
being crucial. For example, many ENT surgical procedures 
require that the anesthesia provider share the airway with 
the surgeon; consequently, a good anesthesia provider 
must be unusually knowledgeable about ENT procedures 
and possible effects on the patient.

Anesthesia for ENT surgery encompasses a vast range of 
procedures varying enormously in complexity, duration, 
and potential for complications.3 On any given day, ENT 
anesthesiologists may be assigned to simple high-volume 
cases, such as myringotomies and tonsillectomies, to all-
day procedures in patients with cancer. They may also 
encounter patients with severely distorted airway anat-
omy, sometimes even causing airway obstruction, as well 
as procedures involving tracheal, glottic, or subglottic 
surgery that require sharing of the airway in conjunc-
tion with the use of special equipment such as surgical 
lasers. Nasal procedures usually require airway protec-
tion from blood and secretions, as well as gentle emer-
gence from anesthesia. Intraoral ENT procedures, such 
as tonsillectomies, may employ instruments intended to 
keep the mouth open but that may also unintentionally 
obstruct the airway. Extreme lateral rotation of the head 
may be required for some ear procedures. These are just 
some of the special perils of providing anesthesia for ENT 
procedures.

SYNOPSIS OF EAR, NOSE, AND  
THROAT ANATOMY

Figures 85-1 to 85-4 illustrate various aspects of ENT 
anatomy. The oropharynx extends from the uvula to the 
hyoid bone. The hypopharynx extends from the hyoid 
to the cricoid cartilage. The glottis includes both vocal 
cords, the anterior commissure, and the posterior intra-
arytenoid area. The subglottis extends 5 mm (anteriorly) 
to 10 mm (posteriorly) below the apex of the vocal cords 
(also known as vocal folds). The larynx, essential to respi-
ration and speech, has a clinically important glottic clo-
sure reflex mediated through bilateral superior laryngeal 
nerves. This reflex serves to protect the airway against 
aspiration. For example, swallowing activates this pro-
tective reflex. On occasion this protective reflex can be 
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Figure 85-1. Highlights of otolaryngologic anatomy. Note (1) 
the anterior position of the trachea relative to the esophagus; (2) 
the oropharynx, extending from the uvula to the hyoid bone; (3) the 
hypopharynx extending from the hyoid bone to the cricoid cartilage; 
(4) the cricoid ring, a structure that is pushed posteriorly during the 
Sellick maneuver component of rapid-sequence induction, done with 
the intention of occluding the esophagus to help prevent regurgita-
tion of gastric contents; and (5) the location of the first tracheal ring, 
important as a surgical landmark because most tracheostomies are 
performed between the second and third tracheal rings. (From Feldman 
MA, Patel A: Anesthesia for eye, ear, nose, and throat surgery. In Miller 
RD, editor: Miller’s anesthesia, ed 7. Philadelphia, 2010, Churchill Living-
stone, pp 2357-2388.)
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Figure 85-2. Anterior, posterior, 
midsagittal, and sagittal views of 
laryngeal anatomy. Note (1) how the 
cartilaginous tracheal rings are incom-
plete posteriorly to allow the trachea 
to collapse slightly to facilitate the 
passage of food down the esophagus 
(and to provide orientation during 
bronchoscopic procedures!); (2) the 
superior cornu of the thyroid cartilage, 
an important landmark in the superior 
laryngeal nerve block because this is 
close to where the internal branch 
of the superior laryngeal nerve pen-
etrates the thyrohyoid membrane; 
and (3) the median cricothyroid liga-
ment and (not labeled) the twin lateral 
cricothyroid ligaments, known collec-
tively as the cricothyroid ligament and 
entered in both emergency cricothy-
rotomy procedures and with emer-
gency transtracheal jet ventilation. 
(From Feldman MA, Patel A: Anesthesia 
for eye, ear, nose, and throat surgery. In 
Miller RD, editor: Miller’s anesthesia, ed 
7. Philadelphia, 2010, Churchill Living-
stone, pp 2357-2388.)
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Figure 85-3. Laryngeal anatomy focusing primarily on the 
internal laryngeal nerve and the recurrent laryngeal nerve. The 
two recurrent laryngeal nerves provide motor innervation to all 
the intrinsic muscles of the larynx, except the cricothyroid and 
inferior pharyngeal constrictor muscles, which are innervated 
by the external branches of the two superior laryngeal nerves 
(external laryngeal nerve). Sensory innervation of the larynx 
down to the vocal cords is supplied by the internal laryngeal 
nerve branches of the superior laryngeal nerves (internal laryn-
geal nerve), these in turn being branches of the vagus. Sensory 
innervation below the vocal cords and to the upper trachea is 
supplied by the recurrent laryngeal nerves. (From Schuller DE, 
Schleuning AJ: Otolaryngology: head and neck surgery, ed 8.  
St. Louis, 1994, Mosby, p 252.)
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problematic because when sustained spasm of the glottic 
muscles (a condition known as laryngospasm) occurs,4-6 
gas exchange cannot take place. Laryngospasm is asso-
ciated with light anesthesia and is frequently triggered 
by blood or secretions irritating the vocal cords, as often 
occurs after septoplasty and rhinoplasty surgery. Because 
it can make ventilation impossible, laryngospasm may 
constitute a true anesthetic emergency (see later).

Branches of the right and left vagus nerves innervate 
the larynx. The right vagus nerve gives rise to the right 
recurrent laryngeal nerve, whereas the left vagus nerve 
gives rise to the left recurrent laryngeal nerve. The two 
recurrent laryngeal nerves provide motor innervation to 
all the intrinsic muscles of the larynx, except the cricothy-
roid and inferior pharyngeal constrictor muscles, which 
are innervated by the branches of the superior laryngeal 
nerves. The internal laryngeal nerve is the internal branch 
of the superior laryngeal nerve (see Fig. 85-3). It descends 
to the thyrohyoid membrane, pierces it along with the 
superior laryngeal artery, and provides sensory innervation 
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Figure 85-4. Lateral radiograph demonstrating laryngeal anatomy. 
Notice (1) the normally wafer-thin epiglottis, which serves as a protec-
tive cover to the laryngeal inlet during swallowing and may become 
much larger and “thumb shaped” when edematous (e.g., as a result of 
pediatric epiglottitis); (2) the limited amount of prevertebral soft tissue 
in the oropharyngeal and hypopharyngeal regions; when edematous 
(e.g., as a result of a retropharyngeal abscess), this tissue may expand 
anteriorly to obstruct the airway; and (3) the hyoid bone, which aids 
in tongue movement and swallowing and which, if found fractured on 
autopsy, is suggestive of foul play by throttling or strangulation. (Did 
you notice the missing teeth?) (From Feldman MA, Patel A: Anesthesia 
for eye, ear, nose, and throat surgery. In Miller RD, editor: Miller’s anes-
thesia, ed 7. Philadelphia, 2010, Churchill Livingstone, pp 2357-2388.)
to the larynx down to the vocal cords. Sensory innervation 
below the vocal cords and to the upper trachea is supplied 
by the recurrent laryngeal nerves (see Fig. 85-3).

Injury to the recurrent laryngeal nerves, which supply 
most of the laryngeal intrinsic muscles, is a feared but often 
preventable complication in thyroid surgery and a host 
of other procedures, including tracheal intubation.7-12 If 
the damage is unilateral, the patient may present with 
hoarseness from unilateral loss of vocal cord abduction 
occurring in conjunction with intact cricothyroid medi-
ated adduction. This situation causes the affected vocal 
cord to assume a paramedian position. Bilateral nerve 
damage can result in dyspnea, stridor, and even full air-
way obstruction from bilateral vocal cord paramedian 
positioning. Such patients may require a tracheostomy. 
Intraoperative neuromonitoring (see also Chapter 49) is 
often used to reduce the chance of injury to the recurrent 
laryngeal nerves, especially in thyroid surgery.13-15

PREOPERATIVE EVALUATION FOR EAR, 
NOSE, AND THROAT SURGERY

Although the preoperative evaluation of the surgical 
patient is discussed in detail in Chapter 38, a few issues 
are especially pertinent to ENT cases. Many ENT patients, 
especially those with malignant head and neck diseases, 
have histories of prolonged tobacco and alcohol use, 
whereas many others suffer from obesity or obstructive 
sleep apnea (OSA). Patients with chronic airway obstruc-
tion may develop pulmonary hypertension, sometimes 
leading to right-sided heart failure (cor pulmonale). A 
history of hoarseness may signal recurrent laryngeal 
nerve injury or worse, whereas the presence of stridor is 
always a cause for immediate concern. In cases involving 
the airway, the anesthesiologist and surgeon frequently 
review available radiographic and video studies to estab-
lish an airway plan collaboratively. A history of head 
and neck radiation for malignancy treatment frequently 
makes intubation difficult because the structures may 
become tough and fibrotic (“like wood”), yet they are 
predisposed to bleeding with instrumentation. A history 
of snoring may signal that the patient has undiagnosed 
sleep apnea and is prone to airway obstruction.

ENT cases frequently involve geriatric patients, many 
of whom are at a high risk for postoperative delirium 
and cognitive dysfunction (see also Chapter 80).16-18 
Although many ENT procedures involve infrequent risk, 
some of the large head and neck operations are consid-
ered to have “intermediate” surgical risk. A preoperative 
resting 12-lead electrocardiogram (ECG) is recommended 
for patients with known coronary heart disease, periph-
eral arterial disease, or cerebrovascular disease who are 
undergoing such procedures (see also Chapter 38). Addi-
tionally, patients with a history of heart failure, diabetes 
mellitus, or renal failure who are undergoing intermedi-
ate-risk operative procedures benefit from an ECG (see 
also Chapter 39). Preoperative ECG testing is not indi-
cated in asymptomatic persons undergoing infrequent-
risk procedures.

A preoperative endoscopic airway examination can be 
performed in selected patients. This technique uses an 
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ordinary flexible fiberscope usually used for awake endo-
tracheal intubation to conduct a quick transnasal laryn-
goscopic examination using topical anesthesia. This 
examination allows the clinician to determine whether a 
problematic laryngeal disorder exists, such as supraglottic 
lesions that would not be apparent by ordinary means. 
The procedure requires minimal time and patient prepa-
ration, and it is well tolerated by patients. A review by 
Rosenblatt provides ample details.19

AIRWAY MANAGEMENT IN 
OTOLARYNGOLOGY

Both easy and difficult airways are frequently encoun-
tered in ENT anesthesia. The American Society of Anes-
thesiologists (ASA) Difficult Airway Algorithm (or similar 
algorithm),20-28 should ordinarily be a starting point for 
nearly all aspects of ENT airway management. To a large 
extent, the specific airway management techniques cho-
sen depend on clinical circumstances, the airway man-
agement skills and preferences of the anesthesiologist 
and surgeon, and the available equipment.

The following general management options exist: (1) 
general endotracheal anesthesia; (2) general anesthesia 
using a supraglottic airway (SGA) device (e.g., laryngeal 
mask airway [LMA]); (3) general anesthesia using an ENT 
laryngoscope (to expose the airway) in conjunction with 
jet ventilation; (4) use of intermittent apnea; (5) gen-
eral anesthesia using the patient’s natural airway, with 
or without adjuncts such as jaw positioning devices or 
nasopharyngeal airways; and (6) local anesthesia in con-
junction with intravenous sedation, with the patient 
breathing spontaneously. The first option is doubtless 
the most popular. However, the technique chosen and 
implemented depends on factors such as the perceived 
difficulty of intubating the trachea with ordinary meth-
ods. Evaluation of the airway in this particular respect is 
also discussed in Chapter 55.

The airway can become obstructed for many reasons. 
Examples include the following: aspirated foreign bod-
ies; infections such as epiglottitis, diphtheria, or Ludwig 
angina; laryngospasm; tumors and hematomas imping-
ing on the airway; trauma to the airway; OSA; tonsillar 
hypertrophy; and airway edema (e.g., from anaphylaxis, 
prolonged laryngoscopy, or smoke inhalation or burn 
injury). In most cases, airway management is determined 
after a discussion between the anesthesia and surgical 
teams.

Most patients undergoing ENT surgery have their air-
way managed by tracheal intubation. Although under 
ordinary circumstances tracheal intubation is straight-
forward, patients whose tracheas are expected to be dif-
ficult to intubate can be identified and usually managed 
with techniques such as videolaryngoscopy or fiberoptic 
intubation. A key decision in such cases is whether the 
tracheal intubation should be performed with the patient 
awake or following the induction of general anesthesia. 
Another important decision is what tools or interven-
tions to employ in the event that difficulty with ventila-
tion or intubation is encountered. In exceptional cases, a 
tracheostomy using local anesthesia must be performed.
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Patients for ENT surgery are often managed using an 
ordinary polyvinyl chloride (PVC) endotracheal tube 
(ETT), but microlaryngeal tubes (MLTs), laser tubes, and 
wire-reinforced tubes are also frequently used. Reinforced 
tubes have the advantages that they are unlikely to kink 
and they fit especially well into tracheostomy stomas 
because of their excellent flexibility. Laser tubes are dis-
cussed in Chapter 88.

Practical considerations in this setting start with the 
fact that the tube must be adequately secured using tape 
or other means; some maxillofacial surgeons suture the 
tube to the side of the mouth or even tie the tube to the 
teeth with wire. In addition, the ETT cuff pressures ordi-
narily must be kept less than 25 mm Hg to avoid ischemic 
damage to the tracheal mucosa. When nitrous oxide is 
used, cuff pressures gradually increase as nitrous oxide 
enters the cuff by diffusion. This is of particular concern 
in surgical procedures of long duration, such as free-flap 
surgery.

Before attempting tracheal intubation, its difficulty 
using direct laryngoscopy can often be predicted. The 
11-point airway assessment tool included with the 2003 
ASA Difficult Airway Algorithm is an excellent source 
of information and advice.20 In addition, following the 
completion of tracheal intubation, the difficulty (if any) 
encountered should be summarized. The Intubation Dif-
ficulty Scale (IDS) introduced by Adnet and associates can 
be useful.29-33 IDS is a numeric score indicating overall 
intubation difficulty based on seven descriptors associ-
ated with intubation difficulty: number of supplementary 
intubation attempts, number of supplementary operators, 
alternative techniques used, laryngoscopic grade, subjec-
tive lifting force, the use of external laryngeal manipula-
tion, and the characteristics of the vocal cords.

Most endotracheal intubations are achieved using tra-
ditional Macintosh and Miller laryngoscopes, although 
several alternative laryngoscopes have been advocated. 
When the view at laryngoscopy is suboptimal, the use 
of introducers such as the Eschmann stylet (gum elastic 
bougie) can sometimes be very helpful.34-39 It is used as 
follows: When a poor laryngoscopic view of the glottic 
structures is obtained, the introducer should be inserted 
into the patient’s mouth and gently advanced through 
the glottic opening (in the case of a grade II view) or ante-
riorly under the epiglottis (in the case of a grade III view). 
Subtle clicks resulting from the introducer passing over 
the tracheal rings help confirm proper placement of the 
introducer. With the introducer held steady, one then 
“railroads” a tracheal tube over the introducer into the 
glottis.

Video laryngoscopes such as the GlideScope (Verathon, 
Bothell, WA), the McGrath (Covidien, Mansfield, MA) 
video laryngoscope, the Storz video laryngoscope (Karl 
Storz, Tuttlingen, Germany), and the Pentax AWS (Hoya 
Corporation, Tokyo) have become particularly valuable, 
especially in patients with an “anterior” larynx or in 
patients with cervical spine immobilization.40-50

As discussed in Chapter 55, awake endotracheal intu-
bation involves ETT insertion in a conscious or lightly 
sedated patient. It is usually performed because endotra-
cheal intubation during general anesthesia is judged to be 
too risky. Some concerns may reflect possible difficulties 
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with ventilation or endotracheal intubation or possible 
aspiration of gastric contents. Although fiberoptic intu-
bation using topical anesthesia is the most common 
approach to awake endotracheal intubation, other meth-
ods include awake blind nasal intubation using an Endo-
trol (or similar) ETT or the use of a Macintosh, Miller, 
GlideScope, or other laryngoscope with topical anesthe-
sia. Certain airway blocks can be used in addition to topi-
cal anesthesia. These are discussed in Chapter 55.

The use of fiberoptic intubation for the airway man-
agement of patients undergoing otolaryngologic surgery 
is popular because this technique works well in the pres-
ence of many kinds of airway disease. Although fiberoptic 
intubation can often be safely performed during complete 
general anesthesia,51 many clinicians opt to perform this 
technique using topical anesthesia with the patient only 
lightly sedated (awake fiberoptic intubation), depending 
on the skill level of the anesthesiologist, the cooperation 
of the patient, and the severity of the pathologic process. 
A central consideration behind the choice of “awake” ver-
sus “asleep” fiberoptic intubation is the safety margin an 
awake technique allows: If intubation is not successfully 
accomplished, the patient’s ability to maintain his or her 
own airway remains intact. In addition, during awake 
intubation, airway reflexes are generally maintained suffi-
ciently to guard against pulmonary aspiration, an impor-
tant point in patients with a high risk of aspiration of 
gastric contents. Patients who have recently eaten and 
have undergone trauma are at especially high risk.

Awake endotracheal intubation is not synonymous 
with fiberoptic intubation. Awake intubation can be 
accomplished safely using many other airway devices. 
Other possible options for awake intubation include, but 
are not limited to, direct laryngoscopy with Macintosh 
and Miller laryngoscopes, blind nasal intubation, use of a 
GlideScope or other video laryngoscope, use of a lighted 
stylet, and so on.

Typically, in intubation of the trachea in an awake 
patient, the airway is initially anesthetized with gargled 
and atomized 4% lidocaine. Superior laryngeal and 
transtracheal blocks are occasionally also employed. 
In addition, judicious sedation is usually administered. 
Midazolam, fentanyl, remifentanil, ketamine, propofol, 
and clonidine have all been used in this setting. More 
recently, the use of dexmedetomidine, a selective α2-
agonist with sedative, analgesic, amnestic, and antisiala-
gogue properties, has been reported. A key advantage of 
dexmedetomidine is that it maintains spontaneous respi-
ration with minimal respiratory depression.52-55 Patients 
being sedated with dexmedetomidine are generally easy 
to arouse. However, this advantage, along with that of 
maintaining spontaneous respiration, may not occur 
when very large doses are given.

Doyle described the successful use of the GlideScope 
in four cases of awake endotracheal intubation.56 The fol-
lowing potential advantages are as follows: First, the view 
is generally excellent. Second, the method is less affected 
by the presence of secretions or blood as compared with 
the use of fiberoptic intubation. Third, no special restric-
tions exist on the type of ETT that can be placed when 
using the GlideScope, but this is not the case for fiberop-
tic methods. Fourth, the GlideScope is much more rugged 
than a fiberoptic bronchoscope and is far less likely to be 
damaged with use. Advancing the ETT into the trachea 
over the fiberoptic bronchoscope often fails as a result of 
ETT impingement on the arytenoid cartilages; this is gen-
erally not a problem with the GlideScope.

In the end, however, the use of awake fiberoptic intu-
bation in the setting of the patient with airway disease 
remains steadfastly popular because it is gentle to the air-
way, is generally well tolerated, and does not require the 
application of force to obtain glottic exposure.

Special mention needs to be made of the necessity 
of being fully prepared for dire ENT airway emergencies 
because these patients may require immediate surgical 
intervention. In addition to a conventional difficult air-
way cart, practitioners may wish to maintain a special 
ENT airway cart with equipment such as that listed in 
Box 85-1.57 In addition to these items and unlisted items 
favored by individual practitioners, ENT surgeons want 
ready access to an emergency tracheotomy tray, as well 
as to some form of suspension laryngoscope or rigid 
bronchoscope. Special attention to the maintenance and 
cleaning of fiberoptic bronchoscopes is also important, 
given that they must always be easily accessible and reli-
able when needed. In the case of electronic fiberscopes 
incorporating a video display, it is particularly important 
to establish that illumination settings and white balanc-
ing have been correctly set before use.

AIRWAY DISORDERS IN 
OTOLARYNGOLOGY

Otolaryngologic airway disorders can sometimes present 
the clinician with tremendous anesthetic and airway chal-
lenges. In many such cases, awake endotracheal intuba-
tion (e.g., by fiberoptic methods) is the method of choice. 
When awake intubation is impractical (e.g., overwhelm-
ing tumor invasion of the airway, inadequate equipment, 
limited experience), tracheostomy using local anesthesia 

Bag-valve-mask resuscitator (Ambu bag)
Oropharyngeal and nasopharyngeal airways
Supraglottic airway collection
Endotracheal tubes, including microlaryngeal tubes and laser 

tubes
Malleable stylets
Topical anesthesia, with syringes, and atomizers
Laryngoscope collection with extra bulbs and batteries
McGill forceps (useful for nasal intubation)
Boedeker forceps (for use with video laryngoscopes)*
Airway introducer (gum elastic bougie)
Tube exchange catheters
Carbon dioxide detection system
Video laryngoscope (e.g., GlideScope, McGrath, Pentax-AWS)
Surgical airway kit (e.g., Melker cricothyrotomy kit)
Emergency tracheotomy tray
Fiberoptic bronchoscope

BOX 85-1 Possible Items for an Ear, Nose, and 
Throat Airway Emergencies Cart

*The Boedeker (curved) intubation forceps is useful for removal of foreign 
bodies when a video laryngoscope is used.57
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(with minimal sedation, or no sedation in extreme cases) 
is sometimes preferred. In such cases, complete airway 
obstruction is the outcome most feared; this can occur 
when anesthetic drugs or neuromuscular blocking drugs 
decrease the tone of the airway musculature, thereby 
unfavorably changing the airway architecture.

Many ENT pathologic conditions can make airway 
management difficult. Airway infections can include upper 
airway abscesses, retropharyngeal abscesses, quinsy, Lud-
wig angina, and epiglottitis (supraglottitis). Airway tumors 
may be present as oral or tongue malignancies, as glot-
tic, supraglottic, and infraglottic tumors, or as anterior 
mediastinal masses. Other pathologic conditions may also 
complicate airway management, such as congenital 
malformations (Pierre-Robin sequence, Goldenhar syn-
drome), periglottic edema (e.g., following rigid bronchos-
copy), recurrent laryngeal nerve injury (e.g., following 
thyroid surgery), maxillofacial trauma, or OSA. Some of 
the more important of these conditions are discussed in 
the following paragraphs.

ANGIOEDEMA

Angioedema (former term: angioneurotic edema) is a 
rapid form of tissue swelling mediated by anomalous 
activation of the complement system with release of his-
tamine and other inflammatory mediators.58 It is usually 
the result of an allergic reaction. Hereditary angioedema 
is a variant family that arises from an autosomal domi-
nant genetic mutation. Complete loss of the airway can 
occur in severe cases of either form. Just as with anaphy-
laxis, epinephrine may be lifesaving when the cause of 
angioedema is allergic, but treatment with epinephrine is 
not helpful in cases of hereditary angioedema.59 Intuba-
tion of the trachea is often required in affected patients 
usually during topical anesthesia with the patient awake 
or lightly sedated.

ACUTE EPIGLOTTITIS

Epiglottitis, an inflammatory disease of the epiglottis, 
arytenoids, and aryepiglottic folds, is among the most 
dreaded of airway-related infections, especially in the 
pediatric population (see also Chapter 93).60-64 In the 
past, victims were usually children 2 to 6 years of age, 
who were often infected with Haemophilus influenzae. 
Today, a vaccine against H. influenzae has reduced the fre-
quency of this tragic affliction. The clinical presentation 
often includes a sore throat, dysphagia, muffled voice, 
and fever. Difficulty with swallowing leading to drool-
ing from the mouth may occur. Victims may appear to 
be systemically ill (“toxic”) and assume an open-mouth 
“tripod” position to ease breathing. Stridor, respiratory 
distress, and complete airway obstruction may occur. The 
chief differential diagnosis in children is laryngotracheo-
bronchitis (croup).65,66

Examining the child’s airway at the bedside may exac-
erbate the condition, and anything that could bring the 
child to cry (e.g., needles) should be avoided when pos-
sible. A common management approach involves care-
ful inhaled induction of anesthesia using sevoflurane 
with the child sitting in the anesthesiologist’s lap. Then 
oral intubation of the trachea can be performed using a 
smaller than usual tracheal tube. The child should receive 
“deep” anesthesia but should still be breathing spontane-
ously. Intravenous access and full monitoring should be 
established as anesthesia is deepened. If at laryngoscopy 
the airway cannot be identified, one trick is to have some-
one compress the child’s chest, thus generating a small 
air bubble in the glottis that the person performing the 
anesthetic can aim for in the trachea. Failure to secure 
the airway in this manner may necessitate rescue through 
rigid bronchoscopy, by establishing a surgical airway, or 
by other means. In the past these children were often 
then managed by tracheostomy; however, contemporary 
management usually includes intensive care unit (ICU) 
admission, throat and blood cultures, conversion to naso-
tracheal intubation, and intravenous antibiotic therapy.

Epiglottitis can also occur in adults.67 The first presi-
dent of the United States, George Washington, is said to 
have died of it, although being repeatedly phlebotomized 
(as was the custom of the day) undoubtedly contributed 
to his demise. Here the situation is less ominous because 
the adult airway is larger. In cooperative adults, cautious 
oropharyngeal examination and fiberoptic nasopharyn-
goscopy help assess the degree of disease. The current con-
sensus is that many adults can be adequately treated in 
an ICU with inhaled mist, antibiotics, and corticosteroids 
and that tracheal intubation is necessary only if symp-
toms of respiratory distress develop (see Chapter 101). 
Should intubation be needed, awake fiberoptic laryn-
goscopy is probably the best way to secure the airway in 
cooperative adults, whereas the use of inhaled induction 
of anesthesia in adults with a compromised airway is now 
considered to be more perilous than was once thought.

RETROPHARYNGEAL ABSCESS

Retropharyngeal abscess formation may occur from 
bacterial infection of the retropharyngeal space follow-
ing dental or tonsillar infections.68-74 If the condition is 
untreated, the posterior pharyngeal wall may advance 
anteriorly into the oropharynx, with resulting dyspnea 
and airway obstruction. Other clinical findings may 
include difficulty in swallowing, trismus, and a fluctu-
ant posterior pharyngeal mass. An abscess cavity may 
be evident on lateral neck radiographs, and anterior dis-
placement of the esophagus and upper pharynx may be 
present. Airway management may be complicated by 
trismus or partial airway obstruction. Because abscess 
rupture can lead to tracheal soiling, contact with the pos-
terior pharyngeal wall during laryngoscopy and intuba-
tion should be minimized. Incision and drainage are the 
mainstays of treatment. Tracheostomy is often, but not 
always, required.

LUDWIG ANGINA

Ludwig angina is a multispace infection of the floor of 
the mouth.75-79 The infection usually starts with infected 
mandibular molars and spreads to submandibular, sublin-
gual, submental, and buccal spaces. The tongue becomes 
elevated and displaced posteriorly, which may lead to loss 
of the airway, especially when the patient is in the supine 
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position. As with retropharyngeal abscess, an additional 
concern is the potential for abscess rupture into the hypo-
pharynx (with possible lung soiling) either spontane-
ously or with attempts at laryngoscopy and intubation. 
Airway management options depend on clinical severity, 
imaging findings (e.g., computed tomography [CT] or 
magnetic resonance imaging [MRI] findings), and surgi-
cal preferences, but elective tracheostomy before incision 
and drainage remains a classic, if dated, treatment modal-
ity.79 Most experts advocate fiberoptic intubation when 
possible. In addition, because Ludwig angina is often 
associated with trismus, nasal fiberoptic intubation is fre-
quently needed.

AIRWAY TUMORS, POLYPS, AND 
GRANULOMAS

Airway tumors can be benign or malignant (Figs. 85-5 to 
85-7), but regardless of their pathologic characteristics, 
airway obstruction is always a potential concern.80-83 
Discussion with the surgical team concerning the size 
and location of the tumor, along with a review of any 
video-recorded nasopharyngeal video examinations, will 
help determine whether awake endotracheal intubation 
is needed. Polyps may also be found throughout the air-
way and can lead to partial or complete airway obstruc-
tion. Vocal cord polyps, cysts, and granulomas may result 
from traumatic intubation, vocal cord irritation from ETT 
movement, or other causes, especially in women.84-90 Vocal 
cord cancer can also occur.91 The potential also exists for 
exacerbation of asthma in patients with nasal polyps 
who receive aspirin, ketorolac (Toradol), and other non-
steroidal antiinflammatory drugs (NSAIDs) (the Samter 
triad).92,93

LARYNGEAL PAPILLOMATOSIS

Patients with laryngeal papillomatosis caused by human 
papillomavirus (HPV) infection may require frequent 
application of laser treatment for attempted papilloma 
eradication.94-99 In some cases the airway may be close to 
obstruction because of an overgrowth of lesions. During 
laser treatment, inspired oxygen concentration should 
be kept to a minimum, with the avoidance of nitrous 
oxide, to reduce the chance of an airway fire (see Chapter 
88). After treatment, the airway is raw and edematous. 
Laryngotracheomalacia may occasionally be present, 
sometimes leading to complete upper airway collapse fol-
lowing extubation of the trachea.

ANESTHESIA FOR PANENDOSCOPY

Panendoscopy, sometimes known as triple endoscopy, 
involves three diagnostic components: laryngoscopy, 
bronchoscopy, and esophagoscopy. Such procedures and 
others involving the larynx, pharynx, or trachea often 
require specialized ENT laryngoscopes, frequently in 
conjunction with a small-diameter ETT or a tube specifi-
cally designed for laser surgery. Panendoscopy is used in 
patients with head and neck cancer to search for vocal 
cord lesions, obtain tissue biopsies, monitor for tumor 
recurrence, and so on. In such cases, one should consider 
the following specific issues in discussion with the surgi-
cal team: What is the anticipated pathologic process, and 
how is it expected to affect intubation or ventilation? (In 
some cases the patient’s disease may not allow the use of 
an ETT, so that jet ventilation or a rigid bronchoscope is 
needed.) What is the plan for airway management, and 
how does it affect the delivery of anesthesia? How does 
the presence of coexisting disease (e.g., coronary artery 
disease, chronic obstructive pulmonary disease, gastro-
esophageal reflux disease) affect management? What spe-
cialized equipment may be needed? (For example, when 
airway obstruction is present, the surgeon may employ 
dilatational balloons, lasers, or a microdébrider to open 
up the airway).

Five airway options for panendoscopy exist: (1) use of 
an ETT, typically a narrow-bore MLT that provides the 
surgeon with a superior glottic view; (2) jet ventilation in 
conjunction with a rigid ENT laryngoscope, without the 
use of an ETT; (3) hybrid methods, such as the intermit-
tent use of an SGA or an MLT tube in conjunction with a 
rigid laryngoscope, jet ventilation, or intermittent apnea; 
(4) tracheostomy using local anesthesia before inducing 
general anesthesia; (5) and elective placement of a spe-
cially designed transtracheal jet ventilation cannula (e.g., 
Ravussin jet ventilation catheter before induction100). The 
last two options are only occasionally used for patients 
with a suspected difficult airway; awake tracheal intuba-
tion is the most common approach in patients with a 
difficult airway. Moreover, when jet ventilation is used, 
total intravenous anesthesia (TIVA), for example with 
infusions of propofol and remifentanil, is needed. Finally, 
when panendoscopy is combined with laser surgery, a 
laser-safe ETT is often used.101,102

Panendoscopy is generally done while the patient is 
under general anesthesia with the patient’s neck flexed 
and the head extended, usually employing a shoulder roll 
and a head ring (Jackson position). Typically, an anterior 
commissure laryngoscope is used and fixed into position 
by suspension (Fig. 85-8). This technique allows the sur-
geon’s hands to be free and the operating microscope to be 
used. Other specialized ENT surgical laryngoscopes that are 
commonly used, often in conjunction with a microscope 
for laryngeal microsurgery, include the Dedo laryngoscope 
(Elmed, Addison, IL) and the Universal Modular Glottiscope 
(Endocraft, Providence, RI). Here, once the laryngoscope is 
correctly configured (“suspended”), the surgeon brings the 
operating microscope into the field and uses a variety of 
microlaryngeal instruments to treat the patient.

A variety of anesthetic techniques can be used for pan-
endoscopy procedures. The most common approach is to 
perform the procedure while the patient is under general 
anesthesia with muscle relaxation in conjunction with an 
MLT-type tracheal tube (Fig. 85-9). This technique is famil-
iar to anesthesiologists, provides both airway protection 
and control of ventilation, allows for reliable capnographic 
carbon dioxide (CO2) measurements, and allows for the 
use of volatile anesthetics without operating room pollu-
tion. Disadvantages of the technique include higher than 
usual ventilation pressures as a consequence of the tube’s 
narrow diameter, somewhat hindered surgical access, and 
concerns for tube ignition when a laser is in use.
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Figure 85-5. Vocal cord lesions with little or no airway compromise. A, Normal vocal cord. B, Minor right vocal cord lesion. C, Granuloma on 
the middle right vocal cord. D, Kissing nodule on the right vocal cord. E, Anterior webbing of the vocal cord. F, Intubation granuloma. (From 
Feldman MA, Patel A: Anesthesia for eye, ear, nose, and throat surgery. In Miller RD, editor: Miller’s anesthesia, ed 7. Philadelphia, 2010, Churchill 
Livingstone, pp 2357-2388.)
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Figure 85-6. Vocal cord lesions with significant airway compromise. A, Papilloma of both vocal cords. B, Bilateral Reinke edema. C, Left vocal 
cord polyp. D, Anterior glottic granuloma. E, Epiglottic edema. F, Vocal cord cyst. (From Feldman MA, Patel A: Anesthesia for eye, ear, nose, and 
throat surgery. In Miller RD, editor: Miller’s anesthesia, ed 7. Philadelphia, 2010, Churchill Livingstone, pp 2357-2388.)
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Figure 85-7. Vocal cord lesions with severe airway compromise. A, Papilloma of vocal cord. B, Severe subglottic stenosis (2-mm airway).  
C, Bilateral papilloma. D,Extensive supraglottic carcinoma. 
Because a tracheal tube may impair access to some 
glottic structures, however, some cases are performed 
using intermittent apnea during general anesthesia and 
administration of neuromuscular blocking drugs. Disad-
vantages of this technique include the need for a TIVA 
technique, the need for repeated intubation-extubation 
cycles (potentially producing glottic trauma), fragmenta-
tion of the surgical work into brief apneic segments, and 
the repeated interruption of ventilation and oxygenation.

Next, panendoscopy is often performed using supra-
glottic jet ventilation.103,104 This technique requires TIVA 
and entails some special issues because it involves the 
delivery of high-pressure oxygen pulses (typically 20 to 
50 psi in adults, frequently delivered 1 second on/3 sec-
onds off), usually through an adapter that attaches to the 
surgical laryngoscope. Additionally, subglottic methods 
(e.g., using a Hunsaker catheter105,106) and transtracheal 
methods of jet ventilation107-110 have been described. 
Each pulse of oxygen entrains room air, thus increasing 
the gas volume delivered and diluting the oxygen concen-
tration (Venturi effect). Disadvantages of jet ventilation 
include the need for TIVA, the potential for barotrauma 
(remember that a pressure of 50 psi is equivalent to 3515 
cm H2O), an inability to measure either end-tidal CO2 
(ETCO2) or tidal volume easily, and the fact that the tech-
nique is often suboptimal in obese individuals. Finally, 
a variant of jet ventilation known as high-frequency jet 
ventilation is sometimes used in these cases,111,112 often 
in conjunction with a special ventilator, an intratracheal 
catheter, and transcutaneous CO2 monitoring.
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Figure 85-7, cont’d E, Acute epiglottitis. F, Laryngeal carcinoma. (From Feldman MA, Patel A: Anesthesia for eye, ear, nose, and throat surgery. In 
Miller RD, editor: Miller’s anesthesia, ed 7. Philadelphia, 2010, Churchill Livingstone, pp 2357-2388.)
OTOLARYNGOLOGIC TRAUMA

Although the topic of anesthesia care for the trauma 
patient is the subject of Chapter 81,113 a few special 
points pertaining to patients who have undergone head 
and neck trauma should be emphasized. First, patients 
with head and neck trauma may have a concurrent brain 
injury or injury to the cervical spine. Until cleared of a 
possible cervical spine injury, patients should be placed 
in a rigid cervical collar. In addition, although placing the 

Figure 85-8. Patient undergoing an ear, nose, and throat procedure 
using a suspended anterior commissure laryngoscope. A jet ventilation 
attachment is taped to the handle. A fiberoptic bronchoscope with a 
laser fiber is in use to deliver laser pulses to areas of pathologic tissue. 
(Image courtesy Dr. Basem Abdelmalak, Cleveland Clinic.)
patient’s head in the customary “sniffing” position can 
facilitate laryngoscopy, this technique is contraindicated 
in patients with a suspected cervical spine injury for fear 
of exacerbating any injury. Additionally, jaw thrust and 
chin lift maneuvers can be more difficult when a cervical 
collar is used or when comminuted mandibular fractures 
are present.

Second, facial injuries can produce extensive bleeding, 
as well as the aspiration of blood, bone, cartilage, teeth, 
and tissue fragments. Third, the airway may be compro-
mised, especially when bilateral mandibular fractures 
are present. Airway trauma from blunt or penetrating 

Figure 85-9. Regular 7.5-mm inner diameter (ID) tracheal tube (top) 
in comparison with a 5.0-mm ID microlaryngeal (MLT)–type tracheal 
tube (bottom). The MLT tube has a narrow lumen that provides the 
surgeon with improved glottic exposure at the cost of higher ventila-
tion pressures.
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injuries, burns, inhalational injury, or even iatrogenic 
causes may be present. Immediate airway management 
options include orotracheal intubation (awake versus 
rapid-sequence induction), a surgical airway carried out 
using local anesthesia, or even intubation through an 
open airway in cases of tracheal transection. Oropha-
ryngeal airways may not be tolerated in patients with an 
intact gag reflex, and inserting a nasopharyngeal airway 
may exacerbate bleeding.

Although fiberoptic intubation would seem to offer 
many advantages in trauma cases, clinical experience 
suggests otherwise, at least in some cases, because navi-
gating through a distorted airway filled with blood and 
foamy secretions challenges even the most experienced 
bronchoscopists. Special concerns exist when the trachea 
is intubated in a patient with laryngeal trauma because 
this may result in further injury or even complete air-
way loss (e.g., in the event of inadvertent ETT placement 
through a laryngeal fracture into the mediastinum). Clin-
ical findings suggestive of laryngeal trauma include abra-
sions, discoloration, indentation, bleeding, or pain in the 
region of the larynx, as well as dyspnea, dysphagia, dys-
phonia, stridor, hemoptysis, subcutaneous emphysema, 
and hoarseness. Signs of pneumothorax may also be 
present, whereas fiberoptic endoscopic examination may 
reveal edema, the presence of bleeding or hematoma, or 
abnormal vocal cord function. If endotracheal intubation 
is attempted in this setting, a fiberoptic bronchoscope 
with a small-diameter ETT can be used carefully, bearing 
in mind the foregoing concerns about fiberoptic intuba-
tion in the trauma setting. Additionally, positive-pressure 
ventilation by mask or SGA in this setting may worsen 
any subcutaneous emphysema. A tracheostomy may 
be the most prudent course in some cases. Finally, the 
application of cricoid pressure in blunt laryngeal trauma 
may result in cricotracheal separation and so is contrain-
dicated. In any event, in both facial trauma and airway 
trauma, initial management is dictated by the degree of 
respiratory distress or potential airway compromise, the 
available equipment, and clinical preferences.

Midfacial fractures deserve special mention. These frac-
tures are defined by the Le Fort classification. A Le Fort I 
fracture is a horizontal fracture that involves the inferior 
nasal aperture, separating the maxillary alveolus from the 
rest of the midfacial skeleton. Le Fort II fractures are pyra-
midal nasomaxillary fractures that break from the upper 
craniofacial skeleton. Le Fort III fractures, less commonly 
encountered than the others, involve the separation of 
the facial skeleton from the skull base. These fractures are 
illustrated in Figure 85-10.

NASAL SURGERY

Nasal surgery can involve external procedures, procedures 
within the nasal cavity, surgery involving the nasal bones, 
and nasal sinus surgery. Besides the usual concerns, pre-
operative assessment should focus on the suitability of 
topical nasal vasoconstrictor use, the possibility of undi-
agnosed OSA, and the potential presence of the Samter 
triad (nasal polyps, asthma, and a sensitivity to aspirin 
and NSAIDs that may produce deadly bronchospasm). 
Because postoperative bleeding is a common complica-
tion after nasal surgery, patients should not be taking 
NSAIDs and aspirin for 1 to 2 weeks preoperatively.

Preoperative planning begins by deciding whether the 
procedure is best performed with local (usually accom-
panied by intravenous sedation) or general anesthesia. 
Although local anesthesia may be suitable for simple pro-
cedures such as cauterization or straightforward polyp-
ectomy or turbinectomy surgery in adults, often general 
anesthesia is required. When general anesthesia is chosen, 
a choice must then be made among a simple facemask (as 
may be appropriate for pediatric myringotomy surgery), 
an SGA device (e.g., flexible LMA), and a tracheal tube 
(e.g., an unkinkable wire-reinforced design). This deci-
sion should be made jointly with the surgeon. Although 
the use of an SGA during ENT surgery has its enthusiasts, 
negative experiences, such as airway obstruction related 
to device malpositioning, have led many clinicians to 
prefer a tracheal tube in such cases.

Patients undergoing rhinoplasty are typically young, 
healthy individuals requiring reconstruction of the exter-
nal nose for deformity treatment.114,115 Septoplasty (cor-
rection of a deviated septum)116-118 and surgery to remove 
nasal polyps119-120 are often performed to improve nasal 
airflow and ventilation of the sinuses. Some malignant 
lesions require excision of the entire nose with follow-up 
staged reconstruction using a forehead flap. Open nasal 
fracture reduction procedures are usually performed after 
the initial swelling has resolved; if the injury is corrected 
too late, the bones can be difficult to align and can lead to 
significant surgical bleeding. General endotracheal anes-
thesia is usually carried out in such cases, often using a 
midline reinforced ETT taped to the chin. In closed nasal 
fracture reduction, the surgeon applies forceful pressure 
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Figure 85-10. Classification of midfacial fractures. Le Fort I: alveolar 
fracture. Le Fort II: zygomatic-maxillary complex fracture. Le Fort III: 
cranial facial dysostosis with separation of the midface from the skull. 
(From Schuller DE, Schleuning AJ: Otolaryngology: head and neck sur-
gery, ed 8. St. Louis, 1994, Mosby, p 157.)
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to realign the nasal bones, a procedure that usually takes 
only a few seconds but nevertheless is so intensely pain-
ful that the procedure is usually preceded by a single 
induction dose of propofol, followed by airway support 
as needed as a nasal cast is applied. However, when the 
reduction is expected to be bloody or otherwise compli-
cated, the airway is usually protected with an ETT or an 
SGA device. In many of these procedures, nasal packs, 
stents, and/or casts are placed; nasal stents offer an advan-
tage over packs in that one can breathe through them.

In many ENT cases, a “throat pack” made of a long 
piece of saline-soaked gauze is stuffed around the ETT to 
prevent blood and surgical debris from entering the phar-
ynx and larynx. Typically, a few inches of gauze are kept 
outside the mouth as a reminder of its presence, because 
an inadvertently retained pack can lead to catastrophic 
airway obstruction after extubation.121 In addition to 
suctioning, many clinicians follow throat pack removal 
with pre-extubation laryngoscopy and a neck flexion-
extension maneuver to encourage any residual clot (the 
so-called “coroner’s clot”) to fall past the soft palate into 
a position where it can be removed under direct vision.

Gentle awakening in nasal surgery is important 
because coughing and bucking on emergence frequently 
produce undesirable bleeding. Techniques that are often 
helpful include the use of a remifentanil infusion and 
the application of lidocaine down the ETT with the cuff 
temporarily deflated while the patient is still under deep 
anesthesia. Oral and gastric suction before emergence will 
decrease the incidence of postoperative nausea and vom-
iting (PONV) (see Chapter 97). When nasal packing is 
used, patients should be advised before induction of anes-
thesia that, on emergence, they should breathe through 
the mouth. On awakening, applying pressure on the nose 
with a facemask should not be done for fear of ruining 
the surgeon’s handiwork. In addition, all postoperative 
patients with nasal packs will have obstructed nasal pas-
sages unless nasopharyngeal airways are incorporated 
into the nasal pack, and patients with OSA are in particu-
lar need of careful postoperative respiratory monitoring. 
Finally, postoperative pain in these procedures usually 
does not require opiates, and the use of oral acetamino-
phen and an NSAID usually suffices (see also Chapter 98).

In many of these procedures, a topical vasoconstric-
tor such as phenylephrine, oxymetazoline, or cocaine is 
used. Although these topical agents are important drugs 
that reduce bleeding and improve visualization during 
nasal and endoscopic procedures, they sometimes produce 
cardiovascular toxicity.122 The cardiovascular effects of 
cocaine, usually administered as a 4% (40 mg/mL) topi-
cal solution, result from the drug’s blocking the reup-
take of norepinephrine at sympathetic nerve terminals. 
Consequently, cocaine would not be a first-choice vaso-
constrictor in patients with coronary artery disease or 
hypertension or in patients taking monoamine oxidase 
inhibitors.123 When cocaine use is appropriate, the dose 
should not ordinarily exceed 1.5 mg/kg.

Phenylephrine is an α-adrenergic agonist topical vaso-
constrictor either used alone or in combination with lido-
caine. The initial dose should not exceed 500 μg (<20 μg/kg 
in children ≤25 kg). Because severe hypertension some-
times results following phenylephrine use, blood pressure 
monitoring is particularly important. Instances of unac-
ceptable hypertension should be treated with direct vaso-
dilators or α-receptor antagonists; the use of β-adrenergic 
and calcium channel blockers should be avoided because 
they may worsen cardiac output and produce pulmonary 
edema.124

Oxymetazoline, a selective α1-agonist and partial α2-
agonist imidazoline-derivative, is perhaps the most pop-
ular topical vasoconstrictor in ENT surgery, primarily 
because of its excellent safety profile and availability as 
an over-the-counter product.125-127 Three sprays of 0.05% 
solution are administered in each nostril. This drug 
should be avoided in patients taking monoamine oxidase 
inhibitors. However, despite its relative safety, complica-
tions have been reported.128,129

TONSILLECTOMY AND ADENOIDECTOMY

The adenoids are a mass of lymphoid tissue located pos-
terior to the nasal cavity, in the roof of the nasophar-
ynx. If this tissue become hyperplasic, nasopharyngeal 
obstruction and a number of related problems can occur 
such that the adenoids merit surgical removal (adenoid-
ectomy). When removed, the tonsils are usually taken as 
well. Other indications for tonsillectomy include tonsil-
lar hyperplasia, recurrent tonsillitis, and malignant dis-
ease.130 An especially important consideration here is 
that chronic oropharyngeal airway obstruction as a con-
sequence of tonsillar hypertrophy can lead to OSA and 
its attendant complications (daytime sombulence, cor 
pulmonale, pulmonary hypertension, right ventricular 
hypertrophy, cardiomegaly). In addition to the usual, 
preoperative assessment focuses on findings suggestive 
of OSA, possible cardiac comorbidities, and a history of 
recurrent upper respiratory tract infections. The pres-
ence of a fever or a productive cough may be grounds 
for postponement of the surgery or for postoperative care 
in setting of increased vigilance (e.g., ICU or step-down 
facility), especially in infants (see also Chapter 93).

Induction of anesthesia in adults usually entails 
administering intravenous drugs, whereas inhaled induc-
tions are popular with children, followed by placement of 
an intravenous catheter and administration of glycopyr-
rolate. Oral RAE (named after the inventors Ring, Adair, 
and Elwyn) tracheal tubes or wire-reinforced tubes, taped 
in the midline to the mandible, are often preferred by 
surgeons and are less likely to kink following retractor 
placement. When a tonsillar or parapharyngeal abscess 
is present, the patient may have a compromised airway 
complicated by trismus and pharyngeal edema. Although 
awake abscess decompression by needle aspiration before 
the induction of anesthesia is sometimes done, awake 
fiberoptic intubation is the usual approach in this setting.

At the end of the surgical procedure, the throat pack, 
if previously placed, should be removed, the oropharynx 
should then be suctioned, and an orogastric tube should 
be used to empty the stomach. Extubation is sometimes 
performed using deep anesthesia but more commonly is 
carried out when the patient has intact airway reflexes. 
Coughing on the tracheal tube on emergence may be 
attenuated by the administration of lidocaine, either 
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given intravenously or placed down the tracheal tube 
with the cuff temporarily deflated. Emergence on a light 
remifentanil infusion can also be beneficial.

Posttonsillectomy hemorrhage is a dreaded surgical 
emergency, especially in children131-133 (see also Chap-
ter 93). It usually occurs within the first 6 postoperative 
hours, but it can also occur several days later. When pos-
sible, the patient should receive appropriate intravenous 
fluids preoperatively (including blood products when 
necessary). The presence of hypovolemia may dictate a 
reduction in induction drug dosage or the use of etomi-
date. Because the stomach may contain a considerable 
amount of blood, a rapid-sequence induction with cricoid 
pressure is usually performed with a view to protect the 
airway from aspiration of gastric contents. Vigorous suc-
tioning is also needed to remove the copious oropharyn-
geal blood likely to be found during laryngoscopy.

ENDOSCOPIC SINUS SURGERY

Endoscopic sinus surgery has become a common ENT 
procedure. Indications are varied and include conditions 
such as nasal polyposis, recurrent or chronic sinusitis, 
epistaxis control, tumor excision, orbital decompression 
(e.g., for Graves ophthalmopathy), foreign body removal, 
treatment of sinus mucoceles, and more.134-136

Proper anesthetic management helps ensure a good 
outcome. Considerations in such cases include local 
versus general anesthesia, SGA device versus ETT, and 
inhaled anesthesia versus TIVA, and they take into 
account patient comorbidities, as well as preferences of 
the surgeon and anesthesiologist. The most important 
goals are a blood-free surgical field, patient immobility, 
stable cardiorespiratory conditions, and gentle emergence 
from anesthesia. Controlled hypotension is sometimes 
used to improve surgical conditions; when this approach 
is used, intraoperative β-adrenergic blockade is associated 
with better operating conditions than when vasodilation 
drugs are administered.

Despite minimal arterial blood pressure differences, 
propofol-remifentanil intravenous anesthesia may pro-
vide better surgical conditions as compared with a tradi-
tional balanced technique (e.g., using an isoflurane-opiate 
technique), possibly because of lower heart rates and car-
diac output.137 Use of an SGA device is preferred to an 
ETT because of better surgical conditions and smoother 
emergence. However, SGA devices are prone to malposi-
tioning and provide less protection from gastric regurgita-
tion as compared with an ETT.138

The procedure typically begins with decongestion of the 
nose and infiltration of 1% lidocaine with 1:100,000 epi-
nephrine, often followed by the bilateral nasal placement 
of pledgets soaked in 4% cocaine. In most cases, an image-
guided surgical system is used; this allows the surgeon to 
know exactly where he or she is operating by using a pre-
operative CT scan. This technology allows the surgeon to 
visualize four different views simultaneously: the coronal, 
sagittal, and axial CT scan images at the same time as the 
real time endoscopic view. This system requires a special 
headset that may preclude the use of electroencephalo-
graphic (bispectral index) monitoring (see also Chapter 44).
Given the close proximity of major blood vessels and 
nerves, the orbit, and the brain, complications are possi-
ble, especially when the surgical landmarks are obscured 
by blood. Some major complications include orbital 
hematoma formation, blindness from orbital trauma or 
damage to the optic nerve, formation of cerebrospinal 
fluid leak, carotid or ethmoid artery invasion, entry into 
the cranial cavity, severe hemorrhage, and death.

Finally, not all sinus surgery is endoscopic. For exam-
ple, although now largely replaced by endoscopic meth-
ods, the once common Caldwell-Luc procedure involves 
fenestration of the anterior wall of the maxillary sinus 
with surgical drainage of this sinus into the nose through 
an antrostomy.

THYROID AND PARATHYROID SURGERY

The usual indications for thyroid surgery include thyroid 
cancer, symptomatic thyroid goiter, and failed medical 
management of hyperthyroidism; the surgical procedure 
is almost always elective.139 The most common indication 
for parathyroid surgery is hypercalcemia from hyperpara-
thyroidism secondary to a benign parathyroid adenoma. 
When the hypercalcemia is severe, preoperative treatment 
(e.g., fluids, furosemide, bisphosphonates) may be needed.

Hyperthyroid patients should be treated preoperatively 
to reduce the risk of thyroid storm (thyrotoxicosis). Thy-
rotoxic patients may experience sinus tachycardia, atrial 
fibrillation, myocardial ischemia, congestive heart failure, 
nervousness, tremulousness, insomnia, heat intolerance, 
weight loss, and other findings.140,141

Large goiters may result in deviation of the larynx, tra-
cheal compression leading to considerable airway narrow-
ing, Horner syndrome, or superior vena cava obstruction, 
especially with retrosternal extension.142,143 Preoperative 
airway evaluation by endoscopic examination and by CT 
is often useful to determine the extent of the disease and 
the possibility that sternotomy will be needed.

General anesthesia with tracheal intubation and muscle 
relaxation is usually employed, although many surgeons 
routinely use a nerve integrity monitor (NIM) ETT for neu-
romonitoring,144-146 in which case neuromuscular block-
ing drugs must be avoided in the postintubation period. 
Gentle emergence from anesthesia is necessary to avoid 
coughing on the ETT and the possibility of hematoma for-
mation from venous engorgement. The use of a small-dose 
remifentanil infusion (0.01 to 0.05 μg/kg/minute) in the 
extubation period is a popular means to diminish cough-
ing on the ETT. Although deep extubation also reduces 
the incidence of bucking and straining, many clinicians 
avoid this technique wher ever possible because of airway 
obstruction.

Possible complications of thyroid and parathyroid sur-
gery include hematoma formation (possibly resulting in 
airway impairment), vocal cord dysfunction from recur-
rent laryngeal nerve injury, pneumothorax, and other 
conditions. In patients with compressive goiters, postthy-
roidectomy tracheomalacia may occur following goiter 
excision. In postoperative patients who have undergone 
parathyroid and total thyroidectomy, serial calcium lev-
els are taken to detect inadvertent hypocalcemia.
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AIRWAY FIRES

An airway fire is a potentially deadly complication that 
may occur during tracheotomy surgery, during laser sur-
gery to the airway, and elsewhere (see also Chapters 55, 
88, and 109). For a fire to occur, the triad of fuel (e.g., ETT, 
drapes, sponges), oxygen, and an ignition source (e.g., 
laser or electrocautery) is needed. The ASA published an 
Operating Room Fires Algorithm (Fig. 85-11),147 to which 
the reader is referred. An additional helpful resource is 
a checklist developed by Dr. B. Abdelmalak (Box 85-2). 
Prevailing conventional wisdom, at least until recently, 
holds that cases of airway fire call for immediate removal 
of the ETT. Although this is a reasonable rule of thumb, 
it should also be noted that in some patients, removal 
of the ETT would result in irreversible loss of the airway. 
Clinicians in such a setting face a particularly difficult 
choice: leave the ETT in place and risk fire-related injury 
to the patient, or remove the ETT and risk deadly loss of 
the airway.

EAR SURGERY

Ear operations range from simple, brief procedures such as 
myringotomy and tube placement to much more involved 
procedures such as skull-based surgery. These procedures 
are best divided into external ear procedures (e.g., removal 
of exostoses or foreign bodies), middle ear procedures (e.g., 
myringotomy, tympanoplasty, stapedectomy), mastoid 
operations (e.g., mastoidectomy), and inner ear procedures 
(e.g., cochlear implant placement). In such procedures, 
and especially with inner ear procedures, patients are par-
ticularly prone to PONV (see also Chapter 97).

Although many simple procedures can be performed 
in well-selected individuals by using local anesthesia and 
intravenous sedation, more complex procedures, espe-
cially those requiring an operating microscope (for which 
immobility is essential), are usually best accomplished 
using general anesthesia with the presence of a secure 
airway. Regardless, in all such cases the anesthesiolo-
gist must consider issues such as the appropriate form of 
airway management, whether nitrous oxide is contrain-
dicated, the possibility that postintubation muscle relax-
ants should be avoided to permit facial nerve monitoring, 
and the possible need for antiemetic prophylaxis. Most 
patients require a tracheal tube; the unkinkable, wire-
reinforced variety is commonly used to avoid airway 
trouble following head rotation. Alternatively, preformed 
tracheal tubes (e.g., RAE tubes) are commonly used.

Nitrous oxide is avoided in middle ear procedures 
because it diffuses from blood to the middle ear, thereby 
increasing middle ear pressure and potentially distending 
any carefully placed tympanic membrane grafts. How-
ever, many ENT surgeons now use “underlay” grafts, in 
which increased middle ear pressures can actually help 
hold the graft in place, as opposed to older “overlay” 
grafts, in which a high middle ear pressure would dislo-
cate the graft.

Many middle ear operations are performed to ame-
liorate hearing loss from infection or inflammation. The 
most frequent of these procedures, myringotomy with 
tube placement, is most commonly performed in children 
by using simple sevoflurane mask anesthesia, in conjunc-
tion with acetaminophen or (less commonly) fentanyl 
to treat postoperative pain. The procedure can usually 
be safely accomplished without establishing intravenous 
access.148

Stapedectomy, typically performed to treat otoscle-
rosis, is usually performed using general anesthesia and 
may involve the use of surgical lasers (hence a potential 
need for laser precautions), as well as facial nerve moni-
toring (hence a potential need for periods with minimal 
neuromuscular blockade). The use of a volatile anesthetic 
in combination with a remifentanil infusion helps pro-
vide mild hypotension (which reduces blood loss), as well 
as surgical immobility. Nitrous oxide can theoretically 
be used early in the procedure, but it must be avoided 
later on to avoid damaging possible “overlay” grafts to 
the tympanic membrane. However, most clinicians sim-
ply avoid nitrous oxide entirely, to reduce the incidence 
of PONV (see also Chapter 97). Gentle emergence, often 
involving a remifentanil infusion, helps avoid coughing 
or “bucking” with the tracheal tube present, with pos-
sible displacement of the bone prosthesis. Not surpris-
ingly, extubation of the trachea during deep anesthesia is 
sometimes performed. Ossiculoplasty procedures involve 
similar considerations.

Common inner ear procedures include surgery to the 
cochlea, endolymphatic sac, and labyrinth. Patients with 
pathologic processes in the labyrinth and endolymphatic 
sac, such as patients with Meniere’s disease, often suffer 
from vertigo and hearing loss and are especially prone 
to PONV. In cochlear implant surgery, mastoidectomy is 
performed to implant the signal coupler while the elec-
trode array is implanted into the cochlea, a procedure 
often taking over 4 hours. Considerations similar to those 
for stapedectomy apply, including the potential need for 
nerve monitoring, the avoidance of PONV, and gentle 
emergence from anesthesia. Some surgeons also request 
a degree of hypotension as a means to reduce blood loss.

Untreated chronic otitis media often leads to mastoid-
itis, tympanic membrane perforation, and damage the 
ossicular chain. Additionally, the formation of a choles-
teatoma (an invasive growth of keratinizing squamous 
epithelium) may spread into the mastoid cavity, inner 
ear, and even to brain to cause additional damage. When 
antibiotic treatment fails, mastoidectomy (removing 
infected material, draining subperiosteal abscesses, and 
reestablishing middle ear ventilation) may be indicated. 
Because blood loss can be substantial, controlled hypo-
tension is sometimes requested. The nerve identification 
and gentle emergence issues discussed earlier often apply 
as well. Nitrous oxide is often avoided, at least in the later 
stages, because of the tympanoplasty component of the 
procedure.

Surgical procedures of the outer ear may be used to cor-
rect congenital and acquired malformations. Although 
these patients often present no special challenges, beware 
of patients whose malformation is part of Goldenhar 
syndrome or Treacher Collins syndrome because these 
patients frequently offer airway challenges. General anes-
thesia is typically employed, and postoperative pain can 
be substantial when a rib graft is used.
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•  Agree upon a team plan and team roles for preventing and managing a fire
•  Notify the surgeon of the presence of, or an increase in, an oxidizer-enriched atmosphere
•  Use cuffed tracheal tubes for surgery in the airway; appropriately prepare laser-resistant tracheal tubes
•  Consider a tracheal tube or laryngeal mask for monitored anesthesia care (MAC) with moderate to deep
   sedation and/or oxygen-dependent patients who undergo surgery of the head, neck, or face
•  Before an ignition source is activated:
      ° Announce the intent to use an ignition source
      ° Reduce the oxygen concentration to the minimum required to avoid hypoxia3

      ° Stop the use of nitrous oxide4

                    Airway6 fire:
Immediately, without waiting
•  Remove tracheal tube
•  Stop the flow of all airway gases
•  Remove sponges and any other flammable
   material from airway
•  Pour saline into airway

•  Reestablish ventilation
•  Avoid oxidizer-enriched atmosphere if
   clinically appropriate
•  Examine tracheal tube to see whether
   fragments may be left behind in airway
•  Consider bronchoscopy

•  Maintain ventilation
•  Assess for inhalation injury if
   the patient is not intubated

If fire is not extinguished on first attempt:
use a CO2 fire extinguisher7

If fire persists: activate fire alarm, evacuate patient,
close OR door, and turn off gas supply to room

                    Nonairway fire:
Immediately, without waiting
•  Stop the flow of all airway gases
•  Remove drapes and all burning and
   flammable materials
•  Extinguish burning materials by pouring
   saline or other means

Is this a high-risk procedure?
An ignition source will be used in proximity

to an oxidizer-enriched atmosphere

Early warning signs of fire5

Fire is not present;
continue procedure

Fire out Fire out

Assess patient status and devise plan for management

Halt procedure
Call for evaluation

Fire is present

Yes No

Fire prevention:

Operating Room Fires Algorithm

Fire management:

1 Ignition sources include but are not limited to electrosurgery or electrocautery units and lasers. 
2 An oxidizer-enriched atmosphere occurs when there is any increase in oxygen concentration above room air level
      and/or the presence of any concentration of nitrous oxide.
3 After minimizing delivered oxygen, wait a period of time (e.g., 1 to 3 minutes) before using an ignition source. For oxygen-
      dependent patients, reduce supplemental oxygen delivery to the minimum required to avoid hypoxia. Monitor
      oxygenation with pulse oximetry and, if feasible, inspired, exhaled, and/or delivered oxygen concentration.
4 After stopping the delivery of nitrous oxide, wait a period of time (e.g., 1 to 3 minutes) before using an ignition source.
5 Unexpected flash, flame, smoke or heat, unusual sounds (e.g., a “pop,” snap or “foomp”) or odors, unexpected
      movement of drapes, discoloration of drapes or breathing circuit, unexpected patient movement or complaint.
6 In this algorithm, airway fire refers to a fire in the airway or breathing cicuit.
7 A CO2 fire extinguisher may be used on the patient if necessary.

•  Avoid using ignition sources1 in proximity to an oxidizer-enriched atmosphere2

•  Configure surgical drapes to minimize the accumulation of oxidizers
•  Allow sufficient drying time for flammable skin prepping solutions
•  Moisten sponges and gauze when used in proximity to ignition sources

Figure 85-11. American Society of Anesthesiologists’ Operating Room Fires Algorithm. CO2, carbon dioxide; OR, operating room. (From Caplan RA,  
Barker SJ, Connis RT, et al: Practice advisory for the prevention and management of operating room fires, Anesthesiology 108:786-801, 2008. 
<www.asahq.org/~/media/Lifeline/Anesthesia%20Topics/Practice%20Advisory%20for%20the%20Prevention%20and%20Management% 
20of%20Operating%20Room%20Fires%202013.pdf>.)

http://www.asahq.org/%7e/media/Lifeline/Anesthesia%2520Topics/Practice%2520Advisory%2520for%2520the%2520Prevention%2520and%2520Management%2520of%2520Operating%2520Room%2520Fires%25202013.pdf
http://www.asahq.org/%7e/media/Lifeline/Anesthesia%2520Topics/Practice%2520Advisory%2520for%2520the%2520Prevention%2520and%2520Management%2520of%2520Operating%2520Room%2520Fires%25202013.pdf
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PAROTID AND OTHER SALIVARY  
GLAND SURGERY

The salivary glands comprise a pair of parotid glands, 
two submandibular glands, two principal sublingual 
glands, and a number of minor salivary glands. As exo-
crine glands, their function is variously to produce saliva, 
digestive enzymes (amylase), and lubrication, as well as 
to provide a bacteriostatic function. Indications for sub-
mandibular gland surgery include tumors, chronic sial-
adenitis refractory to medical treatment, and removal of 
impacted stones. The most frequent parotid disease war-
ranting surgery is a benign neoplasm, frequently a pleo-
morphic adenoma. Superficial parotidectomy (complete 
or limited) with facial nerve dissection is the most com-
monly performed procedure for these lesions, although 
a simpler enucleation procedure is sometimes also per-
formed.149-151 Identification of the facial nerve and its 
branches, often employing nerve stimulation methods, is 
central to the procedure. For this reason the surgical team 
usually requests that muscle relaxants be avoided after 
endotracheal intubation has been achieved.

Besides the usual considerations applying to all sur-
gical patients, preoperative evaluation (see also Chapter 

Prevention and PreParedness

 1.  Keep the O2 concentration at approximately 30%, or less if 
possible. Use an O2/air mixture. Avoid N2O.

 2.  Use a “laser-safe” endotracheal tube.
 3.  Inflate the endotracheal tube cuff with dyed normal saline to 

provide an early indicator of cuff rupture.
 4.  Use a pre-prepared 50-mL syringe of saline to extinguish any 

fire, and flood the surgical field if a fire occurs.
 5.  Have an extra endotracheal tube available for reintubation in 

case a fire occurs.
 6.  Inform the surgical team working on the airway of any situa-

tion in which high concentrations of O2 are being used.

in the Case of an airway fire

 1.  Stop lasering. Stop ventilation. Turn O2 off (as well as N2O if it 
was mistakenly in use).

 2.  Inform the surgical team, and assign someone to call the 
control desk for help.

 3.  Remove the burning endotracheal tube* and drop it in the 
bucket of water, if available.

 4.  Put out the fire with your improvised fire extinguisher.
 5.  The area should be flushed with saline.

when the fire is extinguished

 1.  Ventilate the patient with 100% O2 by facemask (or supra-
glottic airway if appropriate).

 2.  When the patient is stable, assess the extent of airway dam-
age. Consider using a ventilating rigid bronchoscope; debris 
and foreign bodies should be removed.

 3.  Reintubate the patient if significant airway damage is found.
 4.  When appropriate, arrange for admission to an ICU.
 5.  Provide supportive therapy, including ventilation and antibiot-

ics, and extubate when appropriate.
 6.  Tracheotomy may be needed.

BOX 85-2 Management of Airway Fires

Courtesy Dr. B. Abdelmalak, Cleveland Clinic, Cleveland, Ohio.

* Removing the endotracheal tube may be inappropriate in some cases 
(see text).

ICU, Intensive care unit; N2O, nitrous oxide; O2, oxygen.
38) of patients for salivary gland surgery should consider 
any previous head and neck surgery and any history of 
radiation therapy (which can make mask ventilation dif-
ficult). The physical examination should look for tumor 
displacement of the airway, as well as impaired temporo-
mandibular joint (TMJ) mobility and other predictors of 
airway difficulties. Available head and neck CT scans or 
MRI studies should be reviewed with the surgical team, 
with a focus on airway issues.

During these procedures, complete immobility of 
the patient is important. Consequently, general anes-
thesia with endotracheal intubation is usually required, 
although cases of parotid surgery performed using 
local anesthesia have been reported.152 Management of 
the airway with an LMA for parotid surgery has been 
described; however, the typical 2- to 4-hour duration of 
the operation and the need for an operative side-up head 
position lead most anesthesiologists to use a tracheal 
tube. Sufficient anesthetic depth and patient immo-
bility are usually achieved using relatively large doses 
of opioid and inhaled anesthetics, with muscle relax-
ants avoided to allow facial nerve monitoring for both 
parotid and (less commonly) submandibular surgery. I 
frequently employ a single, small dose of rocuronium 
to facilitate endotracheal intubation, followed by sevo-
flurane anesthesia in conjunction with a remifentanil 
infusion (e.g., 0.1 μg/kg/minute) to provide immobil-
ity. Finally, preservation of the facial nerve is of prime 
importance in these operations; consequently, the 
surgeon often must identify the facial nerve by using 
a nerve stimulator. This crucial step is not possible if 
neuromuscular blockade is present.

SLEEP APNEA SURGERY

OSA involves repetitive partial or complete upper airway 
obstruction from collapse of the pharyngeal airway dur-
ing sleep.153-158 This condition typically occurs despite 
continued movement of the diaphragm and can lead to 
apneas (with complete obstruction), hypopneas (with par-
tial obstruction), and respiratory effort–related arousals. 
The last of these can occur without desaturation, whereas 
hypoxia itself leads to arousal from sleep, with reopen-
ing of the airway and the intake of a breath. Severity is 
related to the number of these respiratory events per hour 
as determined by polysomnography. Patients in whom 
conservative treatment (e.g., weight loss, continuous pos-
itive airway pressure, bilevel positive airway pressure, oral 
appliances) fails may benefit from either surgical modi-
fication of the upper airway or, rarely, tracheostomy. 
Commonly performed procedures include uvulopalato-
pharyngoplasty, uvulopalatal flap surgery, tonsillectomy 
and adenoidectomy, genioglossus advancement, maxillo-
mandibular advancement, and other procedures. Some-
times these procedures are performed in combination. 
Possible comorbidities such as obesity (see also Chap-
ter 71), metabolic syndrome, type 2 diabetes, coronary 
artery disease, or cor pulmonale should be identified. 
Patients with OSA can be difficult to intubate tracheally 
or ventilate by mask, and they are especially prone to 
postoperative hypoxia. In addition, they frequently have 
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conditions such as macroglossia, redundant pharyngeal 
tissue, lingual tonsil hypertrophy, or an anterior larynx, 
all of which can make direct laryngoscopy difficult.

Clinical features that increase the likelihood that OSA is 
present include a body mass index greater than 30 kg/m2,  
large neck circumference (>17 inches in men; >16 inches 
in women), a high Mallampati score (3 or 4), and the 
presence of features such as a large uvula, macroglossia, 
retrognath ia, tonsillar hypertrophy, or a high arched pal-
ate. The airway features predisposing to OSA may also lead 
to a difficult airway. For example, difficult intubation is 
encountered five to eight times more often in patients 
with OSA compared with other patients. Additionally, 
snoring and OSA are independent risk factors for difficult 
ventilation by mask.

General endotracheal anesthesia is preferable for OSA 
surgery because of the risk of aspiration of blood from the 
surgical site and the risk of laryngospasm should blood or 
secretions make contact with the vocal cords.

Postoperative vigilance is paramount. One reason is 
that patients with OSA have an increase in postopera-
tive obstructive episodes, peaking on postoperative day 
3 and returning to preoperative levels after a week. Con-
sequently, patients with OSA who are undergoing airway 
surgery are not outpatient candidates. Postoperative air-
way edema is another concern and constitutes another 
reason that it is wise to minimize respiratory depressants 
such as opioids and sedatives postoperatively. Dexameth-
asone is often given to reduce airway edema.

ZENKER DIVERTICULUM

Zenker diverticulum, first described in 1874, is a her-
niation or outpouching of pharyngeal mucosa through 
the posterior wall of the hypopharynx (often between 
the oblique and horizontal components of cricopharyn-
geus).159,160 Typically seen in the sixth to ninth decades 
of life and occurring in approximately 1 in 800 upper 
gastrointestinal barium studies, patients may describe 
regurgitation of undigested food when supine and food 
caught in the throat (i.e., in the mucosal pouch), as well 
as coughing, dysphagia, and halitosis. Confirmation of 
the clinical diagnosis is usually by barium swallow and/
or endoscopy.

Surgery can be either open or endoscopic. In the open 
(transcervical) approach, the diverticulum is exposed 
through a lateral neck incision and is then resected (diver-
ticulectomy) or tacked superiorly to the prevertebral fas-
cia (diverticulopexy). Cricopharyngeal myotomy may 
be added to help prevent recurrence. In the endoscopic 
approach, no skin incision is required; here the surgical 
procedure usually involves ablating the common wall 
between the pouch and the cervical esophagus by using 
an endoscopic stapler, surgical laser, or other means.

Several anesthetic considerations apply. First, patients 
are frequently older, with applicable comorbidities, such 
as coronary artery disease. Second, the possibility that 
food caught in the pouch could end up in the airway is 
a concern. Additionally, oral medications such as anti-
hypertensives administered the day of surgery may lodge 
in the pouch and be aspirated. Perhaps preoperative 
evacuation of the pouch can be performed by applying 
external pressure before anesthesia, but this is not com-
monly done because of concerns of causing iatrogenic 
pulmonary aspiration. More commonly, the patient is 
positioned with a 30-degree head-up tilt before the induc-
tion of anesthesia.

Although awake endotracheal intubation should pro-
vide excellent protection against the risk of aspiration 
of pouch contents, a theoretic concern exists that any 
coughing during the procedure, either from the use of 
transtracheal local anesthesia or from the instrumen-
tation, could lead to regurgitation of pouch contents 
with possible aspiration. A more common technique is 
the use of rapid-sequence induction of anesthesia, usu-
ally with the modification that cricoid pressure is not 
used, for fear of discharging the pouch contents with 
the applied pressure. (Application of cricoid pressure is 
recommended only if the neck of the pouch is below 
the cricoid cartilage; see Fig. 85-12). Some experts have 
expressed the concern that using succinylcholine, espe-
cially if it is not preceded by a nondepolarizing mus-
cle relaxant, could produce muscle fasciculations that 
could cause pouch compression (see also Chapter 34). 
Even after endotracheal intubation, seepage of material 
around the ETT cuff can occur with surgical manipula-
tion; some clinicians place a moist gauze throat pack to 
prevent aspiration of this material. Finally, the proce-
dure is occasionally performed using regional anesthesia 
with deep and superficial cervical plexus blocks (see also 
Chapter 57).

Care should be taken to avoid perforation of the diver-
ticulum, such as with blind placement of a nasogastric 
tube or during difficult tracheal intubation. During the 
surgical procedure, retraction of the carotid sheath may 
stimulate baroreceptors and initiate arrhythmias, espe-
cially bradycardia, whereas significant blood loss and air 
embolism may occur if major vessels are accidently cut. 
A smooth awakening from anesthesia that is free from 
coughing and straining is important to avoid the risks of 
neck hematoma and the attendant possibility of a com-
promised airway.

Thyroid
cartilage

Cricoid
pressure

Cricoid
cartilage
Trachea

Esophagus

Zenker
pouch

Figure 85-12. Anatomic relationship of the diverticulum to the cricoid 
cartilage during application of cricoid pressure. (From Thiagarajah S,  
Lear E, Keh M: Anesthetic implications of Zenker diverticulum, Anesth 
Analg 70:109-111, 1990.)
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ANESTHESIA FOR SURGICAL  
AIRWAYS: CRICOTHYROTOMY  
AND TRACHEOSTOMY

Two general approaches exist to create a surgical air-
way. In dire emergencies one may perform a crico-
thyrotomy,161,162 by entering the airway through the 
cricothyroid membrane. This is done either by inserting a 
narrow-bore transtracheal ventilation catheter percutane-
ously through the cricothyroid membrane and employing 
emergency high-pressure jet ventilation or by inserting 
a wider-bore tube of sufficient diameter to allow low- 
pressure ventilation through a conventional resuscitator 
bag (e.g., “Ambu” bag). This second approach through the 
cricothyroid membrane can be achieved by using a vertical 
scalpel incision, identifying the cricothyroid membrane, 
cutting through the membrane with a horizontal stab 
incision, and placing (for example) a 6-mm inner-diam-
eter tracheal tube. Alternately, one can use a commercial 
kit employing (for example) the Seldinger technique (e.g., 
Melker cricothyrotomy kit, Cook Medical, Bloomington, 
Ind.). An educational cricothyrotomy video is available at 
http://www.cookmedical.com/cc/educationMedia.do?
mediaId=1522

The second approach to achieving a surgical airway 
is a tracheostomy.163,164 (Although the terms “tracheot-
omy” and “tracheostomy” are used interchangeably by 
clinicians, based on their Greek roots, the former term 
refers to cutting into the trachea, whereas the latter refers 
to the opening that has been created.) This approach is 
best suited for situations that are not high-level emergen-
cies, takes rather longer to complete, and usually involves 
entering the airway between the second and third tra-
cheal rings following a careful dissection of the neck tis-
sues. Although it is very often performed using general 
anesthesia in an intubated ICU patient in whom ventila-
tor weaning has failed, it is sometimes performed using 
local anesthesia, either employing no sedation (this is the 
usual case in stridulous patients, especially those requiring 
Heliox) or using a drug such as dexmedetomidine because 
of its lack of respiratory depression. In any event, the deci-
sion to perform a tracheostomy using local anesthesia is 
made jointly with the surgeon and depends on the extent 
of airway disease, the experience of the surgical team, and 
the degree to which the patient is able to tolerate lying 
supine with his or her head in extension. In some cases 
the procedure must be performed with the patient in a 
semiupright sitting position (see also Chapter 41).

In the case of patients whose tracheas are intubated, at 
one point in the procedure the anesthesia provider will be 
asked to withdraw the tracheal tube slowly to permit the 
airway to be entered without obstruction. Additionally, at 
this time the airway should be entered using a scalpel and 
not using cautery, to prevent an airway fire in an oxygen-
rich environment.

A number of problems may arise in the postoperative 
period following a tracheotomy.165-167 Bleeding, pneu-
mothorax, subcutaneous or mediastinal emphysema, 
and hypoventilation or airway obstruction may occur 
immediately after the procedure, whereas possible late 
complications include tracheal stenosis, tracheoesopha-
geal fistula formation, tracheomalacia, and even tracheal 
necrosis. Although posttracheotomy bleeding is usually 
inconsequential, bleeding into the airway may cause the 
patient to cough and buck forcefully. In addition, major 
bleeding from a large artery or vein (often the communi-
cating branch of the superior thyroid artery) may neces-
sitate immediate exploration of the surgical field, whereas 
bleeding from the innominate artery may occur from ero-
sion by the distal end of the cannula. (One hint that the 
tracheostomy could be applying pressure to the innomi-
nate artery is the finding of pulsations in the tracheotomy 
cannula after initial insertion. Treatment includes inflat-
ing the tube cuff and pulling the tube assembly anteriorly 
to tamponade the bleeding. An oral tracheal tube should 
then be inserted for management in the operating room.)

Not infrequently, tracheotomy tubes must be changed, 
for instance because of a cuff leak or because of obstruc-
tion from the buildup of secretions. A central concern in 
this instance is that the replaced tube could enter a false 
passage rather than the trachea. (This in itself is unfavor-
able, but should the false passage be inadvertently ven-
tilated, the resulting subcutaneous emphysema could 
eliminate the possibility of easily reestablishing the air-
way.) This potential problem eventually disappears as 
the tracheal stoma matures to form a well-defined and 
self-supporting orifice. However, this rigidity and tissue 
support are lacking in a fresh tracheostomy, so that fol-
lowing removal of the tracheostomy tube, the tissue may 
“collapse in” on itself to block the passage. Consequently, 
certain precautions when dealing with a fresh tracheos-
tomy tube must be borne in mind. First, for the first week 
or so, tube changes should be performed in the operat-
ing room with a full set of tracheotomy instruments (e.g., 
cricoid hooks) and a means to intubate “from above” as 
a last resort if the airway is lost. Second, once the trache-
otomy site has begun to mature, it is no longer necessary 
to carry out tube changes in the operating room, but a 
full set of instruments (especially cricoid hooks) should 
still be available. Additionally, changing the tube over 
a tube changer may also be useful, but some clinicians 
find that it may unnecessarily complicate matters. Third, 
before any tube change, the patient should breathe 100% 
oxygen. Finally, a fiberoptic bronchoscope may be poten-
tially useful in confirming tracheal placement of a tra-
cheostomy tube before attempting any positive-pressure 
ventilation that could lead to subcutaneous emphysema 
should the tube, in fact, be malpositioned.

NECK DISSECTION AND LARYNGECTOMY

Neck dissection is commonly performed in isolation or 
during laryngectomy to prevent or treat any local spread 
of head and neck malignancy.168,169 The extent of a neck 
dissection operation is based on the extent to which the 
neck’s six lymph node levels are involved, as well as on 
the extent to which additional structures (spinal acces-
sory nerve, internal jugular vein, and sternocleidomastoid 
muscle) are removed. Depending on the degree to which 
the tumor can be removed and recurrence or spread can 
be prevented, as well as the extent that phonation and 
swallowing can be preserved, various surgical options 
are exercised. Limited disease is sometimes managed by 

http://www.cookmedical.com/cc/educationMedia.do?mediaId=1522
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radiation, by laser and microsurgery, or by partial laryn-
gectomy, thus preserving organ function. In total laryn-
gectomy, the larynx is removed in its entirety, with the 
airway ending in a stoma formed by bringing the cut end 
of the trachea to the neck surface (with the result that 
the trachea now becomes independent of the esophagus.) 
Often a perforation between the trachea and the esopha-
gus (tracheoesophageal puncture) is made to allow even-
tual placement of a voice prosthesis.170 In some cases the 
procedure is supplemented with microvascular free tissue 
transfer (free flap).

Anesthesia can be induced through a standard intra-
venous line, followed by large-bore intravenous and arte-
rial lines placed after induction. A central line can usually 
be avoided, with systolic pressure variation of the arte-
rial line tracing and other clinical findings to guide fluid 
replacement. Although nerve function monitoring is 
usually required during the neck dissection phase, neuro-
muscular blockade is acceptable at the beginning. When 
neuromuscular blockade is no longer desirable, opioid 
infusions (e.g., remifentanil) are often used to maintain 
adequate analgesia in conjunction with an inhaled anes-
thetic agent. Many clinicians prefer using a balanced 
technique in preference to deep inhalational anesthesia 
or TIVA (propofol with or without remifentanil) to avoid 
the troublesome hypotension. Excessive intravenous 
crystalloid administration should be avoided to prevent 
operative site edema.

In total laryngectomy cases, a tracheostomy is custom-
arily performed near the beginning of the procedure, by 
using a wire-reinforced ETT placed into the stoma. (Warn-
ing: Accidental endobronchial intubation commonly 
occurs in this setting.) In some cases the patient is turned 
180 degrees from the anesthesia machine; care must be 
taken to ensure that nothing is disconnected in the pro-
cess. Extubation in such cases is extraordinarily simple; 
the ETT should be removed from the stoma when extu-
bation criteria are met. Should reintubation ever become 
necessary, one merely reintroduces the tracheal tube into 
the stoma. The patient is then simply brought to the post-
anesthesia care unit with an oxygen mask placed over the 
stoma, although when a free flap has been performed, the 
patient is often brought to the ICU intubated, ventilated, 
and sedated (depending on the surgeon’s preferences and 
local protocols.)

MAXILLARY, MANDIBULAR, AND 
TEMPOROMANDIBULAR JOINT SURGERY

Maxillectomy surgery may be limited (e.g., removal of 
one antral wall, such as in a medial maxillectomy), sub-
total (e.g., removal of two walls of the antrum), or total 
(removal of the total maxilla).171-173 Orbital exenteration 
sometimes accompanies the procedure should the intra-
orbital contents be violated by tumor. Indications for 
maxillectomy include the following: tumors of the max-
illary sinus, palate, and other structures; some intractable 
fungal infections; and other conditions. The procedure is 
performed using general anesthesia with tracheal intuba-
tion and invasive monitoring appropriate to the patient’s 
condition and the extent of the surgery. Although 
massive blood loss is unusual, precautions should be 
taken because hemorrhage may occur (e.g., with transec-
tion of the internal maxillary artery). Hypotensive anes-
thesia, when appropriate, can help reduce blood loss. 
Medial maxillectomy procedures conducted endoscopi-
cally do not require anything different from ordinary 
sinus surgery for anesthesia. When electromyography-
based cranial nerve monitoring is employed, long-acting 
paralytic agents should be avoided.

Surgery of the mandible and TMJ may be carried out 
by maxillofacial surgeons, as well as by otolaryngologists 
and plastic surgeons.174-176 Mandibular surgery can range 
from simple biopsies to all-day radical procedures involv-
ing microvascular osteocutaneous flaps. Awake nasal 
intubation may be required in some cases. Hypotensive 
anesthesia is often used for orthognathic procedures to 
minimize blood loss. In some cases the jaw is wired shut, 
and reintubation, should it be required postoperatively, 
can be a challenge.

TMJ dysfunction often manifests with pain and 
decreased mouth opening. Conditions such as osteo-
arthritis, synovitis, or fibrosis may be responsible. Most 
TMJ procedures are performed using general nasotracheal 
anesthesia. As with mandibular surgery, the presence of 
very limited mouth opening may dictate that the proce-
dure be done with awake nasal intubation.

EAR, NOSE, AND THROAT  
LASER SURGERY

Lasers are commonly used in ENT surgery177-180 (Box 85-3 
and Table 85-1). The most widely used laser in ENT sur-
gery is the CO2 laser, which allows precise cutting with a 
particularly fine zone of coagulation that reduces bleed-
ing. Tissue vaporization is particularly efficient with this 
laser because of the excellent absorption of the produced 
far-infrared photons (10,600-nm wavelength) by water 
present in tissue. This laser is used in the removal of 
laryngeal tumors and lingual tonsillar tissue, in the abla-
tion of hemangiomas, and for the resection of some oro-
pharyngeal malignant tumors.

Another popular laser in ENT surgery is the 
neodymium:yttrium-aluminum-garnet (Nd:YAG) laser, 
which emits photons with a wavelength of 1064 nm. 
These photons are poorly absorbed by water and thus 
tend to penetrate tissue more deeply than do those from 
a CO2 laser. In addition, light from an Nd:YAG laser can 
be transmitted through flexible quartz fibers that can be 
used in conjunction with a flexible fiberoptic broncho-
scope for use in treating tracheobronchial lesions.

Because surgical lasers involve high amounts of energy, 
they have the potential for unintended tissue damage, as 
well as for causing fires. Stray laser beams can ignite surgi-
cal drapes. To mitigate these risks, one should place warn-
ing signs outside the operating room, provide opaque 
coverings on any operating room windows, and issue pro-
tective goggles. The presence of high oxygen concentra-
tions near the patient’s face can facilitate ignition in this 
region, so delivering supplementary oxygen by facemask 
or nasal cannula requires special care. American National 
Standards Institute standard Z136.3 (Safe Use of Lasers in 
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Health Care Facilities) provides additional information 
on this and related matters.

One special concern is that regular ETTs can ignite 
from a laser beam. In the past, metallic tapes applied in 
a spiral manner were sometimes used. Today, however, 
several special-purpose ETTs are available for this purpose 
(Table 85-2).

The choice of anesthetic technique depends on the 
clinical circumstances. TIVA techniques for laser ENT 
surgery are particularly popular and are essential when 
patients are unintubated and jet ventilation is used. When 
patients are intubated, a potent inhalational agent such 
as sevoflurane is often used, although not infrequently an 
infusion of remifentanil is used as an anesthetic adjunct 
in such cases (typical rate: 0.05 to 0.1 μg/kg/minute). 
(Remifentanil, with its vagomimetic effect, is especially 

nose

Turbinate reduction
Septoplasty
Removal of nasal obstructions, polyps, synechiae
Treatment of rhinophyma
Treatment of keloids and hypertrophic scars

oroPharynx and Pharynx

Vaporization of papillomas, leukoplakias, and hemangiomas
Tumor surgery (e.g., partial glossectomy)
Laser-assisted uvulopalatoplasty
Tonsillectomy

Larynx

Removal of vocal cord polyps and granulomas
Epiglottectomy
Cordectomy
Arytenoidectomy

traCheobronChiaL tree

Treatment of tracheal stenosis
Removal of nodules, polyps, tumors, and fibromas

ear

Surgery of the stapes
Laser-assisted myringotomy
Cholesteatoma

BOX 85-3 Some Otolaryngologic Clinical 
Situations in Which Laser Techniques Can  
Be Useful

From Abdelmalak B, Doyle DJ, editors: Anesthesia for otolaryngologic  
surgery. Cambridge, UK, 2012, Cambridge University Press.
useful to limit the heart rate in the face of intense sym-
pathetic stimulation from the effects of the suspension 
laryngoscope.) Finally, to reduce the chance of a fire, 
while lasers are in use nitrous oxide should not be used, 
and the oxygen concentration should be limited to the 
lowest concentration necessary to maintain acceptable 
arterial oxygen saturation levels. For additional details, 
see Chapter 88.

Airway management is often a challenge in laser sur-
gery cases, and the surgeon and anesthesiologist must 
work together to devise a plan. One issue is whether 
general anesthesia should be preceded by awake intuba-
tion because the presence of airway disease may compli-
cate both ventilation and intubation. Another issue is 
whether the procedure should be performed using gen-
eral anesthesia with the patient breathing spontaneously, 
albeit with assistance, as is sometimes desirable when an 
anterior mediastinal mass is present. Muscle relaxation 
is often employed to help ensure an immobile surgical 
field. In the United States, where sugammadex is still not 
available (at the time of writing), succinylcholine is often 
used as an initial relaxant in patients with a potentially 
difficult airway because its short duration of action adds 
a measure of safety should the patient become impos-
sible to intubate or ventilate following administration 
of the drug. Many Europeans would instead be more 
comfortable using rocuronium as a relaxant, followed 
by a “sugammadex rescue” should the airway become 
unmanageable following relaxant administration. Many 
clinicians, however, simply intubate the patient awake 
whenever issues of this kind arise.

In some cases the entire surgical procedure is done 
without intubation. The advantages of this approach are 
a decreased risk of fire (no ETT to ignite) and improved 
access to airway structures. Disadvantages include the risk 
of aspiration with an unprotected airway and potential 
difficulties in ventilating the patient. Typically in such 
cases, an anterior commissure laryngoscope or similar 
device is used in conjunction with TIVA and jet venti-
lation. In other cases, the laryngoscope is used in con-
junction with a small-diameter ETT (e.g., MLT size 5.0), 
and the procedure is performed while the patient has 
brief periods of apnea in conjunction with intermittent 
removal of the ETT to allow unimpaired access to the 
glottic structures.

Laser vaporization of tissue, especially from CO2 lasers, 
often results in a plume of smoke that can be hazardous. 
TABLE 85-1 A SAMPLING OF VARIOUS KINDS OF LASERS AVAILABLE FOR CLINICAL USE 

Type Gas or Solid Wavelength* (nm) Color
Fiberoptic 
Transmissible?

Helium/neon Gas 633 Red Yes
Argon† Gas 500 Blue-green Yes
CO2 Gas 10,600 Invisible (far infrared) No
Ruby Solid 695 Red Yes
Nd:YAG Solid 1,064 Invisible (near infrared) Yes
KTP Solid 532 Green Yes

From Abdelmalak B, Doyle DJ, editors: Anesthesia for otolaryngologic surgery. Cambridge, UK, 2012, Cambridge University Press.
KTP, potassium titanyl phosphate; Nd:YAG, neodymium:yttrium-aluminum-garnet.
*Wavelengths are given in nanometers (nm). There are 109 nm to a meter.
†The argon laser produces blue-green coherent light at a number of wavelengths but most of the energy is at wavelengths 488 nm and 514 nm.
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C

The use of a smoke evacuator at the surgical site along 
with protective masks that filter out particulate material 
is often advised, especially when virus particles are pres-
ent in the vaporized tissue.

Extubation of the trachea in these cases can be chal-
lenging. Some patients benefit from the administration 
of intravenous dexamethasone to reduce edema. Stridor 
is sometimes encountered after extubation; although this 
condition may require reintubation, one can sometimes 
avoid this by the use of inhaled racemic epinephrine or 
the use of Heliox, a mixture of helium (typically 70%) 
and oxygen. Extubation over a tube exchanger can be 
helpful when the need for reintubation is a concern and 
is expected to be challenging.

Even when the tracheas of patients are extubated 
conservatively following laser surgery, however, airway 
problems can arise later. In cases of immediate respira-
tory distress following laser procedures, consider the 
following possibilities: tissue edema (e.g., after Nd:YAG 
laser use), residual muscle relaxant or anesthetic effects, 
airway secretions, pneumothorax, bleeding, and 
pneumomediastinum.

TABLE 85-2 SOME TYPES OF LASER 
ENDOTRACHEAL TUBES IN CLINICAL USE 

Name Description Intended Use

Laser-Flex Airtight stainless steel 
corrugated spiral with 
a PVC Murphy eye tip 
and double cuffs. More 
information is available at 
http://www.cardinal.com/
us/en/distributedproducts/
ASP/43168-145.asp

CO2 or KTP 
lasers

Laser-Shield II Silicone rubber tube 
wrapped with aluminum 
and wrapped over with 
Teflon. More information 
at http://assets.medtronic.
com/ent/flipbook-us/files/
assets/basic-html/index.
html#190

CO2 or KTP 
lasers

Lasertubus Soft white rubber, reinforced 
with corrugated copper foil 
and an absorbent sponge; 
double cuffed. More 
information at http:// 
www.myrusch.com/images/
rusch/docs/A20C.pdf

CO2 or KTP 
lasers

Sheridan 
Laser-Trach

Red rubber design with 
embossed copper foil and 
outer covering designed to 
reduce damage to mucosal 
surfaces and vocal cords. 
More information at  
http://www.teleflex.com/
en/usa/productAreas/
anesthesia/documents/
Sheridan-ET-Tube-Guide.pdf

CO2 or KTP 
lasers

From Abdelmalak B, Doyle DJ, editors: Anesthesia for otolaryngologic sur-
gery. Cambridge, UK, 2012, Cambridge University Press.

CO2, Carbon dioxide; KTP, potassium titanyl phosphate; PVC, polyvinyl 
chloride.
PHONOSURGERY

Phonosurgery is surgery conducted to improve a patient’s 
voice.181-185 In many cases the patient’s voice has been 
damaged as a result of unilateral vocal cord paralysis. One 
common operation used in this setting is medialization 
of the paralyzed vocal cord (laryngoplasty) so that the 
normal vocal cord can make contact with the paralyzed 
side. This procedure is done using local anesthesia with 
minimal sedation (e.g., 20 mg propofol administered just 
before the injection of the local anesthetic) because the 
patient needs to phonate on request. Continuous intra-
operative imaging of the vocal cords, especially during 
phonation, is carried out to achieve the repair. An infu-
sion of dexmedetomidine is sometimes used.

HEAD AND NECK FLAP RECONSTRUCTIVE 
SURGERY

Tissue transfer in the form of pedicle flap or a micro-
vascular free flap is commonly employed to reconstruct 
defects created following tumor surgery.186-188 Potential 
advantages of such flaps include the avoidance of staged 
procedures, improved wound healing, superior cosmetic 
results, and improved tolerance for postoperative radia-
tion therapy. For optimal anesthetic care, anesthesiolo-
gists must have a clear understanding of these procedures 
and their implications for anesthetic management.

A pedicle flap is one in which the flap vessels are trans-
ferred intact with the rotated flap. If the flap is moved 
from a distant “donor” site and the flap vessels are reanas-
tomosed to the recipient site vessels, then the tissue is 
termed a microvascular free flap. Examples of myocutane-
ous pedicled flaps are the pectoralis major flap and the 
latissimus flap used (for instance) to cover the carotid 
artery after the point where it is sacrificed and recon-
structed using a vein graft. In contrast to pedicle flaps, free 
flaps provide the surgeon with more options for donor 
sites. Frequently, separate surgical teams for the donor 
and recipient sites are employed. Surgery in relation to 
free flaps can be elective, or it may be performed on an 
emergency basis to rescue an ischemic flap. Elective pro-
cedures tend to be long-duration operations conducted 
using general anesthesia. An arterial cannula is generally 
used, although special care must be taken to ensure that 
the arterial cannula and any additional intravenous cath-
eters are not inadvertently placed at a site where tissue 
harvesting is planned (e.g., radial forearm flap). Central 
lines are not usually placed, in part because information 
about volume status can usually be better achieved using 
less invasive means such as systolic blood pressure vari-
ability. Many of these procedures begin with a tracheos-
tomy and end with the patient being cared for in an ICU 
while intubated and ventilated. Intraoperative and post-
operative flap monitoring is achieved clinically (examina-
tion for color, turgor, edema, and capillary refill), as well 
as by using technical means of blood flow assessment, 
such as Doppler ultrasound.

Intravenous crystalloids and colloids are adminis-
tered liberally but cautiously to prevent hypovolemia 
and hypotension that could lead to ischemic flap failure. 

http://www.cardinal.com/us/en/distributedproducts/ASP/43168-145.asp
http://www.cardinal.com/us/en/distributedproducts/ASP/43168-145.asp
http://www.cardinal.com/us/en/distributedproducts/ASP/43168-145.asp
http://assets.medtronic.com/ent/flipbook-us/files/assets/basic-html/index.html%23190
http://assets.medtronic.com/ent/flipbook-us/files/assets/basic-html/index.html%23190
http://assets.medtronic.com/ent/flipbook-us/files/assets/basic-html/index.html%23190
http://assets.medtronic.com/ent/flipbook-us/files/assets/basic-html/index.html%23190
http://www.myrusch.com/images/rusch/docs/A20C.pdf
http://www.myrusch.com/images/rusch/docs/A20C.pdf
http://www.myrusch.com/images/rusch/docs/A20C.pdf
http://www.teleflex.com/en/usa/productAreas/anesthesia/documents/Sheridan-ET-Tube-Guide.pdf
http://www.teleflex.com/en/usa/productAreas/anesthesia/documents/Sheridan-ET-Tube-Guide.pdf
http://www.teleflex.com/en/usa/productAreas/anesthesia/documents/Sheridan-ET-Tube-Guide.pdf
http://www.teleflex.com/en/usa/productAreas/anesthesia/documents/Sheridan-ET-Tube-Guide.pdf
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Conversely, excessive fluid leads to detrimental edema 
formation within the flap. The use of vasopressors such 
as phenylephrine or norepinephrine is generally discour-
aged during free flap procedures because these drugs may 
contribute to graft ischemia as a result of vasoconstriction.

STRIDOR AND HELIOX

Stridor is noisy inspiration resulting from turbulent gas 
flow in the upper airway. Stridor should always com-
mand clinical attention because it is almost always the 
result of airway obstruction.189-194 The first issue of clini-
cal concern in the setting of stridor is whether intubation 
is immediately necessary. If intubation can be delayed 
for a period of time, a number of potential options can 
be considered, depending on the severity of the situa-
tion and other clinical details. These options include the 
following: expectant management with full monitoring, 
100% oxygen by facemask, and positioning the head of 
the bed for optimum conditions (e.g., 45 to 90 degrees); 
use of nebulized racemic epinephrine (e.g., 0.5 to 0.75 mL 
2.25% solution in 2.5 mL normal saline) and dexametha-
sone ([Decadron] 4 to 8 mg intravenously every 8 to 12 
hours) when airway edema may be the cause of the stri-
dor; and use of Heliox (70% helium, 30% oxygen). Dexa-
methasone can take several hours to take full effect, and 
nebulized cocaine in a dose not exceeding 3 mg/kg can be 
used instead of racemic epinephrine. Finally, whenever 
possible, immediate attempts should be made to estab-
lish the cause of the stridor (e.g., foreign body, vocal cord 
edema, arytenoid cartilage dislocation, tracheal compres-
sion by tumor).

Not infrequently, stridor occurring after extubation is 
the result of laryngeal edema, and it may be more prob-
lematic in children because of their small airway size. Be 
aware that as laryngeal edema progresses, diminished 
stridor may reflect impending total airway obstruction. 
The specific cause of laryngeal edema can often be estab-
lished with fiberoptic nasopharyngeal examination, and 
causes are often classified as supraglottic, or subglottic. 
Supraglottic edema most commonly follows surgical 
instrumentation, impaired venous drainage, eclampsia 
or preeclampsia, hematoma formation, or excessive fluid 
administration. Finally, subglottic edema may result from 
traumatic intubation attempts, bucking on the ETT, pro-
longed intubation, tight-fitting tubes, or excessive cuff 
pressures.

The manner in which Heliox helps relieve airway 
obstruction is worthy of note. Some airway-obstructing 
conditions may be thought of as breathing through an 
orifice, involving flow through a tube whose length is 
smaller than its radius. Gas flow through an orifice is 
always somewhat turbulent. Under such conditions, 
the approximate flow across the orifice varies inversely 
with the square root of the gas density. This is in con-
trast to laminar flow conditions, in which gas flow varies 
inversely with gas viscosity. Although the viscosity values 
for helium and oxygen are similar, their densities are very 
different. For example, the density for air and oxygen at 
20° C is 1.293 and 1.429 g/L, respectively. However, the 
density of helium at that temperature is only 0.178 g/L. 
Clinically, Heliox is usually administered from an E-size 
cylinder through a nonrebreathing facemask starting at 
a flow of 10 L/minute (Fig. 85-13). When the usual 30% 
oxygen concentration is too low, one trick is to titrate in 
additional oxygen by nasal cannula. In summary, a setup 
to administer Heliox should be readily available in every 
ENT operating room suite to assist in the treatment of 
stridor.

ANESTHESIA FOR FACE 
TRANSPLANTATION

Face transplantation remains a very rare procedure (Fig. 
85-14).195,196 The procedure can be total or partial. The 
recipient must be able to undergo a very prolonged anes-
thetic and be free of serious comorbidities. Each proce-
dure is unique with respect to indications, as well as with 
respect to the nature and the extent of the graft. In the 
case of the donor, although anesthetic principles similar 
to conventional organ procurement apply, because of the 
surgical complexity and time involved, harvesting of the 
facial graft should ordinarily be performed before harvest-
ing other organs. Although the donor usually has an ETT 
in place at the time of tissue procurement, a tracheostomy 

Figure 85-13. An E-size tank of Heliox, with an attached nonre-
breathing facemask in a plastic bag. In this case, the mixture is 70% 
helium and 30% oxygen, although other mixtures are available. This 
gas mixture is usually given using a nonrebreathing facemask with 
a gas flow of 10 L/minute as a temporizing measure in stridulous 
individuals.
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Figure 85-14. Ms. Connie Culp 
before (A) and after (B) the two 
stages of her face transplant at 
Cleveland Clinic. Stage 1 was car-
ried out in December 2008 (lead 
surgeon: Dr. Maria Siemionow). 
(Images courtesy the Cleveland 
Clinic, Cleveland, Ohio.)

A

B

may be performed first to avoid interference with the 
surgical field. Recipient patients who do not have a tra-
cheostomy may first require awake fiberoptic oral intuba-
tion, followed by a tracheostomy. A wire-reinforced ETT 
is often used. Large-bore catheters are placed to facilitate 
fluid resuscitation, whereas a central line may be useful to 
monitor central venous pressure. If a central line is used, 
however, it must not impinge on the surgical field. Blood 
and fluid management is no different from that during 
other long surgical procedures involving microvascular 
free flaps. As with microvascular surgery, pressors such 
as phenylephrine or norepinephrine, commonly used 
to treat hypotension, are discouraged because of the risk 
of compromising graft perfusion. Finally, there may be 
periods when muscle relaxation must be avoided to allow 
nerve identification using electrical stimulation.
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Administration of Anesthesia by Robots
THOMAS M. HEMMERLING

K e y  P o i n t s

 •  Robots are able to measure many variables, make decisions, and take actions. 
Robots in anesthesia can be divided into pharmacologic robots, which deliver 
drugs to establish or maintain components of anesthesia, and manual robots, 
which are able to assist or replace human gestures in anesthesia. Decision support 
systems can be defined in this context as predecessors of robots in anesthesia, 
because they measure parameters and make decisions, but leave action taking to 
the human user.

 •  Decision support systems in the operating room will continue to evolve. Currently, 
they are often integrated into anesthesia information management systems and 
limited to reminders of timely and appropriate antibiotic administration and 
prophylaxis of postoperative nausea and vomiting. Recent research focuses more 
on the establishment of decision support systems to assist anesthesiologists in 
complex working environments characterized by multitasking and considerable 
lack of vigilance or fatigue.

 •  Decision-support systems can improve outcome; the adherence to them is linked 
to a constant reminder function in real time.

 •  Closed-loop systems in anesthesia are pharmacologic robots; they allow the 
autonomous control of anesthesia; most systems have been developed as research 
tools for the administration of propofol. All studies confirm an equal or mostly 
superior performance and maintenance of a given target, in comparison to manual 
control.

 •  The control mechanisms range from simple on/off control to model-driven control 
by proportional-integral-derivative control, with additional possibility of self-
adaptation. Sometimes, fuzzy-logic control principles are applied, as well as neural 
networks. No control mechanism has been shown to be superior.

 •  Similar to surgical robots, manual robots have been developed that assist 
anesthesiologists to perform manual gestures, such as endotracheal intubation or 
regional nerve blocks.

 •  Tele-anesthesia is the application of telemedicine in anesthesia, mostly reduced 
to real-time monitoring and audio-video consultation or remote preoperative 
assessment. Recently, remote-controlled anesthesia delivery has been pioneered.
2550

A robotic surgical system (or any other such system) is 
an extension of the surgeon’s own arms and hands. The 
surgical robot never makes any movement without the 
surgeon “moving it,” and there is no haptic feedback. 
Anesthesia’s conceptual systems emphasize closed-loop, 
self-adaptive, control systems: these systems seem closer 
to the definition of a robot than any current commer-
cially available surgical robot.
WHAT IS A ROBOT?

No clear definition of a robot exists. The word robota has 
been termed by the Czech playwright Karel Capek in his 
1920s play, Rossum’s Universal Robots (RUR). His descrip-
tion is colorful: slaves do human labor joyfully, so that 
humans can enjoy life without concerns.



Most modern definitions agree that a robot is a device 
that is self-controlled, consisting of anything from 
mechanical, electrical, to electronic units. Another com-
mon feature is the fact that these devices replace cer-
tain human gestures, either intellectual or mechanical. 
Important features of modern robots are exemplary in 
industrial robots: the reproducibility of the quality of the 
work without fatigue; a very high precision, especially in 
mechanical robots; independence from work conditions; 
and the absence of any emotional influence.

Robots can consist of the following elements: “effec-
tors,” which can be the equivalent of human arms or legs; 
“sensors,” acting as infusion pumps, which perceive the 
environment and transfer it into information that can be 
fed to computers; a central processing unit, which works as 
the brain; and several other electronic, electric, or mechan-
ical pieces of equipment, such as a screen with an inter-
face, that mimic fundamental human functions. What 
makes robots different from other devices is their ability to 
function autonomously and their ability to react to their 
environment, adjust different environments, and analyze 
their own actions, including correcting previous actions.

The Director of the Centre for Intelligent Machines at 
McGill University in Montreal, Canada, Gregory Dudek, 
gives the following definition (http://www.cbc.ca/news/ 
background/tech/robotics/definition.html):

They have to have a way of making measurements of the 
world, they have to have a way of making decisions — in other 
words, something like a computer, you could call that thinking 
informally — and they have to have a way [of] taking actions. 
And so if a thing has all three parts, we might call it a robot.

In this chapter, we consider decision support systems 
(DSSs) as predecessors of robotic anesthesia and closed-
loop systems as pharmacologic robots in anesthesia, sepa-
rate from manual robots, which are also described.

DECISION SUPPORT SYSTEMS FOR 
INTRAOPERATIVE USE IN ANESTHESIA

DSSs are the first bridge between manual, subjective, 
human anesthesia monitoring and delivery of periop-
erative care and fully automated systems. Currently, 
DSSs are mostly used in critical care and intensive care 
medicine but slowly are being developed in the field of 
anesthesia. Anesthesiologists face increasingly complex 
environments with older patients and patients who suf-
fer from complicated diseases that require increasingly 
more intricate surgeries (see also Chapter 80). Continu-
ing economic pressures require anesthesiologists to mul-
titask to cover remote anesthesia sites, other anesthesia 
tasks, management tasks, teaching, or simply to cover 
more than one operating room. Add to this challenging 
environment a shortage of specialized personnel, and the 
need for the development of DSSs for anesthesia provid-
ers is acutely evident (Table 86-1). DSSs are developed 
based on six principles1:

 1.  Developing a protocol based on a consensus of users
 2.  Initial pilot study testing
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 3.  Integration of these protocols into computerized pro-
tocols with additional testing

 4.  Validation using historical data
 5.  Clinical validation and correction of faults before 

implementation into daily practice
 6.  Preparation and use of routine clinical protocols with 

DSSs
  

DSSs use algorithms of predefined scenarios to cre-
ate specific advice: diagnostic suggestions, treatment 
options, or triage evaluations. These algorithms are based 
on many inputs, such as patient demographic data, vital 
signs, blood loss, intravenous (IV) fluid administration, 
and many other types of advanced information.

The earliest DSSs were mostly a follow-up of the more 
widespread investigation and use of anesthesia informa-
tion management systems (AIMS) (see also Chapters 4  
to 6). AIMS have been used to design and integrate DSSs, 
mostly to help anesthesia personnel adhere to clinical 
protocols.

The most popular DSS used in anesthesia practice is a 
pop-up menu reminding anesthesiologists to administer 
antibiotics after induction of anesthesia. An example is a 
system called smart anesthesia manager (SAM), which is 
integrated into an AIMS.2 AIMS are generally used to doc-
ument and investigate the quality of care in retrospect—
that is, after a certain period. Despite the fact that these 
investigations can lead to quality improvement by chang-
ing existing policies, AIMS do not control adherence to 
given protocols in real time, and avoid important tasks, 
such as administration of antibiotics. As a result, SAM was 
developed over a period of 3 months by a collaborative 
effort of a biomedical engineer, two anesthesiologists, 
and a database programmer who subsequently tested and 
refined it over a period of 2 years at the University of 
Washington in Seattle.

The AIMS has SAM communicate with both the AIMS 
server and workstation. The SAM server module interacts 
with the AIMS database to identify issues and create, if 
necessary, messages that are then displayed using a client 
module.

The DSS can deliver these messages using pop-up 
menus on the AIMS screens in the operating room and 
deliver them directly to a specific anesthesiologist by text 
(e.g., via a pager or smartphone). The dual-split design 

TABLE 86-1 DECISION SUPPORT SYSTEM (DSS): 
OUTCOMES 

With DSS 
(N = 75)

Without DSS 
(N = 75) P

Events not detected (%) 0.8 ± 3.4 26.5 ± 19.7 <.0001*

Detection delay (sec) 9.1 ± 3.6 27.5 ±18.9 <0.0001*

Critical events/hr 8.4 ± 6.8 9.1 ± 6.7 NS
Low Spo2/hr 0.7 ± 1.0 1.4 ± 2.2 0.036*

Low RR/hr 3.0 ± 3.0 3.0 ± 3.6 NS
Low MAP/hr 4.7 ± 6.4 3.5 ± 3.6 NS
Low HR/hr 0.3 ± 0.7 0.4 ± 0.4 NS

Data are presented as mean ± SD.
*P <.05 (two-tailed), t-test for continuous data.
DDS, Decision support system; HR, heart rate; MAP, mean arterial pressure; 

RR, respiratory rate; SpO2, peripheral oxygen saturation.

http://www.cbc.ca/news/background/tech/robotics/definition.html
http://www.cbc.ca/news/background/tech/robotics/definition.html
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(i.e., display and text delivery) of the messaging ensures 
better compliance because the anesthesia provider might 
not be in the operating room at the site of the AIMS 
screen at the time of the message delivery, but can receive 
the text messages provided that the pager or smartphone 
is active. The SAM message on the AIMS screen is a stan-
dard pop-up menu that asks the provider to administer 
the antibiotic and has to be closed once the action is 
confirmed.3

The implementation of SAM increased compliance to 
deliver the initial antibiotic dose by 11%,4 from 88.5% 
± 1.4% to 99.3 ± 0.7%. When the compliance to read-
minister the antibiotic during the course of surgery was 
examined,3 the integration of SAM improved compliance 
by 21%, from 62.5% ± 1.6% to 83.9 ± 3.4%. In an earlier 
study, a similar system was integrated into an AIMS by 
O’Reilly and associates5 that documented adherence to a 
timely (within 60 minutes of incision) administration of 
antibiotics over a period of 1 year after implementation 
of such a DSS. Gradually, the adherence increased from 
69.9% to 92.3%.

Another main area in which DSSs have been developed 
is adherence to guidelines for prophylaxis of postopera-
tive nausea and vomiting (PONV) (see also Chapter 97). 
Adherence to PONV guidelines is usually quite poor, with 
one study of over 5000 patients determining that only 
38% of patients at frequent risk for PONV were actu-
ally prescribed adequate prophylaxis, even with a paper 
version of the guideline present.6 A study by Kooij and 
associates6 investigated a large number of patients in an 
anesthesia preadmission clinic in which anesthesiologists 
evaluated patients before surgery using an AIMS (see also 
Chapter 38). They then implemented a very simple DSS 
that calculated the risk factors for PONV. When general 
anesthesia was selected as the mode of anesthesia, this 
prompted the message: “This patient has at least three 
positive risk factors for PONV and is eligible for PONV 
prophylaxis, but is not prescribed prophylaxis yet. Do 
you want to prescribe PONV prophylaxis?” To which the 
anesthesia provider would respond either affirmatively 
or negatively. Three study periods were created: an ini-
tial 8-week control period to examine the initial status of 
guideline adherence using only a paper version guideline, 
followed by a 16-week decision support enhanced period 
and finally, an 8-week postdecision support period in 
which only a paper version guideline for PONV prophy-
laxis was available. A significant improvement from 38% 
to 73% adherence to current guidelines of PONV prophy-
laxis prescriptions occurred (Fig. 86-1).

However, once the decision support system was no 
longer in place, the “old” routine of nonadherence to 
the guidelines resumed and the percentage of guide-
line adherence declined to the prestudy level. The study 
results are similar to those of many other studies in which 
adherence to guidelines of PONV prophylaxis were inte-
grated into an AIMS: that is, when design and imple-
mentation of such a DSS is simple, its implementation 
significantly increases adherence to guidelines.7 Integrat-
ing such a DSS is important because the study clearly 
showed a lack of learning from example in the respective 
anesthesiologists. Once the DSS was removed, the old 
habit of nonadherence returned. DSSs can therefore help 
decrease human error only when they are constantly 
present; as learning tools they are no more effective than 
any other learning tool, and providers will adhere to spe-
cific guidelines more frequently when they are constantly 
reminded. In a subsequent study, Kooij and associates8 
showed that automated reminders in the operating room 
during surgery do improve adherence to guidelines of 
PONV prophylaxis and thus improve patient outcome 
by reducing PONV, especially in high-risk patients. With 
automated reminders, the percentage of overall PONV 
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Figure 86-1. Algorithms for decision support system for detecting respiratory and hemodynamic critical events during sedation. HR, Heart rate; 
MAP, mean arterial pressure; RR, respiratory rate; SpO2, peripheral oxygen saturation.
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in high-risk patients was only 31% versus 47% without 
reminders (P < .001).

Most of the DSSs integrated in AIMS have been limited 
to simple reminders of drug dosing or redosing, remind-
ers for specific monitoring settings, such as turning on 
standard alarms after separating from cardiopulmonary 
bypass,9 and correcting billing reminders.7,10

Very few studies have tried to implement DSSs in the 
anesthesia operating room environment for more com-
plex situations, such as inadequate anesthesia or critical 
events.

One of the initial descriptions of a DSS, called RESAC 
for real-time system for advice and control, as a guid-
ance for controlling general anesthesia was published in 
199311 and used an Atari ST computer for programming. 
RESAC used 39 parameters, which were retrieved either 
automatically in real time or by asking the anesthesiolo-
gist. The anesthesiologist was also asked to input certain 
surgery-related data, such as time of surgical stimulation 
or application of dressings, as well as subjectively chosen 
limits for patient data, such as heart rate or systemic arte-
rial pressure.

At 1-minute intervals, RESAC then produced text 
messages concerning the adequacy of anesthesia, with 
the anesthetist choosing either to follow the decision 
support information or ignore it. The system had a 
high error rate; two of the seven patients tested had 
technical errors and thus the system could not be used. 
This study’s importance lies in the fact that just over 
20 years ago, the theoretical structure of an appropri-
ate DSS as an aid to delivery of general anesthesia was 
presented with many features necessary for the design 
of such a system: the capability of entering a large set 
of data, including patient-relevant data in real time 
and definite time points of surgery, and the ability of 
the user to set certain personal, subjective target val-
ues for parameters such as heart rate or arterial blood 
pressure. These values could even be altered through-
out the course of surgery. Certain design structures can 
be revisited 20 years later in the design principles of 
the McSleepy pharmacologic anesthesia delivery robot. 
A more recent publication evaluated rule-based com-
puter algorithms to detect light (possibly inadequate) 
anesthesia or unstable arterial blood pressure values 
using hemodynamic real-time patient data during sur-
gery.12 Using an AIMS, Krol and Reich12 constructed 
a consensus of data that indicated light anesthesia or 
unstable anesthesia based on data of 162 patients from 
experienced anesthesiologists. Eighty-one events of 
light (possibly inadequate) anesthesia were observed. 
The data of 239 patients undergoing cardiac surgery 
with cardiopulmonary bypass were investigated for 
periods of unstable arterial blood pressure values. The 
authors then developed computer algorithms based 
on hemodynamic parameters, heart rate, and mean 
and systolic arterial pressure. To avoid the influence of 
artifacts, the mean of eight block measurements were 
taken at 2-minute intervals. However, as of December 
2012, the DSS based on these algorithms had not been 
tested. DSSs are being developed to aid clinicians to 
detect inadequate anesthesia: groups are working on 
algorithms based on displaying age-adjusted minimum 
alveolar concentrations (MAC) alerts13; a fuzzy-logic 
based DSS analyzing systolic arterial blood pressure and 
heart rate variables as a guidance for anesthetic depth 
was also proposed14 but not tested in patients as a real-
time guidance device for anesthesia care providers.

The only DSS designed and clinically tested for anesthe-
sia delivery during surgery is part of the hybrid sedation 
system (HSS).15 It was specifically developed to recognize 
critical hemodynamic and respiratory events during seda-
tion with propofol in patients who had received a spi-
nal analgesia. HSS uses the following variables: heart and 
respiratory rate, mean arterial blood pressure, and periph-
eral oxygen saturation. Based on individual thresholds, 
the system creates acoustic alarms that trigger audiovisual 
pop-up menus offering the various reasons for the alarm, 
and the treatment options displayed on a touch screen 
with touch buttons; the anesthesiologist then needs to 
confirm the actions to be taken, which are recorded for 
medicolegal reasons. A flow chart describes the algo-
rithms used (see Fig. 86-1).

The acoustic alarms and pop-up menus can be trans-
mitted either via wifi on any smartphone or as text 
message. The pop-up menus also take into account the 
possible absence of the anesthesiologist from the operat-
ing room and have a specific button that, when pressed, 
can alert the anesthesiologist to immediately return to 
the operating room in case of life-threatening emergency 
(Fig. 86-2).

HSS was tested in patients undergoing surgery with 
spinal analgesia and propofol sedation; the percentage 
of critical predefined events detected in a group of 75 
patients in whom the DSS was installed was compared to 
those in another group of 75 patients in whom the criti-
cal events were predefined—their definition displayed in 
the operating room in the visual field of the anesthesi-
ologist, who was advised to react accordingly—but no 
DSS was made available. Results showed that 25% of 
critical events go undetected without the DSS and that 
the response time is usually approximately 30 seconds in 
comparison to an almost immediate response when pop-
up menus of a DSS are used (see Table 86-1).
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Figure 86-2. The pop-up menu appears with an audible alarm, in 
this case when the peripheral oxygen saturation drops to levels below 
92%. It indicates possible predefined reasons; the user has to click the 
touch button on the screen to confirm what he or she has done.
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As of December 2012, development of DSSs for anes-
thesia can be described as follows. So far, DSSs have been 
designed mostly as very simple alert reminders to execute 
drug dosing at given time intervals, such as for antibiotic 
administration or prescription, administration of drugs 
for PONV prophylaxis, or for billing purposes. Some sys-
tems have been designed to detect states of inadequate 
anesthesia, based on analysis of data retrieved from 
AIMS. First attempts are underway to develop DSSs to 
help anesthesiologists perform anesthesia, but have not 
PAGES 2554 - 2557 INTENTIONALLY LE
been tested in significant numbers of patients. The only 
DSS currently tested in a significant number of patients is 
a system that allows detection of respiratory and critical 
events, automatically alerts visually and acoustically the 
anesthesiologist in real time, and offers diagnostic and 
treatment advice whose execution needs to be confirmed 
to the system for the pop-up menus to go away. It is clear 
that the development of DSSs for intraoperative use in 
anesthesia that assist anesthesiologists in the difficult 
decision-making process is still in its very infancy.
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CLOSED-LOOP SYSTEMS

WHAT IS A CLOSED-LOOP SYSTEM?

An anesthetic closed-loop control system uses feed-
back from the patient to automatically adjust the dose 
of a given drug. The response of the patient, such as the 
degree of sleep at a given time point, is compared with 
a targeted, desired response at predefined time intervals 
with the objective of having a difference = 0 between the 
measured and desired drug effect. The difference is pro-
cessed by a controller, which is a central processing unit 
(CPU) with integrated algorithms.
The most commonly designed and tested closed-loop 
feedback control systems in anesthesia are the closed-loop 
control of propofol systems using feedback from BIS moni-
toring. Figure 86-6 explains different control mechanisms.

The controller uses different algorithms and algorithm 
constructs to act on the difference between target effect 
and measured effect.

The most commonly used control mechanisms are as 
follows.

On/Off Control
On/off control means that at given intervals, the dif-
ference between target effect and measured effect is 
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Figure 86-6. Illustration of several control mechanisms; bottom from left to right: On/off; proportional integral derivative; model-based; fuzzy 
logic. TCI, Target-controlled infusion.
calculated for the times when this difference is not zero; 
a fixed dose of a drug, such as a fixed infusion rate, or 
a bolus is administered. These systems have been used 
especially for the administration of neuromuscular block-
ing drugs. They are obviously very simple but can result 
in astonishing controller performance.

For example, with a neuromuscular blocking drug 
the infusion pump of a closed-loop control system with 
an on/off controller delivers 1 mg/kg/hr atracurium in 
the controller “on” position; when “off,” the infusion is 
interrupted.

Proportional-Integral-Derivative Controller
A PID controller stands for proportional-integral-deriva-
tive control mechanisms. The PID controller calculation 
(algorithm) involves three separate constant parameters: 
P depends on the present error, difference between mea-
sured and target effect at present time interval; I depends 
on the accumulation of past errors, past differences 
between measured and target effect, such as the trend 
toward overshoot of effect; and D is a prediction of future 
errors, future differences between measured and target 
effect. These are very popular for closed-loop systems of 
propofol administration.

Model-Based Control
Model-based control mechanisms were developed hand 
in hand with the development of pharmacokinetic mod-
els for target-controlled infusion of anesthetic drugs. The 
algorithms are based on the interaction between pharma-
codynamic results, such as the effect of a certain drug on 
the body, and pharmacokinetic phenomena, what the 
body does to the drug, the compartment of drug distribu-
tion, and the elimination process. Some research groups 
have used these control mechanisms for closed-loop 
administration of anesthetics. At times these models are 
individually created by using data from a patient’s reac-
tion to a fixed dose at induction. Sometimes, these models 
are altered in the course of the closed-loop administration 
and these are called adaptive or self-adaptive.

Rule-Based Control
Rule-based control uses a set of rules that are applied 
to alter the drug dose to achieve the target effect. 



Rule-based mechanisms are used when uncertainty 
exists about actions, often combined with fuzzy-logic 
control. The idea behind rule-based system control is 
the simulation of human behavior, where rules are used 
to guide treatment strategies. Often, they oversimplify 
human thinking.

Fuzzy Logic
First termed by Zadeh in 1965, fuzzy logic deals with 
approximate reasoning rather than precise or exact rea-
soning. Some of these control systems have been used 
when neuromuscular blocking drugs have been given 
via closed-loop controls. Whereas most system con-
trols use either 0 or 1 to act, fuzzy-logic systems use a 
continuous 0-to-1 thinking strategy, with overlapping 
categories.

Neural Network
Neural networks try to simulate the human brain. A neu-
ral network tries to learn from wrong and right decisions; 
information streams connect different levels of layers, 
connected with different neural knots, based on mathe-
matical calculations and algorithms. The knots function 
like the human brain and decide, “all” or “nothing,” to 
transfer the information from one layer to the next.

Adaptive, or self-adaptive models are those with or 
without some form of system “learning,” in which previ-
ous actions of the controller are taken into account and 
subsequent changes are executed automatically.

VARVEL PARAMETERS IN CONTROLLER 
PERFORMANCE EVALUATION

The Varvel parameters are performance error (PE), bias or 
median performance error (MDPE), inaccuracy or median 
absolute performance error (MDAPE), divergence, and 
wobble.25

The median performance error (MDPE) or bias describes 
whether the measured values are above or below the tar-
get; it describes the direction of the measured values, gen-
eral overprediction or underprediction, but not the size of 
the performance error. It is a signed value indicating the 
“direction” of the performance error.

The median absolute performance error (MDAPE) 
describes the amplitude of an error—the difference 
between measured value and target value; such as a 
MDAPE value of 10% means that 50% of the measured 
value is within 10% of the target.

Divergence is a time-related parameter that indicates 
how the inaccuracy of the infusion device changes as 
time increases. A nonzero value indicates a widening gap 
between actual serum and target concentrations, whereas 
a zero value means that performance accuracy does not 
change over time. A positive value means that the gap 
between target and measured values widens over time; a 
negative value means that the measured values converge 
over time to the target value.

Wobble is a time-related index of changes in perfor-
mance accuracy and measures the intrasubject variability 
in performance errors. An increased value of wobble indi-
cates an oscillating behavior of the controller.
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No accepted limits exist that represent good controller 
performance; however, these parameters allow compari-
son of controller performances of different models and 
different studies.

CLINICAL PERFORMANCE ASSESSMENT

Clinical performance is defined by the percent of time 
with a certain offset from the target value. This is more 
relevant for the clinician; excellent, good, poor, or inad-
equate control for BIS could mean the measured value 
within 10%, 11% to 20%, 21% to 25%, and more than 
25% off target values, respectively. These classifications 
are usually chosen by the research groups and can alter 
from one group to the next and from one target param-
eter to the next.

The clinical performance values can be valuable for 
the reader. As an example, when the BIS target is cho-
sen to be at 50 for the controller 80% of the time, the 
controller manages to keep the BIS values within 10% 
of the target, which means that during 20% of the time 
the BIS values are either above 55 or below 45. Let us 
assume further that during 10% of the time the BIS is 
at values higher than 55, which are usually values at 
which strong surgical stimuli might cause a wakeup 
reaction in some patients. Therefore, during 10% of the 
time, the BIS controller is in an area at which this risk is 
elevated. The same applies for the amount of time the 
controller keeps BIS values at 60 or higher. Therefore, 
for most clinicians, the clinical performance results are 
more important than the Varvel controller performance 
values.

EARLY WORK: THE WORK BY SCHWILDEN 
AND HIS RESEARCH GROUP

One of the first works on closed-loop feedback control was 
done in the late 1980s by Schwilden and associates,26,27 
before the introduction of commercially available depth 
of consciousness monitors.

In 1987, Schwilden and associates used the median 
electroencephalography (EEG) frequency of the power 
spectrum and a model-based, adaptive controller to 
administer methohexital in 13 volunteers. The control-
ler set point was 2 to 3 Hz, and the closed-loop system 
maintained EEG within this target area 75% of the time. 
In 1989, they used the same setup for closed-loop appli-
cation of propofol to a target of 2 to 3 Hz of median EEG 
frequency of the power spectrum. The average measured 
EEG frequency was 2.5 ± 0.3.

EARLY CLOSED-LOOP ANESTHESIA WORK: 
THE RESEARCH GROUPS OF KENNY; 
CLOSED-LOOP CONTROL OF ANESTHESIA: 
THE WORK OF KENNY’S GROUP IN 
GLASGOW, SCOTLAND

In 1999, Kenny and Mantzaridis28 presented a closed-
loop control system of propofol using auditory evoked 
potentials (AEPs) as measurement for depth of anesthesia; 
it was similar to the description of the closed-loop system 
already published as an abstract in 1992.29
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A 3-second running average of AEP index was 
used in a personal computer (PC)–based proportional 
integral control algorithm; the actuator was a target-
controlled infusion pump of propofol. Analgesia in 
100 patients (mean age 50 years, American Society of 
Anesthesiologists [ASA] physical status I and II only, 
undergoing body surface surgery) was provided using 
target-controlled infusion of alfentanil at a plasma con-
centration target of 15 ng/mL. Induction of anesthe-
sia was performed without feedback, but instead using 
preset increments of target concentrations of propofol. 
The target depth of consciousness, in this case the AEP 
target, was manually chosen by the user and was in 
the range of 30 to 40, with a mean of 38. Usually, no 
neuromuscular blocking drug was given, which prob-
ably renders the depth of consciousness monitoring 
value more susceptible for artifacts. The aim of ventila-
tion was mostly spontaneous breathing during surgery, 
which was successfully achieved in the majority of the 
patients, a result that seems independent from closed-
loop control but related to this type of anesthesia. The 
closed-loop control period (duration of anesthesia 
after induction to end of surgery) was short at 38 min-
utes, because of the specifics of the surgery. However, 
the controller performance was generally very good, 
although the wide range of quality of control indicated 
that some patients had a rather significant offset from 
target with results, as shown in Box 86-1. Varvel param-
eter results were not presented.

A follow-up closed-loop study was conducted with 10 
patients (ASA physical status I and II) undergoing major 
orthopedic surgery for a longer duration (72 minutes) 
than in the previous study.29 The researchers used the 

Within target value ± 5% 65.2 (14.1) [10.3 − 89.0 ]
Within target value ± 10% 89.6 (9.5) [46.7 − 100.0 ]
Within target value ± 15% 98.7 (4.6) [74.9 − 100.0]

BOX 86-1 Control of AEP Index as Percent  
of Total Closed-Loop Anesthesia Time  
(Mean [SD], [Range])
same type of general anesthesia–that is, a spontaneously 
breathing patient with a laryngeal mask airway inserted 
for airway protection and BIS as the monitoring control 
parameter.30 Analgesia this time was achieved using epi-
dural analgesia.

This study presents the Varvel performance param-
eter results and clinical performance values, offset from 
the target BIS. Whereas the Varvel performance values at 
an overall MDPE of 2.2%, MDAPE of 8%, and wobble of 
7.3% are satisfactory, when compared to their previous 
study, the clinical performance was not as good.28 With 
feedback from AEP, the measured values were within 5% 
and 15% of the target in 65% and 99% of the time, with 
BIS feedback, it was only in 34% and 75% of the time, 
respectively.

The authors explain this with a slightly different 
patient population, different analgesic technique, dif-
ferent induction of anesthesia method, and different 
monitoring method of depth of consciousness. In addi-
tion, the smaller sample size of 10 patients in the lat-
ter study might have contributed to the worse clinical 
performance. Insufficient control of anesthesia and 
maintenance of the measured BIS value around a given 
target in closed-loop systems is usually marked by a 
phenomenon termed oscillation. Of the 10 patients, 3 
showed marked oscillations, the worst in one patient 
(Fig. 86-7).

In this patient, the initial BIS target was 57, which 
probably was too high, too close to an arousal bar-
rier, at which point the patient was possibly at risk for 
waking up as a result of surgical stimuli, insufficiently 
masked by analgesia. After decreasing the target to 45 
at 45 minutes of surgery, the oscillations were reduced. 
However, the example of oscillations demonstrates a 
common problem in designing closed-loop systems. 
In their initial system, Absalom and Kenny did not 
include adaptive control mechanisms that allow adap-
tation of control algorithms for an individualized 
patient over time, something that more recent study 
groups have done.31 The higher the BIS value, the 
closer to the threshold of 60, the more the patient is 
susceptible to have arousal reactions as a result of surgi-
cal stimuli. This also means that good analgesic control 
Figure 86-7. Illustration of marked oscilla-
tions, worst case in one patient. Oscillations 
usually indicate poor control performance, a 
problem all control systems encounter in spe-
cific patients. The frequency and magnitude of 
oscillations with a specific controller is an indi-
cation of its performance, the less oscillations 
occur, the better the controller. BIS, Bispectral 
index. (From Absalom AR, Sutcliffe N, Kenny GN: 
Closed-loop control of anesthesia using Bispectral 
index: performance assessment in patients under-
going major orthopedic surgery under combined 
general and regional anesthesia, Anesthesiology 
96:67-73, 2002.)
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is important for any closed-loop system of propofol to 
function properly; waking up reactions during surgery 
while having insufficient analgesia can occur with total 
IV anesthesia, independent of whether the anesthesia 
is automated (see also Chapters 33 and 50).

Kenny’s research group tried to improve their control 
algorithms and presented their results in a follow-up 
study with 20 patients (mean age 43 years, ASA physi-
cal status I and II) undergoing body surface surgery of 
27 minutes on average. This study used a very differ-
ent population and type of surgery compared to their 
earlier study with unsatisfactory closed-loop control30 
in which patients were older (mean age 67 years) and 
undergoing major surgery of approximately 70 minutes 
with epidural analgesia. In comparison to their previ-
ous study,30 the changes in the control algorithms were 
the use of a newer BIS software, adjustments in the  
gain constants used in the control algorithms in the 
second part of the patients (11 to 20), and alteration 
of the control algorithm to allow effect-site steering, 
rather than blood site steering in the attempt to avoid 
oscillations by faster increase in effect-site concentra-
tions with too light anesthesia. Although the Varvel 
performance parameter values slightly improved from 
the earlier study, the clinical performance did not 
change.

The Kenny group also used the closed-loop system 
for research into the interaction of drugs, such as remi-
fentanil and propofol.32 This is an important aspect of 
the development and use of closed-loop systems, which 
allow the automated administration of propofol with-
out human intervention. Furthermore, anesthesia can be 
given around a specific target, allowing research into the 
interactions of propofol and other drugs.

Kenny’s group designed a closed-loop system for 
propofol sedation for colonoscopies using the BIS 
value as a control parameter, which they tested in 16 
patients.33 Patients were sedated to a clinical seda-
tion target of OAA/S rating of 3, and the achieved BIS 
target at that clinical value was used as a set point, 
with the possibility of modifying it in case of clini-
cally insufficient sedation. Interestingly, the perfor-
mance of their sedation system is better than that of 
their general anesthesia control, with BIS values within 
10% of set point during 81% of the time versus 57% 
30 and 71%.34 Yet, the BIS target was 80 in the sedation 
study, and even a fully awake patient cannot have a  
BIS value higher than 99; therefore, a maximum  
positive offset of 19 cannot be passed in the sedation 
study.

Important messages from that small-scale study are the 
propofol doses required to achieve the same clinical seda-
tion end point vary widely, with one patient necessitat-
ing a maximum propofol target of 5.6 μg/mL or 160 mg 
of propofol for induction of an OAA/S state of 3—another 
argument for automated systems, because empirical drug 
dosing has significant limitations. A feedback control 
approach avoids some of these limitations including the 
feasibility of using BIS monitoring to titrate sedation for 
nonsurgical procedures. This monitor can also be used 
as a control parameter for closed-loop sedation (also see 
Chapter 50).
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Summary of Kenny’s Work
The efforts of the Kenny research group can be summed 
up as follows:

 1.  Kenny and Absalom’s group designed one of the first 
closed-loop propofol sedation systems using BIS feed-
back and successfully tested it in humans.

 2.  They used their PID controller–based propofol closed-
loop system with feedback from AEPs and BIS; the con-
troller performance was significantly better with AEP 
feedback than with BIS feedback.

 3.  The closed-loop system used target-controlled infusion 
as actuator; the closed-loop feedback control was used 
for maintenance of anesthesia, but not for induction 
of anesthesia.

 4.  They clearly described the problem of oscillations of 
controlling parameter values and proposed improve-
ments in control design, specifically the use of effect-
site concentrations rather than blood or plasma site 
concentrations. Whether these changes significantly 
improved controller performance cannot be answered 
because of the small sample size of their study.

 5.  They identified the potential of using closed-loop sys-
tems as a research tool to investigate drug interactions, 
as they did between remifentanil and propofol.

 6.  Although they incorporated control algorithms for 
application in ASA physical status III and IV patients, 
they actually never tested them in this patient popula-
tion; they also only used it in anesthesia without con-
trolled ventilation and neuromuscular blockade.

 7.  Closed-loop control was mostly for short-term 
procedures.

CLOSED-LOOP SYSTEMS FROM STRUYS 
AND DE SMET’S GROUP: FROM CLOSED-
LOOP TO ADAPTIVE MODEL-BASED 
COMPUTER CONTROL

After the earlier work by Schwilden and associates27 
Struys and De Smet’s research group chose to design a 
closed-loop propofol system around model-based con-
trollers, which also are adaptive, meaning the dosing is 
not only corrected according to the offset between mea-
sured and set point target of BIS but also adjusted to indi-
vidual patient reactions to propofol over time. The exact 
algorithm is not described in the first study. They first 
presented their system in 10 patients (ASA physical status 
I and II) undergoing orthopedic surgery with spinal anal-
gesia of short duration (approximately 30 minutes).35 
Similar to Kenny’s group, the actuator was a target-con-
trolled propofol infusion pump, induction was auto-
matic by a stepwise approach, but without feedback from 
BIS control. Similar to later work by Kenny’s group,33 the 
sedation target was set clinically, but was more intense 
at an OAA/S value less than 1 and the BIS target at that 
point set as the closed-loop target. Because the OAA/S 
target was lower, the resulting BIS target was also lower 
than in Leslie’s study33 at an average of 64. The publica-
tion is scarce in presenting actual performance param-
eters, either clinical or others. The graph depicting the 
difference between the target and measured BIS values 
over time shows a wide range of offsets.
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In a subsequent study,36 detail is given about the 
“adaptive” feature of their model-driven closed-loop con-
trol system of propofol. A control factor is integrated into 
the algorithms that analyze the difference between two 
consecutive measured BIS values, multiplied by a differ-
ential factor: Adaptive control corrective factor = (BIST1 − 
BIST0) × Differential factor (based on simulation studies, 
the differential factor was established as 0.05).

The system uses an open-loop, plasma target-con-
trolled infusion, with RUGLOOP (tracking of concentra-
tion infusion and data management program) calculating 
the effect-site plasma target concentrations. Once the 
target BIS level of 50 was reached during induction, the 
model was calculated based on paired measurements of 
BIS levels and calculated plasma target concentrations, 
thus calculating an individual model for each patient, 
based on results from an open-loop induction, similar to 
the Bayes principle.

The study design has some characteristics: first, the 
sample size is small at 10 patients each group (closed-
loop versus open-loop); second, whereas BIS monitor-
ing at a target of 50 was used in the closed-loop group, 
clinical signs of “adequate anesthesia” were used in the 
control group. Although this might be reflecting some 
standard practice, it limits the possibility of comparing 
the performance of anesthesia control. Therefore, a more 
rapid extubation of the trachea in the closed-loop group 
might not only be related to closed-loop control, but also 
to the fact that BIS was not used in the control group 
to titrate anesthesia. The comparison of controller per-
formance values, based on Varvel parameters, is also less 
valid, because BIS was not used as a controlling variable 
in the control group.

Therefore, the Varvel parameters in Struys’ study 
should be compared with the work from Kenny’s group, 
which used different and simpler control mechanisms 
without adaptive modeling (Table 86-3).

Whether the integration of model adaption (Struys’ 
group) has improved controller performance in compari-
son to the simple PID (Absalom and Kenny) is not clear 
and supports a theory of many control system engineers. 
Control algorithms seem less important than the time 
interval of feedback control.

The idea that control algorithms are somewhat less 
important seems in contrast to a simulation study (simu-
lated 10 patients) by Struys and associates37 in which the 

TABLE 86-3 COMPARISON OF CONTROLLER 
PERFORMANCE VALUES BASED ON VARVEL 
PARAMETERS

Struys, De Smet 
et al (2001) Absalom and Kenny (2003)

PE (%) −6.23 ± 10.44
MDPE (%) −6.6. ± 2.63 −.42 (−.141-0.57)
MDAPE (%) 7.7 ± 2.49 5.63 (4.5-6.75)
Divergence 

(%/min)
0.024 ± 0.029

Wobble (%) 5.9 ± 2.33 −.024 (−.83-0.35)
Mean ± SD Mean (95% CI)

CI, Confidence interval; median absolute performance error; MDPE, 
median performance error; PE, performance error.
control performance of the aforementioned two closed-
loop control systems was compared, favoring the patient-
individualized, model-based adaptive closed-loop system 
with effect-site control over the standard PID controller 
(Table 86-4). However, the clinical performance (i.e., main-
tenance of BIS value within 10% of target value), slightly 
favors the model-based adaptive controller. The PID con-
troller performs better when higher BIS targets (BIS = 70) 
are maintained, thus avoiding BIS values that are too low; 
the reverse is true for BIS values that are too high.

The Varvel performance values are better for the 
model-based adaptive control system than the PID 
system, except for the MDPE values. These values are 
less important, because they indicate the direction of 
the bias of measured value from target value but not 
its size.

Obviously, this study has its limitation, which is related 
to the patient simulator; the “historic” data fed into the 
simulator might have favored the model-driven control 
system because both the simulator and the model-driven 
control system used the same type of model. Clinically, 
both controllers would have probably satisfied adequate 
anesthesia conditions.

Simulation studies can be used to fine-tune controlling 
algorithms, as De Smet and colleagues38 have extensively 
demonstrated by creating highly complex control models. 
Whether this relates to improved controller performance 
in the clinical setting needs to be shown.

Struys and De Smet’s work can be summed up as 
follows:

 1.  They were one of the first groups introducing the Bayes 
theorem into closed-loop design, using the informa-
tion about the individual pharmacokinetic behavior 
of an individual patient to create an individualized 
pharmacokinetic model, which they used for their 
closed-loop feedback system.

TABLE 86-4 PERCENTAGE OF MAINTENANCE TIME 
DURING ACCURATE AND INACCURATE CONTROL 
OF BISPECTRAL INDEX 

Performance
BIS Target 

Level
PID Controller 
(%)

Model-Based 
Controller (%)

Percentage time 
of accurate 
BIS control 
(between ± 10 
around target)

30
50
70

58 ± 4*

47 ± 10*

44 ± 9

67 ± 4*

65 ± 12*

17 ± 7

Percentage time 
of too-low BIS 
values (>10 
below target)

30
50
70

17 ± 6
27 ± 7
30 ± 5*

17 ± 7
31 ± 13
48 ± 20*

Percentage time 
of too-high 
BIS values 
(>10 above 
target)

30
50
70

24 ± 4*

26 ± 3*

26 ± 5*

16 ± 8*

6 ± 3*

4 ± 3*

From Struys MM, et al: Performance evaluation of two published closed-loop 
control systems using bispectral index monitoring: a simulation study, 
Anesthesiology 100:640-647, 2004.

*P < 0.05 between both controllers.
BIS, Bispectral index; PID, proportional interactive derivative.
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 2.  They realized the usefulness of adaptive modeling, 
meaning that the control algorithms could be corrected 
throughout surgery, depending on how the model 
performed.

 3.  Clinically, however, their control system did not per-
form better than other control systems described in 
this chapter.

 4.  They used their closed-loop propofol system mostly for 
small-scale studies in which they focused on the theo-
retical development of their models.

 5.  As with Kenny and Absalom, the Struys and De Smet’s 
group used their closed-loop controlling system in 
patients with ASA physical status I and II.

 6.  Closed-loop control was used mostly for short-term 
procedures of 30 to 45 minutes.

THE CLOSED-LOOP ANESTHESIA 
DELIVERY SYSTEM: PURI’S  
RESEARCH GROUP

Puri’s research group presented a novel closed-loop 
anesthesia delivery system in 200739 and called it 
closed-loop anesthesia delivery system (CLADS). The 
system can be used for both induction and mainte-
nance of anesthesia. As in most other systems, the BIS 
was used as the control parameter within a standard 
feedback system, consisting of a commercially avail-
able syringe infusion pump, propofol, a microproces-
sor running a self-made program based on algorithms 
and communicating with each other using RS 232 
ports. An interface allows the user to operate the sys-
tem manually from a PC. The system allows the user 
to choose a target BIS value; the maximum infusion 
rate is related to the ASA physical status classification, 
with ASA I through III considered low risk and any 
ASA classification above this as high risk. Whereas BIS 
values are recorded into the system every 5 seconds, 
the propofol infusion rate can be changed only every  
30 seconds or more. The system uses a proportional 
integral differential, based on the current infusion rate 
and the change in BIS values. Before accepting the BIS 
numbers, the signal quality index also must be checked. 
Effect delay is based on the time delay for the propofol 
to produce effect on BIS.37

In the first study, they compared 20 patients in whom 
hypnosis was delivered using CLADS versus 20 patients 
in whom propofol hypnosis was performed manually to 
maintain a BIS of 50.39 Analgesia was maintained using 
fentanyl 1 μg/kg/hr and muscle relaxation using a bolus 
administration of vecuronium in both groups. The con-
troller CLADS outperformed the manual group in terms 
of maintaining the BIS close to the target (target ± 10), 
on average 87% of the time versus 77% of the time in the 
manual group.

Even more importantly, CLADS provided a more precise 
induction of anesthesia, using a significantly smaller dose 
of propofol, thus creating less overshoot of the BIS target.

In this first study, patients were young, approximately 
40 years of age, with normal body weights undergo-
ing elective noncardiac surgery. Puri and associates40,41 
then applied their system to a sicker patient population 
undergoing cardiac surgery and compared it with manu-
ally controlled anesthesia. In the follow-up study using 
the same design, they included 37 patients, random-
ized in two groups of 19 and 18 patients (CLADS versus 
manual propofol control, respectively) undergoing elec-
tive cardiac surgery.41 In this sicker and older population 
undergoing major surgery, they confirmed their earlier 
results: the CLADS achieved an induction of anesthe-
sia with less BIS overshoot, this time even resulting in 
better hemodynamic control. All performance indexes 
were significantly better in the CLADS group than in the 
manual group.

They also used CLADS to control postoperative seda-
tion.41 After cardiac surgery, CLADS was used to main-
tain a BIS target of 70 for postoperative sedation in the 
intensive care unit (see also Chapter 101). The perfor-
mance of CLADS was better than manual performance 
to maintain the BIS at approximately 70; the mean dura-
tion (in percent) of time at which the BIS was between 
60 and 80 in the CLADS group was 69% versus 45% in 
the manual group. Although not specifically described 
in the results section, an average performance error of 
−3 in the manual group suggests a trend toward lower 
BIS values during the average duration of postopera-
tive mechanical ventilation of 6 to 9 hours on average. 
Whether the longer time from cessation of sedation to 
tracheal extubation in the manual group is related to a 
generally deeper sedation or a longer ventilation time is 
not clear.

Their system performs as well in patients undergoing 
abdominal or orthopedic procedures in general anes-
thesia at an altitude of 3505 m.43 The most interesting 
result of the study was the confirmation of a previous 
finding that patients need a larger dose of propofol for 
induction of anesthesia at higher altitudes than lower 
altitudes, thereby avoiding subjective influences by 
using the closed-loop system.44 Perhaps these patients 
needed larger doses of propofol to achieve a target 
BIS. Is this due to a specific patient population or the 
altitude?

To confirm the robustness of their system even with 
sicker patients undergoing complex surgery, the same 
group presented a case series of 13 patients undergoing 
adrenalectomy for pheochromocytoma.45 The results 
were similar to the findings in other patients, with 87% 
of the time the BIS being within 10% of the target value 
of 50, similar performance indexes, and good hemody-
namic stability. The BIS values in this study population 
trended toward light anesthesia, with average BIS values 
of approximately 60; perhaps this indicated an increased 
risk for awareness, which could be countered by decreas-
ing the target value of BIS.

The same group recently adapted their system for use 
with volatile anesthetics, calling it “improved anesthetic 
agent delivery system” (IAADS).46 They used their system in 
40 patients undergoing cardiac surgery, in which 20 patients 
were assigned to the closed-loop group and 20 patients to 
the control group. Isoflurane was injected into a low-flow 
breathing system with a 20 mL syringe and syringe pump.

They used algorithms similar to those in their previous 
propofol closed-loop system, CLADS; however, the mini-
mal lockout period for any isoflurane changes was not 
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clear: their CLADS system does not change any infusion 
rate of propofol in intervals shorter than 30 seconds. The 
pharmacokinetics of isoflurane are very different with a 
much longer elimination period, thus changes of isoflu-
rane concentrations should be smaller during a given time.

The uniqueness of the study lies in the fact that two 
different anesthetics were delivered using a closed-loop 
system at different times. (1) Induction of anesthesia 
was performed using CLADS with propofol, or manually 
administered propofol; (2) the initial anesthesia mainte-
nance before cardiopulmonary bypass (CPB) surgery was 
performed using IAADS with isoflurane, or manual iso-
flurane during CPB; and (3) anesthesia was maintained 
using either closed-loop or manually administered propo-
fol and isoflurane after CPB.

The study might be regarded as more of an exercise 
of feasibility than of widespread clinical importance; the 
necessity of using propofol as a continuous infusion dur-
ing CPB is limited because isoflurane can be injected into 
the circuit. The overlapping of propofol and isoflurane 
effect was addressed in the algorithms; the algorithms 
appeared to work independently. This means that once 
the propofol infusion was stopped, the isoflurane control-
ler took over, and vice versa. The possible additional effect 
of either drug on the other was not considered. However, 
such pharmacokinetic interactive modeling (propofol 
effect on isoflurane and vice versa) might not be necessary 
because a constant feedback system is in place—that is, if 
BIS is still low because propofol is not eliminated, the iso-
flurane controller delivers less isoflurane and then increas-
ingly more until the propofol effect has disappeared. It is 
not clear how often the infusion rate of propofol or the 
isoflurane-dial setting was changed (actually, none of the 
articles of this research group reveals the number of pro-
pofol modifications per hour for the CLADS, only for the 
manual control). In fact, the isoflurane-dial setting in the 
manual group was only changed two times before CPB 
and two times after CPB; no information is given on how 
often the isoflurane infusion was changed in the IAADS 
group. More changes might have probably resulted in a 
better maintenance of the BIS target in the manual group.

Summary of Puri’s Work
The efforts of the research group around Puri can be sum-
marized as follows:

 1.  The CLADS is a PID-controlled closed-loop system of 
propofol delivery for hypnosis and sedation. Its perfor-
mance is similar to that of other research groups. The 
studies were conducted on small numbers of patients 
(usually 20 patients per group). However, closed-loop 
applications in major or higher risk surgery, such as 
cardiac surgery or adrenalectomies for pheochromocy-
toma, are valuable and interesting.

 2.  The studies confirm that closed-loop systems are not 
just reserved for healthy young patients undergoing 
minor surgery but can equally be used in major surgery 
and in older and less healthy patients.

 3.  Puri’s group presents one of the few studies of a 
closed-loop system using volatile anesthetics as the 
controlled drug; technologically, they use isoflu-
rane as a liquid injected into a breathing circuit via a 
conventional syringe pump. This kind of closed-loop 
administration of inhaled anesthetics is fundamen-
tally different from commercially available systems 
such as the ZEUS (Draeger, Lübeck, Germany) sys-
tem, which is a target-controlled system, meaning 
that the end-tidal concentration of any given inhaled 
anesthetic is maintained regardless of fresh-gas flow, 
but is not controlled to maintain a given target of 
unconsciousness.

 4.  Their system can be used for closed-loop control of 
propofol sedation. In the multitask environment of 
an intensive care unit, closed-loop control of propofol 
sedation might be very helpful (see also Chapter 101).

 5.  In addition to the need for studies in larger patient 
populations, more information needs to be provided 
within each study, especially about the controller 
function (e.g., the number of propofol infusion rate 
modifications per hour or changes of isoflurane con-
centrations with either CLADS or IAADS).

LIU’S RESEARCH GROUP: FROM  
SINGLE-LOOP CONTROL OF PROPOFOL  
TO DUAL-LOOP CONTROL OF PROPOFOL 
AND REMIFENTANIL

In 2006, Liu and colleagues published their novel closed-
loop system for propofol-based induction47 and mainte-
nance of anesthesia.48 They used a closed-loop system in 
which feedback control was obtained using BIS monitor-
ing but output was not by a propofol infusion rate, but 
target-controlled infusion rate of propofol (Fig. 86-8).

Another novelty was the feed-forward loop, which 
allowed fast correction of a measured BIS value of higher 
than 60 to avoid awakening of the patient. The target BIS 
was 50, with minimal and maximal propofol target con-
centrations set at 1 and 5 μg/mL; however, these could be 
modified by the user. It also integrated a safety measure 
when BIS values were recorded as corrupted by artifacts; 
the last target of propofol was not altered in that situation. 
Whereas Puri’s group had used continuous infusions of 
fentanyl to provide intraoperative analgesia, Liu’s group 
used a target-controlled infusion of remifentanil, manu-
ally controlled, and preemptive standard analgesia. They 
used their closed-loop system in a preliminary study only 
for induction of anesthesia, defined as the time between 
the beginning of anesthesia and achieving a target BIS of 
50, therefore, before laryngoscopy or intubation. The ran-
domized trial had 40 patients in two equal groups of 20 
for closed-loop induction or manual induction of anes-
thesia using target-controlled propofol.47

In this study, they showed smaller propofol consump-
tion and shorter induction times to reach the target value 
with closed-loop induction of anesthesia (381 seconds 
versus 490 seconds in the manual group). No hemody-
namic differences were found between the groups with 
significant but clinically insignificant overshooting of the 
target in the manual group.

Interestingly, in their larger scale follow-up study of 
164 patients, randomized in two groups of 81 (man-
ual target-controlled propofol administration) and 83 
(closed-loop group),48 the duration of the induction of 
anesthesia was significantly faster in the manual group 
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Figure 86-9. A, Efficiency of the system during maintenance of anesthesia. P < .0001. Bispectral index (BIS) < 40 = percentage of time when the 
bispectral index (BIS) value was under 40; BIS < 45 = percentage of time when the BIS value was under 45; 40 < BIS < 60 = percentage of time 
when the BIS value was between 40 and 60; BIS > 60 = percentage of time when the BIS value was greater than 60; closed-loop = closed-loop 
group. manual TCI, Manual target-controlled infusion group guided by the BIS; ns, not significant. B, Control performance during maintenance 
of anesthesia. *P < .05; †P < .0001. Closed-loop, Closed-loop group; manual TCI, manual target-controlled infusion group guided by the BIS; GS, 
global score; MDAPE, median absolute performance error; MDPE, median performance error; PE, performance error. (From Liu N, Chazot T, Genty 
A, et al, Titration of propofol for anesthetic induction and maintenance guided by the bispectral index: closed-loop versus manual control: a prospective, 
randomized, multicenter study, Anesthesiology 104:686-952, 2006.)
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Figure 86-8. The main control algorithm. Effect-site delay was calculated using the pharmacokinetic model of Schneider. The feed-forward term 
amplified the correction of the propofol target when a measured bispectral index (BIS) value greater than 60 was detected. AFB, Amplification 
of the feedback. (From Liu N, Chazot T, Genty A, et al, Titration of propofol for anesthetic induction and maintenance guided by the bispectral index: 
closed-loop versus manual control: a prospective, randomized, multicenter study, Anesthesiology 104:686-952, 2006.)
than in the closed-loop group (271 seconds versus 320 
seconds), using a significantly larger propofol dose. 
This showed how some “significant” results in small-
scale studies can sometimes become insignificant or 
even the obvious in larger scale studies. Nevertheless in 
patients approximately 60 years of age, half of whom 
underwent major surgery, the results of the closed-loop 
control are impressive: all clinical performance vari-
ables as well as the Varvel parameters of systems con-
trol efficiency are significantly better with closed-loop 
control (Fig. 86-9).

The Varvel parameters also depend on the level of 
BIS value; thus, Liu and co-workers49 used a composite 
parameter, called global score (GS) to better describe and 
distinguish performance differences between control 
systems and global score, which is calculated as follows: 
GS = (MDAPE + Wobble)/% of time BIS value between 
40 and 60.

Liu’s group51 also showed that closed-loop propofol 
anesthesia in even the most difficult surgeries in sick 
patient populations is an appropriate approach. Their 
study had 20 patients who were undergoing single-lung 
or double-lung transplantation with clinical control 
values similar to those in less sick patient populations. 
The results showed that anesthesia was within accept-
able BIS values of 40 to 60 for 84% of the time, with very 
limited overshoot (<40) in 13% and even less undershoot 
(>60) in 3%.

Liu and his research group followed their earlier work 
to create a dual-loop system administering both propo-
fol and remifentanil in closed-loop control using one 
controlling parameter, the BIS. Their assumptions were 
that small errors in BIS (the difference between the set 
point and the measured BIS value) are indications of 
changes in nociception; therefore, only target concen-
trations of remifentanil are changed; larger errors are 
indications of changes in hypnosis (and nociception), 
and both drug concentrations are changed. They also 
present an interaction rule, which means that if the 
controller increases the remifentanil concentration 
more than three successive times, the propofol concen-
tration is increased as well, regardless of the BIS error. 
In addition, propofol and remifentanil concentrations 
cannot be changed in a contrary sense–that is, the con-
troller cannot increase propofol and decrease remifent-
anil, and vice versa (Fig. 86-10).
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Figure 86-10. Control algorithms for Liu’s 
dual-loop system. BIS, Bispectral index; EMG 
electromyogram; PID, proportional-integral-
derivative; SR, suppression ratio; SQI, signal 
quality index. TCI, target-controlled infusion.
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This dual controller of two PID controllers has the 
following main elements:

 1.  Calculation of the BIS error (difference between BIS 
target and measured value)

 2.  Feedback amplification (continuous target concentra-
tion modification to achieve BIS error = 0)

 3.  Variable time delay between each drug concentration 
modification based on pharmacokinetic principles for 
both drugs and age of the patient

 4.  Feed-forward rapid response when BIS increases 
over 60

 5.  Interaction rule: Remifentanil increases of more than 
three times trigger propofol concentration increase

 6.  Maintenance of last target concentration when BIS 
dysfunction or poor signal quality occur

  

The assumption that small changes of BIS indicate 
changes in nociception and larger changes indicate 
changes in nociception and/or depth of consciousness is 
a somewhat arbitrary assumption by Liu’s research group. 
Clinically, however, the technique seems to work well.

In 2011, Liu and colleagues published a study of 196 
patients undergoing surgery (30% major, 15% ASA physi-
cal status III) using either the dual-loop propofol remifen-
tanil control system (N = 83) or manual control (N = 84).  
As in other closed-loop studies, the dual-loop system 
achieved better maintenance of BIS values to the target 
of 50, probably influenced by the generally larger num-
ber of concentration changes in comparison to manual 
control. For propofol there were 26 versus 9 changes per 
hour manually and for remifentanil 32 changes versus 8 
changes per hour manually and by the smaller increments 
of concentration changes. Obviously, a direct way of judg-
ing the performance of remifentanil control separately 
exists, because they defined nociception through changes 
in BIS. More conventionally, it is accepted that nocicep-
tion during general anesthesia is reflected by hemody-
namic changes; the study did not find any changes in 
heart rate or arterial blood pressure control between man-
ual and dual-loop control. There was a 1 minute more 
rapid extubation time in the dual-loop group, which is of 
no clinical significance. As in their earlier work, clinical 
performance (maintenance of BIS within 40 to 60) and 
avoidance of overshooting (BIS < 40) and undershooting 
(BIS > 60), as well as systems control, were better in the 
dual-loop group, with a global score of 26 versus 43 in the 
manual group.

Liu and colleagues50 followed their philosophy of 
extracting two components (one for pain or nociception, 
one for nociception and or hypnosis) from a depth of 
consciousness monitoring parameter by using the spec-
tral M-entropy monitor as guidance for their dual-loop 
control system. The concept is similar to that in their 
previous work, when they used the BIS.51 Interestingly, 
because of the smaller group size (31 patients in the 
manual group, 30 patients in the dual-loop group) or the 
use of the entropy monitor, no differences were found 
between the two groups during either the induction or 
duration of anesthesia regarding the propofol or remi-
fentanil dose or that the relation between state entropy 
and response entropy might be a surrogate measure of 
antinociception,52 they found no differences in terms of 
antinociception between the two groups, no significant 
differences of any response entropy–related performance 
index, but a significantly better control of hypnosis with 
state entropy values between 40 and 60 in 80% of the 
anesthesia time in the dual-loop group versus only 60% 
in the manual group.

The same research group recently tested their dual-
loop system for deep sedation in critically ill patients.53 
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In contrast to Puri’s group,42 which can adjust their 
controller to different degrees of sedation (for post-
operative sedation, they used a target BIS of 70), Liu’s 
controller does not adjust the target BIS value accord-
ing to the varying demands of sedation. They used the 
same BIS target of 50 for sedation purposes, which is 
probably unnecessarily deep for intensive care sedation 
in most patients (see also Chapter 101). In this small 
study, 14 patients received manual sedation (manual 
analogue-sedation because both propofol and remifen-
tanil were used) and 15 patients received automated 
analogue-sedation using the dual-loop control system 
for 8 to 24 hours. The BIS was maintained more often 
within 40 to 60 in the dual-loop control group versus 
manual control group. This is not surprising when the 
mean target modifications of propofol and remifent-
anil per hour were 1 to 2 in the manual group versus 
30 to 40 in the dual-loop group. In situations in which 
deep sedation in critically ill patients is necessary, an 
automated closed-loop sedation system has the advan-
tage of maintaining a steady sedation state for a lon-
ger period. This is especially important in an intensive 
care unit, where the increased magnitude of care and 
multitasking responsibilities limit the frequent adjust-
ments of propofol or remifentanil dosing, as indicated 
with the limited number of dose modifications of 1 to 
2 per hour in comparison to most comparative intraop-
erative studies, in which anesthesia providers manually 
perform many more frequent infusion rates.

Summary of Liu’s Work
The efforts of the research group around Liu can be 
summed up as follows:

 1.  Liu and his group have established a wide-ranging 
multicenter platform, which allows evaluation of the 
dual-loop system in a large scale of patients, from 
healthy to very sick patients, undergoing minor to 
difficult surgeries such as lung transplantation. They 
studied the system in over 3000 patients (personal 
communication with Dr. Liu, 2012) without any sys-
tem-inherent failure or adverse effect. This makes the 
dual-loop system the closed-loop system with the big-
gest patient population. 

 2.  The advantage of closed-loop systems over manu-
ally administered anesthesia is the larger number of 
modifications of concentrations of propofol and/or 
remifentanil that can be given over time. The respon-
sibilities of anesthesiologists and critical care special-
ists are extensive, and such automatic systems are 
needed.

 3.  Undoubtedly, using the theorem that small changes 
in BIS values are a surrogate for (anti-) nociception 
is sometimes questioned; no study is available that 
supports this way of thinking. However, in clinical 
practice, remifentanil is mostly given because of hemo-
dynamic variable changes, which is also just an indi-
rect, albeit widely accepted, surrogate for nociception. 
Giving remifentanil by a closed-loop system makes 
sense. It would be interesting to see how the system 
would work with other opioids, such as fentanyl or 
sufentanil.
 4.  The fact that dual-loop systems maintain anesthesia 
around a target of 50 might limit its use for sedative 
purposes; here, Puri’s system has the advantage that 
any BIS value can be chosen by the user.

 5.  The dual-loop system can be used for induction and 
maintenance of anesthesia; for induction it has the 
advantage over manual induction in avoidance of tar-
get overshooting. In hemodynamically frail patients, 
this might lead to better hemodynamic stability dur-
ing induction of anesthesia.

 6.  The advantages of slightly shorter extubation times are 
probably not clinically relevant.

 7.  Similar to Puri’s system, the dual-loop system, or the 
single-loop propofol control system for that matter, 
continues with the last concentration of propofol and/
or remifentanil in situations of poor signal quality of 
the depth of consciousness monitor. In high noise 
areas such as the intensive care unit, where the signal 
could be absent for a longer period, this could lead to 
problems. A better adjustment of the concentrations, 
such as last average over a longer period, might be 
more suitable. It is not clear how the user overrides 
the system in these situations—that is, changes from 
manual to automated control again.

THE ROSTOCK EXPERIENCE: CLOSED-LOOP 
CONTROL OF TWO GENERAL ANESTHESIA 
COMPONENTS

In 2009,54 a research group from Rostock, Germany, pre-
sented a multiple-input-multiple-output controller (MIMO) 
for closed-loop control of target controlled infusion of pro-
pofol using BIS feedback and infusion of mivacurium using 
electromyography (EMG) feedback, based on an abstract 
presented in 2006.55

The two control systems work independently and are 
based on different control strategies.

The Rostock group used a conventional adaptive gen-
eralized predictive controller (aGPC) for control of neu-
romuscular blockade. An initial bolus is given and the 
individual reaction to it is used to drive an upstream on-
off controller (see also Chapter 53).

For hypnotic closed-loop control, they used an 
unusual fuzzy proportional, differential plus integral 
controller. Proportional means the actual difference 
between the measured BIS value and the target value; 
differential means the speed of the change between 
measured BIS and target BIS; and integral is related to 
the duration of the difference between measured and 
target BIS. PID controlling is the basis of most closed-
loop systems. The Rostock group linked the PID con-
troller with an attempt to categorize the degree of the 
difference between measured and target BIS, from high 
negative to high positive—meaning a big negative dif-
ference from measured to target BIS (too profound hyp-
nosis, e.g., −40) to a big positive difference (too light 
anesthesia, e.g., +40) with fuzzy gradual changes pos-
sible. The detailed description of the fuzzy PID control-
ler was published in 2003.56

In an initial clinical feasibility study in 20 patients 
(ASA physical status I and II) undergoing orthopedic or 
general surgeries, hypnosis was induced manually, after 
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which propofol was administered in closed-loop fashion 
via BIS (target = 40) feedback for an average of 95 min-
utes. Analgesia was manually provided using 0.2 to 0.4 
μg/kg/minute of remifentanil, a rather significant dose. 
The clinical controller performance is not published, but 
the Varvel parameter values are within the range of other 
closed-loop studies. The study unfortunately lacks a con-
trol group and is of small size.

In 2011, the same group published a feasibility study 
in 20 patients (17 ASA physical status I and II, 3 physical 
ASA III) undergoing a variety of minor to major surger-
ies of a mean 2 hours. After a manual induction of anes-
thesia, a closed-loop control of propofol (feedback: BIS = 
40) and mivacurium (feedback: EMG, T1/T0 = 10%, first 
dorsal interosseus muscle) was initiated. The controller 
performance of the propofol system was similar to oth-
ers observed by other research groups, with BIS within 
10% of target during 65% of the time; the controller 
performance of the mivacurium closed-loop system was 
equally good with 87% of the time within 10% of the tar-
get value. Unfortunately, the complete profile of clinical 
performance is not presented, especially the percentage 
of time of BIS greater than 60 or BIS less than 35 is not 
described. In addition, there is no control group. Whether 
a complete neuromuscular blockade is advantageous for 
surgery, especially surgery of the extremity, is doubtful. 
It would be interesting to see the controller performance 
of the neuromuscular blockade control in areas of what 
was formerly referred to as a “surgical relaxation,” in 
which possibly a simple upstream on/off controller will 
control limits. Historically, intense or deep neuromus-
cular blockade has been discouraged because of fear of 
prolonged or residual neuromuscular block. In the last 3 
years, extending deep neuromuscular blockade to the end 
of surgery may have had surgical benefits. Furthermore, 
such a block can be reversed with sugammadex (see also 
Chapters 34 and 35). Inherent risks exist for postopera-
tive residual paralysis as well as masking of intraoperative 
awareness, a somehow limited risk with continuous BIS 
monitoring (see also Chapter 50).

Summary of the Rostock Experience
The efforts of the research group in Rostock are summa-
rized here:

 1.  This system seems to be stable, promising control 
system for propofol and mivacurium, BIS, and EMG 
feedback control system with both arms acting inde-
pendently but with as good a performance as other 
closed-loop systems in the literature.

 2.  So far, they have published only small series of patients 
(two studies of 20 patients each), the vast majority ASA 
physical status I and II patients. The system needs to be 
tested in sicker patients and larger patient populations.

 3.  So far, their development is in the feasibility stage, 
with no study published yet with control groups of 
manual control.

 4.  Judging from the early results, adding fuzzy logic to 
a more conventional PID controller does not seem to 
improve the controller performance significantly.

 5.  Their system for induction of anesthesia has not been 
described.
THE WORK OF THE ITAG  
RESEARCH GROUP

The Intelligent Techniques in Anesthesia (ITAG) research 
group’s focus is on the importance of robot communica-
tion with the user.

The first study was published in 2009 and compared 
four different interfaces, from simple numerical and 
graphical, to mixed numerical-graphical, and a two-
dimensional interface, using the variables of reaction 
times, response accuracy, and workload in anesthesia 
care providers.57 The choice of interface can reduce the 
workload significantly; in that study setup, the mixed 
numerical-graphical interface showed the least workload 
(Fig. 86-11).

The same research group used the results of that 
study in subsequent designs of closed-loop studies. They 
incorporated user interfaces that allowed better com-
munications between potential users, either for purely 
monitoring purposes or manual intervention, and the 
closed-loop system.31

The presented closed-loop propofol system was a self-
adaptive system that showed similar performance values 
(both clinical and as controller performance), as work 
presented by other research groups. In a randomized con-
trolled trial, 40 patients undergoing surgery of an average 
2 hours were randomly located to either closed-loop pro-
pofol administration or manual propofol administration 
to maintain a BIS of 45.

As mentioned before, the system uses a unique user 
interface to display the closed-loop control, trying to give 
as much information as possible to the user, including 
a color-coded BIS display, with yellow to red indicat-
ing areas of particular concern of awareness or risk for 
arousal.

The system has a variety of user interaction opportuni-
ties that allow the user to define a distinctive individual 
profile of propofol control. These include the setting of 
minimal and maximal propofol infusion rates, the time 
intervals to calculate the new infusion rate (e.g., 30 sec-
onds), the time interval to calculate an offset trend to be 
used for self-adaption, and the speed of application and 
dose of a rescue bolus, which is the equivalent of the fast-
forward mechanism Liu and his research group used to 
counterattack areas in which the BIS value reached 60 
when there is a risk for arousal.

The system measures clinical performance (i.e., main-
tenance of BIS within 10% of target and avoidance of 
larger offset from the BIS target), median performance 
error, median absolute performance error, wobble and the 
global performance index, a composite parameter, similar 
to Liu’s global score in that the higher it is, the better 
is the performance. In contrast to Liu’s global score, it 
looks specifically at the percentage of excellent and poor 
control. A high value of global performance index (GPI) 
is characterized by a high percentage of BIS within ± 10% 
of the target and low MDAPE, wobble, and percentage 
of inadequate control. In this study, the GPI for closed-
loop control versus manual control was 155 versus 40, 
respectively.

The same research group designed a closed-loop 
system for remifentanil administration and then used 
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Figure 86-11. A, The numerical display shows trends value every 5 minutes and real-time value for the bispectral index (BIS), Analgoscore and 
phonomyographic (PMG) scores at the muscles of the thumb and the eyebrow. B, The mixed numerical-graphical display presents graphical 
trends on the left, separated graphical elements at the center, and numerical values on the right. C, The graphical display gives rudimentary 
numerical indications on the graphical elements. D, The advanced-graphical display shows two bidimensional scales; one for the BIS (y-axis) and 
Analgoscore (x-axis), the other for both phonomyographic muscle sites. The black dot indicates the real-time value.
the design and control elements to design a pharmaco-
logic robot nicknamed McSleepy. McSleepy has several 
unique features: it delivers induction and maintenance 
of anesthesia, hypnosis, analgesia, and muscle relax-
ation; autonomously it has the capability of live video 
feeding and telemedical capabilities; it communicates 
via voice commands with the user, telling him or her to 
perform certain manual gestures, and it guides during 
the emergence process; it also has a variety of manual 
user input possibilities and an intuitive touch screen 
interface.

It transforms a standard closed-loop system into more 
of a complete pharmacologic robot.

The features of McSleepy can be summarized as follows:

 •  Fully automatic or semiautomatic mode (e.g., closed-
loop hypnosis control, combined with manual 
analgesia control)
 •  Three closed loop controllers for induction and 
maintenance

 •  Self-adaptive PID for hypnosis using BIS or any other 
depth of consciousness monitoring parameter as 
feedback

 •  Self-adaptive PID for analgesia using the Analgoscore 
as feedback parameter

 •  On/off controller for neuromuscular block using any 
available neuromuscular blocking device

 •  Large touch screen interface as communication 
platform with user

 •  Four different screens: Setup screen, induction screen, 
maintenance screen, and emergence screens with 
automatic change in-between

 •  Communication with user: Output by voice commands; 
input at different stages of surgery

 •  Telemedical capability: Connection via Bluetooth or 
internet with any wireless device
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 •  Live video feeds
 •  Recording and monitoring of data
 •  The concept of McSleepy is based on the experience that 

anesthesia providers do not like to lose control of what 
is happening to their patient. Therefore, the anesthesia 
provider puts in patient data, such as weight, height, 
ASA physical status classification, and information 
as to which surgery will be performed, which drugs 
will be used or whether additional analgesic control 
is performed. In addition, the user chooses between 
fully automatic mode, in which all three components 
of general anesthesia are provided autonomously by 
the device, or semiautomatic mode, in which only one 
or more components are controlled autonomously. 
Therefore, the user or anesthesia provider via the touch 
screen can use McSleepy to administer anesthesia 
completely manually, semiautonomously, or fully 
automatic.

  

In fully automatic mode, the device allows focus on 
the patient, including manual ventilation. McSleepy 
directs and guides the user or anesthesia provider with 
voice commands. It uses BIS values to advise the user 
when to commence ventilation via a facemask and uses 
parameters from the induction screen that provides infor-
mation on the depth of consciousness, remifentanil dose, 
and neuromuscular blockade to advise on the right time 
to intubate the trachea, thus decreasing the workload of 
the anesthesiologist during induction of anesthesia and 
allowing focus on other clinical tasks. The targets of BIS, 
Analgoscore and neuromuscular blockade are automati-
cally chosen in fully automatic mode, but can be manu-
ally modified at any time. The user needs to indicate to 
the device definite steps of surgery, such as intubation, 
positioning, disinfection, incision, and 20 minutes to the 
end, which are also used as variables to modify control of 
drug dosing.

McSleepy uses a moving average infusion rate of a def-
inite time interval before the arrival of the artifact and 
not just the last infusion rate. The device will not admin-
ister a neuromuscular blocking drug if the BIS value is 
more than 60—that is, to avoid patient awareness while 
being partially or fully paralyzed. Another built-in safety 
measure is an automatic delay of 60 seconds between 
reaching the BIS target for induction and beginning 
administration of the neuromuscular blocking drug: 
this gives the anesthesiologist time to push the “can-
not ventilate” button on the induction screen to stop 
the administration of the neuromuscular blocking drug. 
Once the button “20 minutes to the end” is pushed dur-
ing surgery, no neuromuscular blocking drug is adminis-
tered. Manual override is questioned by the device with 
a reminder that it is 20 minutes to the end of surgery 
and whether the user wants to proceed. Once the sur-
gery is finished, communicated to the device by the user 
with a push button, the emergence screen appears and 
guides the user through the emergence process. This pro-
cess displays cumulative data of all drugs administered, 
trends of all parameters, and the present BIS values in 
reverse color coding, indicating BIS values greater than 
60 in a green area. When a definite BIS value of approxi-
mately 65 is reached, a voice command indicates to the 
user that it is time to wake up the patient. The basis for 
this design is to allow the user to focus visually on the 
patient or on hemodynamic, respiratory values while 
voice commands keep the user informed about aspects 
of anesthesia.58

McSleepy was tested in a randomized control trial of 
186 patients undergoing elective surgery, mostly major 
surgery, of an average duration of 3 hours.59 As other 
research groups have shown, clinical performance was 
significantly better in the closed-loop group for control 
of hypnosis, including avoidance of undershooting and 
overshooting, whereas the control of remifentanil was 
equally accurate in the manual and closed-loop groups, 
as demonstrated by the comparison of the Analgoscore in 
the two equally sized groups.

A 5-minute significantly quicker emergence occurred 
in the McSleepy group; however, the clinical relevance 
after 3 hours of surgery might be limited. The fact that 
the closed-loop administration avoids significant periods 
of BIS undershoot (BIS > 60), with the inherent risk for 
awareness, is clinically more important.

Figure 86-12 is an illustration of the control mecha-
nisms in McSleepy.

The same group also developed a closed-loop system, 
which integrates a decision support system into a closed-
loop propofol sedation system called a hybrid sedation 
system. The decision support side of the system has been 
previously described (see section on decision support 
systems).

The closed-loop system for propofol sedation inte-
grates BIS monitoring, peripheral O2 saturation, and 
respiratory rate as sensors into a closed-loop system, using 
PID controllers. The controller uses an individualized 
dosing scheme, which is established after an initial bolus 
is given to the patient and the reaction of the patient is 
analyzed, thus creating an individualized PID controller 
(Fig. 86-13).

Summary of the ITAG RESEARCH GROUP 
WORK
The efforts of the ITAG research group are summarized 
as follows:

 1.  The focus of the ITAG group is on the development 
of an integral pharmacologic robot that can interact 
with the user. The control mechanisms are of inter-
est, not because they use very different basic control-
lers—in fact, they use PID and on-off controllers—but 
because they use surgical time points as control 
mechanisms, such as positioning, incision, or type 
of surgery, which can be integrated in the control 
mechanism.

 2.  McSleepy offers both fully autonomous and semiau-
tomatic control, thus allowing use in fully manual 
mode, semiautomatic mode (some anesthesia compo-
nents are controlled automatically), or fully automatic 
mode.

 3.  McSleepy communicates with the user with voice com-
mands, allowing the anesthesiologist to focus on the 
patient.

 4.  It incorporates closed-loop safety features such as arti-
fact control, and, in addition, safety features resembling 
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common everyday practices, such as the confirmation 
that facemask ventilation is possible before administra-
tion of a neuromuscular blocking drug.

 5.  McSleepy also incorporates telemedical capabilities 
and video feeds.

CLOSED-LOOP CONTROL SYSTEMS FOR 
NEUROMUSCULAR BLOCKADE

Closed-loop control systems were designed in the 
1980s and primarily used neuromuscular blockade 
results from electromyography as the feedback method 
because the device was easy to connect to any closed-
loop circuit via an RS232 interface (see also Chapter 53). 
Interest in these early systems was not so much based 
on their clinical application, but as a research tool to 
evaluate the interaction between drugs, specifically 
the potentiation of neuromuscular blocking drugs by 
volatile anesthetics. The controllers97-107 ranged from 
simple on/off controllers, over classical PID controllers 
to adaptive model-based controllers; one study group 
even used a highly complex neural network controller, 
called a dynamic matrix controller60 and one a fuzzy-
logic controller.61

All closed-loop systems started with a manually 
administered large single bolus of neuromuscular block-
ing drug to achieve or surpass the desired and mostly pro-
found level of neuromuscular blockade, after which the 
neuromuscular blockade response was allowed to recover 
spontaneously, while the closed-loop system started the 
maintenance of a continuous infusion of a given neuro-
muscular blocking drug, mostly using the individually 
calculated reaction of a patient to the bolus dose, thus 
creating an individualized control mechanism, irrespec-
tive of the controller used.

Despite a summary table showing no specific superi-
ority for any type of controlling theorem, the adaptive 
model-based controller62 and the dynamic matrix con-
troller are reviewed in this chapter.

The adaptive model-based controller first assumes 
that a certain model reflects accurately the pharmaco-
kinetic-dynamic relationship of a given drug; Olkkola 
and associates62 used a two-compartment model (bio-
phase-effect compartment and central-blood compart-
ment). After a bolus application of the neuromuscular 
blocking drug, a certain concentration in the biophase 
is achieved that can be described using a mathematic 
formula:

 Ce(t) = ∫ t
0dt

′
G(t − t

′
)I(t

′
) 

This formula describes the relationship between drug 
input function I (t) and drug concentration in effect com-
partment ce(t)
And

A second formula describes the relation between con-
centration ce(t) and effect E(t):

 E (t) = Emax[Ce (t)]γ

Cγ
0 + [Ce (t)]γ

 

Certain parameters of these formulas are updated 
throughout the process of continuous neuromus-
cular blocking drug administration, thus creating a 
model-based, adaptive controller. Obviously, the specific 
parameters of these formulas need to be adjusted for each 
neuromuscular blocking drug or any other drug, because 
their uptake and elimination from central compartment 
to effect-site compartment differs.

Geldner and associates60 chose a different path; they 
first performed many cases of general anesthesia with 
manually guided neuromuscular blockade to establish 
a neural framework, which was subsequently tested 
in a validation period. A neural network tries to “act” 
like a human brain, thereby adapting its action to pre-
vious experiences, learning from wrong-right decision 
making. Using a “dynamic controller,” the system is 
assumed to be able to learn from its right or wrong 
decisions.63

As a basis, the system takes into account, at any given 
time, the last 20 twitch tension values, calculates a pre-
dicted twitch tension response, based on four differ-
ent infusion rates, and adjusts the actual infusion rate 
according to the closest match between predicted twitch 
tension response and target twitch tension response 
(Fig. 86-14).

The theoretical basis for both model-driven, adaptive 
as well as neural network–based controllers, is interesting, 
but no apparent advantage has been found in terms of 
controller performance of any controller theorem, from 
very simple on/off controllers to highly complex neural 
networks, as Table 86-5 shows.

The most important clinical relevance of closed-loop 
systems for neuromuscular blockade is not so much in 
their clinical application—that is, the necessity for con-
tinuous, steady, or profound neuromuscular blockade is 
controversial at best, but in their utility for (objective) 
evaluation of drug interactions, especially the interaction 
with volatile anesthetics.64-69

CLOSED-LOOP CONTROL OF VOLATILE 
ANESTHETICS

Target-Controlled Infusion of Volatile 
Anesthetics: The ZEUS Device
It is important to understand that what is called “closed-
loop control of volatile anesthetics” is mostly related to 
the maintenance of a steady end-tidal concentration of 
volatile anesthetics or oxygen, as is commercially avail-
able in the ZEUS Draeger anesthesia machine. Although 
there is a closed-loop system that continuously measures 
the end-tidal concentration and regulates the end-tidal 
concentration to a steady level, irrespective of flow rate, 
it lacks integrated patient feedback monitoring. There-
fore, it is not an automated patient anesthesia delivery 
system in the sense that the patient’s biofeedback is used 
to guide hypnosis.

The functioning of the system is described as such: 
“The inspired and expired concentrations are measured 
by sidestream infrared technology and paramagnetic O2 
sensors. The sample gas flow is fed back to the system, so 
that the system is completely “closed.” In addition, the 
fresh gas mixture is servocontrolled to keep the inspired 
O2 concentration at the targeted level and to maintain a 
constant ambient pressure at the end of expiration in the 
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TABLE 86-5 CONTROLLER PERFORMANCE

First Author Reference Year Agent Control Feedback Target (%) N Offset (%)

Asbury 97 1986 PANC PID EMG T1/T0 = 20 40 7
De Vries 98 1986 VEC On-off EMG T1/T0 = 15 28 2
Webster 99 1987 ATR PID EMG T1/T0 = 10 20 1.1
Wait 100 1987 ATR On-off EMG T1/T0 = 5 11 3
Uys 101 1988 ATR Adaptive model-based MMG T1/T0 = 15 11 4
MacLeod 102 1989 ATR PID EMG T1/T0 = 20 36 1.3
Ebeling 103 1991 VEC Adaptive model-based EMG T1/T0 = 10 11 0.65
Olkkola 62 1991 ATR Adaptive model-based EMG T1/T0 = 10

T1/T0 = 30
T1/T0 = 50

5
5
5

1.1
0.2
0.1

Kansanaho 104 1997 ATR
VEC

Adaptive model-based EMG T1/T0 = 10 10
10

2.9
4

Edwards 61 1998 ATR Adaptive fuzzy logic AMG TOF = 10 10 0.45
Geldner 60 1999 MIV Adaptive dynamic matrix KMG T1/T0 = 5 20 0.55
Hemmerling 65 2001 CIS Adaptive model-based EMG T1/T0 = 10 56 2-3
Pohl 105 2004 CIS On-off EMG T1/T0 = 10 20 −1.6%
Eleveld 106 2005 ROC PI AMG TOF count 1-2 15 4
Schumacher 107 2006 MIV Adaptive model-based EMG T1/T0 = 10 11 1.8

AMG, Acceleromyography; ATR, atracurium; CIS, cisatracurium; EMG, electromyography; KMG, kinemyography; MIV, mivacurium; MMG, mechanomyog-
raphy; PANC, pancuronium; PI, proportional-integral; PID, proportional-integral-derivative; ROC, rocuronium; dynamic matrix = neuronal network 
based; T1/T0, first twitch ratio from twitch height before administration of neuromuscular blocking agent; TOF, train of four; VEC, =vecuronium.
manual breathing bag. If this pressure declines, fresh gas 
flow is automatically increased in response; conversely if 
the pressure rises, fresh gas flow is reduced.”70

Undeniably, these systems can have some clinical 
advantages, such less overshoot and undershoot when end-
tidal concentrations need to be changed,71 lower costs,72 
and a reduction in the workload for the anesthesiologist.70

However, they do not adjust the concentration of the 
end-tidal concentrations of volatile anesthetics according 
to the measured depth of consciousness or any other 
patient parameter.

CLOSED-LOOP SYSTEMS FOR VOLATILE 
ANESTHETICS

Few published studies describe the design and clinical 
testing of truly closed-loop volatile anesthesia delivery 
systems that use depth of consciousness monitoring as a 
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feedback parameter. One such system by the Puri research 
group46 has already been described.

Another system was presented by the Bern research 
group of Zbinden and A. Gentilini.71-73 The system is 
similar to Puri’s and uses isoflurane, now a rarely used 
volatile anesthetic. The controlling system integrates an 
outer cascade, feeding back the end-tidal concentration 
to the system via a simple proportional-integral control-
ler, and an inner controller that incorporates feedback 
from the BIS into model-based algorithms to maintain a 
given level of hypnosis.

The safety switch is an electrical push button to switch 
the gas supply back to the standard dosing system.74

The controller samples the BIS every 5 seconds and 
adjusts the doses accordingly. The Bern group used a 
model-derived external controller similar to the control 
models used for intravenous anesthetic drugs.

The system has safety algorithms built in that are 
plausibility measures. For example, the inner controller 
recognizes only “true” isoflurane concentration values 
between 0 and 5 vol%, and all other measured values are 
disregarded as artifacts, as well as artifact safety measures 
when the BIS values are prone to electric or other dis-
turbances. In this event, the system switches to a purely 
model-based administration of isoflurane, set by the 
anesthesiologist before the procedure. It also incorporates 
some adaptive-control mechanisms with the hemody-
namic and BIS reaction to the skin incision used to adjust 
the control algorithms individually. In a randomized con-
trol trial (patients undergoing major surgery, ASA physi-
cal class I through III, N = 10 each group), closed-loop, 
BIS feedback administration of isoflurane was compared 
with manual, BIS-guided isoflurane administration with 
a target BIS of 50 for a mean duration of approximately 2 
hours. Analgesia was maintained manually in all patients 
to sustain blood pressure and heart rate within 20% of 
the preoperative values. Unfortunately, the clinical per-
formance of the two groups, meaning the percent of time 
in which the measured BIS value was within 10% of the 
target value, is not presented; however, the Varvel values 
favor closed-loop control. An assessment of how clinically 
important this difference is cannot be made without the 
presentation of the clinical performance. In addition, the 
amount of isoflurane concentration changes over time is 
not presented, which limits the evaluation of the perfor-
mance of the manual group. If almost no changes in con-
centration levels were performed in the manual group, 
this could affect the reproducibility of the results. Signif-
icantly fewer episodes were found of BIS values greater 
than 65 for more than 3 minutes in the closed-loop group 
than in the manual group, which could mean better out-
come by lowering the risk for awareness during surgery.

One issue is the significantly higher alfentanil concen-
tration in the manual group; however, it is possible that 
this might not have affected the performance results of 
the study.

CLOSED-LOOP CONTROL OF ANALGESIA

Although adequate monitoring parameters for hypno-
sis and neuromuscular blockade are available, no such 
monitoring parameter is available for assessing pain dur-
ing unconsciousness. However, there is clinical consensus 
that hemodynamic changes can be used as an indirect 
parameter to assess pain or nociception. Most anesthe-
siologists use vital signs as parameters, such as arterial 
blood pressure and heart rate, in a variable.

The first attempt to use hemodynamic variables clini-
cally was published in 2000.75 Arterial blood pressure was 
rated as having a 5/6 importance for pain control, with 
heart rate as 1/6. A fuzzy-logic controller was used to 
direct a continuous infusion of alfentanil. Using this con-
troller in eight patients, the mean arterial pressure stayed 
within 15% of the target in almost 90% of the time; no 
results for heart rate stability were given. A research group 
around Gentilini76-79 in Bern tested a model-based pre-
dictive controller for target-controlled alfentanil in 13 
healthy patients undergoing minor surgery. The control-
ler only used mean arterial blood pressure.

The model predictive controller with mean arterial 
pressure as the primary and predicted plasma alfentanil 
concentration (Pred Cp) as a secondary input variable is 
depicted (PK = pharmacokinetic).

This feasibility study did not have a control group. The 
mean absolute deviations from the target mean arterial 
blood pressure of 70 to 90 mm Hg (individually chosen 
by the attending anesthesiologist) was 11 mm Hg during 
surgery, which is equal to a mean offset of approximately 
15%. The study does not present how often the alfentanil 
concentration was changed during surgery.

None of these closed-loop studies compared the con-
troller performance with a control group, which limits 
the assessment of performance.

One study presented some novelties: the presentation 
of a new composite pain score, a closed-loop control algo-
rithm, the closed-loop control of remifentanil, and a focus 
on the user interface; probably one of the first closed-loop 
studies that took into account the importance of the user 
interface.80

Because all previous closed-loop studies had used 
hemodynamic parameters as surrogate targets for intra-
operative pain perception and nociception, the lat-
ter study composed a novel score, called Analgoscore. 
Analgoscore uses mean arterial blood pressure and heart 
rate as the basis for a score that ranges from −9 (too 
profound analgesia) to +9 (insufficient analgesia), with 
a target of 0 as a perfect balance between analgesic treat-
ment and pain. The score also takes into account other 
physiologic changes that can influence the antinocicep-
tion validity of these hemodynamic parameters, such as 
hypovolemia and vagal reactions. The control mecha-
nism is an adaptive PID controller, which analyzes past 
offset in integral time intervals and adjusts the infusion 
rate accordingly.

In a comparative trial, the Analgoscore was used to 
titrate remifentanil infusion in 27 patients undergoing 
surgery of almost 2 hours duration. In one group of 
16 patients, remifentanil was administered using the 
closed-loop system. In the control group of 11 patients, 
anesthesiologists were advised to use the Analgoscore 
as guidance for remifentanil infusion rate settings with 
the goal to maintain a value of 0 as much as possible. 
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Figure 86-15. User interface. Different areas define different zones of pain control. The range of the Analgoscore is defined from −9 (too pro-
found analgesia) to 9 (insufficient analgesia) in increments of 1. Three control areas were defined, with −3 to +3 representing excellent pain 
control, −3 to −6 and 3 to 6 good pain control, and −6 to −9 and 6 to 9 inadequate pain control. These areas are color-coded. In addition, a 
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There was a tendency toward more excellent analge-
sia control (Analgoscore between +3 and −3) in the 
closed-loop group at 84% of the time versus 70% in 
the control group. Because the control group used the 
Analgoscore for pain guidance, specific attention was 
paid to design a user interface that made this task as 
easy as possible. The user interface is color-coded, with 
green indicating the target Analgoscore area, and shows 
the target and measured values for heart rate and mean 
arterial pressure, trends, and the last and new infusion 
rates (Fig. 86-15).

REGULATORY ISSUES: WHY ARE  
CLOSED-LOOP SYSTEMS NOT YET 
COMMERCIALLY AVAILABLE?

Based on the presented research, the following assess-
ments of closed-loop systems in comparison to manual 
anesthesia can be made:

 •  Better maintenance of a given target
 •  Less overshooting and undershooting of target
 •  Quicker reaction to potentially adverse effects, such as 

BIS values above 60
 •  Better hemodynamic control
 •  Tendency toward faster recovery and lower 

consumption of drugs
  

In 2008, Manberg and associates81 described the key 
product development issues that needed to be addressed 
with closed-loop systems. It was recently modified 
according to the recently published literature and to 
take into account uses of the system for other than for 
hypnosis.

Selection of all major subcomponents is as follows:
 •  Drug used (propofol, volatile anesthetic, opioid, 
neuromuscular blocking drug)

 •  Infusion pump (peristaltic, piston, syringe, variable 
rate, target-controlled–based)

 •  Physiologic control variable (composite score for pain 
during unconsciousness, electrocardiogram-derivative 
parameter, neuromuscular blockade monitoring 
method)

 •  Monitoring device (stand-alone or integrated)
 •  Target levels (specific target, range of target, variable, or 

fixed)
 •  Controller algorithms (classic on/off PID; model-based; 

or fuzzy-logic, neural networks; self-adaptive, Bayes 
principle)

 •  Single, dual, or triple systems (related to components of 
general anesthesia, closed-loop controlled)

  

Assessment and mitigation of all hazards associated 
with each component, separately and after integration 
into the system, is a follows:

 •  Are all risks and performance characteristics known?
 •  Were all software and hardware components devel-

oped using an effective design control process?
 •  Were appropriate software performance models used 

for testing the potential impact of extreme condi-
tions?

 •  Have all international regulatory standards been  
followed?

 •  Have the patient populations and intentions been 
identified?

 •  General anesthesia or sedation?
 •  Operating room, intensive care unit, or procedural 

setting?
 •  Elective surgery, ambulatory surgery, intensive care 

unit analgosedation, procedure suites?
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Design and execution of successful clinical trials with 
meaningful outcome benefit is as follows:

 •  Selection of primary end point
 •  A priori identification of clinically relevant degree of 

improvement of outcome
 •  Comparison to:
 •  Open-loop?
 •  Defined treatment algorithm?
 •  Standard clinical practice?

  

It is also evident that decision support systems, which 
are understudied in anesthesia research, can be a bridge 
between purely manual anesthesia delivery and robotic 
anesthesia. The transition from textbook knowledge 
to decision support systems resembles the step from a 
typewriter to a computer. Extensive research should be 
focused in this area in the near future.

TELE-ANESTHESIA

Since late 2000, telemedicine has been a major initiative 
of the European Union and the World Health Organiza-
tion (WHO). It is defined as the remote application of 
medicine and is intended to improve access to high-qual-
ity health care in areas where there is a scarcity of such 
health care facilities. Despite these important initiatives, 
telemedical applications in anesthesia, called “tele-anes-
thesia,” has been very limited. In theory, tele-anesthesia 
can be applied to preoperative remote assessment as well 
as remotely controlled anesthesia delivery.

REMOTE PREOPERATIVE ASSESSMENT

In a pilot study, Wong and associates82 provided remote 
clinical consultations in rural areas of central and North-
ern Ontario, Canada. An anesthesiologist (consultant 
site) and a nurse (remote site) worked together via an 
Internet-based portable videocommunication device. 
With these technologic tools, the anesthesiologist could 
retrieve the patient’s history; do a physical examination, 
albeit limited to the use of an electronic, digitalized 
auscultation and visual examination; and assess the air-
way with a specific airway camera. Unfortunately, this 
pilot study focused only on the feasibility and degree of 
satisfaction with the procedure from the patients’ and 
anesthesiologists’ perspective, but not on a scientific 
comparison between remote and local patient preop-
erative assessment. The validity of the airway assess-
ments obtained using the analogue airway camera is 
not clear. Several such portable videocommunication 
units, called remote presence devices, are commercially 
available and extensively used in surgical rounds across 
the United States. Remote presence devices can be help-
ful for consultations in anesthesia, but the validity of 
these remote consultations in difficult patients needs to 
be scientifically examined before their widespread use 
in anesthesia. The early results of use in other fields of 
medicine is encouraging. The remote presence device 
is used with a nonexpert local user to perform expert 
actions, such as remote point-of-care neuromodulation 
in neurosurgery83 or assist surgical rounds in surgical 
intensive care units.84

The use of such devices also could be envisioned 
for preoperative or postoperative rounds in anesthesia 
patients.

A personal computer–based system with standard 
audio-video connections via Skype was used to assess 
patient history and perform an airway assessment auton-
omously by using the built-in cameras of a modern 
computer.85 This system enabled communicating with 
a patient at home before surgery, establishing the his-
tory and airway assessment, without the necessity for the 
patient to go to a hospital or without necessity of any 
additional manpower, such as a nurse. Because history 
taking and airway assessment are the most important 
features of a preoperative anesthesia assessment, such a 
system could avoid unnecessary traveling for a majority 
of patients.

REMOTE LIVE AUDIO-VIDEO MONITORING 
AND CONSULTATION IN ANESTHESIA

The Internet has made it possible to have Internet-based 
audio-video communication for live monitoring and 
consultation. Several case reports have been published 
in which remote audio-video monitoring, including live 
patient vital-sign monitoring, were provided over a dis-
tance of continents. Remote live audio-video commu-
nications has been used to communicate and monitor 
difficult anesthetic management cases, such as pediatric 
liver transplantation86; more routine cases, such as the 
live recording of endotracheal intubation87; and for the 
management of difficult intubation.88

REMOTE-CONTROLLED ANESTHESIA 
DELIVERY

A pilot study used a dedicated fiberoptic Internet con-
nection to investigate the feasibility of doing target- 
controlled propofol infusion via a closed-loop system 
with EEG feedback. The 11 patients in the study were 
undergoing general anesthesia in Munich from Erlangen 
in Germany, a distance of 200 kilometers.89 The study was 
successful; however, at one point the Internet connection 
broke down and one patient was continued with a local 
propofol infusion. Closed-loop control was performed 
during 65% of the time and induction was performed 
manually, with only propofol controlled remotely and by 
closed-loop. However, the performance of the closed-loop 
system was unaffected by remote control; the performance 
was based on the control algorithms and biofeedback sys-
tem used.

In 2010, the first transcontinental robotic anesthesia 
was performed between Montreal (remote site) and Pisa 
(local) site, with all three components of general anesthe-
sia, hypnosis, analgesia, and muscle relaxation controlled 
remotely via three closed-loop systems, as well as anesthe-
sia from induction to emergence. The endotracheal intu-
bation was monitored live from the remote center and 
guidance given if necessary; preoperative assessment of the 
patients was equally performed remotely and locally and 
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Figure 86-16. Illustration of transcontinental anesthesia setup. BIS, Bispectral index.

Figure 86-17. The Kepler Intu-
bation system. A, Standard game 
joystick with two handles. B, Kepler 
system consisting of robotic arm, 
videolaryngoscope in use in airway 
mannequin.

A B
compared; and four additional cameras allowed remote 
monitoring: one camera was installed on the head of the 
local anesthesiologist, a second camera gave a live feed 
from the ventilator setting and monitoring variables, a 
third camera gave a live feed from the vital signs monitor, 
and the fourth camera gave a live feed from the surgical 
site.90 Twenty patients were enrolled in this pilot study. 
Robotic remotely controlled anesthesia was successful in 
all patients, with no manual or local override necessary. 
The preoperative assessment of the patient history showed 
very good agreement between local and remote sites; only 
the assessment of the Mallampati classification was lim-
ited by the quality of the video camera angle (Fig. 86-16).

The latter study shows what is feasible in operating 
rooms worldwide using current technology, and the high 
quality of standard, nondedicated Internet connections 
that allow remote assistance with such anesthetic proce-
dures as:

 •  Remotely guided videolaryngoscopic intubation
 •  Remote control of induction, maintenance, and 

emergence from anesthesia by pharmacologic robots
 •  Live feeds from key interest areas during surgery: vital 

sign monitor, ventilator, surgical site, and general 
overview

 •  Remote preoperative assessment
MANUAL ROBOTS

ROBOT-ASSISTED INTUBATION OF  
THE TRACHEA

The work of the anesthesiologist consists of administration 
of anesthetic drugs, as well as manual gestures from inser-
tion of intravenous cannulas to endotracheal intubation. 
In the anesthetic sense, a manual robot is the equivalent of 
a surgical robot, which is an extension of a surgeon’s arms 
and hands but with improved precision and less tremor. 
Tighe and associates91 used a DaVinci surgical robot to 
assist endotracheal intubation in an airway mannequin. 
One of the DaVinci’s robotic arms was equipped with 
a camera and placed over the head of the mannequin; 
another arm used a small grasper; and a third arm had 
a large grasper that allowed hand and arm movements. 
The fourth arm manipulated the fiberoptic bronchoscope 
that was inserted nasally and orally. The DaVinci robotic 
system was not made for this kind of gesture, so the 
two simulated intubations proved rather difficult; using  
a $1.5 million robotic system to assist with intubations 
might be limited to scientific curiosity. The ITAG group 
from Montreal developed a novel robotic system specifi-
cally for endotracheal intubations, called Kepler Intuba-
tion system (Fig. 86-17).92
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In the first simulation study, endotracheal intubations 
were successfully performed with direct and indirect 
views in 30 successful attempts, each showing a consider-
able learning curve. The system is manipulated using a 
standard two-part joystick, which is connected with a car-
bonfiber robotic arm that allows for 6 degrees of freedom 
and has a standard videolaryngoscope attached. Several 
live video feeds from inside and outside the throat aided 
in the alignment of the Kepler for intubation. The advan-
tage of using the Kepler is that its operation is not affected 
by the user’s physical attributes—tall or small, strong or 
weak users will be able to handle the system equally well. 
Furthermore, in a third series of 30 intubations, the scope 
was simply aligned at the top of the mouth and intuba-
tion performed automatically using prerecorded move-
ments. The high reproducibility of the intubations was 
impressive, and these were always performed in exactly 
40 seconds, proving the key characteristics of a robot—
no fatigue and better reproducibility of the results than 
humans. The same group followed the simulation study 
with a trial in 12 patients that had a success rate of 91%; 
one intubation was not possible because of fogging of the 
videolaryngoscope and all intubations were performed 
within 2 to 3 minutes.93

It is too early to say where technology in terms of 
robotic intubations might lead. The question is whether 
the goal is to simply assist anesthesiologists in this task or 
replace them and have the whole procedure performed 
by the robot, autonomously.

MANUAL ROBOTS FOR REGIONAL 
ANESTHESIA

Regional anesthesia can be a complex procedure; mod-
ern regional anesthesia is based on the combined use 
of an ultrasound device with probe manipulation, syn-
chronous visualization of the nerve on the screen, and 
a nerve block needle and catheter. In combination with 
attentiveness to sterile techniques, the medical provider’s 
bimanual coordination might suffer during these manual 
gestures, as many residents or regional ultrasound nov-
ices have experienced. Often, while manipulating the 
ultrasound probe, the coordination of the needle move-
ments can be difficult and cumbersome. In addition, the 
mere nerve recognition on the ultrasound screen neces-
sitates thorough training, sometimes a fellowship. Com-
mercially, help is limited but available as either echogenic 
needles or systems that try to improve the visualization 
of the needle on the ultrasound screen, such as the 
advanced needle visualization system (Sonosite, Bothell, 
WA), which enhances the visibility of the needle by using 
specific algorithms, and the more cumbersome SonixGPS 
technology, which shows the relative positions between 
the needle and the ultrasound image so the needle can be 
easily positioned in the region of interest. However, these 
systems simply help to visualize the needle within the 
ultrasound image. The ITAG group recently published 
a study in which a specific image recognition software 
actually identified the nerve autonomously. This software 
can be used by the anesthesiologist to recognize the nerve 
and guide a needle to it and can be used as a target area 
for a completely robotic nerve block.94 Using proprietary 
image recognition software on 100 ultrasound images of 
the sciatic nerve in the popliteal fossa, they were able to 
detect the nerve center within the automatically defined 
nerve areal in 99% of the images and showed an over-
lap between manually defined nerve area and automati-
cally detected nerve area between 100% (1 mm diameter 
around the nerve center) to 69% (1 cm diameter around 
the nerve center) (Fig. 86-18).

Developing software that detects nerves can be an 
important step leading to complete automatic nerve 
blocks.

Using robotic devices to assist manual gestures involved 
in regional anesthesia is another means of advancing 
robotic anesthesia. Tighe and associates95 performed an 
ultrasound-guided nerve block and nerve catheter inser-
tion in a regional nerve block mannequin; although the 
ultrasound probe was placed manually, the block was per-
formed using the DaVinci system similar to their work in 
robotic intubation. Again, a considerable degree of dif-
ficulty was encountered (Fig. 86-19).

The ITAG group designed and developed the Magellan 
robotic nerve block system and tested it in 13 patients.96 



Sixteen sciatic nerve blocks were performed, with 100% 
success rate. The system uses a joystick and a robotic arm 
with 6 degrees of freedom, which has a standard syringe 
and needle attached to the end of it. The whole system 
is managed through a so-called cockpit, which integrates 
the ultrasound image and live feeds from external video 
cameras and allows the control of different arm speeds 

Figure 86-19. Manipulation of nerve block needle using the DaVinci 
system on a regional block mannequin.

Figure 86-20. The Magellan regional block robot in action (top) and 
view from “cockpit” (bottom).
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(low to high speed, which can be modified according to 
the user’s preferences) (Fig. 86-20).

At the present stage, the whole system resembles the 
concept of surgical robots that allow fine-tuned precise 
handling of the instruments as extension of the user’s 
arms and hands. Future development is envisioned to 
further automatize the whole process.
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Anesthesia for Robotically  
Conducted Surgery
SUMEET GOSWAMI • PRIYA A. KUMAR • BEREND METS

K e y  P o i n t s

 •  Robotic surgery has witnessed explosive growth in recent years. In 2011, 360,000 
procedures were performed with the Da Vinci system.

 •  Robotic surgery is accomplished with an autonomous, reprogrammable 
manipulator designed to move and articulate specialized instruments through 
programmed motions that achieve a specific task. A robot can be given three-
dimensional coordinates from any imaging device (e.g., computed tomography) 
that allows it to recognize surfaces on which it will perform a specific, 
programmed task.

 •  Robotically assisted surgery involves mechanical devices that move by a motorized 
system under partially programmed control and that can be instantly controlled or 
modified by a surgeon’s intervention.

 •  Computer-assisted surgery involves systems that are manually controlled by the 
surgeon and that include a tracking system, sensors, and end-effector instruments. 
This system provides direct and continuous control of movements.

 •  Telesurgery refers to the ability to perform surgery using computer-assisted 
instruments from a remote location.

 •  Telemanipulation refers to the ability to produce electronically precise instrument 
movements from a remote location.

 •  Telepresence refers to the virtual projection of images from remote sites. Virtual 
projection allows the surgeon to visualize intended robotic movements at distant 
locations. It also enables telementoring, which is supervision and instruction from 
a remote location.

 •  Robotically assisted surgical thoracic procedures have increased the duration of 
required general anesthesia. Concomitantly, the duration of one-lung ventilation 
has been taken to new time extremes, which has given us insight into the 
respiratory physiology of prolonged one-lung ventilation. As surgeons gain 
expertise with robotically assisted surgery, operative times are expected to shorten 
dramatically to approach those for traditional open surgery.

 •  Because of the proximity of the side cart to the patient, the patient must be 
guarded against inadvertent contact from the motions of the robotic arms. Even 
more important, after the instruments are engaged to the arms of the robot and 
are inside the patient, the patient’s body position cannot be modified unless the 
instruments are disengaged entirely and removed from the body cavity.

Acknowledgment: The editors and the publisher would like to thank Dr. Ervant Nishanian, 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.
Robotic surgery is the resulting transformation of the 
minimally invasive surgical evolution. Robotic devices 
are being introduced to surgery because they allow 
unprecedented control and precision of surgical instru-
ments in minimally invasive procedures. The anticipated 
benefits of robotic or robot-assisted surgery to the patient 
include less pain and trauma, shorter hospital stays, 
quicker recovery, and a better cosmetic result. With these 
technologic innovations, new anesthetic implications for 
patient care are being discovered. As surgery evolves into 
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the robotic era, anesthesiologists should keep abreast of 
these changes and their effect on patient care and safety.

Surgical robots are being used in numerous operat-
ing rooms around the world. These are not true autono-
mous robots that perform surgical tasks; rather, they are 
mechanical “helping hands” that offer assistance in vari-
ous fields of surgery. These machines still require human 
intervention to operate or to provide input instructions. 
Robotic devices are used to help surgeons, not to replace 
them.
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HISTORY

The word robot was first used by Capek in his play  Rossum’s 
Universal Robots in 1921. It is derived from the Czech word 
robota, meaning “forced labor.”1 Robots were first devel-
oped by the National Aeronautics and Space Administra-
tion (NASA) for use in space exploration.2 These devices, 
or telemanipulators, were capable of performing manual 
tasks aboard a spacecraft or out in space. The slave devices 
were controlled electronically from a remote master con-
trol on Earth or aboard a spacecraft. Telemanipulators 
were used extensively aboard NASA’s space shuttle mis-
sions between 1983 and 1997. Research in trajectory and 
missile guidance systems eventually led to highly precise 
targeting mechanisms. Precision pointing at targets, such 
as the Earth and stars, was crucial for Spacelab telescope 
experiments. Telemanipulators such as the Instrument 
Pointing System were specifically designed for extreme 
accuracy (±1.2 arcsec). Scientists at NASA Ames Research 
Center were responsible for developing virtual reality. 
The idea took root with contributions from a visual pro-
gramming language and Dataglove, an interactive device 
that facilitates tactile sensing and fine-motion con-
trol. Their integration made it possible to interact with 
three- dimensional virtual scenes. It took the integration 
of robotic engineering and virtual reality, however, to 
develop a dexterous telemanipulator for the anastomoses 
of nerves and vessels in hand surgery.

From these applications, it became apparent to the 
U.S. Department of Defense (DOD) that virtual reality 
and telepresence might serve a useful function in treat-
ing wartime casualties on the battlefield. Through virtual 
reality, the surgeon could be brought to the patient’s 
side, an idea described by the term telepresence. Data from 
wounded casualties of the Vietnam War estimated that, 
of all wounded soldiers, one third died of head and mas-
sive injuries, and an additional one third died of exsan-
guinating hemorrhage, but had the potential to survive if 
they were treated in time.2 The DOD sought to improve 
medical presence on the battlefield given that one third 
of casualties could be saved. Telepresence allowed a sur-
geon located aboard an aircraft carrier to perform surgery 
(with the aid of telemanipulation) on wounded soldiers 
located in a remote location on the battlefield. With this 
idea in mind, the DOD funded much of the research in 
telemanipulation for remote mobile surgical units that 
would allow for telepresence.

Another impetus for the development of robotic sur-
gery came from the inherent limitations of laparoscopic 
surgery. Mouret performed the first video laparoscopic 
cholecystectomy in Lyons, France, in 1987.3 In 1988, Peris-
sat and coworkers4 presented this innovation to the Soci-
ety of American Gastrointestinal Endoscopic Surgeons, 
and an exponential spread of laparoscopic surgical pro-
cedures began. Although laparoscopic surgery provided 
great benefit for patients, it brought tremendous surgi-
cal limitations, such as loss of three-dimensional vision, 
impaired touch sensation, and poor dexterity provided by 
the long instruments and the fulcrum effect. The fulcrum 
effect is a nonintuitive motion of the instrument tips in 
the opposite direction around a fixed point, usually at the 
skin entrance site. New skills had to be learned. Initial 
attempts to surmount the burdens of endoscopic surgery 
provided the impetus for robotic support systems that 
can enhance surgical skills and control of instruments.

The first surgical robotic devices appeared in the 1980s 
for use in stereotactic brain surgery. In 1992, ROBODOC 
(Integrated Surgical Systems, Sacramento, CA) was intro-
duced for grinding bone to make space for prostheses in 
hip replacement surgery. Positioning robots were intro-
duced by the mid 1990s. The Automated Endoscopic Sys-
tem for Optimal Positioning (AESOP; Computer Motion, 
Goleta, Calif.) was introduced for voice-controlled opti-
mal camera positioning, and Laparoscopic Assisted 
Robotic Systems (LARS; John Hopkins University, Bal-
timore, Md.), an automated robot, was introduced for 
organ retraction.5 The first master-slave manipulator for 
medical use was developed at Stanford Research Institute 
in 1991. The goal was to have computer algorithms that 
translate a surgeon’s master manual movements to end-
effector slave instruments at a remote site. Early designs 
had only four degrees of freedom, but by 1992, a German 
prototype was developed with six degrees of freedom 
(Fig. 87-1).6 In 1994, Intuitive Surgical (Sunnyvale, Calif.) 
obtained technologic rights from the Stanford Research 
Institute, and a prototype DaVinci system was released 
in 1997.

Engineers realized that the distance between patient 
and surgeon had an upper limit, beyond which accu-
racy and dexterity of instrument control would become 
degraded. Latency is the time it takes to send an electric 
signal from a hand motion to actual visualization of the 
hand motion on a remote screen. The lag time to send 
an electric signal to a geosynchronous satellite at 22,300 
miles above the Earth and return is 1.2 seconds. This trans-
mission delay would prohibit practical surgery. Humans 
can compensate for delays of less than 200 msec. Lon-
ger delays compromise surgical accuracy. Tissue moves 
when force is applied to it, and with a visual delay greater 
than 200 msec, the movement would not be noticed fast 
enough to avoid cutting in an unintended place.

The most optimistic attempt to provide telesurgi-
cal presence over long distances was undertaken using 
high-bandwidth fiberoptic ground cable. The latency 
time of 155 msec allowed Marescaux and colleagues7,8 
to perform a robot-assisted laparoscopic cholecystec-
tomy between New York City and Strausbourg, France, 
in 2001. In 2003, a telerobotic surgical service was estab-
lished between a teaching hospital in Canada and a 
community hospital 250 miles away. This service was 
designed to provide telerobotic assistance by an expert 
surgeon to a community-based surgeon. Some of the 
procedures performed included laparoscopic Nissen fun-
doplication, laparoscopic right hemicolectomy, lapa-
roscopic sigmoid–anterior resection, and laparoscopic 
hernia repair.9

Recent years have witnessed an explosive growth in 
robotic surgery. In 2000, 1500 robotic procedures were 
performed. In 2004, more than 20,000 robotic procedures 
were performed. In 2011, 360,000 surgical procedures 
were performed worldwide with the da Vinci Surgical 
System. Of the estimated 360,000 surgical procedures, 
approximately 146,000 were hysterectomies and approxi-
mately 113,000 were prostatectomies. 10
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