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Preface
For more than 30 years Miller’s Anesthesia has been rec-
ognized as the most complete and thorough resource on 
the global scope and practice of contemporary anesthesi-
ology. It is used worldwide and has been translated into 
several languages. Since the publication of the seventh 
edition in 2010, the associate editors, the Elsevier pub-
lishing staff, and I have had many conversations regard-
ing the eighth edition and how we could ensure that 
Miller’s Anesthesia continued to rank as the most influen-
tial and comprehensive text on our specialty in the world. 
Together we gathered information from various sources 
and solicited comments from colleagues worldwide to 
evaluate the seventh edition’s content. We carefully 
updated each chapter and introduced new chapters with 
topics that represent the changes and current information 
in anesthesiology as it evolved over the past 5 years. The 
results of these deliberations are presented in the pages 
that follow.

The eighth edition of Miller’s Anesthesia has several new 
chapters that have been created in one of two ways—
either by introducing topics that have grown in impor-
tance since the publication of the previous edition or by 
dividing a very large chapter into two smaller ones. Ten 
of the chapters cover topics new to this edition, such as 
“Perioperative and Anesthesia Neurotoxicity” (Chapter 15), 
“Gastrointenstinal Physiology and Pathophysiology” 
(Chapter 21), and “Palliative Medicine” (Chapter 65).

Historically, anesthesia has been dominated by intra-
operative care. Over many years, the preoperative and 
postoperative periods of perioperative care have become 
more prominent. This development is evident in the 
names of our institutions as more and more anesthesia 
departments have changed their titles to better reflect 
both anesthesia and perioperative care. Accordingly, the 
chapters “Perioperative Management” (Chapter 3) and 
“Anesthesia Business Models” (Chapter 12) were included. 
Developments in pharmacology have necessitated a new 
chapter, “Nonopioid Pain Medications” (Chapter 32). 
Because transplantation of various organs continues to 
expand, “Anesthesia for Organ Procurement” (Chapter 
75) has been added. The associate editors and I thought 
that we should look to the future by adding “Anesthesia 
for Fetal Surgery” (Chapter 78) and “Administration of 
Anesthesia by Robots” (Chapter 86). Lastly, the expan-
sion of anesthesia administration into non–operating 
room settings has been occurring for many years; thus 
the chapter “Non–Operating Room Anesthesia” (Chapter 
90) was needed.

The splitting of four large chapters has resulted in eight 
chapters that are of greater focus. This has allowed us to 
more thoroughly present material that reflects current 
xxi

knowledge in these subjects. The following shows how 
these new chapters were created:

Seventh Edition Chapter Eighth Edition Chapters

11.  Sleep, Memory,  
and Consciousness

13.  Consciousness and 
Memory

14. Sleep Medicine

29.  The Pharmacology  
of Muscle Relaxants 
and Their  
Antagonists

34.  Pharmacology of 
Neuromuscular 
Blocking Drugs

35.  Reversal 
 (Antagonism of 
Neuromuscular 
Blockade)

37.  Neuromuscular  
Disorders and  
Malignant 
Hyperthermia

42.  Neuromuscular 
Disorders and Other 
Genetic Disorders

43.  Malignant Hyper-
thermia and Muscle-
Related Disorders

75.  Anesthesia for  
Eye, Ear, Nose, and 
Throat Surgery

84.  Anesthesia for Eye 
Surgery

85.  Anesthesia for Ear, 
Nose, and Throat 
Surgery

The separation of these topics into two chapters has another 
noteworthy benefit; we have added to our list of experts 
new authors who are recognized authorities in their spe-
cialties. Also, three chapters devoted to transfusions and 
coagulation have been placed in the overall category of 
“Patient Blood Management” (Chapters 61, 62, and 63).

As we proceeded with this book, a unique opportunity 
was presented to us and resulted in Chapter 112, “Evalu-
ation and Classification of Evidence for the ASA Clini-
cal Practice Guidelines.” For many years, the American 
Society of Anesthesiologists (ASA) has developed practice 
guidelines on a broad spectrum of clinical and anesthetic 
specialty activities. These guidelines have been developed 
based on a well-defined process that incorporates input 
from many sources, including extensive examination of 
the literature and clinical insights from anesthesia practi-
tioners. We think that the ASA guidelines have had consid-
erable positive influence on our clinical practices and that 
it is important to document and understand their history 
and the course by which these guidelines were developed. 
We are grateful to Richard T. Connis, David G. Nickinov-
ich, Robert A. Caplan, and Jeffrey L. Apfelbaum for orga-
nizing these guidelines for the current edition of this book.
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The revision of the table of contents and the selection 
of authors was a very intense process. Initially, the asso-
ciate editors, the publishing staff, and I discussed the 
new table of contents and potential authors online. We 
then met as a group to carefully review and select sub-
ject matter experts. Often the authors who wrote a chap-
ter for the seventh edition were asked to do so for the 
eighth edition. To ensure that submitted chapters were 
updated and met our quality standards, we initiated a 
very thorough review process that included the associ-
ate editors, editorial analyst Tula Gourdin, and myself. 
After our reviews were completed, the manuscript for 
each chapter was then sent to the publisher for further 
review and creation of the page proofs. From there, all 
chapters were sent through a final review cycle by the 
editorial staff and the authors. We tenaciously adhered 
to this rigorous and comprehensive editorial process so 
that we could present an international text like no other 
in our field. This edition is a collection of the knowledge 
and experience of some of the world’s most renowned 
anesthesiologists. It thoroughly covers anesthesiology, 
its subspecialties, and related subjects, and its content 
is brought to our readers with our upmost attention to 
quality and veracity.

We are especially proud of Chapter 2, “International 
Scope, Practice, and Legal Aspects of Anesthesia.” This 
chapter was introduced in the previous edition and con-
tinues in this edition with new and updated content. In 
this edition, we elicited individual contributions from 
leaders in anesthesiology all over the world. Each con-
tributor describes the development and current status of 
anesthesiology in his or her region or country. The fol-
lowing have been added for this edition:
 1.  Discussions of anesthesiology in Brazil by Maria J.C. 

Carmona
 2.  New coauthors for Japan (Naoyuki Hirata), Europe 

(Jannicke Mellin-Olsen), and Russia (Yury S. Polushin)
 3.  A section on safety and medicolegal initiatives in vari-

ous regions of the world
A significant number of the chapter authors are from 

countries other than the United States. All of our deci-
sions regarding this edition were made with the strong 
motivation to make this text truly international. Fortu-
nately, the increasing prominence of information tech-
nology has facilitated the transfer of clinical concepts 
globally; so with just a handful of exceptions, most coun-
tries are no longer intellectually isolated.

Miller’s Anesthesia, eighth edition, includes access to the 
Expert Consult website, allowing users to view the com-
plete text online from any computer and to download the 
electronic book to a smartphone or tablet. Fully searchable 
and containing references linked to PubMed abstracts and 
full-text articles, the website is a powerful tool that gives  
the reader access to interactive content and a seamless inte-
gration between devices. In addition, Expert Consult offers 
the reader regular content updates and an extensive video 
library that features video presentations of anesthesia pro-
cedures, including airway and ultrasound-guided regional 
anesthesia techniques.

In addition to our authors, the associate editors of 
Miller’s Anesthesia are recognized internationally for their 
contributions to anesthesiology. One of our associate edi-
tors, William L. Young, MD, passed away at the beginning 
of the review process for this edition. The Remembrance 
section summarizes Bill’s enormous contributions to 
anesthesiology and his passion for jazz music. During our 
concerted efforts with writing, editing, and developing 
the eighth edition, Dr. Young’s influence and dedication 
to excellence were always present.

We wish to express our appreciation to the individual 
contributors of this 112-chapter book, including those 
authors from previous editions whose contributions 
laid the foundation for this edition. Miller’s  Anesthesia 
would not have been possible without their hard work 
and dedication. We also acknowledge the contribution 
of time and expertise by the associate editors, Neal H. 
Cohen, Lars I. Eriksson, Lee A. Fleisher, and Jeanine P. 
Wiener-Kronish, and William L. Young. We are grateful 
for the ongoing efforts of editorial analyst Tula Gourdin, 
who managed communication with the contributors and 
the publisher, facilitated the flow of manuscript and page 
proofs, and checked every detail to ensure that the chap-
ters are as accurate and consistent as possible. We also 
wish to acknowledge our publisher, Elsevier, and the help 
and dedication of their staff, in particular executive con-
tent strategist, William R. Schmitt; senior content devel-
opment specialist, Ann Ruzycka Anderson; and senior 
project manager, Doug Turner.

Ronald d. MilleR, Md, MS
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William L. Young, MD, the James P. Livingston Endowed 
Chair in the Department of Anesthesia and Periopera-
tive Care at the University of California, San Francisco 
(UCSF), was an accomplished anesthesiologist and pro-
lific investigator. His work has had an impact on the 
scholarly development of neuroanesthesia and on our 
ability to understand the mechanisms, pathophysiology, 
and care of patients with neurovascular disease.

In 2009 he was awarded the American Society of Anes-
thesiologists (ASA) Excellence in Research Award, the 
highest honor that the ASA can bestow on an investiga-
tor, and it is hard to imagine a more deserving colleague. 
He was instrumental in establishing the multidisciplinary 

William L. Young, MD

 August 6, 1954–August 1, 2013

(Pictured at the UCSF Department of Anesthesia’s  
Fiftieth Anniversary Gala on November 15, 2008)

Professor and Vice Chair

Department of Anesthesia and Perioperative Care

Professor of Neurological Surgery and Neurology

Director, Center for Cerebrovascular Research

University of California, San Francisco, School of Medicine

Associate Editor, Miller’s Anesthesia, editions six through eight

(Courtesy Christine Jegan.)
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UCSF Center for Cerebrovascular Research, which has 
been the vehicle for extending the boundaries of our 
specialty’s influence to include neurosurgery, radiology, 
neurology, and other various neuroscience fields. When 
interviewed for our department’s fiftieth anniversary, 
Bill said, “Ultimately, the current status of our specialty 
should be an effect—not a cause—of the questions we 
ask, and our reach should exceed our grasp.” It is this 
approach that distinguished his career and points the 
way for anesthesiology to continue to thrive.

Bill grew up in Munster, Indiana, and coincidentally 
we both attended medical school at Indiana University. 
In 1985, after clinical anesthesia training at New York 
University Medical Center, he joined the faculty at the 
Columbia University College of Physicians and Surgeons, 
where he had completed clinical and research fellow-
ships. He quickly grew into a productive and successful 
National Institutes of Health (NIH)–funded investigator 
in the specialty of anesthesiology. In 2000 he relocated to 
UCSF where he became the James P. Livingston Professor 
and Vice Chair of Anesthesia and Perioperative Care. His 
unwavering dedication to excellence had an enormous 
impact on faculty members in our department and across 
the entire UCSF campus. His productivity in research and 
NIH grant funding was incredibly consistent. He had 
continuous NIH funding since 1990, two concurrent NIH 
grants since 1994, and at least three—and up to five—
NIH grants concurrently since l999. He was one of the 
most prolific recipients of NIH grants in the history of 
anesthesiology.

He was the principal director of a program project 
grant, “Integrative Study of Brain Vascular Malforma-
tions,” which was renewed in 2009 for a second 5 years. 
Bill’s remarkable run began when he was an early recipi-
ent of the Foundation for Anesthesia Education and 
Research (FAER) award system; his success supported the 
direction that FAER and the ASA pursued in those days. 
Bill’s focus and calm dedication to excellence were inspir-
ing to me personally, and he served as a role model for 
the entire UCSF faculty.

The substance of his research was even more impres-
sive. From his early studies on the cerebral effects of 
anesthetics, he gradually moved to more unexplored 
pathophysiologic areas in anesthesia, neurocritical care, 
and intraoperative neurosurgery. This led to the under-
standing of reperfusion hyperemia, or perfusion pressure 
breakthrough, which is associated with arteriovenous 
malformation treatment. This work also led to epide-
miologic, clinical risk prediction, and imaging studies. 
When he arrived at UCSF from Columbia University, Bill 
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approached cerebrovascular biology of vascular remodel-
ing and angiogenesis using molecular and genetic tech-
niques. Studying patients with giant cerebral aneurysms, 
he used network models, including innovative collabora-
tions with bioengineers and imaging scientists.

Bill was someone the NIH would turn to when it needed 
leaders. From 1997 until his death, he served on various 
NIH review committees. In 2005 he became a member of 
the Clinical Neuroscience and Disease Study Section. In 
2008 he was selected to co-chair the first-ever National 
Institute of Neurological Disorders and Stroke (NINDS) 
workshop on vascular malformations of the brain. The 
workshop, which took place in Madrid, involved a gath-
ering of some 50 international clinical and basic science 
experts. In addition, Bill was instrumental in expanding 
the number of anesthesiologists conducting high-level 
basic and clinical research—filling a critical need that was 
well recognized by ASA leadership and several Rovenstine 
Lecturers.

He had remarkable success in helping junior faculty 
obtain career development awards and served as primary 
mentor on seven NIH-funded K awards (K08, K23, and 
K25) and three American Heart Association development 
awards. He was one of the first to be recognized by the 
NIH for mentoring efforts by receipt of a K24 award in 
1999. Several of his trainees are faculty in institutions 
that include Columbia, Cornell, and UCSF.

His editorial responsibilities were also extensive, having 
served on the editorial boards of the Journal of the Ameri-
can Heart Association, Stroke, and Neurosurgical Anesthesia, 
as well as on the associate editorial board of Anesthesiology 
earlier in his career. He was also the coeditor of a major 
text, Cerebrovascular Disease, and an associate editor for the 
sixth, seventh, and eighth editions of Miller’s Anesthesia.
Perhaps the most intriguing evidence of Bill’s multifac-
eted approach to his work and his world was that he was a 
passionate and professional-level jazz pianist. Being a pia-
nist myself, I was stunned by the complexity and innova-
tion of the many chord progressions he used in his jazz 
music. When he moved to San Francisco, he gravitated 
toward the jazz scene and easily worked his way into jam 
sessions with some of our city’s superb professional jazz 
musicians. And for our department’s fiftieth anniversary 
party with more than 300 attendees, he provided our 
after-dinner music. Why hire someone else when Bill 
could do the job as well as anyone?

By using the unique skillsets gained from his training 
in anesthesia, Bill Young made major contributions to 
understanding both the biology and the management of 
neurovascular disorders that many anesthesiologists must 
manage. He would say, “If anesthesiologists take care of 
vascular disease patients, then we should strive to under-
stand the totality of the disease process and not accept 
any a priori limitations to the nature of the questions we 
ask nor investigations we pursue.” Indeed, his search for 
answers began at the bedside, thus instigating the most 
innovative and productive physiologic approach to 
understanding these disorders to date, and he continued 
to conduct this search at the level of program director of 
an NIH program project grant at the time of his death. 
Reaching the limits of current physiologic technology, 
Bill recognized real progress would only occur through a 
thoughtful laboratory and bedside approach.

For all of these reasons and more, my colleagues and I 
remember Bill Young and the life he led, which was one 
of dedication to excellence in all he did.

Ronald d. MilleR, Md, MS
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Scope of Modern Anesthetic Practice
LARS I. ERIKSSON • JEANINE P. WIENER-KRONISH • NEAL H. COHEN •  
LEE A. FLEISHER • RONALD D. MILLER

K e y  P o i n t s

 •  Advances in anesthesia care and the scope of anesthesia practice have 
impressively facilitated the overall care of increasingly complex patient 
populations. This is especially important for the care of patients who are at the 
extremes of the age spectrum (i.e., younger and older). One indication of the 
expanded scope of anesthesiology is the increase in the number of chapters in 
this book, from 46 in the first edition (1981) to 112 in the eighth  
edition (2014).

 •  The scope of anesthesia services has expanded, in part due to the increase in 
the number of minimally invasive or noninvasive procedures being offered to 
patients. These changes in practice create both opportunities and challenges for 
anesthesiologists. The settings in which anesthesia is required continue to expand 
outside of the operating room and into ambulatory and other settings. These 
changes in practice require new providers with varying backgrounds and skills. 
These changes also provide the opportunity to identify new models of  
care, including telemedicine, to support the diverse patient and provider needs. 
A major challenge will be to continue the emphasis on safety as these new 
approaches to anesthesia care become less invasive but in non–operating room 
locations.

 •  Overall, national and international mandates for quality, competency, and 
uniform processes will change the manner in which anesthesia is delivered. More 
standardization and protocols will be used. These mandates will allow and require 
more evaluation of clinical practices and research to define the optimal approach 
to anesthesia and the clinical competence of the providers caring for  
each patient.

 •  The anesthesia workforce is changing as a result of subspecialization and expanded 
use of advanced practice nurses, anesthesia assistants, and other provider groups. 
The increase in nurses with advanced degrees will have added effects on the 
practice of anesthesiology. Team management will become more commonplace 
and, as a result, relationships between physicians and nurses will become a critical 
determinant of patient outcomes.

 •  Advances in anesthesia practice based on the underlying science and quality 
initiatives have been impressive. Although these advances have contributed 
greatly to the quality of patient care and to patient safety, current trends suggest 
that there is insufficient breadth and scope of research in anesthesiology to 
ensure its continued success. Anesthesiologists must be encouraged to engage 
in research to maintain and even enhance our academic foothold in medicine 
overall. There are increasing opportunities for multidisciplinary research; these 
approaches need to be embraced to increase the number of research-trained 
anesthesiologists. It is also necessary to identify alternative funding sources to 
support the specialty.

Acknowledgment: The editors and the publisher recognize the contributions of Dr. William L. Young, who 
was a contributing author to this topic in prior editions of this work. It has served as the foundation for the 
current chapter.
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Figure 1-1. Changing scope and settings of anesthesia and perioperative medicine. A, The Cure of Folly, by Hieronymus Bosch (c 1450-1516), 
depicting the removal of stones in the head, thought to be a cure for madness. B, Friedrich Esmarch amputating with the use of anesthesia and 
antisepsis. C, Harvey Cushing performing an operation. The Harvey Cushing Society is observing (1932). D, Placement of a deep brain stimulator 
for the treatment of Parkinson disease using a real-time magnetic resonance (MR) imaging technology (MR fluoroscopy). The procedure occurs in 
the MR suite of the radiology department. The patient is anesthetized (D) and moved into the bore of the magnet (E). A sterile field is created for 
intracranial instrumentation (F), and electrodes are placed using real-time guidance (G). (A, Museo Nacional del Prado, Madrid. B, Woodcut from 
Esmarch’s Handbuch Der Kriegschirurgischen Technik [1877]; Jeremy Norman & Co. C, Photograph by Richard Upjohn Light (Boston Medical Library). 
D to G, Courtesy Paul Larson, University of California–San Francisco, San Francisco Veterans Administration Medical Center.)
SCOPE OF ANESTHESIA AND 
PERIOPERATIVE CARE IN HEALTH CARE 
AND FORCES THAT WILL CHANGE 
PRACTICES (Fig. 1-1)

Since 1940, the specialty of anesthesiology has contri-
buted greatly to major advances in health care. The 
contributions by anesthesiologists to the care of surgi-
cal patients have been well described in the literature. 
With the use of new approaches to general and regional 
anesthesia, new technologies to facilitate the handling of 
patients with complex physiologic and anatomic (e.g., 
airway) management and improved monitoring, anes-
thesiologists and surgeons have been able to provide care 
to an increasingly complex patient population safely and 
with few complications. At the same time, anesthesiolo-
gists have been instrumental in a number of other ways 
to improve patient care, including but not limited to new 
approaches to cardiopulmonary resuscitation, technical 
developments such as arterial blood gas machines, pulse 
oximetry for monitoring adequacy of gas exchange, the 
creation of critical care medicine as a subspecialty, and 
for advances in pain medicine and transfusion medicine. 
Each of these advances has benefited patients greatly, but 
they have also resulted in marked expansion of the scope 
of anesthesiology. Many of these advances are outlined in 
detail throughout the 112 chapters in this edition of the 
text. Each chapter also reflects the advances in the topics  
covered in these chapters. The book also reflects the com-
mitment of anesthesiologists to addressing the medical 
needs of society in addition to providing outstanding 
care to individual patients. Anesthesiologists both in 
the operating room environment and throughout the 
health care system currently provide care to a considerable 
portion of the population in industrialized countries. 
Approximately 7% to 8% of the total worldwide popula-
tion requires anesthetic management in association with 
surgical or diagnostic procedures annually. Perioperative 
care and anesthetic management have thus had a con-
siderable effect on global public health and have a vital 
role in health care systems throughout the world. In addi-
tion, the specialty of anesthesia has extended beyond the 
boundaries of perioperative care to include critical care, 
pain management, sleep medicine, and palliative care.

Advances in diagnostic, pharmacologic, and technical 
resources have made it possible to provide anesthesia and 
perioperative care to patients at the extremes of age (i.e., 
both very young and very old) and to those with com-
plex comorbidities. These systematic developments and 
enhancements in perioperative care have paralleled and 
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perhaps facilitated an equally rapid introduction of novel 
surgical techniques and resources for less invasive surgical 
approaches. Surgical outcomes have improved consider-
ably, allowing anesthesiology to care for patients with 
more advanced and complex disorders. At the same time, 
anesthesiology is recognized as a cornerstone within the 
modern hospital, extending beyond the operating room.

While most patients understand how important anes-
thesiology has been to their care, the Institute of Medicine 
(IOM) of the National Academy of Sciences has publicly 
praised the commitment of anesthesiology to patient 
safety and the successful initiatives to ensure it in the 
book To Err is Human.1 These improvements in the qual-
ity and safety of perioperative care are the result of the 
combined dedication of the entire profession, includ-
ing both community practices and academic anesthesia 
departments and their training programs. The combined 
efforts to obtain a fundamental understanding of the 
mechanisms behind anesthesia and regulation of vital 
organ functions and the biologic processes that drive 
organ failure and complications in the perioperative set-
ting have been crucial. Novel therapies and advanced 
monitoring equipment have improved patient safety and 
outcomes in the perioperative setting, pain management, 
and intensive care medicine.

Although the role of anesthesiology services within 
the health care system has expanded and the effect of 
anesthesia on overall quality and safety has been remark-
able, health care continues to undergo radical changes 
that will affect the roles, responsibilities, and scope of 
anesthesia services in the future, within the United States 
and throughout the world. The involvement and role of 
anesthesia providers is gradually increasing within mod-
ern perioperative care processes. A more extended scope 
for preoperative and postoperative care includes more 
specialized preoperative evaluations and risk assessments 
with potential biomarkers of adverse outcomes. As the 
importance of extended and intensive postoperative care 
for at-risk patient populations increases, the role of anes-
thesiologists will expand and the practice of anesthesia 
and perioperative care will become more diversified. In 
addition, because an increasing percentage of the general 
population within industrialized countries is older, many 
with comorbidities will require diagnostic and surgical 
procedures, with the participation of anesthesio logists in 
their perioperative care becoming even more critical. In 
addition, as more of these patients receive complex clini-
cal services, the financial burdens asso ciated with care 
will escalate throughout the world. The increased cost 
will be counterbalanced with more scrutiny on the need 
for surgical care, the expectation that providers must doc-
ument quality of care, and the requirement to use care 
pathways and protocols to standardize care. In a chang-
ing health care system, anesthesia and perioperative care 
need to have well designed quality assurance systems and 
outcome measures that document that the services pro-
vided are of the highest quality and safety. Relevant mea-
sures of patient outcomes, costs, and cost-benefit analysis 
will be required for payers, government agencies, and the 
general public.

Technology is also having a major effect on clinical 
care. In the surgical setting, technical advancement has 
led to less invasive and traumatic procedures with fewer 
negative side effects (e.g., tissue trauma, pain, risk of com-
plications). These advancements can potentially shorten 
the duration of the perioperative period and subsequent 
need for in-hospital care. New devices are becoming 
available to allow remote monitoring of patients not 
only during and immediately after procedures, but also 
in the extended care and home environments. Alterna-
tive delivery systems for anesthesia will allow it to be 
provided in nontraditional settings beyond the operat-
ing room or procedure rooms, to the intensive care unit, 
other hospital units, and perhaps other clinical settings. 
Changes in the anesthesia workforce are also occurring, 
and additional will be created to facilitate the care of a 
larger group of patients by a collaborative group of pro-
viders working in physical proximity to the patient and, 
at the same time, with remote monitoring and medical 
direction from anesthesiologists. The involvement of 
advance practice nurses and other medical personnel in 
anesthetic practice has also allowed anesthesiologists to 
assume greater roles in perioperative management, rapid 
response teams, triage, and resuscitation outside of the 
operating room environment.

Electronic health records are being used worldwide, 
allowing for improved documentation of individual 
patient care and providing important data for millions of 
patients. Eventually, minimal to no human interaction 
will be required for complete data capture and integra-
tion for an automatic vigilant system. Complete inte-
gration of surgical equipment, anesthesia, and monitors 
of infusion pumps will enable an analysis of all patient 
data and clinical responses to facilitate patient care. 
Assessments regarding the quality of anesthesia can be 
made by analyzing information from large numbers of 
patients to evaluate outcomes of care and to facilitate the 
development of evidence-based clinical practices. One 
example is the comparative effectiveness and data-mining 
studies in orthopedic surgery patients; these studies have 
concluded that neuraxial techniques lead to superior 
outcomes.2,3 Furthermore, data can be collected pro-
spectively in consecutive patients from different envi-
ronments and countries so that perioperative outcomes 
can be compared and best practices can be identified.4 
Of approximately 46,000 patients in this investigation, 
4% died before hospital discharge and the majority of 
patients who died (73%) were not admitted to a critical 
care unit after surgery. Conclusions from this investiga-
tion suggested that planned critical care after surgery 
improved outcomes as compared with unplanned admis-
sions to critical care, which were associated with poorer 
outcomes. Given the more frequent incidence of periope-
rative mortality than expected, future investigations are 
planned, including similar investigations in the United 
States. These investigations will lead to an understand-
ing of the factors that are important behind periopera-
tive mortality and investigations into the treatments that 
lead to better outcomes.

The IOM described and evaluated the effectiveness and 
cost of American health care systems (Report Brief, January 
2013).5 They have compared health care outcomes in 
the United States with those in the rest of the world. The 
United States spends more money per person than any 
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other country, yet ranks seventeenth in the world for life 
expectancy at birth. The IOM concluded that Americans 
fare worse in several health areas, including infant mor-
tality, injuries, adolescent pregnancy, HIV, drug-related 
deaths, disability, and especially obesity and diabetes. 
They also noted that the United States has a larger unin-
sured population with lapses in the quality and safety of 
care outside the hospital and more frequent rates of drug 
abuse, violence, and use of weapons. Americans benefit 
less from safety net programs than in other countries. 
In another report (Report Brief, July 2013),6 the IOM 
concludes that Medicare payment (i.e., a major source 
of funding for American medicine) needs to “reorient 
competition in the health care system around the value 
of services provided rather than the volume of services 
provided.” These brief conclusions serve as the basis 
upon which major changes are occurring in health care 
delivery and financing, particularly regarding the need to 
demonstrate value. Anesthesia must understand all these 
changes and priorities in health care delivery and finance 
to define how to participate and benefit as a specialty and 
to retain its leadership role in quality and safety.

This summary emphasizes the implications for anes-
thesiology, but there are also ramifications for medicine 
overall, particularly in but not limited to the United 
States. Worldwide, the quality and expense of health care 
is a challenge. The changes occurring in health care obvi-
ously have implications for the role of anesthesiology in 
both the practice and delivery of medicine overall. Some 
of the guidelines developed by the American Society of 
Anesthesiologists (ASA) document the leadership role 
the specialty has assumed in addressing the needs of our 
patients (see Chapter 112.).

As mentioned previously, the availability of large 
clinical databases will also prove to be a valuable tool 
for refining and improving clinical care. These databases 
will enable data mining to evaluate the process of care 
and approaches to identify best practices. Anesthesio-
logy, with its expanding roles in the health care delivery 
system must be an integral participant in these changes. 
Clearly, the outcomes after major surgery need far more 
attention globally with sufficiently large clinical studies 
focusing on patient-centered outcome measures related 
to survival and relevant quality-of-life end points. We can 
only speculate as to what the practice of anesthesia will 
be like in the future, but these forces will likely have a 
major effect on the overall scope of anesthesia and peri-
operative care, thus creating new opportunities that anes-
thesiology should embrace. Analysis of current national 
and global priorities can provide some basis for anticipating 
the future of anesthesiology.7

AGING OF SOCIETY

The aging of the world’s population combined with 
improvements in anesthetic and surgical methods are 
resulting in older patients undergoing increasingly 
complex surgical procedures. This patient population 
commonly has decreased general health and organ func-
tion, and an increased incidence of chronic medical ill-
ness (see Chapter 80). In the United States, the national 
social insurance program, Medicare, covers more than 47 
million Americans, with 39 million being older than 65 
years and 8 million having disabilities (data from IOM). 
The use of surgical services by older patients is not unex-
pectedly more frequent than with younger patients. For 
example, in a report by the Centers for Disease Control 
and Prevention studying inpatient hospitalizations in 
the United States for 2005, there were 45 million pro-
cedures performed on inpatients with a similar num-
ber of outpatient procedures. From 1995 through 2004, 
the rate of hip replacements for patients 65 years and 
older increased 38%, and the rate of knee replacements 
increased 70%.

CHANGES IN LOCATION OF CARE

Because of the high costs associated with hospital care, 
the funding agencies (governmental and private insur-
ance companies) are pressuring providers to perform 
more procedures in nontraditional settings, both within 
the hospital and in ambulatory and other less costly 
sites.8 Technology and the shift to minimally invasive 
procedures associated with advances in anesthesia care 
are facilitating this transition. Providing anesthesia in 
ambulatory surgical settings and out-of-hospital offices 
has dramatically increased over the past several decades. 
With this transition, it is becoming critically important 
to determine when an anesthesiologist or other anesthe-
sia provider is required to provide care, when alternative 
providers with or without supervision might be appro-
priate, and the role for the anesthesiologist in defin-
ing standards of care. There are many situations when 
an anesthesiologist may not be required, for example 
in administration of conscious sedation to an other-
wise healthy patient, but an anesthesiologist is the most 
appropriate provider in many situations. Not only are 
there situations in which the risks associated with airway 
compromise are great (e.g., deep sedation), but there are 
many clinical situations in which care by an anesthesiol-
ogist has been demonstrated to improve clinical outcome 
and often reduce overall costs of care. Anesthesiologists 
need to participate actively in discussions within their 
respective institutions or health systems to define the 
standards of care, implement best practices, and document 
clinical value.

In many cases, in part because of costs and changing 
capabilities, extended postoperative care has shifted from 
the medical setting to the home. For some families, this 
transition has created significant clinical and social prob-
lems. As care is moved from inpatient settings to other 
nonhospital settings, anesthesiologists must be involved 
in determining the most appropriate setting for a proce-
dure and how to manage the transitions of care. Advances 
in technology can facilitate some of these changes by 
allowing remote monitoring, and they can create oppor-
tunities for anesthesiologists to assume a role in manag-
ing patients in these new settings.9

COST OF MEDICAL CARE

As the cost of health care in the United States approaches 
18% of the gross domestic product,10 there has been an 
intensified interest in determining the factors that are 
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increasing the costs, attempting to find methods to 
decrease the cost, and obtaining more value for money 
spent. The primary cost driver in the United States 
appears to be technical progress, because to some extent 
the increases in health care costs are occurring through-
out the world, regardless of the payment system.11-13 The 
increases in the elderly population and patients with 
chronic disease within that sector are also adding to 
health care costs.12

The escalating costs have led to pressure to get more 
value for the money spent. There have been pay-for-
performance programs—that is, rewarding medical care 
that is consistent with published evidence and not pay-
ing for care that is inconsistent with evidence.15-17 For 
the most part, the performance measures, at least in the 
United States, are process measures rather than measures 
of outcome (e.g., for anesthesia services, administering 
antibiotics within 1 hour of incision rather than rates of 
infection). The concept of pay-for-performance and its 
implementation have also migrated to other countries, 
particularly the United Kingdom.18

In the nonsurgical arena, the concept of pay-for-
performance has been studied for several years.19,20 In 
addition to paying for performance, in the United States 
there is increasing emphasis on not paying for “never” 
events, such as decubitus ulcers or urinary tract infec-
tions, unless they are present on admission to the hos-
pital. The translation of this approach is lack of payment 
for complications, especially if they could have been 
prevented with better care (i.e., never events). Because of 
anesthesia’s role in the entire continuum of periopera-
tive care, including postoperative intensive care and pain 
management, we have an opportunity to influence many 
of these practices, which can be associated with poor out-
comes and increased cost, but which have traditionally not 
been considered under our domain of care. For example, 
appropriate and timely administration of antibiotics has 
a significant effect on surgical site infection, but prior to 
the initiation of the Surgical Care Improvement Project 
(SCIP), many anesthesiologists were arguing that control 
of antibiotics was not within their domain.21 Anesthesi-
ologists and intensivists can also have a significant effect 
on the rate of ventilator-associated pneumonia or out-
comes that are dependent on strategies for intravenous 
fluid therapy in the critically ill patients.22 However, 
some of these proposed measures, particularly the use of 
ventilator-associated pneumonia as a quality measure, 
have become controversial.23 Pain is considered the fifth 
vital sign, and the management of postoperative pain is 
another area in which we can have a significant effect 
on cost and potential interactions with other members of 
the hospital team.

PROCESS ASSESSMENT AND QUALITY 
METRICS

Anesthesiology was among the first professions to focus 
on reducing the risk of complications partly by devel-
oping evidence-based guidelines and standards. The 
American Society of Anesthesiologists standards and 
practice parameters are prime examples of this important 
direction in medicine.24 Anesthesiology should continue 
to be involved in these initiatives and should do so col-
laboratively with other disciplines, including but not 
limited to surgical specialties. Examples from the perspec-
tive of the United States are the involvement of anesthe-
siologists in the Society of Thoracic Surgeons database 
and the National Surgical Quality Improvement Project 
(NSQIP).25,26 More recently, the Society of Cardiovascular 
Anesthesiologists has begun discussions with the Society 
of Thoracic Surgeons. On the other hand, anesthesiolo-
gists have been involved from an early stage in quality 
initiatives with the Institute for Healthcare Improvement 
and the Surgical Care Improvement Project.27 Moreover, 
in many countries, anesthesiology has a key role in the 
development of quality assurance systems within pre-
hospital care, multidisciplinary critical care, and pain 
medicine.

Another quality measure that will have global impact 
on anesthesiologists and all physicians is the new 
demand for documentation of competency for each 
clinical privilege assessed not just at the time of re-
credentialing, but also assessed on an ongoing basis. 
Defining competency will demand that medicine in 
general and anesthesiologists specifically adhere to 
more protocols; the concept of safe anesthesia includes 
standardization of clinical management overall, includ-
ing the development and use of standardized protocols. 
Rather than stifling medical innovation, standardization 
should be viewed as a mechanism for evaluating process 
and outcomes; such comparisons cannot be made with-
out standardization. Anesthesiologists will need to be 
leaders in creating quality and competency metrics. This 
opportunity can be used to formulate meaningful met-
rics for practicing anesthesiologists and training phy-
sicians. Such metrics will also be required for certified 
nurse anesthetists and other health care professionals 
as well. In some cases, documentation of competencies 
will require the use of simulation or other models to 
emulate the clinical environment, particularly for rarely 
performed procedures.

“Change process” has become a cottage industry in 
medical care, with courses being offered on how to 
change behaviors and processes in medical care. These 
mandates can be imposing and possibly frustrating, 
but they offer the opportunity for more research on 
identifying the processes that actually improve patient 
outcomes. These mandates also allow anesthesiologists 
to assume a leadership role in team management. To 
accomplish this mandate, new skills need to be taught, 
including leadership training, improved communica-
tion skills, and improved relationship training in the 
overall atmosphere of pursuing excellence in clinical 
care and education.

Anesthesiologists already have a long tradition with and 
training in system approaches to care. These approaches 
date back to the original checklists created over 50 years 
ago for the anesthesia machine. It is critical that this skill 
set be disseminated beyond the intraoperative setting to 
medicine overall. The understanding of these principles 
has created many leadership responsibilities for anesthe-
siologists in a variety of venues including surgical facilities, 
ambulatory surgery centers, and medical centers.
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CHANGES IN PERSONNEL

Within the United States, there are approximately 250,000 
active physicians, one third of whom are older than 55 
years and are likely to retire by 2020.28 Although the 
enrollment in U.S. medical schools in the 1960s doubled, 
there has been no such increase from 1980 to 2005. Thus, 
there has been zero growth in U.S. medical school gradu-
ates. Yet, the U.S. population has increased by more than 
70 million, creating a discrepancy between the supply of 
medical school graduates and the demand for physician-
associated care. Similar developments are seen elsewhere 
(for more detailed description of workforce changes in 
Europe, see Chapter 2).

From a global perspective, the number of women in 
medical schools has increased, so that approximately 
50% of the medical students are now women.29,30 Fur-
thermore, independent of gender, physicians work hours 
have decreased over the past 40 years.28,31 To decrease 
the incidence of fatigue and long durations of “being on 
call,” the reduction in work hours is probably accounting 
for improved quality of care in addition to lifestyle, but it 
has consequences. The workforce requirements will have 
to increase in response to the reduced duty hours and to 
address the implications of the aging anesthesiologists.

A number of methods have been used within the 
United States to expand the work force. There has been a 
steady increase in the recruitment of international medi-
cal graduates; approximately 60,000 international medical 
graduates are residents and constitute 25% of all residents 
in training.32 In the United States, the number of osteo-
pathic schools and schools offering advanced degrees in 
nursing, including training of nurses to become nurse 
anesthetists, has increased.28 Given the growing demand 
for medical care partly owing to the increase in the geri-
atric population, this need will most likely be met by a 
combination of physician and nonphysician personnel.

RESEARCH

In terms of creative new investigations, most bench-
marks suggest that the specialty of anesthesiology fares 
poorly in funding when compared with other disciplines, 
especially clinical disciplines. Using data gleaned from 
publicly available National Institutes of Health (NIH) 
sources, Reves33 compared the specialty with a number 
of other medical disciplines and produced a troubling 
figure showing that anesthesiology ranked second to last 
in funding. Disturbingly, this low ranking has existed for 
many years preceding Reves’s publication in 2007 and 
has not improved in the years since. However, the fact 
that anesthesiology in the United States is in the lowest 
quartile of NIH funding continues to be a concern, partic-
ularly because the external forces on the practice compo-
nents are generally applicable to all specialties. The NIH 
is not the only source of funding that might influence 
the specialty; in fact, it is not even the largest source of 
total research funding in the United States (Fig. 1-2).34 
For all sources, there has been a doubling over the past 
decade in research expenditures for health and biomedi-
cal science research, although compared with biologically 
based disciplines, health services research is considerably 
less well funded. In fact, much of the clinical and some 
basic research are funded from other sources other than 
the NIH or other federal programs. These sources include 
foundations (e.g., Foundation for Anesthesia Education 
and Research) and industry and local institutional sources. 
Some departments have traditionally supported research 
by devoting some of their clinically derived incomes for 
research, especially for young faculty members.

The financial challenges of funding research and the 
increasing clinical demands of faculty in the United 
States are evident when reviewing the publications in 
peer-reviewed journals. In anesthesiology journals, the 
fraction of original peer-reviewed articles from non-U.S. 
authors has increased dramatically. The reasons for this 
change are probably multifactorial, but warrant evalu-
ation. Some have suggested that European and Asian 
investigators are better funded than in the United States. 
Yet, adjusted per capita, research support in Europe is 
only 10% of that in the United States, even though the 
proportion of scientists in the population is similar.35 
Perhaps, U.S. Food and Drug Administration (FDA) poli-
cies bear some responsibility. In the l980s and 1990s, 
much “new anesthetics and drug” research started in the 
United States. Now, most of the new drugs are initially 
approved in countries other than the United States. His-
torically, the clinical studies with new drugs are started 
in the countries of initial approval, which is often not 
the United States. Finally, many young anesthesiologists 
have started their research based on opportunities driven 
by industry-funded novel drugs, a situation that is not as 
readily available currently as in the past.

Participating in research projects that advance clinical 
care and translate basic science to the bedside requires the 
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involvement of a diverse group of investigators. Practi-
cally all new frontiers lie at the boundaries of established 
departmental or specialty divisions, which are largely a 
historical relic of nineteenth-century or early twentieth-
century conceptualizations. A look at any large institu-
tion’s roster of academic divisions yields a growing number 
of “centers,” “programs,” and “institutes,” reflecting the 
ever-increasing interdependency of branches in biomedi-
cal knowledge.36,37 In basic science departments, with 
conjugate names like Physiology and Cellular Biophysics, 
Anatomy and Cell Biology, Biochemistry and Biophysics, 
and Cellular and Molecular Pharmacology, it is becoming 
increasingly difficult to differentiate one faculty research 
program from another, solely on the basis of the topics 
and methods of study. Although this is clearly less com-
plicated for those domains that do not involve patient 
care, the trend is evident. One might cite the example 
of endovascular surgery as but one example in the colli-
sion of technology and historical boundaries of medical 
specialties.38 With this change in approach to advances in 
the specialty, anesthesiology must actively seek collabor-
ative research environments or organizational structures 
that allow the development of anesthesiology research in 
close collaborations to relevant basic science groups and 
departments such as epidemiology and health policy.

Medical research is at one level original creative work 
that involves systemic investigation of medical pheno-
mena with the direct or indirect consequence of improving 
health care. However, anesthesiology is in a position to 
address research questions in new and creative ways, and 
it has done so taking advantage of the large clinical data-
bases to assess clinical practices, outcomes of care, and 
evaluate personalized medicine in defining the best way 
to manage an individual patient. The Anesthesia Qual-
ity Institute (sponsored by the ASA) has implemented a 
robust database of anesthesia care that will improve the 
current understanding of clinical practices and outcomes 
and provide valuable insights to guide future advances 
in care.

More than ever, anesthesiologists are involved in mea-
suring perioperative outcomes and evaluating the com-
parative effectiveness of medications and techniques, as 
documented by an increase in the number of NIH train-
ing grants in anesthesia.

To have an influence and impact on the clinical and 
policy research domain, anesthesia must continue to be 
involved in all aspects of perioperative care. Building on 
these experiences, an area of potential focus for anesthe-
sia research is in the perioperative outcomes associated 
with a variety of new or controversial clinical programs 
that involve a variety of specialties. It is reasonable to 
assume that in the future reimbursement for delivery 
of clinical care will be tied to documentation of quality 
outcomes that are based on demonstrated efficacy of a 
procedure, such as randomized clinical trials that involve 
anesthesio logists and surgeons who assess efficacy and 
define the right patient populations to undergo a proce-
dure. One such example is the randomized clinical trial of 
lung reduction surgery for patients with bullous emphy-
sema.39 Similar approaches can be used to evaluate con-
troversial or costly procedures in high-risk patients, as in 
the case of minimally symptomatic cerebrovascular dis-
eases.38,40 By participating in the multidisciplinary teams, 
anesthesiologists can continue to exert influence in other 
aspects of patient care besides anesthesia and remain key 
contributors to defining best surgical practices.

In addition to helping define best practices and 
advance perioperative care, it is critical for anesthesio-
logy as a physician specialty to remain at the forefront 
of basic science and clinical research. Other disciplines 
are becoming more actively involved in health care and 
health policy research, offering advanced degrees, includ-
ing doctorates in their own disciplines. While their con-
tributions are important to the overall health care needs 
of patients, it is critical for physicians to pursue and take 
leadership roles in investigative research. The various  
governmental and institutional bodies that regulate 
health care delivery and patients demand that we do 
so and require that we document our commitment to 
high-quality, safe, and efficient care—the mainstay of 
our specialty for the past 50 years.
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ConClusion
At an international anesthesia conference several years 
ago, the value of using modern electronic monitoring 
devices in the operating room was emphasized. Because 
appropriate monitoring (see Chapter 50) improves 
patient safety, the speaker hoped that hospitals world-
wide would adopt and use these devices. During the 
question and answer session, however, a physician from 
another country—one whose hospital resources were  
limited—expressed his frustration and disagreement with 
this argument. In his country, he believed, there were 
other priorities and the sheer cost of monitoring equip-
ment prohibited its widespread adoption. Another phy-
sician, also from a country whose hospitals had limited 
resources, disagreed; he argued that by understanding 
what monitoring devices were available, he would pick 
the most effective equipment in accordance with his 
hospital’s limited resources. A spirited exchange ensued. 
Of course, there is no single correct way for hospitals to 
spend their limited resources. There was, however, enor-
mous value in this exchange among physicians from 
different countries with distinct cultures, resources, and 
perspectives. With these types of discussions, the profes-
sion can create fully informed baseline standards that fos-
ter more successful levels of patient safety and improved 
outcomes worldwide.

Such discussions also inspired this chapter on the 
international or global scope and practice of anesthesia. 
Throughout the career of this book’s editor, Ronald D. 
Miller, he has had the privilege and pleasure of speaking 
and working with leading anesthesiologists from all over 
the world. His work and discussions with international 
colleagues spurred a desire to recognize and honor the 
growth and practice of anesthesia outside North America. 
He wanted to describe the different ways that anesthe-
sia began from place to place and to follow the regions 
through time so that we can better understand how the 
various regions influence each other today.

This chapter is the first step in realizing Dr. Miller’s 
hope. Work on this chapter began in earnest when the 
editor invited a number of colleagues whom he had met 
over the years—prominent anesthesiologists in their parts 
of the world—to contribute a short summary describing 
the growth and practice of anesthesia in their country 
or region. When the contributions arrived, they proved 
to be a fascinating read: creative, informative, and inspi-
rational. Yet for all their rich content, they also posed 
an editorial challenge in that the unique geographic fea-
tures, cultures, politics, economics, and developments in 
various regions prompted the contributors to emphasize 
different ideas, discoveries, or time periods. These differ-
ences in emphasis and coverage reflect the freedom that 
the contributors were given to describe their country or 
region. In the future, we hope to expand on this topic 
by covering other areas of practice and including world 
regions not featured in this chapter.

It was in the face of this challenge that Dr. Schwartz 
was asked to integrate the short individual contribu-
tions into a single chapter without compromising their 
integrity in the seventh edition of Miller’s Anesthesia. Dr. 
Miller and Dr. Schwartz chose to create a chronologic 
narrative that progresses through three distinct periods. 
Each period is discussed by region; each regional narra-
tive draws directly from the work of the international 
contributors. Our intent was to always acknowledge and 
document the sources and wherever possible maintain 
each contributor’s individual voice, and we hope that 
we have achieved that goal. Because this chapter was so 
successful, the associate editors and Dr. Miller decided to 
retain and update it.

Dr. Miller is deeply grateful to all the colleagues who 
contributed to this chapter, for their insightful writing 
and the time that they devoted to their tasks, with the 
only regret that more contributions of this kind could not 
be included in this edition because of time and space con-
straints. This chapter represents a preliminary endeavor 
and by no means a comprehensive look at the develop-
ment of anesthesia around the world. Future editions will 
deepen and broaden the international focus.
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The first section of this chapter is a sprint through a 
vast stretch of history, from ancient times through the 
early twentieth century. Over these 2000 or so years, with 
a few notable exceptions, the practice of anesthesia grew 
independently by region in response to the need for pain 
relief during medical procedures.

The second section covers the period from the 1920s 
through the early 1980s. Modern communications and 
international travel expanded dramatically during this 
period, leading to increased cross-pollination of anesthe-
sia techniques. Physicians and researchers began to travel 
regularly to foreign countries, receive training and educa-
tion abroad, and hear others speak at conferences. As the 
number of international journals increased, knowledge 
about emerging practices in anesthesia spread further.

The third section covers the time from the late 1980s 
through the present. This period has been exciting because 
today nearly all anesthesiologists, no matter where they 
practice in the world, can gain access to the information 
necessary to deliver safe anesthesia at the most basic level. 
Although there are still significant differences in resource 
levels, some of which undermine the practice of safe anes-
thesia, at least all anesthesiologists worldwide today know 
how to avoid the common complications of anesthesia 
that can endanger patients’ lives. This section details the 
state of anesthesia in the regions covered—from education, 
accreditation, professional exchanges, and actual practice to 
available facilities and equipment. No matter how remote a 
clinician may be, access to a computer will enable the use 
of the most current principles of perioperative care. Knowl-
edge should no longer be a limiting factor. Unfortunately, 
limited financial resources can constrain the availability of 
modern technology.

A fourth section has been added to cover safety and 
medicolegal aspects. To accommodate the contribution 
of one of our authors, a future considerations section has 
also been included.

The chapter concludes by raising questions about what 
is next in terms of the way various countries and regions 
practice anesthesia. How integrated should the practice 
of anesthesia become? What can be done to increase 
the quality of care worldwide? Certainly many interna-
tional organizations have tried to enhance the quality 
of patient care worldwide, which this author recognizes. 
Leading authors from around the world have been asked 
to describe the evolution and status of anesthesia in 
their respective countries. Although there are no simple 
answers, learning from each other will enhance the trans-
fer of information and knowledge worldwide.

EARLY HISTORY OF INTERNATIONAL 
ANESTHESIA

Before the early twentieth century, transfer of informa-
tion internationally was obviously limited. This editor 
thought that a comparison of the evolution of anesthesia 
in different countries would not only be interesting, but 
also educationally instructional regarding the effects of 
societal pressures and clinical needs on its development. 
In response to patient needs, physicians from various 
regions came to different but often similar conclusions 
about pain relief and surgical anesthesia. In many places, 
herbs, opium, and alcohol were the mainstays of pain 
relief medication.

Regions were not completely isolated, however. As the 
narratives herein describe, the traditional ways of spread-
ing culture and information, such as war, trade, and 
immigration, enabled at least some sharing of anesthesia 
techniques. In particular, the first published account of 
ether used as an anesthetic in 1846 seems to have been a 
watershed for the field of anesthesia.

BRAZIL (Maria Carmona)

The first ether anesthesia in Brazil was administered in 
the Military Hospital of Rio de Janeiro by Dr. Roberto 
Jorge Haddock Lobo on May 25, 1847. Ether was soon 
replaced by chloroform, which became widespread until 
other new anesthetic drugs were discovered and intro-
duced into medical practice. Until the early twentieth 
century, anesthesia was delivered primarily by nurses and 
surgeons.

INDIA (Deepak K. Tempe)

The history of anesthesia in India dates back to the era 
of Susruta, the great surgeon of ancient India. During his 
time, around 600 bc, operations were performed with the 
use of opium, wine, and Indian hemp (an herb). Surgical 
science was called salya-tantra (salya: broken parts of an 
arrow and other sharp weapons; tantra: maneuver).1

Much later, in ad 980, Pandit Ballala mentioned in Bhoj 
Prabandh that Raja (King) Bhoj underwent a cranial opera-
tion under the anesthetic influence of a plant called sam-
mohini. The same plant was applied as a healing balm to 
surgical wounds. A drug called sanjivan was administered 
to revive the Raja and help him regain consciousness.2

Nearly 900 years later, after the first widely publicized 
demonstration of ether anesthesia in the United States 
in 1846, India quickly followed suit by administering 
ether anesthesia on March 22, 1847, in Calcutta under 
the supervision of a surgeon named Dr. O’Shaughnessy.3 
Later, chloroform was also used but fell into disre-
pute because of the frequent morbidity associated with 
it. Despite this morbidity—and the fact that the world 
began to discard chloroform in preference for ether by 
1890—India continued to use chloroform until 1928.

Among the several interesting case reports related to 
anesthetic practice is the emergency appendectomy per-
formed on Mahatma Gandhi on January 12, 1925, at 
Sassoon Hospital, Pune (Fig. 2-1). During an electricity 
failure, the mahatma was administered open-drop chlo-
roform anesthesia, with the surgery being completed by 
the light of a kerosene lamp and battery-operated torch.4

JAPAN (Naoyuki Hirata and Michiaki 
Yamakage)

In Japan, it is believed that Seishu Hanaoka (Fig. 2-2, A) 
probably first introduced general anesthesia for surgery 
on October 13, 1804, which was 42 years before W. Mor-
ton introduced ether anesthesia to the world.5 Hanaoka 
achieved general anesthesia using an herbal concoction 
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called mafutsusan, which mainly contained Datura alba, 
for Kan Aiya, a female patient with breast cancer (see 
Fig. 2-2, B). Hanaoka’s colleagues recorded the anesthetic 
and surgical courses. According to these records, after 
mafutsusan was administered orally, the patient became 
drowsy and lost consciousness; Hanaoka then performed 
a mastectomy without any patient movement. After sev-
eral hours, the patient recovered from anesthesia. How-
ever, the patient died 4.5 months after the surgery. After 
this first general anesthesia for performing a mastectomy, 
Hanaoka improved his surgical and anesthetic skills and 
performed over 200 surgeries using general anesthesia. 
He accepted many medical students to his school and 
instructed them privately. At that time, Japan closed its 
doors to most of the outside world. Therefore, Hanaoka’s 
method had little effect on Western medicine. Neverthe-
less, Hanaoka’s surgical and medical treatments spread 

A B

Figure 2-2. A, Seishu Hanaoka (1760-1835), the Japanese pioneer 
of anesthesia and surgery. B, Seishu’s disciple recorded his first opera-
tion (mastectomy, bottom) using general anesthesia performed on 
Kan Aiya (top). (With permission from Wakayama prefecture and Naito 
Museum of Pharmaceutical Science and Industry.)

Figure 2-1. Mahatma Gandhi after surgery with the surgeon Col. C. 
Maddock. (Courtesy Professor Kalpana Kelkar, Head of Anesthesiology, 
Sasoon Hospital, Pune, India.)
widely throughout Japan and prepared the way for the 
rapid and smooth acceptance of modern Western sur-
gery. D. alba, the main component of mafutsusan, is now 
a symbol of the Japanese Society of Anesthesiologists 
(JSA; Fig. 2-3).

Forty-six years after Hanaoka’s first use of general 
anesthesia, Seikei Sugita introduced ether anesthesia to 
Japan in 1850. He translated the Dutch text by J. Sarluis 
that described the methods and materials of ether anes-
thesia (Fig. 2-4). The Dutch text was not original but 
was translated from the German text by J. Schlesinger 
in 1847.5a As mentioned previously, Japan limited its 
contact with the outside world in those days. Japan was 
conducting trade with only China and the Netherlands. 
Therefore, Japan obtained information and knowledge 
about Western medicine from the Netherlands in the 
1800s.

THE MIDDLE EAST (Anis Baraka  
and Fouad Salim Haddad)

With the decline of the Greco-Roman Empire in the fifth 
century ad, the Middle East witnessed the rise of an Arab/
Islamic civilization that within 100 years (ad 632-732) 
expanded over a 3000-mile stretch extending from the 

A
JA

P
A

N
E

S
E

  SO
CIETY  OF   ANESTHESIO

LO
G

IS
T

S

JSA

B

Figure 2-3. A, Datura alba was the primary ingredient of mafutsusan, 
which was the first general anesthetic produced by Seishu. B, Datura 
alba is now a symbol of the Japanese Society of Anesthesiologists (JSA).

Figure 2-4. Seikei Sugita introduced materials and methods of ether 
anesthesia to Japan in 1850 by translating Dutch text. (With permission 
from Medical Library of Tokyo University.)
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western borders of India, through northern Africa and 
Sicily, to Andalusia on the Atlantic coast of Spain. This 
civilization interacted with the ancient Egyptian, Hel-
lenistic, Byzantine, Syrian, Persian, and Indian cultures. 
Many Arab/Islamic, Christian, and Jewish scholars trans-
lated, refined, and augmented the knowledge contained 
in these cultures. The new civilization that evolved 
lasted for approximately 1000 years, carried the torch of 
knowledge in the Middle Ages, and through its transmis-
sion via Spain and Sicily, contributed to the European 
Renaissance.

In this epoch, some prominent Arab/Islamic, Christian, 
and Jewish scholars made important contributions in the 
fields of medicine, philosophy, astronomy, mathematics, 
and chemistry. A wealth of knowledge was thus inherited 
by several succeeding ages. Of special interest, the follow-
ing scholars made contributions to the field of anesthesia. 
First, Al-Rhazi (ad 865-925), born in Ray, Persia, described 
the pupillary reaction to light and the laryngeal branch 
of the recurrent laryngeal nerve.6 Second, Avicenna (ad 
980-1037), born near Bukhara, Persia, enumerated drugs 
that alleviate pain: opium, henbane, and mandrake; in 
his Canon of Medicine, he advocated oral endotracheal 
intubation: “When necessary, a cannula of gold, silver, 
or another suitable material is advanced down the throat 
to support inspiration” (Fig. 2-5).7,8 Third, Ibn al-Nafis 
(ad 1208-1288), born in Quresh, near Damascus, Syria, 
criticized in his Sharh Tashrih Al Qanou Galen’s theory of 
blood movement, which said that blood from the right 
ventricle passes into the left ventricle through small invis-
ible pores in the septum (Fig. 2-6, A). Ibn al-Nafis asserted 
that there is no direct pathway between the chambers and 
the thick septum of the heart is not perforated, and he 
described the pulmonary circulation as we know it today 
(see Fig. 2-6, B).9,10 And fourth, Al-Khawarizmi (died ad 
840), born in Balkh, Persia, was a famed mathematician; 
the word algorithm, a mathematical tool, is attributed to 
him. Algorithm is defined as “a step-by-step problem-
solving procedure.”11

Use of Spongia Somnifera
In the Middle Ages, the concept of inhalation to induce 
sedation before surgery with use of the sleeping sponge, 
or spongia somnifera, is attributed to Arab origins.12,13 

A

B
Figure 2-5. A, The Latin version of oral intubation: Et quandoque 
intromittiture in gutture canula facta de auro aut argento: aut silibus 
ambobus, adjuvando ad inspirandu. B, The Arabic version of oral intu-
bation; it translates as, “When necessary, a cannula made of gold, 
silver, or another suitable material is advanced down the throat to 
support inspiration.” (From Haddad FS: Ibn Sina [Avicenna] advocated 
orotracheal intubation 1000 years ago: documentation of Arabic and 
Latin originals. Middle East J Anesthesiol 17:155-162, 2000.)
A

B
Figure 2-6. A, Galen’s theory of blood movement. According to 
Galen, blood reached the periphery through the veins (most of it 
departing from the liver), as well as through the arteries (departing 
from the heart). Little blood went to the lungs from the right ven-
tricle of the heart. He thought that most of the blood passed from 
the right to the left ventricle through pores in the intraventricular 
septum. B, Photographic reproduction of the original manuscript 
of Ibn al-Nafis, denying the presence of intraventricular pores and 
describing the pulmonary circulation.
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With the Arab conquest of Sicily in the ninth century and 
the Latin translations of Arabic medical books that fol-
lowed, Arabic medicine, including the soporific sponge, 
took hold in southern Italy (Salerno, Monte Cassino). 
From there it spread to other parts of Europe and was 
used in the Middle Ages.13 A probability also exists that 
it was carried from the Andalus of Spain by Michael Scot, 
who in the thirteenth century transmitted scientific cul-
ture from Toledo to Bologna via the Court of Frederick II 
Hohenstaufen in Sicily.14,15

After the Middle Ages, major political events in the 
nineteenth century affected the development of medi-
cine throughout the countries of the Middle East. First, 
with Napoleon’s invasion of Egypt in 1798, the medical 
awakening of Middle Eastern countries to Western medi-
cine can be said to have started. To win the cooperation 
of the Egyptian people, Napoleon brought with him men 
of all specialties.16 After Napoleon’s departure from Egypt 
and the assumption of power by Mohammad Ali in 1805, 
efforts to propagate knowledge and education continued. 
Mohammad Ali brought doctors from Europe and France 
to take care of the health of his army. Of those, the most 
remarkable was Dr. Antoine Berthelemy Clot (later Clot 
Bey) (1793-1868), who was brought to Egypt in 1825. In 
1835, Bey established a medical school in Kasr Al Aini 
Hospital in Cairo, the only Arab medical school in the 
Middle East at the time.16

The developing renovation of Egypt then influenced 
other regions of the Middle East, either through students 
flocking to study medicine in Kasr Al Aini Hospital or 
through the influence of the Egyptian military campaign 
(Ibrahim Pasha, son of Mohammad Ali) against the then 
known Syria (1831-1840). Graduates from the medical 
school in Cairo practiced in all big cities of the Middle 
East: Beirut, Damascus, Allepo, Jerusalem, Safad, Nablus, 
Haifa, and Nazareth. It is assumed that the analgesia prac-
ticed in major cities of the Middle East was the same tech-
nique used in Cairo. Relief of surgical pain in Cairo then 
consisted of herbal medications and antispasmodics.16 
No kind of inhaled anesthesia was known.

After the invasion of Syria by Ibrahim Pasha from 1831 
to 1840, the Egyptians, with the influence of Western 
missionaries, built two military hospitals—one in Allepo 
and one in Damascus—and established free medical clin-
ics.16,17 The presence of Clot Bey in the campaign was 
instrumental in sending the first five Lebanese students 
to study medicine at Kasr Al Aini Hospital.16

Finally, after massacres in 1860, Western powers 
(American, French, and British) intervened in Lebanon, 
and with the inflow of missionaries, more medical schools 
and hospitals were established. In 1866, the Americans 
founded the Syrian Protestant College, which in 1920 
became the American University of Beirut. In 1883, the 
French founded their medical school (Faculté Française 
de Médecine).16

Introduction of Modern Anesthesia  
to the Middle East
In 1846, the first published account of the use of ether 
anesthesia for a surgical operation appeared, and the 
innovation spread rapidly,18,19 including to London in 
December 1846 and Paris in January 1847. Twenty-seven 
years later, in 1873, anesthesia arrived in Beirut16 with the 
help of an American surgeon, Dr. George Post (Fig. 2-7, A).
A B

Figure 2-7. A, Dr. George Post (1838-1909). B, Dr. George Post in the operating room with a female patient on the operating table.
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Dr. Post arrived in Lebanon in 1863 to assist with 
missionary work. In 1867, he and others established the 
medical school of the then Syrian Protestant College, 
and in 1873, Dr. Post wrote a book on surgery in the 
Arabic language, which included a chapter on general 
anesthesia, the first of its kind in the Middle East. This 
chapter described the administration of chloroform. 
This anesthetic facilitated the ability to reduce a dis-
located shoulder of a patient, which was performed 
at the Syrian Protestant College’s Johanniter Hospital 
in Beirut. To describe this action, Dr. Post coined the 
word kulfera, an Arabization of the word chloroform. 
Dr. Post rightly deserves the title of the First Pioneer of  
Modern Anesthesia in Lebanon and the Middle East 
(Fig. 2-7, B).16

Graduates of the Syrian Protestant College in Lebanon 
and other graduates of medical schools in the Middle East 
probably administered open-drop ether or chloroform 
along with local and spinal anesthesia through the rest of 
the nineteenth century and middle of the twentieth cen-
tury. Physicians, students, nurses, nuns, and technicians 
were most likely also involved.

RUSSIA (Yury S. Polushin)

The history of Russian medicine has its roots in the his-
tory of medieval European medicine. Right through the 
eighteenth and nineteenth centuries, much of the infor-
mation about anesthetic techniques—applying “snow” 15 
minutes before surgical procedures and analgesics for the 
cardiovascular and respiratory systems and wound heal-
ing, as well as the use of bellows for lung ventilation— 
came from various leaders in European medicine. In 
addition, like their colleagues in the Middle East and 
India, Russian physicians heard of the first use of ether on 
October 16, 1846; that day is still a professional holiday 
for anesthesiologists in Russia. A brief 4 months later, Dr. 
F. I. Inozemtzev of Moscow became the first in Russia to 
use ether for anesthesia during surgery.

Around the same time, the art of local anesthesia was 
developing rapidly after the publication of an article by 
the Russian doctor Vassili von Anrep. He described the 
effects of cocaine as a topical and subcutaneous local 
anesthetic in 1879. Isolated by the German chemist Fried-
rich Gaedcke in 1855 and purified by University of Got-
tingen student Albert Niemann in 1859, cocaine was first 
given to a patient in 1884. It was the only local anesthetic 
until 1904, when procaine was synthesized.

Von Anrep’s ideas of local anesthesia were highly pop-
ular. Famous physicians of Europe and Russia (Shleich, 
Lukashevich, Vishnevskiy, Bier) were developing the 
knowledge of local anesthesia, which gave rise to new 
methods of preventing pain: local field anesthesia, local 
infiltration anesthesia, nerve blocks, plexus anesthesia, 
intravenous anesthesia, and neuraxial anesthesia.

In general anesthesia, Nikolay Pirogov (1810-1881) 
was a prominent Russian physician and surgeon, well 
known in Europe. He was the first to describe the negative 
effects of general anesthesia and the possibility of severe 
complications. He postulated the necessity of acquir-
ing detailed knowledge of the physiologic and clinical 
effects of anesthetics and requiring a separate course on 
anesthesia during medical education. He also described 
many of the modern methods of anesthesia, including 
inhaled endotracheal anesthesia, intravenous anesthet-
ics, rectal use of anesthetics, and spinal anesthesia. In 
1847, he was the first to use ether narcosis on wounded 
soldiers, and he performed approximately 100 operations 
on the battlefield during the war in the Caucasus. This 
had a major effect on the analgesia provided to wounded 
soldiers in terms of increasing surgical success and rates of 
survival. (R.D. Miller: Although wars cause an enormous 
harm to humanity, they have facilitated development of 
anesthetic techniques for patients undergoing trauma 
and other major surgical procedures, including Russia in 
the late 1800s.)

In 1904, the Russian physicians S.P. Feodorov and N.P. 
Kravkov described and demonstrated total intravascu-
lar anesthesia with the intravenous anesthetic gedonal. 
They were also the first to use combined narcosis through 
induction with gedonal and maintenance with inhaled 
chloroform.

Another area in which Russian physicians made 
advances was in the field of blood transfusions (see 
Chapter 61). In 1901, Karl Landsteiner reported his dis-
covery of the possible existence of blood types. In 1909, 
he expanded his initial discovery by establishing the A, 
B, AB, and O blood types. He demonstrated that trans-
fusions between individuals with the same blood group 
do not result in the destruction of new blood cells and 
that this catastrophe occurs only when a person is trans-
fused with the blood of a person belonging to a differ-
ent group. In 1930, Landsteiner received the Nobel Prize 
for his work. In 1907, Russian physician Yanskiy had also 
described four blood types and created the basics of blood 
transfusion. His work, however, went unnoticed.

Just a few short years later, World War I began, fol-
lowed by the October Revolution in 1917, which 
destroyed the monarchy in Russia. Civil war, general 
poverty, and empowerment of the Communist Party in 
the early 1920s led to dramatic changes in Russia’s politi-
cal philosophy, economics, and technical and scientific 
progress, all of which affected the development of medi-
cine. With Joseph Stalin coming to power in the 1920s, 
communication with other countries in Europe was ter-
minated, exchange of information stopped, and Russian 
physicians had to continue treating their patients while 
developing the art of medicine separate from the knowl-
edge and advances in the rest of the world. Likewise, Rus-
sian medical advances were not known to the rest of the 
world and were often reinvented elsewhere.

THE CROSS-POLLINATION PERIOD:  
1920-1980

In the late 1970s, the editor (R.D. Miller) took a sabbati-
cal in Holland, during which time he lectured at a local 
university hospital. Also in residence at the time was a 
young anesthesiologist from Ecuador. The two physicians 
became friends as they shared ideas about the practice of 
anesthesiology and its future. This rich exchange about 
their profession continues to this day. This was the begin-
ning of this editor’s understanding of the interesting 
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and varied approaches in different parts of the world to 
achieve the status of anesthesiology as it now stands.

This cross-cultural exchange, however, is no aberration. 
Over the approximately 60 years from the end of World 
War I through the early 1980s, anesthesiologists from 
around the world began to meet in a variety of forums 
facilitated by air travel and modern communications.

Physicians received training and education abroad. 
Lecturers from diverse nations spoke frequently outside 
their home country and brought in new ideas and tech-
niques. Academic and research journals proliferated, as 
did international congresses and access to textbooks, 
thereby laying the groundwork for a common under-
standing of how to practice anesthesia.

BRAZIL (Maria Carmona)

The participation of some Brazilian physicians in World 
War II was an excellent opportunity to practice and learn 
more about this emerging specialty (another example 
of the advance of anesthesia in a military conflict). In 
1948, the Brazilian Society of Anesthesiology (SBA) was 
founded, and since then the SBA and the Federal Council 
of Medicine have played important roles in defining anes-
thesia policy and guidelines in Brazil.

CHILE/SOUTH AMERICA (Guillermo Lema)

General Concepts
Geographic and economic diversity have characterized 
the development of South America. The continent is the 
site of the Andes (the longest continental mountain range 
in the world), five desert regions, and rain forests—all of 
which have given rise to countries with distinct features. 
This geographic diversity has isolated most of the coun-
tries and created huge natural frontiers.

The immigrant populations and the heritage of the 
native peoples have added their own characteristics. 
Development has been unique for most countries, result-
ing in enormous disparity. This disparity is present in 
numerous aspects of people’s lives.

South America’s economic growth has been influ-
enced by foreign countries, their economic resources, and 
investment policies. Some have assumed that most coun-
tries would have developed at almost the same speed; 
however, this has not been the case.

Immigration has also played an important role. The 
European influence may have been one of the factors for 
better and faster development in some countries, possibly 
because of a higher standard of education, a strong will to 
overcome hard times in their own native countries, and 
good integration into the South American society. This 
has certainly been the case in medicine.

South American countries have had to overcome local 
structural and economic difficulties over the last 50 years, 
and this has had an obvious effect on daily life.

It is obvious that, because of an economic liberalism 
in several countries in South America, economic devel-
opment and disparity throughout the countries has 
increased enormously, with a discernible effect on medi-
cine, including anesthesia.
In general, economic growth leads to the availability of 
better and more expedient medical care; however, this is 
not the case in many South American countries. Although 
personal incomes have increased, access to medicine of 
good quality has not been achieved as expected, prob-
ably because of the increasing complexity and rising costs 
of medical care. Indeed, more patients claim that they 
are receiving good medical care, but according to govern-
ment authorities at the National Health Services, most 
countries have not been able to reach the desired goals.

These general concepts should be borne in mind when 
consideration is given to anesthesia in this region.

Medicine
The main influences on the South American practice of 
medicine in general, and anesthesia and surgery in par-
ticular, come from Europe. For many years, and particu-
larly during the first six decades of the twentieth century, 
many doctors were trained in different parts of Europe, 
including France, Germany, and Scandinavian countries. 
The European influence was as strong in medicine as it 
was in other aspects of daily life.

One example of Europe’s influence was the widespread 
use of the Ombrédanne in South America (Fig. 2-8). This 
device, used to deliver ether anesthesia, was invented in 
France in 1908 by a surgeon named Dr. Louis Ombré-
danne (1871-1956). It is believed that South America is 
likely the only continent where this equipment was clini-
cally acceptable and used widely.

Of course, ether was not the only anesthetic used 
during this time. Cyclopropane was also used, although 
Chile had a dramatic experience with this gas that even-
tually caused it to be banned. In 1963 at the Manuel Arri-
arán Hospital in Santiago, a cyclopropane tank exploded 
in a pediatric operating room. Two small boys and four 
physicians—two of them anesthesiologists—died. This 
remains one of the worst anesthesia-related accidents 

Figure 2-8. The Ombrédanne anesthesia delivery device.
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ever to happen in the world. New standards, including 
the banning of cyclopropane, were imposed to avoid fur-
ther accidents.

The European influence remained strong for many 
years. In the 1970s, the influence of North America 
started to grow and continues through today. The North 
American influence is evident in many countries such as 
Argentina, Brazil, Colombia, Chile, and Uruguay, which 
have advanced technology, monitoring devices, drugs, 
and associations with various institutions in North Amer-
ica. In other South American countries where cultural 
and economic growth are deficient, contact with more 
developed countries is still lacking.

Because Spanish is the predominant language on the 
continent, with the exception of Brazil, a language bar-
rier affects the relationship between doctors and foreign 
institutions. English is considered a second language in 
only a few countries. As a result, doctors can commu-
nicate fluently in English in relatively few places, such 
as in their sharing of medical experiences, attendance of 
meetings, and access to medical and anesthesia journals.

English as a second language is essential to obtain 
access to full information and to stay updated. If one is 
not able to do this, then there is the likelihood of being 
left behind. Unfortunately, this is the current situation in 
many countries.

Even with the availability of medical information 
online, a foreign language such as English is needed and 
should be part of undergraduate or postgraduate medical 
education. There are many medical journals in Spanish, 
but anesthesiologists must understand that English is by 
far the most common language used in the medical field.

CHINA (Yuguang Huang)

In the early twentieth century, with the introduction of 
Western medicine into China, modern anesthesia began 
to be applied in clinics. At that time, anesthesia was 
implemented mainly by nurses or surgeons. Only a few 
Western professional anesthesiologists, such as Yueq-
ing Ma from the Peking Union Medical College, could 
undertake clinical anesthesia in China.

After the foundation of the People’s Republic of China 
in 1949, some early pioneers—such as Jue Wu and Xing-
fang Li from Shanghai and Rong Xie, Deyan Shang, and 
Huiying Tan from Beijing—returned from the United 
States and Europe to help modern anesthesia take shape 
in China.

In the 1950s, only simple anesthesia was available 
in China, such as the ether open-drop method, inhaled 
tracheal intubation anesthesia, and single procaine spi-
nal anesthesia. Peripheral nerve block and continuous 
epidural anesthesia were introduced on a gradual basis.
From the 1950s to the 1980s, intravenous procaine com-
bined anesthesia and continuous epidural anesthesia 
were the most common methods in China. When anes-
thetic drugs and monitoring tools became scarce in the 
1960s, Chinese anesthesiologists tried to develop acu-
puncture anesthesia based on the pain-relieving mecha-
nisms of traditional Chinese acupuncture. In the 1970s, 
Chinese anesthesiologists investigated the anesthetic 
effect of Chinese herbal medicine. However, beginning 
in the late 1970s, because of the success of reform and 
the government’s more open foreign policy, many new 
anesthetic drugs and instruments were introduced into 
China. At that time, acupuncture anesthesia and herbal 
anesthesia stepped down from the clinical stage because 
of their unsatisfying anesthetic efficacy and adverse 
effects.

Raising the Professional Profile  
of Anesthesia
Chinese anesthesiologists also began raising their profile 
as early as the 1950s, when they took part in the rescue 
of critically ill patients via cardiopulmonary resuscita-
tion. For example, in 1959, Professor Yuanchang Wang 
from Tianjin Medical College shared his experience in 
the Chinese Journal of Surgery by reporting that a woman 
whose life was in danger during cesarean section was 
saved by chest compressions. Partly because of the influ-
ence of anesthesiologists, since the 1970s intensive care 
units (ICUs) and postanesthesia care units (PACUs) have 
gradually been established in many domestic hospitals.

China has also participated in numerous international 
conferences and professional groups (Fig. 2-9). The First 
National Conference on Anesthesia was held in Nanjing 
in 1964, during which the development and achieve-
ments of Chinese anesthesiology were systematically 
reviewed. In 1979, the Chinese Society of Anesthesiology 
(CSA) was founded during the Second National Confer-
ence on Anesthesiology held in Harbin. Professor Deyan 
Shang was elected as president of the first CSA commit-
tee. Since then, national CSA conferences have been held 
every 3 or 4 years.

During this period, there was also a foray into profes-
sional publications, most notably by Professor Jue Wu, 
the leader of Chinese anesthesia, who was the lead editor 
of Clinical Anesthesiology in 1954 and Practical Anesthesiol-
ogy in 1976.

Western medicine introduced by the United States also 
helped to promote the development of modern medi-
cine in China. A good example is Peking Union Medical 
College Hospital, which was founded by the Rockefeller 
Foundation in 1917. Even today, Peking Union Medical 
College Hospital is still regarded as an “ivory tower” of 
Chinese medicine. Some professors from Peking Union 
Medical College Hospital moved to Taiwan in 1949, and 
some of them changed their specialization from surgery 
to anesthesiology and became the early practitioners of 
anesthesiology there. They made important contribu-
tions to the foundation and development of modern 
anesthesiology in Taiwan.

INDIA (Deepak K. Tempe)

Until approximately 30 years ago, anesthetic equipment 
in Indian operating rooms often consisted solely of a 
simple anesthesia machine, a suction unit, and perhaps 
an electrocardiographic monitor. Even the oxygen sup-
ply was mainly via cylinders, with few hospitals having a 
centralized medical gas supply. The first medical pipeline 
system was installed in Vellore in 1954.

Today it is widely accepted that postoperative care is 
crucial for the success of surgery, but in previous days, 
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Figure 2-9. A, Participants of the First National Conference on Anesthesia, Nanjing, 1964. B, Participants of the Second National Conference on 
Anesthesia, Harbin, 1979, during which the Chinese Society of Anesthesiology was founded.
many patients were sent back to the ward directly after 
surgery and only a few would go to the recovery room. In 
recognition of the fact that surgical patients often need to 
be observed in a specialized area, India commissioned its 
first ICU in 1963 in an Army hospital in Delhi. Notably, 
that was the same year that an ICU was first established 
by an anesthesiologist at the University of California, San 
Francisco.

During this period of the twentieth century, Indian 
anesthesiologists also recognized the need for pro-
fessional societies. The idea of the Indian Society of 
Anaesthesiologists (ISA) was conceived in 1946, and 
the group was formally established in 1947. The first 
ISA meeting was held in 1949 during a surgeons’ con-
ference in Mumbai, and the first independent ISA 
conference was held in Hyderabad in 1965. Professors 
Macintosh and Gray were the distinguished guests dur-
ing the conference. The ISA published its first official 
journal in July 1953 and joined the World Federation 
of Societies of Anesthesiologists (WFSA) in 1956. The 
group has grown from 19 members when it began 
to nearly 18,500 members in 2012. The Diploma in 
Anesthesia (DA) was first started in 1946 in Mumbai 
University, and the postgraduate degree course (Master 
of Science in Anesthesia) was started in 1955 at Darb-
hanga Medical College, Bihar.

JAPAN (Naoyuki Hirata and Michiaki 
Yamakage)

In the early 1900s, the Japanese government began using 
primarily Western medicine rather than Eastern medi-
cine, which had been used for a long time. The Japanese 
government invited many medical instructors from Ger-
many (Prussia at that time) to teach in Japan, and medical 
students from Japan studied in Germany. In those days, 
German physicians promoted local anesthesia rather 
than general anesthesia. Therefore, surgeons in Japan 
focused on local anesthesia, whereas general anesthe-
sia dramatically developed in the United States and the 
United Kingdom.

In 1950, Dr. Meyer Saklad came to Japan to participate 
in the Joint Meeting of American and Japanese Medical 
Educators. He presented novel information on anesthe-
siology, including general anesthesia, to Japanese sur-
geons. His lectures created shock waves among Japanese 
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surgery professors. Since his lecture, anesthesiology in 
Japan has become much more developed; a Department 
of Anesthesiology was established at Tokyo University in 
1952, and the JSA was established in 1954.

THE MIDDLE EAST (Anis Baraka and  
Fouad Salim Haddad)

At the end of World War I, the Middle East was divided 
by Western powers into small countries that were placed 
under British and French mandate. The major pattern in the 
practice of anesthesia was complete dependence on foreign 
surgeons, who could administer anesthetics, and on local 
and foreign nurses or nonanesthesiologists and technicians, 
who administered ether or chloroform. This period also 
witnessed the foundation of faculties of medicine in some 
countries of the Middle East (Syria, Sudan, and Iraq).17

By the end of World War II, the beginning of oil pro-
duction contributed to an improving economy, which 
meant more funds available for anesthesia machines, 
endotracheal tubes, and thiopental, all of which began to 
appear in many countries of the Middle East. An influx of 
newly trained surgeons increased the demand for quali-
fied anesthesiologists, thus prompting anesthesia resi-
dencies. In addition, in response to a manpower shortage 
in many countries in the Middle East, nurse and techni-
cian training began as well, although this was gradually 
phased out as locally and internationally trained and cer-
tified anesthesiologists began arriving in many countries 
of the Middle East.

During the second half of the twentieth century, all 
countries of the Middle East were striving to attain state-
of-the-art anesthesia. The World Health Organization 
(WHO) played a significant role in encouraging and spon-
soring graduate physicians for training in anesthesia at the 
World Anesthesiology Training Center in Copenhagen.

Raising the Professional Profile  
of Anesthesia
As in many other places in the world, the status of anes-
thesia in the Middle East depends partly on the estab-
lishment of fully independent departments of anesthesia 
that have their own structure, staff, residency training, 
research, and certification by international academic 
institutions and that offer fellowships in cardiovascu-
lar, obstetric, and pediatric anesthesia, as well as pain 
management. To that end, certain landmark strides were 
taken during this period.

In 1966, the Middle East Journal of Anesthesiology was 
founded. Its main objectives are to act as a forum for edu-
cation and exchange of opinions and to promote research 
and publication of Middle Eastern medicine and anesthe-
sia. The journal is accepted for inclusion in the Index 
Medicus and MEDLARS system.

In addition, in the 1960s and 1970s, many Middle 
Eastern countries founded their own national societies 
of anesthesia, which promoted the practice and image of 
the specialty. In 1990, The Pan Arab Society of Anesthesia 
and Intensive Care was founded and became a member of 
the WFSA. Every 2 years, the Pan Arab Society holds The 
Pan Arab Congress of Anesthesia and Intensive Care in 
one of the member countries.
RUSSIA (Yury S. Polushin and  
Olga N. Afonin)

In the midst of the economic difficulties and political 
upheaval after the Russian civil war, medical services 
underwent dramatic reorganization and expansion, and 
some positive developments ensued, including cam-
paigns against diseases and poor hygiene. Thousands 
of unpaid men and women underwent short courses in 
nursing. They then went all over the country to educate 
people and treat deadly diseases, often risking their own 
lives. This remarkable effort was rewarded in just a few 
years. Epidemics were stopped, and control of many dis-
eases was established. This experience emphasized the 
importance of preventive measures, including vaccina-
tions, and Soviet physicians began working on preven-
tive medicine.

Meanwhile in Moscow, Dr. Vadim Yurevich was the 
first in the world to begin using citrate for blood conser-
vation. His colleague Dr. Vladimir Shamov was the first to 
use cadaveric blood for transfusion in 1928, thus giving 
birth to a new field of medicine—transplantation.

The first Institute of Blood Transfusion, a scientific cen-
ter for study and development of the science of blood and 
blood component use and storage, was formed in 1926 
in Moscow by Professor A. A. Bogdanov. Physicians of 
the institute developed and published the first systematic 
approach to the treatment of shock, including traumatic, 
hypovolemic, and “burn related.” Another dramatically 
important innovation by Russian physicians was the intro-
duction of methods of diagnosis and treatment of electro-
lyte and acid-base imbalances with complex salt solutions, 
blood substitutes, and total parenteral nutrition solutions.

In 1924, S. S. Bryuchonenko and S. I. Chechulin con-
structed and used the first artificial heart machine in the 
world, the forerunner of what is now known as a cardio-
pulmonary bypass machine. Surgical procedures were 
becoming more complex and required more advanced 
methods of exposure of the abdominal and thoracic 
organs. The bellows of Dr. Henry Hickman was trans-
formed into many different machines to provide artificial 
ventilation, including the famous iron lung at Harvard, 
used first in Boston in 1928.

In Moscow in 1936, the Laboratory of Resuscitation 
of the Academy of Medical Sciences of the U.S.S.R. began 
investigations on the dynamics of vital functions during 
the terminal period and methods for the resuscitation 
of the dying organism.20 As the head of the laboratory, 
V.A. Negovsky was instrumental in the integration of 
resuscitation in practical health care.

In 1939, N.L. Gurvich and G.S. Yun’ev developed the 
physiologic basis and methods of indirect heart massage 
and electrical defibrillation. These methods were used 
successfully on patients requiring complicated cardiotho-
racic surgeries in Russia.

In the U.S.S.R., the first endotracheal anesthesia with 
muscle relaxants was given by M. Anichkov in 1947 at 
the Military Medical Academy in Leningrad. The book 
Intratracheal Anesthesia in Thoracic Surgery, by S. M. Grig-
oriev and M. N. Anichkov, chronicles this event. After its 
publication, doctors from different regions of the country 
started to apply this method clinically.
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As all these developments grew into complex surgi-
cal procedures and as the use of neuromuscular blocking 
drugs spread, it became necessary in Russia to develop 
a new kind of subspecialty in medicine: anesthesiology. 
This would require extensive and detailed knowledge of 
many disciplines, including physiology, biochemistry, 
surgery, medicine, neurology, pharmacology, traditional 
anesthesia, and critical care.

The first Department of Anesthesiology in Russia was 
formed in 1958 at the Military Medical Academy in Len-
ingrad. Within a year, a second Department of Anesthe-
siology was formed in the Department of Cardiothoracic 
Surgery in Moscow (now the Russian Medical Academy 
of Physicians Postgraduate Education); this is the same 
year that the current Department of Anesthesia was 
formed at the University of California–San Francisco. 
The first postgraduate courses for physicians to become 
anesthesiologists lasted 4 months. Later, more courses 
of anesthesiology were incorporated, requiring addi-
tional months of training and including the basics of 
intensive care.

The broad variety of topics covered and the complex-
ity of the potential patient care issues meant that the 
new specialists needed more time to prepare properly 
for their careers. These careers were in demand as newly 
formed anesthesiology and intensive care departments 
required more anesthesiologists to teach and take care 
of patients.

In 1966, the Ministry of Health of the Soviet Union 
released the “Order of improvement of anesthesiologic 
and reanimatologic (intensive care) services in the coun-
try.” This governmental act legalized anesthesiology and 
gave it the financial and administrative support required 
at that time for any significant changes to take place. 
Along with the legalization of anesthesiology came the 
definition of functions and organizational structure. 
Most hospitals deployed units of anesthesiology, whereas 
institutions and universities formed departments of 
anesthesiology. Since 1969, anesthesiology and inten-
sive care have been merging into a single specialty called 
anesthesiology-reanimatology.

THE MODERN PERIOD: THE ESSENTIALS 
OF MODERN ANESTHESIA AROUND THE 
WORLD

The last 30 years has been an exciting period for anes-
thesia, largely because the ability to share clinical and 
research experience has made the practice safer and better 
than it ever has been.

Today, all anesthesiologists, no matter where they 
practice in the world, can gain access to the information 
necessary to deliver safe anesthesia. However, there are 
still places in the world that do not have access to the 
equipment or supplies needed to implement that knowl-
edge. This section details the essentials: the roles and 
responsibilities, the facilities and equipment available, 
the education and accreditation, the professional societ-
ies, the research conducted by anesthesiologists around 
the world, and the safety and medicolegal initiatives that 
have developed in these countries.
ROLES AND RESPONSIBILITIES OF 
ANESTHESIA PROVIDERS

Brazil (Maria Carmona)
Currently, only physicians are allowed to administer 
anesthesia, and the care of simultaneous procedures is 
prohibited. In other words, anesthesia was given to only 
one patient at a time. The Resolution from the Federal 
Council of Medicine (CFM 1802/06) related to the use of 
anesthesia recommends routine preoperative evaluation, 
and it defines the minimal structures and required equip-
ment to perform anesthesia safely and for adequate post-
operative care.

An electrocardiogram, noninvasive blood pressure meter, 
and a pulse oximeter are the minimal monitors for any kind 
of anesthesia. End-tidal carbon dioxide (ETCO2) monitor-
ing should also be available for any patients undergoing 
assisted or mechanical ventilation.

Chile/South America (Guillermo Lema)
For the past 50 years, anesthesiologists have been involved 
in PACUs and more recently have been responsible for 
them, including determination of the standards of care 
for these areas. Pediatric and cardiovascular anesthesia 
is generally performed by physicians with subspecialty 
training in these areas. Pain management and critical 
care reflect important areas in which the influence of the 
anesthesiologist has been important. Anesthesia-trained 
personnel run most of these units.

Another area of interest is the choice that many phy-
sicians, including anesthesiologists, must make between 
public and private hospitals. Historically, anesthesiolo-
gists have worked in public hospitals. The development of 
private practices in small clinics and in other institutions 
attracted many practitioners, who then reduced their 
work in public hospitals to part-time in the mornings. 
Currently, anesthesiologists work solely in one hospital, 
either public or private, with strict professional duties 
and cost containment as a major responsibility.

Most of the private clinics are run by private economic 
groups that operate under stringent financial criteria. In 
these institutions, the activities of anesthesiologists and 
other specialists are restricted, and only a few colleagues 
dedicate their time to administrative duties.

Although the resources to public hospitals are increas-
ing, the benefit of these resources is less than one might 
have expected, probably because of their centralized 
administration, which is not run by practitioners. Thus, 
economic restraints and inadequate conditions for anes-
thesiologists make positions in public practice unlikely 
to be filled completely, because private work is a more 
attractive option.

China (Yuguang Huang)
In the last decade, the overall professional level and social 
status of Chinese anesthesiologists have gained promi-
nence, as has medical education in the field. Each year, 
large numbers of outstanding medical graduates enter 
the anesthesiology resident training program, adding 
greatly to the activities of existing teams. Accompanying 
the country’s economic prosperity are developments in 
the medical field that put China on par with developed 
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countries in terms of routinely prescribed drugs and com-
monly used sophisticated monitoring equipment. The 
development of anesthesiology has also encouraged the 
continuing growth of other surgical departments.

The specialty of anesthesiology in China is mainly 
composed of clinical anesthesia, pain management, emer-
gency resuscitation, and extracorporeal circulation. The 
scope and versatility of clinical anesthesia have greatly 
expanded. For example, Chinese anesthesiologists can 
now receive training for transesophageal echocardiog-
raphy (TEE) examinations through continuing medical 
education lectures at large hospitals, with the more out-
standing ones having obtained the senior certification for 
TEE from the United States and Hong Kong. These clini-
cians are capable of performing intraoperative ultrasound 
examinations independent of assistance from ultrasound 
physicians. Therefore, the nation’s objective is to train 
Chinese anesthesiologists so that they have multidisci-
plinary talents within the near future. Aside from clinical 
practice in the operating theaters, anesthesiologists are 
also becoming involved in such clinical diagnostic and 
therapeutic procedures as endoscopy, fetus reduction at 
the fertility center, and provision of comfortable alterna-
tive solutions to patients undergoing mini-invasive pro-
cedures outside the operating theater. Anesthesiologists 
are earning more respect and recognition from physicians 
of other specialties and patients in China.

Anesthesiology has also evolved to be the perioperative 
medicine in multiple aspects. Patient blood management 
and perioperative blood conservation techniques are an 
internationally acknowledged issue. Over the years, the 
Chinese Ministry of Health (MOH), which in 2013 was inte-
grated into a new agency called the National Health and 
Family Planning Commission, has invested tens of millions 
of dollars to support the study and improvement of clinical 
rational blood use, in which anesthesiologists have played 
a crucial role in education and team leadership. MOH is 
the leading unit and pilot center for this project, and the 
Anesthesiology Department of the Peking Union Medical 
College Hospital has made great contributions to the proj-
ect through collaborations with other medical centers in 
Wuhan, Shanghai, Chengdu, and Zhejiang.

Currently, national guideline and blood management 
standards have been adopted in a majority of provinces, 
greatly alleviating the pressures exerted by limited blood 
supply and avoiding transfusion-related complications to 
a large extent. In addition, a number of hospitals have 
pain clinics providing good pain management for in-
hospital patients. Anesthesiology has evolved as a crucial 
medical specialty that enjoys rising status in general hos-
pitals, with department chiefs being involved in the lead-
ership of hospital management.

In addition, anesthesiologists have become integral 
to multidisciplinary collaborations, reflecting the grow-
ing status and recognition of anesthesiologists by their 
peers. Primary trauma care, a program promoted glob-
ally by the WHO, focuses on increasing awareness, and 
enabling and promoting training of medical practitioners 
in trauma management. MOH has designated the project 
as a high priority and assigned the Chinese Association of 
Anesthesiologists and Chinese Association of Emergency 
Physicians to oversee its responsible implementation. In 
the past 2.5 years, 4847 doctors and nurses in 1927 hos-
pitals from 15 provinces have been trained with primary 
trauma care throughout China, resulting in an improve-
ment in the level of primary trauma care in China. This 
project has received great acclaim and recognition from 
physicians and local hospital leaders, reflecting the exe-
cution skills, unified collaboration, and leadership capa-
bilities of Chinese anesthesiologists.

Europe (Lars I. Eriksson and Jannicke  
Mellin-Olsen)
The main activities in European anesthesia departments 
are to provide operating room anesthesia, postoperative 
care, critical care medicine, pain medicine, and critical 
emergency medicine.

The concept of anesthesiologists as perioperative phy-
sicians is a hallmark and well developed in many Euro-
pean countries. A considerable proportion of health care 
leaders are anesthesiologists who have a good overview 
of hospitals in general. In addition, in recent years anes-
thesiologists have taken more responsibility in leading 
patient safety initiatives.

In some countries, such as the Czech Republic, Germany, 
Italy, Moldova, Norway, and the United Kingdom, more 
than 30% of the activity of anesthesiologists is devoted to 
critical care medicine. Even in those countries where critical 
care is recognized as a separate primary specialty, as in Spain 
and Switzerland, anesthesiologists are involved in the care 
of the critically ill. Some physician groups want to intro-
duce more specialties on a European level, such as in criti-
cal care medicine. Thus far, anesthesiologists have opposed 
such initiatives as counterproductive and assert that it is 
more desirable to define and develop competencies and par-
ticular qualifications to develop critical care medicine fur-
ther. Emergency medicine is currently a separate specialty 
in Europe, but anesthesiologists regard critical emergency 
medicine a part of the professional domain. Anesthesiolo-
gists are involved, not least in the prehospital phase. In 
some countries, a large proportion of anesthesiologists are 
also active in acute and chronic pain medicine.19

In most of Europe, unlike in the United States, anes-
thesia can be delivered only by an anesthesiologist. In 
most European countries, nurses are involved, but with 
varying tasks and responsibilities. In general, there are 
two models of anesthesia nurses who participate in care. 
One model is the nurse anesthetist who is allowed to 
provide anesthesia without the presence of the in-charge 
physician in the room. Nurse anesthetists generally have 
a nursing degree with an additional 1 to 4 years of train-
ing, resulting in a diploma that entitles the nurse to 
administer anesthesia according to a plan defined by the 
anesthesiologist, including medication administration, 
tracheal intubation, and monitoring, depending on local 
protocol and terms and conditions of service. Countries 
where anesthesiologists work with nurse anesthetists are 
Scandinavia, the Netherlands, France, the Slovak Repub-
lic, and Bulgaria. The other model is the circulation nurse 
or anesthesia nurse, who can assist anesthesiologists 
during procedures but are not allowed to perform any 
direct patient-related roles beyond basic nursing tasks, 
such as preparing medication and administering intrave-
nous fluid. In Ireland and Malta, even this model is not 
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allowed, in contrast to Finland, Germany, Italy, Romania, 
United Kingdom, and other countries.21

India (Deepak K. Tempe)
The current Indian government expenditure on health 
is 1% of gross domestic product (GDP). This amount 
will increase to 1.5% during the next 5-year plan (2012-
2017).22 This public spending on health as a proportion of 
GDP is far too small as compared with the expenditure in 
the United States and Europe (6% to 7%). In India, anes-
thesia can be administered by a qualified anesthesiologist 
or by a trainee anesthesiologist under the supervision of  
a qualified anesthesiologist. In some states, such as Delhi, a 
directive from the government has been issued that states, 
“Anesthesia must be administered by a qualified anesthe-
siologist, that is, an anesthesiologist with a postgraduate 
qualification and who has been actively working.”

The duties and responsibilities of anesthesiologists 
have been evolving, but they have not yet been clearly 
defined by the ISA or Ministry of Health officials. Never-
theless, it is now well recognized that an anesthesiolo-
gist’s work is not limited to the operating room. Typically, 
anesthesiologists in India are involved in the following 
types of care: (1) preoperative assessment and prepara-
tion of patients; (2) perioperative care of patients; (3) 
pain relief during the perioperative period; (4) manage-
ment of critically ill patients; (5) management of acute, 
chronic, and cancer-related pain; (6) management and 
teaching of resuscitation skills; (7) provision of outpa-
tient anesthesia services; (8) administrative involvement 
in establishing and managing health care organizations; 
(9) disaster management coordinator in the hospital; 
and (10) teaching and training of the medical and para-
medical staff.

In addition to the duties just listed, both natural and 
manmade disasters have provided an extra challenge for 
anesthesiologists. By virtue of their ability to administer 
emergency life support measures, as well as their periop-
erative management skills, anesthesiologists were at the 
forefront during the 2001 Gujrat earthquake and tsunami 
disasters, and they actively participated in establishing 
operating theaters on site and providing care to victims. 
Likewise, during the 2011 Mumbai and Delhi bomb 
blasts, anesthesiologists played a leading role in perform-
ing emergency surgery and perioperative management.

PreoPerative evaluation. Preoperative evaluation and 
preparation of the patient are integral components of 
safe surgery; however, no dedicated preoperative anesthe-
sia clinics (PACs) existed in India until the early 1980s, 
and currently almost all hospitals have a dedicated PAC 
that screens patients before surgery (including outpa-
tient day surgery). In some government hospitals, the 
PAC is located in the main outpatient department block, 
signifying that it is an integral part of this department. 
PACs have become increasingly important because of the 
growing incidence of cardiovascular and other systemic 
diseases in patients undergoing surgery. In PACs, anes-
thesiologists review and optimize the treatment of other 
systemic diseases and detect new diseases and health con-
cerns. PACs have improved patient outcomes, and they 
are credited with facilitating the patient-physician rela-
tionship and discussions on patient awareness of anes-
thesia. A few hospitals have started awareness programs 
wherein a lecture is delivered (with illustrations) on a 
monthly basis to patients and their relatives to familiar-
ize them with the anesthetic techniques and procedures 
that they will undergo.

oPerating room. The operating room continues to be 
the mainstay of anesthetic practice, where the anesthe-
siologist fulfills his primary responsibility of providing 
safe anesthesia to patients undergoing surgery. Operat-
ing rooms are major consumers of hospital resources and 
major sources of income for private hospitals; therefore, 
it is imperative that they be managed in the most effi-
cient manner. However, there is no consensus on an ideal 
system to ensure efficiency in this area. The anesthesiolo-
gist is actively involved in trying to improve efficiency, 
especially with triage and the scheduling of urgent and 
emergency cases. In addition, the anesthesiologist is 
responsible for designing and equipping the operating 
rooms.23 Safety is another concern. The professional risks 
(especially those related to needlestick injuries) of anes-
thesiologists, as well as other operating room staff, are 
well recognized, and preventing such health care hazards 
has become an important consideration.

recovery room and PostoPerative intensive care 
units. Appropriate postoperative care is crucial for the  
success of surgery. Today in India, depending on the 
nature of the surgery and the patient’s condition,  
the patient is transferred to a recovery room or an ICU. 
Some version of an ICU or recovery room exists in 
almost all major hospitals in India today. The nomen-
clature used to describe these areas is not uniform. As 
a result, terms such as postoperative ward, recovery room, 
high-dependence unit, critical care unit, and PACU are often 
used to describe the same facility. At some hospitals, 
especially those in which major and complex surgery 
requiring postoperative ICU management is not per-
formed regularly, there is no demarcation between an 
ICU and the recovery room. A single area designated as a 
recovery room is used for both purposes.

Where there is a distinction, the decision about 
where a postsurgical patient belongs is governed by the 
degree of morbidity. If a patient is very sick and requires 
ventilation and careful hemodynamic monitoring, the 
patient is transferred to an ICU. If mechanical ventila-
tion and continuous hemodynamic monitoring are not 
required, the patient is transferred to a recovery room, 
which is perhaps the equivalent of the PACU. Patients 
undergoing day surgery (if practiced in a given hos-
pital) are also transferred to the recovery room before 
discharge.

Most recovery rooms are under the charge of an anes-
thesiologist; in the case of ICUs, sometimes the anesthe-
siologist is in charge. Practice varies by location, and it 
is generally governed more by the logistics involved in a 
particular hospital than by any definite norms.

ambulatory care and other areas. Although it is rec-
ognized and appreciated that ambulatory care is a dis-
tinct possibility in a substantial number of patients, it 
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is not practiced as much as it should be. It is difficult 
to provide exact figures in this matter, but in general, 
the private (corporate) hospitals provide ambulatory 
care. The number of government hospitals practicing 
ambulatory care is relatively small, mainly because of 
logistic reasons. However, that is likely to change with 
the increasing availability of short-duration anesthetic 
drugs and modern surgical facilities (tools for minimally 
invasive surgery). Saving costs to the patient and the 
hospital and increasing patient turnover have been the 
major factors influencing interest in ambulatory care. 
The safety issues related to ambulatory care are well 
recognized, but there are no guidelines or recommenda-
tions from the ISA or any other regulatory body on this 
matter.

Anesthesia services are also frequently required in sev-
eral other areas within the hospital but outside the oper-
ating room. These areas tend to be less familiar to most 
anesthesiologists and provide less access to the facilities 
typically available in an operating room. Their prolifera-
tion, however, has increased the demands on the field 
of anesthesiology. Areas where anesthesia is playing an 
increasingly prominent role include radiology suites 
(computed tomography, magnetic resonance imaging 
[MRI], and interventional radiology), the cardiac cath-
eterization laboratory, electrophysiologic laboratories, 
the endoscopy room, and the electroconvulsive therapy 
room. In most of these areas, patients require sedation, 
but with some lengthy procedures—such as MRI, elec-
trophysiologic studies, and some interventional pro-
cedures—patients tend to get restless and may require 
general anesthesia. In addition, special considerations 
such as long breathing circuits or MRI-compatible equip-
ment may be necessary. The anesthesiologist should be 
familiar with these requirements to maintain safety stan-
dards. There is a tendency to consider these procedures as 
minor (by our clinical counterparts), thus undermining 
the safety requirements. However, the anesthesiologist 
must ensure that adequate safety standards are main-
tained in all these areas.

critical care medicine. In the beginning, the anesthesi-
ologist’s focus on critically ill patients was ventilatory care 
because anesthesiologists are well versed in cardiorespira-
tory physiology and ventilatory management. Further-
more, managing a critically ill patient was considered an 
extension of the job that anesthesiologists performed in 
the operating room. Therefore, the anesthesiologist man-
aged patients receiving controlled ventilation via a ven-
tilator and, ultimately, weaned patients from mechanical 
ventilation.

Subsequently, however, it became obvious that respi-
ratory function was only one aspect (albeit a crucial 
one) of the care of the critically ill. Anesthesiologists 
then became well informed about cardiovascular sup-
port, nutrition, infection, and various other diagnostic 
procedures. However, the interest of anesthesiologists in 
critical care medicine has vacillated, and other specialists 
have entered this field. Currently, management of criti-
cal care units in India tends to be split: some are man-
aged by physicians not trained in anesthesia, others by 
anesthesiologists.
There is widespread agreement that a critical care spe-
cialist who is devoted full-time to the care of critically 
ill patients should manage a critical care unit. The con-
sensus includes three key items: (1) a dedicated expert 
irrespective of the specialty (if not holding a critical care 
qualification) should be in charge of the critical care unit; 
(2) each hospital can follow practices according to the 
availability of trained or experienced personnel with the 
primary aim of giving the best possible care; and (3) care 
of critically ill patients is always a team-based process, 
and the practice of taking the advice of different experts 
in managing a particular case is encouraged to achieve 
better outcomes.

Critical care training has long been part of the anes-
thesia residency program in India, but in 2001 the 
National Board of Examinations initiated a full-fledged 
2-year training program in critical care medicine with six 
seats throughout India; the number has now increased 
to 40. Anesthesiologists, chest physicians, and general 
physicians are eligible to seek admission to this program. 
Clearly, the number of these specialized intensivists is 
not sufficient to cater to the critical care units that have 
mushroomed all over India. In an attempt to increase 
the number of critical care specialists in the country, the 
Indian Society of Critical Care Medicine has initiated a 
1-year diploma course (335 total seats), and 1-year fellow-
ship course after obtaining the diploma (66 total seats).24 
Although these courses are not recognized, they have 
helped to increase the number of critical care specialists in 
the country. Anesthesiologists account for approximately 
half of the training seats, followed by general physicians 
(30%) and chest physicians (20%). The fact that all the 
seats in this program are filled suggests the growing inter-
est in this specialty area. The Medical Council of India 
has recognized critical care medicine as a separate subject 
vide by way of amendment notification dated December 
8, 2010. Thus, it will not be long before medical colleges 
start postdoctoral courses (DM and others) in critical care 
medicine.

In summary, critical care medicine has emerged as a 
new specialty that is still evolving in India. Because the 
number of people with a qualification in the critical care 
area is not sufficient to fill current needs, anesthesiologists 
and physicians with an interest in the specialty continue 
to practice critical care medicine. Such an arrangement is 
likely to continue until a sufficient number of qualified 
critical care specialists are available in the country. Going 
by the current number of seats available in critical care 
training programs, this transition period is likely to be 
rather prolonged. The author believes that once the tran-
sition period is over, critical care units will be manned 
full time only by qualified critical care personnel so that 
the anesthesiologist–turned–critical care expert will not 
practice anesthesia and a physician–turned–critical care 
expert will not practice medicine. Anesthesiologists will 
be more focused on postoperative care, which will include 
pain relief and short-term ventilation.

One problem that has emerged in India is the indis-
criminate use of antibiotics, leading to the emergence 
of resistant bacterial strains.25 The emergence of New 
Delhi metallo-B-lactamase-1 (NDM-1) and its preva-
lence in India was highlighted recently.26 There is thus 
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a potential for wider international spread of plasmids 
encoding NDM-1. A coordinated, concentrated, and 
collective effort from clinicians worldwide is needed 
to prevent the emergence of resistant strains and their 
spread.27

Pain management. Over the last 30 years, there has been 
a growing interest in managing acute and chronic pain. 
Yet the specialty is in its infancy in India, the number 
of pain clinics is limited, and there is no formal training 
program. According to one estimate, only about 10% of 
medical colleges in the country have pain clinics, so aspir-
ing pain management professionals will almost always 
have to train abroad.28 Some private corporate hospi-
tals have now incorporated this facility. The focus has 
largely been on the treatment of chronic pain, including 
cancer pain. Most anesthesiology departments perform 
nerve blocks, with a few even practicing acupuncture. 
There are, however, few departments that have the facili-
ties to conduct procedures such as radiofrequency abla-
tion, implantation of intrathecal pumps, or spinal cord 
stimulation. The thrust now is toward treating pain as 
a disease, especially in patients suffering from nervous 
disorders or in terminal cancer patients, for whom the 
only possible form of management is alleviation of pain.

There is also growing awareness of the management 
of acute pain, including the possibility of providing the 
patient with a totally pain-free surgical experience. After 
all, the WHO now recognizes pain as the fifth vital sign, 
and alleviation of pain is regarded as a basic human right. 
Various forms of medicine and equipment (patient-con-
trolled analgesia pumps, intrathecal, epidural, and intra-
pleural techniques) can now offer the possibility of a 
relatively pain-free course of surgical treatment. Indeed, 
management of acute pain during the entire periopera-
tive period is a leading concern of all anesthesia depart-
ments, and it is actively practiced in recovery rooms or 
PACUs. Still, much remains needs to be done regarding 
pain management in India.

The Indian Society for the Study of Pain was formed in 
1984 and currently has more than 1300 members from 
almost 25 different specialties.29 The society is working 
toward improving pain management, but it is facing 
tough challenges, mainly because of lack of awareness. 
Most medical professionals tell most patients to live 
with pain, and patients tend to believe that pain is sim-
ply an expected part of the suffering caused by their dis-
ease. In addition, many doctors believe that referring a 
patient to a pain management expert would essentially 
be a statement of their medical shortcomings— and if 
the pain is relieved, the patient may never come back.28 
This author looks forward to improving pain relief facil-
ities in the country.

Japan (Naoyuki Hirata and Michiaki 
Yamakage)
Anesthesiologists in Japan work in operating rooms, 
emergency departments, ICUs, pain clinics, and pallia-
tive units. The JSA recommends that perioperative man-
agement be provided by experienced anesthesiologists 
or residents supervised by certified anesthesiologists. 
Based on a survey of the JSA membership in 2005, over 
90% of surgical anesthesia was provided by anesthesi-
ologists or supervised residents at university hospitals. 
On the other hand, about 10% of surgical anesthesia 
was still performed by surgeons at nonuniversity hospi-
tals. In Japan, there is no educational program for nurse 
anesthetists. The JSA survey also showed that the ratio 
of daily time spent by anesthesiologists on periopera-
tive management was 60% to 70%, with 10% in ICUs, 
13% in emergency departments, 30% in education and 
research work at university hospitals, and 12% in educa-
tion and research work at nonuniversity hospitals.

Middle East (Anis Baraka and Fouad Salim 
Haddad)
In the Middle East, anesthesia is routinely administered 
by a qualified anesthesiologist. Trainee anesthesiologist 
or anesthesia nurses can administer anesthesia under the 
supervision of a qualified anesthesiologist. In addition, 
the departments and societies of anesthesiology in the 
different countries of the Middle East are responsible for 
setting the guidelines for sedation and analgesia by doc-
tors who are not anesthesiologists.

The responsibilities of the anesthesiologist have 
evolved to include preoperative assessment, premedica-
tion, and preparation of patients, as well as postopera-
tive anesthesia care in the PACU, which functions for 24 
hours, as well as in the ICU. A preoperative informed con-
sent for anesthesia must be completed by the anesthesi-
ologist and signed by the patient, the guardian, or his or 
her legal representative.

Anesthesia administration is not limited to the oper-
ating room, but includes other areas such as the radiol-
ogy department, ambulatory anesthesia, and obstetric 
anesthesia in the delivery suite. In addition, pain man-
agement, whether acute postoperative pain management 
or chronic pain management, is becoming routinely 
practiced and is evolving as a subspecialty of anesthesia. 
Subspecialization by a fellowship program is expanding 
to cover many areas such as obstetric, cardiopulmonary, 
and pediatric anesthesia, as well as critical care and pain 
management.

Russia (Yury S. Polushin  
and Olga N. Afonin)
Until the 1980s, Russia’s anesthesia educational system 
was unified and structured into courses for nurse anes-
thetists and postgraduate education for physicians that 
included either a 1-year anesthesiology internship or a 
2-year “Orditatura” (analogue of residency). All the pro-
grams included intensive care (reanimatology) as an 
obligatory part of the education. Participants were work-
ing in operating rooms and ICUs under the supervi-
sion of attending physicians and had a required course 
of lectures. Self-education was encouraged as well. After 
completion of training, graduates had to pass an oral 
qualification examination and were granted a Diploma of 
a Physician Anesthesiologist-Reanimatologist.

The quality of the education and the amount of expe-
rience varied significantly from program to program, and 
there were no universally accepted standardized exami-
nations. Many conscientious anesthesiologists took addi-
tional courses on “qualification improvements” from the 
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Academy of Physicians Postgraduate Education. How-
ever, there were also “specialists” whose education was 
finalized on completion of the courses.

By the end of the 1980s, it became clear that the qual-
ity of education had to be monitored; debate led to the 
acceptance of standardized examinations. Meanwhile, 
the Iron Curtain had become partially permeable to some 
of the information about accepted standards of educa-
tion and care in the other countries. The future promised 
improvements, but not for long. The “era of stagnation” 
of the 1980s led to economic imbalance and a gradual 
decline in political structures. By the end of the 1980s, 
Communist leaders embarked on major reforms in an 
effort to revive the country’s economics, which led to the 
collapse of the Soviet Union.

Consequently, government financial support for the 
entire medical structure was reduced and eventually 
disappeared. All financially unsound programs, such as 
research, education, and the development of new tech-
nologies or educational methods, were frozen. The gov-
ernment-funded health care system no longer existed. 
Many professionals had to quit their careers for their 
families to survive. The private sector was in the very 
beginning of its development, and the majority of the 
population could not afford private health care. It was 
not uncommon for patients to be asked to bring supplies 
for the medical care that they required, even for surger-
ies, and it was not uncommon for people to die because 
of the lack of proper medications or proper medical care. 
This continued until the mid-1990s, when things began 
to turn around. The damage, however, has not been com-
pletely overcome, even now.

Southeast Asia (Florian R. Nuevo)
The political, geographic Association of Southeast Asian 
Nations (also known as ASEAN) includes Brunei Darus-
salam, Cambodia, Indonesia, Laos, Malaysia, Myanmar, 
the Philippines, Singapore, Thailand, and Vietnam. Dur-
ing the past 5 years, the role of physician anesthesiolo-
gists in this region has changed remarkably. Physician 
anesthesiologists have gained recognition by peers and 
the populace, undeniably maintaining a strong respect-
able presence in the operating suites and ambulatory cen-
ters. Apart from this role, the physician anesthesiologists 
who have undergone subspecialization are now recog-
nized as coequals by their colleagues in the realm of pain 
management and intensive care.

Tangible evidence of the fortified role of ASEAN physi-
cian anesthesiologists in pain management is the Associa-
tion of Southeast Asian Pain Societies (ASEAPS), formed 
in 2004 with the goal of further advancing the study of 
pain in the region. As a result, there are more academic 
pain management fellowships in the region. This spe-
cialized body has inspired anesthesiologists and other 
pain specialists to work together and develop practical, 
cost-effective, and rational approaches in addressing the 
continuing concerns of acute surgical pain, cancer pain, 
and chronic nonmalignant pain problems, particularly 
in resource-challenged work environments. Their unified 
objectives paved the way for governments to join in the 
advocacy of adequate pain control, particularly among 
cancer patients. Hospice care and palliative medicine 
are also areas in which anesthesiologists are now team 
leaders.

Another recent development is the increased inter-
est among newly qualified physician anesthesiologists 
to become intensivists with special focus in areas such 
as pediatric intensive care, cardiothoracic intensive care, 
neurosurgical intensive care, and surgical intensive care. 
This development has broadened leadership in ICUs to 
include anesthesiologists, which had been dominated 
by specialists such as cardiologists, pulmonologists, and 
surgeons.

Specific mention must also go to the increased pres-
ence of the Asian Society of Cardiothoracic Anesthesia 
(ASCA). The ASCA serves as the unifying body for Asian 
cardiac anesthesiologists and envisions itself as the focal 
organization to address the evolving responsibilities of 
cardiac anesthesiologists on the utility of intraoperative 
TEE monitoring. This is now at a critical phase that is 
challenging the ASEAN cardiac anesthesiologists who 
must, for the moment, continue to share the stage with 
cardiologists inside the operating rooms.

Through ASCA, efforts to develop proficiency on 
TEE as an essential monitoring tool have instigated 
collaborations and strengthened cooperation between 
cardiologists, surgeons, and cardiac anesthesiologists. 
The Japanese Society of Cardiovascular Anesthesi-
ologists has pioneered the proficiency on TEE and its 
Japanese Board of Perioperative Transesophageal Echo-
cardiography has gained recognition by accreditation 
commissions in the United States and Europe. In the 
last 5 years, ASCA has offered basic TEE workshops for 
noncardiac anesthesiologists in many anesthesia con-
ferences. Today, ASCA plans to offer more intermediate 
TEE workshops and introduce master TEE workshops 
for cardiac anesthesiologists in the region. It is hoped 
that in the next 5 years, ASEAN cardiac anesthesiolo-
gists will be duly given an independent role, similar 
to the current situation of cardiac anesthesiologists in 
Japan, China, Korea, and Taiwan.

With the introduction of ultrasound machines into 
the region, the application of regional blocks in orthope-
dic surgery has soared because of the increased demand 
from surgeons. This evolvement has contributed to better 
pain management in orthopedic surgery patients.

Among ASEAN anesthesiologists, the overall mood is 
optimistic and forward thinking. As ASEAN anesthesiolo-
gists succeed in their new roles that are outside the tra-
ditional anesthetist role in delivery rooms and operating 
suites, they must remember their primary responsibilities 
as anesthesia care providers while also recognizing the 
need to continue to evolve in order to become truly com-
petent perioperative physicians.

Nurse anesthesia practitioners in the region do not yet 
have full autonomy. They are part of the perioperative 
anesthesia care team and are supervised as appropriate by 
physician anesthesiologists (Table 2-1). Nurse anesthesia 
practitioners are legally allowed only in Thailand, Indo-
nesia, and Taiwan. In these countries, physicians design 
and conduct their respective nurse anesthesia training pro-
grams. However, in the Philippines, Singapore, and Malay-
sia, these societies maintain that anesthesia is a practice of 
medicine by qualified medical doctors.
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TABLE 2-1 WORKFORCE, SCOPE, AND TYPE OF PRACTICE IN SOUTHEAST ASIAN COUNTRIES

Indonesia Malaysia Philippines Singapore Thailand

Workforce
Physician
anesthesiologists

Yes Yes Yes Yes Yes

Nurse anesthetists Yes No No No Yes
Anesthesia Scope of Practice
Anesthetizing
locations

Yes Yes Yes Yes Yes

Pain management Yes Yes Yes Yes Yes
Intensive care Yes Yes Yes Yes Yes
Type of Practice
Physician and nurse 

anesthetists
Nurse anesthetists 

trained and 
supervised 
by physician 
anesthetists

Group practice 
slowly gaining 
support

Nurse anesthetists 
trained and 
supervised 
by physician 
anesthetists
With professional pride, ASEAN anesthesiologists have 
emerged as capable leaders in their respective national 
medical organizations, and they are driven with passion-
ate social advocacies to help society and to partner with 
their government agencies to improve the delivery of 
medical and surgical care. It is no longer unusual for phy-
sician anesthesiologists to be designated as quality man-
agement officers or as medical directors.

FACILITIES AND EQUIPMENT

Brazil (Maria Carmona)
Brazil is the fifth largest country in the world in terms 
of area and the fifth most populous with approximately 
200 million inhabitants. Although the Brazilian consti-
tution declares health care to be the right of every cit-
izen and its provision to be a duty of the state, there 
is a substantial gap between the aspirations of Brazil’s 
Unified System of Health and reality. Total expenditure 
on health in Brazil is only 8.4% of gross national prod-
uct, which is half the amount invested by the United 
States. In addition, almost half of all health care costs 
in Brazil are met by private health care. Consequently, 
both the provision of anesthesia and the entire health 
care system itself present a great heterogeneity in qual-
ity and service throughout the country, and this is 
closely related to the economic development of different 
regions. Apart from the excellent anesthesia care avail-
able in some government and private hospitals in a few 
cities, the majority of the poor population in urban and 
rural areas do not receive good quality care, regardless of 
whether the financing is public or private. On the other 
hand, the dynamics between private and public health 
sectors is constantly changing with continuous pressure 
on both to expand delivery. However, the bureaucracy 
of the public system and the apparently superior per-
formance of private health care sometimes involve the 
transfer of public funds to the private sector, followed 
by reductions in public sector service budgets and staff 
availability. These public–private partnerships and the 
increasing number of people buying into private services 
are moving the Brazilian health care system through a 
slow, passive privatization.

Brazil’s aging population is increasing faster than ever 
before, and it has the sixth largest population of older adults 
in the world. Although longevity is a significant measure 
of social well-being, it is a challenge for public health care 
and increases the complexity of anesthesia care.

Considering obstetrics care, although the WHO guide-
lines state that the proportion of cesarean births should 
range between 5% and 15%, the incidence of cesarean sec-
tions in Brazil is approximately 50%—one of the highest 
worldwide. The higher rates of cesarean section are observed 
both in private and public hospitals, and spinal anesthesia is 
the most frequent technique for this surgery.

Regional anesthesia is popular in Brazil because of its 
many advantages, such as a smooth recovery, maintenance 
of the patient’s own airway, low risk of aspiration of gastric 
contents, and less need for skilled nursing care than with 
general anesthesia. Brazilian anesthesiologists are highly 
skilled in different regional anesthesia techniques.

Most of the equipment and drugs used in anesthesia 
are produced in Brazil. The country has several equip-
ment manufacturers who are trying to develop products 
that match the best in the world. They provide products 
to the domestic market and export to a number of Latin 
American and African countries. Moreover, the world’s 
most important manufacturers of equipment and phar-
maceutical companies also manufacture or market their 
products in Brazil. To improve the population’s access to 
health care, incentives have been offered for marketing 
generic drugs at a lower cost than brand name products.

Chile/South America (Guillermo Lema)
The huge disparity in economic growth among countries 
in the region has produced an enormous difference in pub-
lic resources allocated to health care and created different 
conditions for public health management. Governments 
view anesthesiology as a low priority because, in their 
view, it has not had a significant effect on the improve-
ment of health care, and the technology involved is costly.

The current status of the practice of anesthesia is being 
replicated by all countries in South America with most 
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at different stages of the process. Some countries have 
standards of care comparable to American or European 
countries, whereas others are only beginning to have 
anesthesia as a mature specialty. Countries such as Argen-
tina, Brazil, Colombia, Chile, and Uruguay are in the 
mature phase and have modern equipment, advanced 
monitoring technology, and access to a variety of anes-
thetics and ancillary drugs.

Anesthesia techniques vary, and many different 
types are being practiced. Anesthesia with halogenated 
drugs has been used widely, for many years, and in all 
countries. Total intravenous anesthesia is now com-
mon, especially with younger colleagues. The use of 
regional anesthesia has been widespread in all coun-
tries, and each country has its own training programs 
and congresses.

Although some countries have modern equipment, 
monitors, and drugs comparable to the United States or 
Europe, others have very basic systems to perform anes-
thesia appropriately; therefore, cost containment has 
been a critical aspect in clinical practice. Indeed, this 
situation is common globally. This disparity in medical 
resources among countries has been reduced because of 
trade with different countries, such as China, India, Brazil, 
and some European countries. Prices of products from 
these countries are much lower than from North Ameri-
can companies.

China (Yuguang Huang)
China’s rapid economic growth has been accompanied 
by the acquisition of updated anesthetic equipment and 
apparatus. Except for a few distant rural areas and smaller 
provincial hospitals, the ratio of anesthetic machines, 
multifunction monitors, and expirium gas monitors 
in the operating theaters has reached a 1-to-1 capacity. 
National-level hospitals in more developed areas are 
equipped with international-class modern anesthetic 
machines and a variety of monitors, including neuromus-
cular monitors, anesthesia depth-monitoring devices, 
coagulation function test equipment, three-dimensional 
TEE or portable ultrasound equipment, neurostimula-
tion devices, and pulse index continuous cardiac output 
hemodynamic monitors. Even MRI-compatible anesthe-
sia machines are available in some large hospitals. By 
using current equipment and devices, medical practitio-
ners and their facilities are providing better patient care 
and safety. Upgraded utensils on difficult airway carts and 
workshops on various airway techniques (e.g., visual digi-
tal laryngoscope, laryngeal mask) have helped China to 
realize great improvements in airway management.

However, an imbalance in economic development 
across massive mainland China has resulted in a corre-
sponding imbalance in the sophistication and quantity of 
anesthesia devices. Currently, primary-level hospitals lack 
sufficient modern anesthesia equipment. Local investiga-
tions indicate that in second-level hospitals, the ratio of 
anesthetic machines to operating theaters is 0.7-0.8 to 1, 
whereas the ratio in national-level hospitals is 0.5 to 1. 
Thus, safety in clinical anesthesia faces major challenges. 
To resolve the existing problems, MOH approved the 
Anaesthesiology Standard Regulatory Protocol in 2012, which 
established national standards for all hospitals. These 
standards address facility and personnel qualifications and 
determine the minimum standards and facility require-
ments for clinical anesthesiology safety. The expectation 
is that the protocol will bring about changes to the current 
status in remote and rural areas.

Europe (Lars I. Eriksson and Jannicke  
Mellin-Olsen)
The WHO lists 53 countries in their Regional Section of 
Europe, reflecting diversity from Scandinavia and Ger-
many to Georgia and Uzbekistan. The European Union 
(EU) has 28 member countries, and an additional nine 
have applied to become members, most of them from 
Eastern Europe.

Despite their political and economic partnership in 
the EU, the countries of Europe remain heterogeneous, 
which is reflected in the prevailing diversity of medical 
systems, research, and education, as well as in language 
and culture.

India (Deepak K. Tempe)
In India, the journey from open-drop chloroform and 
ether anesthesia to the present day high-tech operating 
rooms with anesthesia workstations and monitors, ICUs, 
PACUs, pain clinics, and preanesthetic checkup clinics 
is nearly complete. In fact, the operating rooms in India 
have undergone significant change during the last 20 to 
30 years. The present-day operating room is modular in 
structure with high-tech anesthesia workstations, moni-
toring systems, and on-line networking. Such a change 
has been largely due to the arrival of private investment 
and management in the health care business. These 
corporate hospitals have built state-of-the-art operating 
rooms that match the best operating rooms in the rest of 
the world.

However, it is necessary to keep in mind that like 
many other things in India, diversity is also a hallmark 
of the health care system—that is, the assortment of 
medical facilities and level of available services vary 
considerably. Although corporate and other private 
hospitals have state-of-the-art operating rooms, gov-
ernment hospitals—other than those in cities such as 
Delhi and Mumbai—may not. In general, government 
hospitals cater to the general population, are over-
crowded, and have long waiting lists. The situation 
in rural areas in particular is not up to the benchmark 
because these places typically have only primary health 
centers with basic facilities, and the operating rooms 
are equipped to deal with minor surgical procedures. 
However, it is possible to perform extraordinary pro-
cedures successfully in some of these rural hospitals. 
For example, on June 20, 2012, six doctors from the 
1982 graduating class of Christian Medical College in 
Vellore, Tamil Nadu, and their former professors suc-
cessfully operated on conjoined twins in a village in 
Betul district of Madhya Pradesh. This was the first suc-
cessful separation of conjoined twins in a rural setting 
in India. The equipment necessary for this operation 
was borrowed from private industry. The case dem-
onstrates that if the government and the doctors care 
enough, such complex surgeries can be performed even 
in remote settings. Thus, operating rooms of several 
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varieties can still be seen in India, and one hopes that 
this diversity gradually changes to uniformity in times 
to come.

accreditation for Quality health services. In 2006, 
the Quality Council of India established the National 
Accreditation Board for Hospitals and Healthcare Pro-
viders (NABH) to address the needs of consumers and to 
set benchmarks for the progress of the health industry. 
The accreditation by the NABH ensures high-quality care 
and patient safety in a given hospital. More hospitals in 
India are striving to obtain NABH accreditation, and to 
do so they have to achieve standards set by the NABH. 
Thus, the establishment of NABH is a welcome step 
toward ensuring quality health care in the country. Two 
hundred nineteen hospitals have received NABH accred-
itation so far. Although, this includes mostly private hos-
pitals, some public hospitals have also been accredited 
by the NABH.30

The evolutionary development of anesthesiology in 
India has been a challenging and turbulent journey from 
the days when Mahatma Gandhi was operated on with 
the open-drop chloroform technique to today. However, 
it is satisfying to see that developments in anesthesia 
have kept pace with time in India. Even the heads of gov-
ernment such as governors, cabinet ministers, and the 
prime minister no longer travel to foreign countries for 
their complex surgeries. Anesthesiologists have access to 
most modern medicines and equipment to provide the 
care of the highest order to these officials. The use of bal-
anced general anesthesia with drugs such as fentanyl, 
midazolam, sevoflurane, and atracurium, full-fledged 
monitoring, and pain relief by patient-controlled analge-
sia pumps is now readily available in larger hospitals.

indian college of anaesthesiologists. The idea of form-
ing an Indian College of Anaesthesiologists (ICA) was 
conceived in 2001. The objective was to form an aca-
demic wing of the ISA that could subserve the function 
of supervision and guidance of anesthesia education all 
over the country so that uniformity in medical educa-
tion is maintained. Thus, it is expected to function as a 
leading advisory body to the Medical Council of India. 
In addition, it has undertaken a major challenge of for-
mulating practice guidelines and protocols for anesthesi-
ologists in the country. The existing Western guidelines 
are often difficult to apply in the Indian scenario. The 
college also awards fellowships in anesthesia. The ICA 
was officially registered November 2008 and currently 
has 450 members.31

Japan (Naoyuki Hirata and Michiaki 
Yamakage)
The following summary of the facilities and equipment of 
anesthesia in Japan was excerpted, with permission, from 
the Journal of Anesthesia.32

In the 1980s, general anesthesia was mainly conducted 
using halothane or enflurane with nitrous oxide. Fen-
tanyl, an opioid analgesic, was also available, but was 
rarely used because it was believed to cause delay in awak-
ening. Epidural anesthesia was used more frequently than 
it is now. For example, cervical epidural anesthesia was 
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generally used in surgery on upper limbs or for breast 
cancer. The only intravenous anesthetics available at that 
time were thiamylal and ketamine, which was adminis-
tered to asthma patients despite its known secretion-pro-
moting effects. The depolarizing neuromuscular blocking 
drug (NMBA) succinylcholine was used for induction of 
anesthesia, and the nondepolarizing NMBA pancuronium 
was the only NMBA available for maintenance of anesthe-
sia. During the 1980s, there was no awareness of the pro-
gression of acute renal failure during emergency surgery, 
and some patients did not awaken from anesthesia for a 
long time after surgery because of the prolonged effect of 
pancuronium.

Since the 1980s, various anesthetic drugs have become 
available in Japan. The availability of a wide range of 
anesthetics and the development of anesthetic monitors 
have made anesthesia a much safer and more comfort-
able procedure for patients. However, Japan (possibly 
because of its unique medical system) lags behind the 
United States and Europe in the use of anesthetic drugs 
other than sevoflurane. Remifentanil, rocuronium, and 
desflurane have finally been launched in Japan. In 2010, 
sugammadex was approved for clinical use in Japan, 2 
years later than in Europe. As of this writing, it has been 
reported that sugammadex shares 70% of the relaxant 
antagonists [market] in Japan, which may be the highest 
share in the world.

General anesthesia with airway management using a 
laryngeal mask is increasing in Japan because of the pro-
motion of this device and the widespread use of ProSeal 
(Laryngeal Mask, Jersey, UK) with high sealability, which 
makes it easy to eliminate leaks around the mask. The 
indication for this method of anesthesia depends on the 
anesthesiologist, although it is generally not used for 
laparotomy, thoracotomy, or prolonged general anesthe-
sia. If the device has high sealability and can withstand 
positive-pressure ventilation, anesthetic management is 
sometimes performed using artificial ventilation with the 
use of NMBAs. The use of the laryngeal mask is expected 
to continue to increase.

Because of the high costs of hospitalization in the 
United States and Europe, day surgery has become popu-
lar. Day surgery in Japan, however, is rare because most 
patients have national and private medical insurance. 
However, the duration of hospitalization is expected to 
become shorter with the introduction of a comprehen-
sive medical system, although it is impossible to predict 
whether this will have an effect on the methods of anes-
thesia used.

Methods used for postoperative analgesia differ greatly 
between countries and between institutions in Japan. In 
the United States and Europe, patient-controlled analge-
sia is popular, and intravenous opioids alone are used in 
approximately two thirds of patients. The combination of 
intravenous opioids with epidural analgesia appears to be 
used only for patients who have undergone upper abdomi-
nal surgery or thoracotomy. In Japan, epidural analgesia 
with or without intravenous opioids is used for postopera-
tive pain control in approximately 50% of patients.

Finally, the number of surgical cases in specialized 
hospitals, including university hospitals, is expected to 
continue to rise in Japan. This increase is related to the 
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growing population of older patients and the increase in 
incompatibility complication; the number of cases anes-
thetically managed by neural block or general anesthesia 
alone is also expanding.

The Middle East (Anis Baraka and Fouad 
Salim Haddad)
The anesthetic machinery, monitoring equipment, and 
anesthetics used match the international standards that 
are approved by international societies, such as the Amer-
ican Society of Anesthesiologists (ASA). Every patient 
undergoing surgery under general or regional anesthesia 
is routinely monitored with electrocardiography, pulse 
oximetry, noninvasive arterial blood pressure monitor-
ing, and end-tidal capnography. In critical care patients 
or in patients undergoing cardiac surgery, monitor-
ing includes pulmonary artery catheterization, mixed 
venous oximetry, cerebral oximetry, intraarterial blood 
pressure monitoring, and blood gas analysis. Figure 2-10 
shows the operating room and illustrates monitoring of a 
patient undergoing coronary artery bypass grafting at the 
American University of Beirut Medical Center, which has 
updated anesthesia equipment.

Preoperative checking of anesthesia equipment and 
gases and the labeling of drug syringes are routine prac-
tices. In addition, the “time out” policy confirming the 
identity of the patient, the type, and site of surgery are 
practiced before surgery by the anesthesiologist, the sur-
geon, and the operating room nurses involved in the sur-
gical procedure.

Russia (Yury S. Polushin and Olga N. Afonin)
By the end of the twentieth century, the country faced 
a severe political crisis resulting from former President 
Mikhail Gorbachev’s program of economic, political, and 
social restructuring called perestroika. The Soviet Union 
collapsed into separate and independent states, causing 
the destruction of the national economy and leading 

Figure 2-10. The operating room at the American University of Beirut 
Medical Center, which shows the updated anesthesia equipment and 
monitoring of a patient undergoing coronary artery bypass grafting.
to violations of the links between the regions that had 
evolved over the years. In the field of medicine, the man-
ufacture of medical equipment almost ceased while the 
pharmaceutical companies either stopped production 
or moved outside the country. The results were drastic 
in the lives of the Russian people. There was a change 
of economic structure, which led to the need to reform 
the system of medical aid to the population. This was a 
difficult period in the history of Russian medicine, with 
the breakdown of existing health care mechanisms and a 
void in establishing new systems of medical care. In anes-
thesiology and intensive therapy, which rely on sound 
economic factors, the situation was particularly difficult. 
In many small hospitals, units of anesthesiology were 
closed because it was not possible to update equipment 
and medications. The salary of doctors and nurses was 
extremely low, and the prestige of the specialty declined, 
leading to a considerable shortage of personnel. The 
All-Union Scientific Society of Anesthesiologists and 
Intensive Care of the U.S.S.R. ceased to exist, and it was 
replaced with a variety of regional organizations that did 
not have legal status or proper authority with the institu-
tional health managers.

Just over 20 years after the end of perestroika, the 
economy has revived and the state can distribute consid-
erable resources for the development of medicine. A new 
health care system has been developed, multifunctional 
medical centers have been built in several regions of the 
country, and funds have been allocated for the modern-
ization of hospitals, including the anesthesiology and 
intensive care units. In 2011 a new order of the Minis-
try of Health of the Russian Federation was activated that 
defines the procedure for the provision of anesthesia and 
intensive care in hospitals. As a result of these changes, 
the field of anesthesiology is again recruiting young and 
active professionals. In addition, the Federation of Anes-
thesiologists and Reanimatologists of Russia has strength-
ened its position and is uniting its ranks with members 
of affiliated organizations in the Russian Federation, and 
communications between Russian anesthesiologists with 
colleagues from other countries has improved.

Of course, the reform of medicine is still far from 
complete, and some institutions still have not made 
noticeable changes. Although modern, influential, and 
well-equipped hospitals exist, there remains a need for 
medical services, particularly in remote regions that lack 
facilities and access to medical care. There is a great short-
age of personnel, which limits the needed radical reform 
of the medical education system, including anesthesiol-
ogy, to meet international requirements. However, prog-
ress is evident and is continuing at a gradual pace and 
with the support of the Russian Federation.

Southeast Asia (Florian R. Nuevo)
The biggest change in the region in the last 2 years is the 
mandatory use of pulse oximetry as a basic monitoring 
standard on any patient who is given an anesthetic that 
leads to changes on sedation levels. The requirement for 
pulse oximetry monitoring is part of the WHO Surgical 
Safety Checklist, which has become part of the require-
ments prescribed by most accreditation organizations in 
the region. Credit must be given to the WFSA, which has 
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worked closely with the WHO to make pulse oximeter 
monitoring a part of the surgical safety checklist. The 
WFSA has also made pulse oximetry a mandatory require-
ment at all levels of care in the 2010 WFSA International 
Standards for Safe Anesthesia Practice.

Although there is no robust database available to mea-
sure the reduced incidence of intraoperative deaths in 
the last 5 years because of pulse oximeter monitoring, no 
ASEAN anesthesiologist would readily agree to administer 
a general anesthetic without this monitoring device. Nev-
ertheless, surveys among anesthesia care providers con-
firm that the change is palpable. The audit reviews also 
report this observation.

The safety of remote anesthesia continues to be a great 
challenge. Safe delivery of anesthesia is frequently com-
promised because of the limited availability of proper 
equipment and manpower. A typical example is the 
lack of MRI-compatible devices and equipment. Quite 
often anesthesiologists have to rely on visual assessment 
of breathing patterns in sedated patients during MRI 
procedures because MRI-compatible oximeters are not 
available.

The use of capnography in the operating room is still 
infrequent and usually limited to laparoscopic proce-
dures. This situation is typical in low-to-middle income 
countries in the region. There is still much work to be 
done to make capnography a part of the safety standards 
for every patient who undergoes mechanical ventilation, 
not only in the operating theaters but also in ICUs.

Another persistent challenge in the region is the inad-
equate availability of anesthesia machines that have 
passed the safety standards prescribed by the American 
Society for Testing Materials. Because of this, the practice 
of mixing anesthetic gases, such as oxygen-air or oxy-
gen-nitrous oxide, and applications of closed-circuit or 
low-flow anesthesia techniques are limited. The admini-
stration of 100% inspired oxygen is often the norm in 
places without modern anesthesia machines. In develop-
ing countries, there is a need for oxygen concentrators 
in clinical practice, because their use can reduce costs 
and make oxygen more readily available in difficult and 
remote work environments.

The advent of laryngeal mask airway devices has 
greatly improved the management of difficult airways 
in the region. Until recently, fiberoptic bronchoscopy 
was rarely available for use by anesthesiologists. Use of 
the LMA has curtailed the loss of lives of those who suc-
cumbed to failed intubations or difficult mask ventilation 
scenarios. A related and integral contributor to improved 
airway management in the region has been the addition 
of difficult airway workshops that are conducted in col-
laboration with industry in almost all anesthesia meet-
ings throughout Southeast Asia.

Uganda and Sub-Saharan Africa  
(Ronald D. Miller and D.G. Bogod)
A recent editorial stated that the United States spent an 
average of $8233 per person per year for health care.33 In 
contrast, in countries with either “low” or “intermediate” 
budgets, this expenditure rarely reaches $30 per person 
per year.34 From a quality-of-care point of view, in a 2007 
survey of more than a quarter of Uganda’s anesthetic 
practitioners, only 23% thought that their facilities 
met all the widely accepted minimal standards for the 
practice of safe, adult anesthesia. Categories surveyed 
included access to updated information, basic operating 
room equipment, and the most basic supply of anesthetic 
drugs. For safe pediatric anesthesia, only 13% thought 
that their facility met the basic requirements.35

For spinal anesthesia techniques, more than half of the 
anesthesiologists surveyed did not have regular access to 
the necessary local anesthetics, and others did not have a 
ready supply of spinal needles. Only 23% could guaran-
tee being able to find a brush to clean their tracheal tube 
between procedures.35

For cesarean sections in women during childbirth, 
nearly all the respondents (94%) said that they did not 
have the facilities to perform this procedure safely. More 
than three fourths did not have reliable access to magne-
sium sulfate, and half of them said that they could never 
get it.35As D.G. Bogod, editor-in-chief of Anaesthesia, wrote 
in the editorial of the issue in which these numbers were 
published:

The figures revealed by this survey show that despite the best 
efforts of all involved, 27 million Ugandans essentially enter 
a lottery every time they undergo anesthesia—a lottery with 
poor odds of a happy outcome. What the authors cannot tell 
us is whether this problem is confined to Uganda alone . . .  
it would be foolish to try to extrapolate from one country 
to another, but it is unlikely that Uganda data differ wildly 
from most of Sub-Saharan Africa. . . . If the situation in 
Uganda is bad, it is likely to be far worse in Ethiopia, Soma-
lia, Tanzania and many other neighbouring countries.35

The above description was published in the seventh 
edition of Miller’s Anesthesia. Have conditions improved 
in the last 5 to 6 years? Current literature is available 
regarding the status of personnel in anesthesia (described 
later). The status of facilities and equipment is less clear. 
A direct quote36 is not encouraging:

The most common technique is general anesthesia (with 
spontaneous or manually assisted ventilation). Nonmedi-
cal anesthetists with limited training and supervision and 
lacking the most common drugs and anesthetic equipment 
administer anesthesia usually for emergency surgery . . . the 
morbidity and mortality rate is high.

This description strongly suggests a lack of facilities 
and equipment.

EDUCATION, ACCREDITATION, AND 
AVAILABILITY OF PRACTITIONERS

Brazil (Maria Carmona)
Currently, more than 10,000 Brazilian anesthesiologists 
are affiliated with the SBA, the second largest anesthe-
siology society in the world. In addition, a significant 
number of physicians not affiliated with the SBA or 
without a specialization also work as anesthesiologists, 
primarily in smaller towns and poor areas of the coun-
try. Yet, over the last decade, it has become evident that 
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there is a lack of anesthesia providers in most Brazil-
ian cities because of the increasing elderly population, 
the diversity of surgical and diagnostic procedures, and 
the extension from 2 to 3 years for specialization in 
anesthesiology. Partly because of this shortage, clinical 
anesthesia is the main activity of Brazilian anesthesi-
ologists with only a minority involved with intensive 
care, pain care, and research. This deficiency has led 
to an expansion in the number of training centers and 
positions for specialization in anesthesiology in most 
residency programs in the country.

In Brazil, residency in anesthesiology is regulated by 
both the Ministry of Education and the SBA, and approxi-
mately 650 physicians are admitted annually to a 3-year 
specialization program. Although the best residency pro-
grams are related to university hospitals, the majority of 
the 93 training centers are isolated programs in medium-
sized hospitals. The residents have intensive training in 
the different areas that qualify them to administer anes-
thesia safely. All the centers are accredited, and they 
should offer good training in preoperative evaluation, the 
main anesthesia specialties, intensive care, and pain treat-
ment. A practical and theoretical program is followed, and 
the residents are evaluated annually with a test conducted 
by the SBA, which publishes a ranking of the training cen-
ters based on specific criteria. The majority of candidates 
in residency programs are Brazilian, but a few candidates 
from other Latin American and African Portuguese-speak-
ing countries have also participated. The official instruc-
tors on these residency programs are certified by the SBA, 
and few of these have PhDs. For PhD certification, which 
is the top title in anesthesiology, specialists undergo a 
multiple-choice test followed by an oral examination 
administered by a board assigned by the SBA.

The high quality of teaching and clinical care contrasts 
with the poor focus on research, which is the greatest 
weakness in the field of anesthesia in Brazil. There are 
few universities with well-structured anesthesia depart-
ments, and the effect of the few publications in existence 
is limited. Although the rules for the training centers also 
recommend that residents be involved in research proj-
ects, few universities are able to offer such opportunities. 
This situation is changing, and many training centers are 
realizing the importance of research as a way to improve 
education and assistance. Each year, a greater number 
of anesthesiologists are enrolled in the few postgraduate 
programs available in Brazil, and some PhD students are 
enrolled in postdoctoral programs in Brazil or abroad. 
The large number of attended cases is a robust base for 
observational and randomized clinical trials, and these 
are gradually increasing. The peer-reviewed Brazilian Jour-
nal of Anesthesiology is the official journal of the SBA, and 
it publishes most of the country’s anesthesia research, 
together with other high-impact international journals 
in anesthesia or related areas.

Chile/South America (Guillermo Lema)
The training of anesthesiologists is a contentious issue 
in South America. There is a large discrepancy between 
the views of governments and those of anesthesia soci-
eties, and this relates to the number of anesthesiolo-
gists needed and the quality and duration of training 
required. All countries on the continent have anesthe-
sia training programs of varying quality. The govern-
ments run a few, but universities conduct most of the 
programs.

There is agreement among all about the basic length 
of time needed for training; regardless of whether the 
government or the anesthesia society runs the program, 
3 years is required to complete training. Some countries 
have added a fourth year with emphasis on research or 
a specific specialty; however, there is lack of financial 
support from governments, and this has stymied accep-
tance of this additional year. In addition, some countries 
have specific scientific organizations run by universities 
and scientific societies to certify the various places where 
anesthesia is taught. However, some facilities without 
proper certification contine to teach residents. Gradually, 
these places are being restricted from teaching.

Governments and scientific societies also view the 
requirements for anesthesiologists differently. Gov-
ernments are pushing for more practitioners, whereas 
universities prefer better training. Despite such diffi-
culties, anesthesiologists and their scientific societies 
have campaigned for greater influence in the process of 
accreditation.

Although advances in medical training by the universi-
ties, anesthesia societies, or both, continue, there remains 
the issue of an inadequate number of practitioners. Public 
hospitals do not have enough anesthesiologists, and uni-
versities are teaching at full capacity. In an effort to create 
more practitioners, governments are driving the univer-
sities to enroll more students, while the universities are 
concurrently striving to accommodate the growing num-
ber of students and provide quality education. Both insti-
tutions are diligently working to meet their respective 
needs. The results will be seen in the near future.

Anesthesia meetings achieve the goal of educating res-
idents and older generations of anesthesiologists. Anes-
thesia journals are in existence, and although none are 
comparable to the Institute for Scientific Information, 
efforts are being made to become part of international 
medical databases.

China (Yuguang Huang)
Currently in China, medical students are educated for 5 
to 8 years in medical colleges (5 years for undergraduate 
education and an additional 3 to 5 years for a master’s or 
doctoral degree), followed by a resident training program 
of 5 years.

Differences in education quality still exist among med-
ical colleges across the country because of imbalances in 
local economies. Despite the improved overall standard 
of anesthesiologists in the country, it is obvious that in 
primary-level hospitals, both the clinical performance 
of the resident and the level of resident training are still 
relatively low. As a result, anesthesia providers in larger 
medical centers usually excel beyond their counterparts 
at primary-level hospitals by a large magnitude.

To address the imbalanced human resource distribu-
tion in different areas, the government has been pro-
moting standardized resident training nationwide since 
2000. The act was first implemented in pilot centers in 
Sichuan, Beijing, Shanghai, and other large cities and 
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has extended to all the other cities throughout China. 
Medical graduates are required to start their training at an 
accredited institution upon graduation, and only those 
who have passed national examinations receive their 
license. The Anesthesiology Standard Regulatory Protocol 
released in 2012 clearly states the requirements for anes-
thesiologists in different hospitals; these requirements 
will help to improve the basic knowledge and clinical 
practice of young anesthesiologists in primary-level insti-
tutions. Meanwhile, the Chinese Medical Association and 
Chinese Society of Anesthesiologists have also been pro-
viding various continuing medical education programs to 
local hospitals. The overall professional level of Chinese 
anesthesiologists is expected to be elevated through such 
efforts.

In summary, the Chinese anesthesiologist team is 
continuing to evolve. As anesthesiologists have gained 
prominence in China, more medical graduates are select-
ing anesthesia as their career after graduation. Graduates 
with higher education levels are primary contributors to 
the medical team. In some well-known medical centers, 
personnel with master’s and doctoral degrees hold over 
75% of the positions in the department. However, there 
is a significant gap between the country’s urgent clinical 
needs and the number of competent anesthesiologists. 
This situation requires additional recruitment efforts.

Europe (Lars I. Eriksson and Jannicke  
Mellin-Olsen)
Shortly after the European Economic Community (EEC) 
was established in 1958, representatives from professional 
organizations representing the Inner Six founding mem-
ber countries (Belgium, France, West Germany, Italy, 
Luxembourg, and the Netherlands) created the European 
Union of Medical Specialists (UEMS). The UEMS soon 
established contacts with the EEC to define basic princi-
ples for medical specialist training in Europe. The aim was 
to define a high level of training with common general 
criteria for future European medical specialists, which 
would lead to harmonized and coordinated specialist 
training throughout Europe. It would also facilitate the 
free movement of European specialists from one member 
country to another. As a tool to achieve this objective, 
the UEMS created Specialist Sections for the main special-
ties in 1962. One of these sections is the European Sec-
tion and Board of Anaesthesiology (EBA), which includes 
reanimation and intensive care medicine. The role of the 
EBA is political, working as the anesthesiology branch of 
UEMS and the EU. EBA is also the interface with other 
medical specialties including multidisciplinary fields such 
as critical care and pain medicine, education, and patient 
safety.

migration and Work force shifts. The EU has defined 
the duration of training needed to become a specialist in 
anesthetics to be 3 years; however, in most EU countries, 
it currently takes 4 to 7 years to fulfill the requirements 
of a certified anesthesiologist. The content of the train-
ing programs varies largely by country with the special-
ist certificate awarded by each individual country. Yet, 
being on the specialist register in one EU country entitles 
the person to be accepted as a specialist in any other EU 
country, in line with the principle of free movement of 
specialists within Europe. Although in accordance with 
the EU spirit, this can create problems. Sometimes, the 
hired anesthesiologist is not qualified to work in the local 
setting of another EU country because of insufficient or 
inappropriate training and lack of language skills.

As in other parts of the world, the quality of care in 
hospitals and the opportunities for professional and eco-
nomic development are in general better in the cities. 
Similarly, the less affluent EU member states that invest 
in the training of anesthesiologists often do so only to 
see their practitioners move to other countries within the 
EU, typically from Eastern to Western Europe. Of course, 
the main driving forces behind this migration are better 
economic and professional development opportunities. 
Recently, financial issues have led to new routes of work 
migration with practitioners moving from southern Euro-
pean countries to the north.

The supply and demand of anesthesiologists varies 
considerably between parts of Europe for many reasons. 
All countries are experiencing an increased aging popu-
lation who require more health interventions, thereby 
increasing the demand for workers. Another contributing 
factor is the European Working Time Directive, a manda-
tory regulation that limits the number of hours any per-
son is allowed to work per week. In addition, there is an 
increasing tendency by younger anesthesiologists of both 
genders who want to spend more time with their fami-
lies and less time in the hospital. All these issues underlie 
the current labor shortage that exists in a majority of EU 
member states.

The shortage of specialists is not made easier when 
governments fail to foresee the consequences of short-
sighted planning and then have to seek ad hoc solutions 
when avoidable problems arise. This seems true for all 
countries, but it manifests in various ways depending on 
a country’s historical and cultural factors. When financial 
restrictions are added to these factors, even traditionally 
rich countries have to face the probability of compromis-
ing their standards by reducing training requirements 
and recruiting less educated anesthesia providers.

However, statistics on workforce availability and 
migration in Europe are ambiguous and often associated 
with error. Unfortunately, the data do not reflect whether 
individuals are working full time or whether an anesthe-
siologist is registered in more than one country. Some 
medical students go abroad to study and return to their 
home countries but are then counted as a migrated doc-
tor. These issues all add to the complexity of workforce 
planning. Despite the statistical shortcomings, there is 
no doubt that the average number of anesthesiologists 
in Europe has increased over the last few decades.19,37 
The increase is larger in older EU member countries than 
in the newer ones because of demand, training, avail-
ability, migration, and other factors. The average num-
ber of anesthesiologists is unscientifically estimated as 
14.5 per 100,000 population in Western Europe, but in 
the East it is only 6.1 per 100,000 population.19

In most European countries, health care is funded 
by the government, although there are local excep-
tions. Whereas more than 50% of anesthesiologists in 
some Western European countries (Luxembourg, the 
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Netherlands) are involved in private practice, anesthe-
siologists within Scandinavia and the United Kingdom 
rarely (less than 5%) work in private practice, although 
the number is increasing.

euroPean society of anaesthesiology. The European 
Society of Anaesthesiology (ESA) is Europe’s counterpart 
to the ASA; however, there are differences. Whereas the 
ASA is the national society of one country, the ESA Coun-
cil consists of representatives from 30 nations (data from 
2013). European countries with 25 individual members or 
more (or more than 10% of practicing anesthesiologists 
in smaller countries) are entitled to council representa-
tion. The council members serve to facilitate and harmo-
nize the activities of national and international societies 
of anesthesiologists in European countries. In addition, 
all national societies in Europe have formed a separate 
body within the ESA, known as the National Anaesthesia 
Societies Committee.

The objectives of the ESA are to promote the 
exchange of information among European countries; 
to disseminate information on anesthesiology; to raise 
the standards of the specialty by fostering and encour-
aging education, research, scientific progress, and the 
exchange of information; to promote and protect the 
interest of its members; and to promote improvements 
in safety and quality of care of patients undergoing anes-
thesia by facilitating and harmonizing the activities of 
national and international societies of anesthesiologists 
in European countries.

The Euroanaesthesia Annual Congress is the main 
scientific event of the ESA, but other scientific meetings 
are arranged, such as the autumn meeting. Education, 
research, and providing specialty resources are also major 
activities of the ESA.

euroPean Postgraduate training Program in anesthe-
siology, Pain, and intensive care medicine. In 2011, the 
EBA published a completely revised postgraduate training 
program in the specialty38 based on consultations with 
national societies, the ESA, and other stakeholders. The 
new program is considered a paradigm shift from struc-
ture- and process-based to competence-based training.

Some years ago, an EU directive mandated a 3-year 
training program to become a specialist in anesthesia; 
however, that decision was made at a time when the com-
plexity of anesthesia was much less. This directive is still 
valid, but the current duration in most EU countries var-
ies from 4 to 7 years, and it is described as a traditional 
process-based education model. Several governments 
have recently tried to reduce the duration of training in 
an effort to train more anesthesiologists in less time and 
more inexpensively, but this has been fiercely opposed 
by the EBA.

Since 2001, the EBA has stated that the minimum 
duration of training should be 5 years, of which at least 
6 months should be spent in critical care, 3 months in 
emergency medicine, and 3 months in pain therapy. 
Simulation-based training, logbooks, and portfolios were 
recommended. These guidelines were streamlined and 
developed further in 2008. The resulting 2011 program 
requires training of at least 5 years, but with at least 1 year 
specifically directed to intensive care medicine training. 
The guideline now states the minimum estimated time 
required to achieve the defined competences to fill the 
roles of an anesthesiologist, rather than just a description 
of length of time.

The training program builds on the competency ini-
tiative—the Canadian Medical Education Directives for 
Specialists definition of the seven roles of a medical 
specialist. In turn, a list of 10 domains of general core 
competencies (e.g., disease management, patient assess-
ment and preparation, anesthesia nontechnical skills, 
and quality-safety-management-health economics) and 
seven domains of specific core competencies (e.g., obstet-
ric anesthesiology, multidisciplinary pain management) 
were described. For all competencies in each domain, 
learning objectives are defined in the form of knowledge, 
technical skills, clinical and case-management skills, 
drills, and specific attitudes. This has resulted in a com-
pletely new syllabus.

The new curriculum requires new assessment tools, in 
addition to the old summative examinations.39 Examples 
are self-assessment, evaluation of clinical performance, 
and patient management problems. New online assess-
ment systems are being launched in all-in-one formats. 
The new curriculum has been introduced in Moldova 
and Romania, and several other European countries are 
changing their education systems.

euroPean diPloma in anesthesiology and intensive 
care. Introduced in 1984, the European Diploma in 
Anesthesiology and Intensive Care (EDAIC) remains the 
recommended theoretical examination tool. It is a mul-
tilingual, end-of-training, two-part examination cover-
ing the relevant basic sciences and clinical subjects for 
a specialist anesthesiologist. It provides an international 
European standard that allows harmonization of training 
and assessment of knowledge across Europe. The EDAIC 
has been adopted as the national examination in Austria, 
Switzerland, Hungary, Poland, Malta, Romania Slovenia, 
Turkey, the Czech Republic, Moldova, Finland, and in 
2014, the Netherlands. In 2007, non-Europeans were also 
allowed to sit for the EDAIC, as stated by the Glasgow 
Declaration by the Council of European Specialist Medi-
cal Assessments. Although the EDAIC does not represent 
a ticket to work in Europe, the examination has become 
increasingly popular worldwide.

EDAIC Part 1 consists of multilingual, multiple-choice 
questions, one part on basic physiology, pharmacology, 
physics, clinical measurement, and statistics, and a sec-
ond part on clinical practice associated with anesthesia 
and its subspecialty areas. It is to be taken after approxi-
mately 2 years of anesthesiology training. Part 2 con-
sists of four oral examinations, each with two examiners 
moderating each other. Candidates may choose the lan-
guage in which they wish to be examined within the con-
straints available at the examination center. Part 2 is an 
end-of-training examination, and successful completion 
qualifies the candidate to receive the EDAIC. Because the 
EDAIC is an assessment of theoretical anesthesia knowl-
edge, it must be supplemented by the local assessment 
of skills and professional attitudes or behavior that takes 
place in each country according to local systems and is 
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a requirement before an individual can be placed on the 
specialist register in that country.

The Committee for European Education in Anaes-
thesiology (CEEA) was formed as a foundation, Founda-
tion for European Education in Anaesthesiology (FEEA) 
in 1986. The program consists of a cycle of six courses, 
covering all the fields of anesthesia, intensive care, 
emergency medicine, and acute pain management. The 
program is to be completed in sequences of 3 years and 
is conducted in the national language of each coun-
try. The initial aim was to provide continuing medical 
education in anesthesiology within the European Com-
munity. With the expansion of the EU, the FEEA was 
introduced to the new member countries and to other 
European countries. Since 1995, new centers have been 
established in cooperation with the WFSA in other 
parts of the world, such as Latin America, Africa, and 
in Asia. In 2009, the FEEA activities were transferred to 
the ESA, and the CEEA was created as a joint committee 
of the ESA and WFSA. Currently, there are more than 
100 regional CEEA centers.

esa/eba Joint hosPital visiting and training accred-
itation Program. The ESA/EBA Joint Hospital Visiting 
and Training Accreditation Program (HVTAP) has been in 
place since January 1996 as a joint permanent commit-
tee of the ESA and the EBA. The goal is to encourage and 
enhance training standards across Europe and to ensure 
that an academic institution meets the prerequisites of 
training in anesthesiology specified in the EBA training 
guidelines. Together with the EDAIC, the HVTAP serves 
to improve the overall quality of the specialty of anes-
thesiology and to harmonize its activities throughout 
Europe. The visit consists of a detailed presentation of the 
staffing and organization of the hospital, the department 
(or the institute), and the structure of training. This forms 
the basis for discussion and evaluation of all aspects of 
the teaching and training process with the staff members 
involved for the purpose of complementing and building 
on strengths and encouraging development and change 
to address areas of weakness. A subsequent comprehen-
sive report of the visit, together with recommendations 
for improvement or accreditation (or both), is presented 
by the program committee.

India (Deepak K. Tempe)
In India, there are mainly two types of postgraduate 
qualifications that can be obtained in the field of anes-
thesiology. The first, provided by medical colleges (MD 
in anesthesiology, a 3-year degree program), is gov-
erned by the Medical Council of India, which oversees 
the syllabus and other teaching and training standards. 
The second one is provided by the National Board of 
Examinations, which awards a Diplomate of National 
Board (DNB). In addition, the Medical Council of India 
regulates the diploma in anesthesiology (DA), which is 
a 2-year training program that is available at medical 
colleges.

In 1992, it was determined that no new medical col-
lege or postgraduate course could be started without 
the prior approval of the Medical Council of India, and 
its recommendation became mandatory for all medical 
colleges. Thus, it was only after the addition of this sec-
tion, known as 10a, that teaching and training in the 
medical field in India were standardized and minimum 
standards were enforced. In 1998, a Supreme Court 
judgment reinforced the statutory body’s position in 
establishing and maintaining high standards of medical 
education and recognition of medical qualifications in 
India. The recognition awarded by the Medical Council 
of India for all courses must be reviewed every 5 years 
by a Medical Council of India inspection team. Thus, 
teaching and training in anesthesiology in India are 
standardized through the setting of minimum stan-
dards throughout the country in terms of the facilities 
(space, equipment, manpower, and infrastructure) and 
the syllabus.

groWth of the sPecialty. The interest of Indian medi-
cal students in the specialty of anesthesiology has shown 
a dramatic increase during the last decade. Previously, 
candidates for a postgraduate course in anesthesiology 
were admitted based on scores obtained on the MBBS 
examination. The practice now is to conduct a common 
entrance examination, with admission into a given sub-
ject area based on the rank attained by the student. In 
a few states such as Delhi, this has been the practice for 
approximately 25 years.

Table 2-2 shows the top and bottom ranks that were 
admitted into an MD anesthesiology program between 
2002 and 2007 in the states of Maharashtra and Delhi. 
The table indicates that interest among students to learn 
and practice anesthesia is increasing. Over the years, the 
situation has remained more or less similar, except that 
the total number of MD seats has more than doubled. 
Reasons for the growing interest in anesthesia among stu-
dents could be related to the increasing scope of anes-
thesia (as discussed earlier) and better job prospects. In 
addition, other fields such as general surgery and gen-
eral medicine require further subspecialty training, and 
this could be motivating students to pursue anesthesia. 
In Delhi, anesthesiology is among the top six specialties 
preferred by medical students, along with radiology, der-
matology, pediatrics, orthopedics, and gynecology. This 
development is in sharp contrast to the situation 15 to  

TABLE 2-2 OVERALL RANKINGS OF 
POSTGRADUATE STUDENTS ENROLLED 
IN ANESTHESIOLOGY PROGRAMS IN 
MAHARASHTRA AND DELHI (2002-2007)

Maharashtra Delhi

Year Top Rank Bottom Rank Top Rank
Bottom 

Rank

2002 228 854 65 98
2004 No exam 53 96
2005 405 642 32 96
2006 160 606 33 99
2007 106 504 61 85

The total number of postgraduate seats in all subjects is 140 in Delhi and 
450 in Maharashtra. The students often sit for entrance examinations 
in several states, which probably explains why the last rank exceeds the 
number of seats in Maharashtra.
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20 years ago, when anesthesiology was among the bot-
tom five choices.

There are a total of 381 medical colleges in India with 
50,078 seats.40 Of these, there are 1386 seats in MD anes-
thesia and 644 in DA anesthesia. In addition, the Minis-
try of Health and Family Welfare of India recognizes the 
DNB as a qualification in the given field and equates it 
with the postgraduate degrees awarded by other Indian 
universities. There are approximately 200 DNB seats in 
anesthesiology.

Assigning seats is especially challenging because it 
remains unclear just how many anesthesiologists India 
needs. According to one estimate, there are approximately 
35,000 to 40,000 anesthetists in India for a population of 
1.27 billion (personal communication, Dr. Anjan Dutta, 
President of ISA). The majority of these anesthesiologists 
are in cities. This number is far too few as compared with 
the United Kingdom, which has 12,000 anesthetists for 
a population of 64 million.41 This fact has been recog-
nized by health officials and, as a result, the number of 
postgraduate seats in anesthesia has more than doubled 
during the last 5 years. Major factors that limit any addi-
tional increase in the quantity of seats are the inadequate 
supply of recognized medical teachers and the limited 
number of medical colleges. Consequently, although the 
situation has improved, the shortage of anesthetists con-
tinues. It is generally believed that in the interest of safety, 
short-term courses in anesthesia should be discouraged to 
fill this deficiency.42 The ISA has also suggested that dur-
ing the teaching course of MD, the final-year student can 
have a rural posting for 3 to 6 months with one qualified 
anesthetist.43 However, the government is actively con-
sidering a short-term training course in obstetrics anes-
thesia (3 to 6 months) for MBBS doctors to provide much 
needed anesthesia services to improve maternal health. 
Some states, such as Andhra Pradesh, already have this in 
place while other states are considering it. The Delhi High 
Court has proclaimed that training for life-saving anesthe-
sia skills and emergency obstetric care will continue until 
the requirement of anesthesiologists is fulfilled32; however, 
these doctors will be allowed to administer anesthesia only 
in government rural health centers.

Japan (Naoyuki Hirata and Michiaki 
Yamakage)
In Japan, the specialty of an anesthesiologist is certified 
differently by the government and by the JSA. To be cer-
tified by the government, a trainee anesthesiologist must 
perform general anesthesia in more than 300 cases over a 
2-year period under the supervision of certified anesthe-
siologists. On the other hand, the JSA certifies anesthetic 
specialists by clinical training over a 5-year period in vari-
ous types of anesthesia that include academic activities 
and success in oral, written, and skill examinations. The 
present examination pass rate is approximately 60%. To 
update the certification of the JSA (the government does 
not require updates), anesthetic specialists must report on 
their anesthetic case experience, teaching career, and aca-
demic activities every fifth year. When the first renewal 
is accepted by the JSA, the anesthetic specialist is also 
qualified as a supervisory anesthesiologist. Thus, 10 years 
of substantial experience in the field of anesthesiology is 
required to be certified as a supervisory anesthesiologist 
in Japan.

The Middle East (Anis Baraka and Fouad 
Salim Haddad)
The departments of anesthesia in the different countries 
of the Middle East are staffed by highly qualified aca-
demic faculty certified either by the Arab Board or by 
foreign academic bodies, such as the American Board 
of Anesthesiology of the United States and the Faculty 
of the Royal College of Anaesthetists of the United 
Kingdom.

Anesthesiology training following MD graduation 
consists of 4 years of residency in a recognized medical 
center. This may be followed by 1 to 2 years of a subspe-
cialization fellowship in areas such as pain management, 
critical care, obstetric anesthesia, cardiopulmonary anes-
thesia and more. Anesthesia specialization and Board cer-
tification by the training hospitals must be recognized by 
the anesthesia societies within the respective countries, 
which also track medical training, as well as continued 
medical education.

In addition to the annual regional anesthesia society 
conferences such as Egyptian Anesthesia (Fig. 2-11, A), 
and the Pan Arab Congress of Anaesthesia (see Fig. 2-11, 
B), the Anesthesiologists of the Middle East participate 
actively in the activities of other national society meet-
ings such as the Pan African meetings, and the annual 
meetings of the ESA and the ASA. In addition, they 
actively participate in the administrative and academic 
activities of the World Congress of Anaesthesiologists 
(WCA) and the WFSA.

Russia (Yury S. Polushin and Olga N. Afonin)
As of today, anesthesiology education in Russia still 
requires revision and improvements. There is need for 
structured residency programs that teach the standards 
accepted around the world, which are based on decades 
of experience in the safe practice of anesthesiology. The 
Academy of Postgraduate Education recently introduced 
new standardized tests, comparable to internationally 
accepted graduation examinations that permit objec-
tive measurement of the knowledge of newly graduated 
anesthesiologists.

Southeast Asia (Forian R. Nuevo)
The required number of years of training in anesthesiol-
ogy varies among the member countries of the ASEAN 
region between 2 to 3 years (Table 2-3). Some countries 
follow the European model, and some adopt the Ameri-
can model (see Chapter 9), whereas others develop a 
hybrid model that is a combination of training programs 
from across the world. Of course, selection of an appro-
priate model is heavily influenced by the country’s pre-
vailing education system, which has been in place from 
the time it was colonized through the time it gained sov-
ereignty. Currently, the lack of anesthesia care providers 
continues to be a persistent problem, and most countries 
are reviewing their respective curricula to address their 
particular needs.

An education abroad, such as in the United States or 
Europe, can be cost prohibitive for many young physicians, 
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Figure 2-11. A, The Annual Conference of the Egyptian Society of Anesthesiologists, 2012. B, The Pan Arab Congress of Anaesthesia, 2013.

TABLE 2-3 ORGANIZATIONS, CERTIFICATION REQUIREMENTS, AND RECOGNITION OF ANESTHESIOLOGISTS IN 
SOUTHEAST ASIAN COUNTRIES

Indonesia Malaysia Philippines Singapore Thailand

Influence on 
medical education

Britain Britain United States Combination
Britain + United 

States

Britain

Anesthesia
Residency 3.5 years 3 years 3 years
Subspecialty 

fellowship
Variable number of training years, depending on subspecialty

 Pain Yes Yes Yes
 Obstetrics Yes Yes
 Cardiovascular/ 

thoracic
Yes Yes Yes Yes Yes

 Pediatric Yes Yes
 Intensive care Yes Yes Yes
 Neuroanesthesia Yes Yes Yes Yes
Certifying body Collegium of 

Indonesian
Anesthesiologist

Malaysian Society of 
Anesthesiologists

Philippine Board of 
Anesthesiology

Singapore Society of 
Anesthesiologists

Royal College of 
Anesthesiologists 
in Thailand
particularly those coming from low- to middle-income 
countries. Thus, many young anesthesiologists select 
Singapore, Malaysia, or Thailand for anesthesia subspe-
cialty fellowships because of the country’s proximity and 
affordability. Furthermore, these training destinations are 
equally excellent centers of learning. However, in Indo-
nesia, there are only 10 accredited training institutions, 
and being admitted into a program on the anesthesia fun-
damentals can be nearly impossible for many Christian 
Indonesians. As a result, many come to the Philippines for 
their 3-year anesthesia residency training, which is facili-
tated by institutional memorandum of agreements. The 
Philippines has accepted anesthesia trainees from many 
countries, including Nepal.

anesthesiology center for the Western Pacific. In 
January 1970, the Philippines established the Anes-
thesiology Center for the Western Pacific (ACWP) in 
Manila. It had an 11-month course on the basic fun-
damentals of anesthesia. This was a joint activity of 
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the WHO Regional Office for the Western Pacific, the 
University of the Philippines, the China Medical Board, 
and the WFSA.

The rationale for the creation of the ACWP was to help 
alleviate the shortage of reliable anesthesiologists in the 
region and to underscore the importance of administer-
ing safe anesthesia. The center did not seek to provide 
a complete training program; rather its purpose was to 
emphasize the basic sciences in anesthesiology. It created 
a foundation for students to build on so that they could 
eventually qualify, through further training, as specialist 
anesthesiologists.

Students at ACWP were from the Pacific Islands, 
Southeast Asia, southern Asia, Hong Kong, Taiwan, 
Korea, Japan, Iraq, Russia, and Sudan. The program 
served the region for 16 consecutive years, and many of 
its graduates have become respected leaders in anesthe-
sia and have contributed to the development of anesthe-
sia programs and safe anesthesia care in their respective 
countries. Unfortunately, in 1986, the ACWP ceased its 
operations.

bangkok anesthesia regional training center. After 
the closure of the ACWP, a very timely project arose in 
Thailand. The Bangkok Anesthesia Regional Training 
Center (BART) was created with modest financial assis-
tance from the WFSA Education Committee. The impe-
tus behind the formation of the BART was the need to 
train anesthesiologists from the neighboring countries 
of Laos, Cambodia, Vietnam, and Mongolia. This pro-
gram is still operational and is a source of pride, because 
BART graduates have all gone back to their countries of 
origin and helped to advance the field of anesthesia in 
their respective workplaces.

Uganda and Sub-Saharan Africa  
(Ronald D. Miller and D.G. Bogod)
In a survey by Hodges and colleagues,44 there was only 
one medical anesthesiologist among the 91 anesthesia 
practitioners who participated in the survey, which 
means that, as is often the case, many trained physi-
cians in Uganda probably traveled to the West to obtain 
a better life for their families. In addition, based on the 
survey, access to up-to-date textbooks seems iffy at 
best—fewer than half of those surveyed have access to 
such texts.35

The preceding paragraph, published in the seventh 
edition of this text, pointed to an inadequacy of trained 
anesthesia personnel and equipment that is being 
increasingly recognized. As stated in 2007, “the absolute 
numbers of anesthesiologists decreased during the nine-
ties. Most anesthesia was delivered by nurse-anesthetists, 
either certified or trained on the job.”34 Because of age, 
a shortage will occur in 15 years. Experienced anesthesi-
ologists are now so few that, in most countries, the criti-
cal mass of knowledgeable specialists no longer exists to 
train new anesthesia providers.

These conditions and inadequacies have been recog-
nized by international anesthesia groups and organiza-
tions for years. Many improvements have been made 
(e.g., increased use of pulse oximetry). A few years ago, 
a “parallel anesthesia and surgical provider training 
program was started in Sub-Africa in a rural hospital.” 
Basically, this program was designed to provide inte-
grated care to a certain geographic area. Although the 
specific outcome of this organizational approach was 
not described, there is evidence of creativity in trying 
to solve basic inadequacies in health care delivery.

Encouragingly, communications in The Lancet are 
appearing regarding anesthesia-related mortality in Sub-
Saharan Africa. With the advancing sophistication of 
information technology, comparison of outcome data 
among countries and/or areas of the world are possible. 
Bainbridge and associates45 compared anesthesia related 
mortality between developing and developed countries. 
The anesthesia-related mortality rate was at least twofold 
to threefold more frequent than in developed countries. 
Cesarean section was the most common procedure with 
a mortality rate of near 1%.46 Further, in several low-
income countries, anesthesia is administered almost 
exclusively by nonphysicians, regardless of the patient’s 
physical status and often without supervision.

The attention that developing and poor countries are 
receiving regarding anesthesia care will likely improve 
that care. The evolution of information technology will 
probably become more important and direct our atten-
tion to where it is most needed. While emphasis has 
appropriately been on mortality rates, more sophisticated 
and detailed outcome data are required so that resources 
can be directed in a productive direction.

SUBSPECIALIZATION

Brazil (Maria Carmona)
As part of its focus on improving the progress of anes-
thesiology in Brazil and stimulating educational and 
regulatory activities, the SBA has created specific mem-
ber committees, such as those for ambulatory anesthesia, 
cardiovascular and thoracic anesthesia, obstetric anes-
thesia, pediatric anesthesia, regional anesthesia, venous 
anesthesia, perioperative medicine, palliative care, organ 
transplants, sleeping disturbances, malignant hyperther-
mia, resuscitation, trauma care, difficult airway, and more 
recently, committees related to occupational health and 
quality and safety. The resuscitation and the difficult air-
way committees develop specific workshops related to 
continuous education and training on these topics. The 
SBA also offers both a physical and virtual library that 
deliver scientific publications on demand, as well as video 
lessons previously delivered in society meetings or spe-
cifically prepared for attendees of the residency program.

Chile/South America (Guillermo Lema)
In South America, only Colombia and Chile have specialty 
laws. In all other countries, physicians can perform pro-
fessional actions without a law to certify the proficiency 
and quality of care and protect patients. In fact, physicians 
with a low level of training have practiced anesthesia for 
many years; in most of these countries, paramedical per-
sonnel have performed anesthesia because of the lack of 
sufficient medical personnel or interest in the specialty. 
In some countries, surgeons conduct both anesthesia and 
surgery with the help of technical personnel. This practice 
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has been abandoned in most countries, but in countries 
such as Bolivia, Ecuador, Paraguay, Peru, and Venezuela, 
this situation persists and with government authorization.

Currently, the law in most countries specifies that 
only physicians can provide anesthesia; however, the 
shortage of trained physicians has left some countries 
with inadequately trained ones. Nevertheless, the pro-
cess of certification of specialties, including anesthe-
sia, is present in several countries. Most countries have 
medical organizations and anesthesia societies demand-
ing proper certification methods. In Chile, Colombia, 
and other countries, the government has definitively 
reached agreement on minimum standards for certifica-
tion in all medical specialties. It includes the recogni-
tion that only certain universities with full accreditation 
can teach medical specialties. So, as of the end the end 
of 2013, only colleagues who complete their studies in 
accredited institutions will be considered anesthesiolo-
gists, and only they will be allowed to work in public 
hospitals and private clinics.

India (Deepak K. Tempe)
For more than two decades, anesthesiologists have recog-
nized the need for dedicated practice in the field of cardiac 
anesthesia and neuroanesthesia. There are anesthesiolo-
gists who are working exclusively in these specialties, but 
very few separate departments of cardiac anesthesia and 
neuroanesthesia exist. The All India Institute of Medical 
Sciences (AIIMS), a group of autonomous public medi-
cal colleges of higher education, is an exception in this 
respect because it created two such departments in 1986. 
Postdoctoral courses in these specialties have been started 
in the country. AIIMS has conducted the courses in both 
specialties since 2002, whereas the Sri Chitra Tirunal Insti-
tute of Medical Sciences, Thiruvananthpuram, has offered 
a course in cardiac anesthesia since 2003. The number 
of seats, however, is grossly inadequate, with four seats 
in cardiac anesthesia and two in neuroanesthesia. The 
National Board of Examinations started a DNB fellowship 
program (2 years) in cardiac anesthesia in 2002; it began 
with 4 seats, and the number has increased to 18. The 
Medical Council of India has now recognized the separate 
subjects of cardiac anesthesia (based on a Gazette of India 
notification dated July 24, 2009) and neuroanesthesia 
(based on an amendment notification dated December 
8, 2010). This recognition allows all medical colleges to 
start the postdoctoral courses in these specialties, and the 
number is likely to increase.

Japan (Naoyuki Hirata and Michiaki 
Yamakage)
Although most anesthesiologists in Japan have per-
formed various methods of surgical anesthesia, it has 
been well recognized that cardiovascular anesthetic 
management requires specialized experience. Recently, 
TEE has been recognized as essential for diagnosis and 
intervention during cardiovascular anesthesia. The 
Japanese Society of Cardiovascular Anesthesiologists 
has established a qualification system that certifies spe-
cialists of cardiovascular anesthesia. To be a specialist, 
significant clinical experience with cardiovascular anes-
thesia and passing of the TEE examination, created in 
2004 by the Japanese Board of Perioperative Transesoph-
ageal Echocardiography, are required. These specialized 
anesthesiologists may further improve cardiovascular 
anesthetic management.

PROFESSIONAL AND RESEARCH ACTIVITY

Brazil (Maria Carmona)
The SBA is a highly structured association that is also in 
charge of the monitoring and engagement with federal 
and state legislative and regulatory activities affecting the 
practice of medicine by anesthesiologists. The SBA web-
site (http://www.sba.com.br) also has a specific area for 
communication with the lay public. The SBA promotes 
an annual congress of anesthesiology, and the state and 
regional societies promote their own congresses. Besides 
presenting scientific and educational topics, the con-
gresses provide a venue for meetings of the educational 
and political committees. Every 4 years, the Brazilian 
Congress of Anesthesiology occurs in conjunction with 
the Portuguese Society of Anesthesiologists. The SBA’s 
association with other South American societies of anes-
thesiology, all of them Spanish speaking, is less expressive, 
but the Latin American Society of Regional Anesthesia is 
in charge of the development of this area of anesthesia 
in South America and promotes its own annual congress 
and other activities.

In conclusion, the well-established teaching programs, 
along with the emerging economic situation in Brazil, are 
major contributors to the growth of good anesthesia care 
throughout the country.

Chile/South America (Guillermo Lema)
Time, funding, and expertise are the basic requirements 
for research of sufficient quality to support publica-
tions or communications internationally. These require-
ments are not found widely in South America. Only a 
few university anesthesia departments have the capabil-
ity of producing clinical research of sufficient quality to 
be published in esteemed journals such as the Institute 
for Scientific Information, notably in Chile, Brazil, and 
Argentina. The government and some colleagues have 
argued that research is not important in a continent that 
has more pressing priorities. This author does not agree.

Research is a tool for learning, and it should be encour-
aged, at least at university-based anesthesia residencies. 
Unfortunately, research does not generate income, and 
most of the clinical groups are not willing to dedicate 
time or money to this particular activity. Funding is lack-
ing, and although some countries have national research 
grants to support clinical research, most do not. Basic 
research in anesthesia virtually does not exist in South 
America.

Financial support from pharmaceutical companies is 
weak, usually depending on the effects of their drugs in a 
clinical setting. Because of economic constraints, a large 
number of generic drugs are used; therefore, major phar-
maceutical companies are not willing to support activities 
of this nature.

Conflict of interest has become a major issue; yet its 
regulation is weak. Many anesthesia departments in 

http://www.sba.com.br
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private and public hospitals face financial limitations, 
and in this author’s opinion, it is obvious that the ten-
dency is to ask for support from companies in the medical 
industry. Although anesthesia is not a large recipient of 
medical industry funds, other specialties (e.g., cardiology, 
ophthalmology) are supported by the industry without 
restraint.

China (Yuguang Huang)
There are now two large anesthesia academic organiza-
tions in China: the CSA and the Chinese Association 
of Anesthesiologists. The CSA seeks to improve the 
national academic level in anesthesiology and to offer 
patients higher standards of clinical service. The Chi-
nese Association of Anesthesiologists was established in 
2005 and is focused on team construction and human-
istic concern for anesthesiologists. Annual meetings are 
held in September for the CSA and in April for the Chi-
nese Association of Anesthesiologists, with attendance 
in the thousands for each. As general anesthesiology has 
advanced, its subspecialties have also flourished with 
the start of several subspecialty academic groups. More 
than 30 clinical guides and expert consensus materials 
have also been published.

In 1986, the Beijing International Conference on Anes-
thesia was held successfully. Many experts from abroad, 
including Professor Ronald D. Miller (this textbook’s edi-
tor), were invited to join as keynote speakers. From that 
point on, Chinese anesthesiologists began to commu-
nicate more with international professionals. At the first 
Sino-Japanese Clinic Anesthesia Symposium held in 1986, 
the CSA and Japan Society for clinical Anesthesia agreed to 
hold a symposium every 2 years.

The rapid development of the discipline has led to 
increasing opportunities for Chinese anesthesiologists 
to communicate and exchange information with their 
international colleagues. Some of them have obtained 
recognition from international organizations. Several 
renowned Chinese anesthesiologists have been admit-
ted into well-known international anesthesiology soci-
eties. Professors Rong Xie, Ailun Luo, and Xinmin Wu 
were named Honorary Academician by the Royal British 
College of Anaethetists. Professor Yuguang Huang was 
nominated President Elect for the International Society 
for Anaesthetic Pharmacology in 2012 and Board Mem-
ber of the worldwide Primary Trauma Care Foundation. 
Professor Lize Xiong was elected as a standing commit-
tee member of the WFSA in 2012. Professor Yunxia Zuo 
was elected as President for the Asian Society of Paediatric 
Anaesthesiologists in 2012.

Anesthesiology publications in China include Chinese 
Journal of Anaesthesiology, Journal of Clinical Anaesthesiol-
ogy, Journal of Pain Medicine, and the Chinese edition of 
Anaesthesia and Analgesia. More than 100 research pro-
grams in anesthesiology are supported by the National 
Natural Science Foundation of China each year, and large 
scientific grants have been invested in anesthesiology 
research in the past years. Authors from mainland China 
publish more than 500 Science Citation Index manu-
scripts per year on average, and more presentations and 
publications have been released at international meetings 
year by year.
Europe (Lars I. Eriksson and Jannicke  
Mellin-Olsen)
euroPean academy of anaesthesiology. Before the for-
mation of the European Academy of Anaesthesiology 
(EAA) in 1978, there was no formal representative struc-
ture except the EBA for the specialty within Europe. The 
five statutory aims of the EAA were (1) to raise the scien-
tific level of the discipline; (2) to improve the training 
of anesthetists, their clinical and theoretical education, 
and their competence at the completion of the train-
ing period by holding examinations; (3) to hold scien-
tific meetings, conferences, and seminars; (4) to facilitate 
research in anesthesia and its associated disciplines; and 
(5) to promote exchange among anesthetists and discus-
sion of all matters concerning their profession.

The EAA had a limited number of members and acade-
micians and, as European anesthesiology grew, was per-
ceived by many to be an exclusive and elitist organization. 
In 1992, the ESA was formed and was open to everyone. 
Its chief aims were to conduct an annual Euroanaesthe-
sia meeting to replace the European Congress, which had 
formerly run on a 4-year cycle alternating with the World 
Congress, and to support educational and research activi-
ties by awarding grants and fellowships. Whereas the ESA 
was concerned with the practice of clinical anesthesia 
and supporting its membership, the EAA had developed 
formal initiatives such as the EDAIC, the European Journal 
of Anaesthesiology (EJA), and a system of hospital visiting 
and accreditation training in conjunction with the EBA.

The fourth organization that existed at that time 
was the Confederation of European National Societies 
of Anaesthesiology (CENSA), which was effectively the 
European section of the WFSA.

For some years, the roles of all the various organi-
zations made it increasingly necessary for an individ-
ual anesthesiologist to be a member of more than one 
body to participate in and benefit from all the variety 
of activities. As a result, in 1998 a decision was made to 
amalgamate the former ESA, EAA, and CENSA into one 
organization. A temporary organization, the European 
Federation of Anaesthesiologists, was established in 2001, 
under which amalgamation was successfully achieved. 
Subsequently, the new European Society of Anaesthe-
siology, which now represents every anesthesiologist 
in Europe, was launched in January 2005 in its interim 
form before becoming fully established in January 2006. 
Moreover, because the formal, declared responsibilities of 
the parent organizations were essentially different with 
little overlap between them, a strong and comprehen-
sive organization was established right from the start. 
Under this new organizational structure, CENSA became  
the ESA National Anaesthesiology Societies Committee, 
now ESA National. Each country has a number of del-
egates to ESA National, depending on the number of 
members in its national society. This body constitutes the 
European Regional Section of the WFSA.

The ESA National provides a comprehensive range of 
activities to support European anesthesiology, primarily 
aimed at sustaining and enhancing the safety, efficacy, 
and quality of care of patients through publication of 
the EJA and the Euroanaesthesia organization and other 
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meetings; it supports the interests of its members and 
facilitates the exchange and dissemination of informa-
tion related to anesthesiology, critical care, pain, and 
emergency medicine. It encourages research and scientific 
progress by conducting academic meetings and clinical 
studies, by awarding grants and fellowships, and by raising 
and harmonizing the standards of anesthesiology. This is 
achieved by delivering education, training, continuous 
medical education, developing guidelines and accredita-
tion of anesthesiologists through educational programs, 
the EDAIC, and in-service training examinations, as well 
as through the HVTAP run jointly with EBA. The whole 
structure of the new ESA is currently undergoing a major 
revision, including changes in the by-laws.

euroPean Journal of anesthesiology. The EJA is the 
official journal of the ESA and is distributed to all ESA 
members. It is published monthly and is owned by the 
ESA. It is also the official journal of EBA. A group of edi-
tors is responsible for the content of the journal. The EJA 
publishes original work of high scientific quality. Prefer-
ence is given to experimental work or clinical observation 
in humans and to laboratory work of clinical relevance. 
The journal also publishes commissioned reviews by an 
authority in a field of interest to those working in anes-
thesiology, pain, or critical care. Editorials, commentar-
ies, book reviews, news, and notices are also included. In 
addition, the ESA publishes a newsletter four times per 
year, separately from the EJA. This newsletter contains 
items of interest to ESA members as well as information 
and formal announcements.

India (Deepak K. Tempe)
Since its inception in 1947, the ISA has grown from 19 to 
nearly 21,000 members in 2014. The South Asian Con-
federation of Anaesthesiologists with member countries 
India, Bangladesh, Sri Lanka, Pakistan, Nepal, and Mal-
dives was formed in November 1991. Currently, there are 
also separate Indian associations of cardiothoracic anes-
thesia and neuroanesthesia. The Indian Association of 
Cardiovascular and Thoracic Anesthesiologists (IACTA) 
is 16 years old and holds an annual meeting. The IACTA 
awards fellowships in cardiac anesthesia after holding 
an exit examination of eligible candidates. Furthermore, 
a fellowship program in TEE has been initiated in collab-
oration with the Indian Academy of Echocardiography. 
Since 2007, a national workshop on perioperative TEE 
has been organized for cardiac anesthetists to learn this 
technique, which is now readily available in most cardiac 
centers. The IACTA also publishes the journal Annals of 
Cardiac Anaesthesia, which is now in its fifteenth year 
of publication. It has the distinction of being included 
in MEDLINE and being the first Indian journal in anes-
thesia to be indexed in the National Library of Medicine 
and has been followed by the Indian Journal of Anaesthe-
sia and the Journal of Anaesthesiology and Clinical Phar-
macology. In addition, a number of societies have been 
formed, including ones for the study of pain (founded in 
1984), for critical care medicine (founded in 1992), and 
for obstetrics anesthesia (founded in 2005). Asian societ-
ies in cardiac anesthesia, neuroanesthesia, and pediatric 
anesthesia have also been formed.
Professional and research activities in India have 
increased with the formation of subspecialty groups in 
the country. Among them, cardiac anesthesia has made 
a particular mark. An article published in the Journal of 
Cardiothoracic and Vascular Anesthesia has highlighted 
that India is second to the United States and leads the 
rest of the world in number of related publications dur-
ing the last decade. Although there were fewer original 
articles published in India, the authors concluded that 
the research activities from India cannot be ignored.47

Japan (Naoyuki Hirata and Michiaki 
Yamakage)
As mentioned before, the JSA was established in 1954, and 
it has held annual meetings every year since then. Sub-
committees on anesthesiology, focusing on cardiovascular 
anesthesia, pediatrics, obstetrics, geriatrics, monitoring 
and equipment, nerve blocks, research, and education 
have been established. As of 2012, the JSA has 5450 certi-
fied anesthesiologists and 3341 supervisors. Most Japanese 
anesthesiologists regularly interact with colleagues inter-
nationally and in Japan to maintain their own expertise, 
and more than 250 Japanese anesthesiologists attend the 
annual meeting of the ASA every year.

In addition, the JSA has published the Journal of Anes-
thesia since 1987, and it has been indexed in the National 
Library of Medicine, including the MEDLINE database. 
Numerous manuscripts have been submitted from many 
countries. The number of articles published annually has 
increased to nearly 180.

The Middle East (Anis Baraka and Fouad 
Salim Haddad)
Most anesthesiologists in the Middle East keep in close 
contact with developments in anesthesia throughout 
the world by attending national and international con-
gresses, subscribing to various international anesthesia 
journals, and maintaining worldwide friendships. Some 
anesthesiologists in the Middle East, including those 
who have emigrated abroad, have become leaders in 
the specialty and have made original contributions in 
the fields of muscle relaxants,48-50 semi-open systems, 
obstetrics,51 pediatric anesthesia,52,53 and the patho-
physiology of open heart surgery.54 In addition, the 
Middle East actively contributes to publications. The 
Middle East Journal of Anesthesiology, which is published 
by the Department of Anesthesiology at the American 
University of Beirut, is widely distributed all over the 
world and is recognized by Index Medicus (Fig. 2-12).

Russia (Yury S. Polushin and Olga N. Afonin)
With the exception of a few medical centers, most anes-
thesiologists have to practice their art of extremely inva-
sive and possibly dangerous science without sufficient 
monitoring. Pulse oximeters, gas analyzers, and capno-
graphs are still a luxury in many medical centers. Medical 
science is again government financed, but it is often still 
dependent on the good will of the physicians who carve 
out time for research from their private lives. Russian 
anesthesiologists, as well as medics in other specialties, 
have been raising their concerns to the government. The 
Ministry of Health has accepted a new national program 
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Figure 2-12. Cover of the Middle East Journal of Anesthesiology.

for improvement in medical services, but it will take dra-
matic measures and significant investments in the health 
of Russian citizens for the country to achieve the goal 
of a safe and effective health care system in compliance 
with international standards. Statistics and the experi-
ence of multiple countries prove that the huge initial 
investments are returned as improvements in popula-
tion health as medical and illness-related costs decrease. 
It would be gratifying to see Russia, the country that 
contributed so much to the growth and development of 
medicine and anesthesiology, return to the international 
scene as a partner in health promotion in all forms of 
medical science and art.

Southeast Asia (Florian R. Nuevo)
Two pioneering anesthesiologists, Professor Quintin J. 
Gomez of the Philippines and Dr. Saywan Lim of Malay-
sia, conceived the Confederation of ASEAN Societies of 
Anesthesiologists (CASA) in Kuala Lumpur in September 
1974 during a meeting after the Fourth Asian Austral-
asian Congress of Anaesthesiologists, a regional congress 
of the WFSA. The first ASEAN Congress of Anaesthesiolo-
gists was held in December 1979 in Manila, Philippines, 
under the leadership of Professor Gomez, who was then 
the incumbent president of the WFSA (1976-1980).

The main objective of CASA is to enhance and pro-
mote the specialty of anesthesiology in the region by 
hosting biennial congresses of anesthesia called the 
ASEAN Congress of Anaesthesiologists. These con-
gresses serve as a venue for ASEAN anesthesiologists 
to meet experts from the United States and Europe, as 
well as other international anesthesia leaders, and to 
learn current practices in anesthesia from them. The 
congresses also inspire trainees and younger anesthe-
siologists in Southeast Asia to present their clinical tri-
als and modest research activity and to participate in 
scientific activities as resource speakers or workshop 
facilitators.

Currently, CASA member societies conduct clinical 
research activities in anesthesia, but there is much room 
for improvement. Most research studies involve clinical 
drug trials funded by pharmaceutical companies. There is 
a paucity of published papers in peer-reviewed anesthe-
siology. What is also lacking is translating the research 
activities into well-written research papers. The ASEAN 
Journal of Anesthesiology serves as a venue to publish all of 
these research endeavors in the region.

Over time, the objectives of CASA have grown. The 
group has strived to promote closer ties among mem-
ber societies, to enhance the image of the specialty in 
the region, and to upgrade the specialty through the 
exchange of information between local and international 
experts in anesthesia. CASA also supports interacting 
with other anesthesia regional sections such as the South 
Asian Association for Regional Cooperation, which repre-
sents Afghanistan, Bangladesh, Bhutan, India, Maldives, 
Nepal, Pakistan, and Sri Lanka.

Many anesthesia subspecialty organizations have been 
created. To date, these include the Obstetric Anesthesia 
Society for Asian and Oceania (OASAO), Asian Society for 
Pediatric Anesthesiologists, ASCA, Asian Oceanic Society 
for Regional Anesthesia (AOSRA), Asian Society for Neu-
roanesthesia and Critical Care (ASNACC), and ASEAPS. 
Indeed, through CASA and these subspecialty groups, a 
wealth of information is paving the way to upgrade and 
develop the practice of anesthesia and the anesthesiolo-
gists themselves.

Despite threats of terrorism and the risks of epidem-
ics such as avian flu and severe acute respiratory syn-
drome (SARS), the ASEAN confederation has persisted 
in hosting its biennial congress. Their leaders have 
been inspired to step up these academic activities, and 
CASA members take turns, with much enthusiasm and 
camaraderie, in hosting these meetings. Attendance 
has grown from 400 to almost 1000 anesthesiologists 
coming from ASEAN and non-ASEAN countries, such as 
Japan, Korea, China, Saudi Arabia, Mongolia, Canada, 
and the Middle East. The faculty of speakers includes 
local ASEAN and international anesthesia experts from 
the United States, Europe, Canada, Australia, and New 
Zealand, some of whom were supported by the WFSA, 
by industry, by respective anesthesia societies, and by 
the faculty themselves.

SAFETY AND MEDICOLEGAL INITIATIVES  
IN THE REGION

Chile/South America (Guillermo Lema)
Medicolegal issues and increased concern from patients 
have been behind the adoption of accreditation require-
ments. It is encouraging that most anesthesiologists are 
willing to obtain certification; clinics and hospitals are 
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also requiring certification for physicians to work in these 
institutions.

Furthermore, the medical community recognizes 
and has adopted certification of specialties, accredi-
tation of both national and international public and 
private hospitals, the need for full and proper com-
munication with patients and relatives, the creation of 
rules for different procedures, and the requirement for 
written consent. Disclosure of morbidity and mortality 
has also helped patients to be aware of the medical care 
to be received.

China (Yuguang Huang)
Anesthesia is undoubtedly a high-risk profession. The 
uneven development across the country in the economy 
and in clinical medicine in different areas has resulted 
in even larger differences in anesthesia safety. Therefore, 
well-established quality assurance systems and a culture 
that cultivates safety are keys to achieving higher safety 
coefficients. The National Anaesthesiology Quality Assur-
ance Centre, which was established by the MOH in 2011, 
performed a series of measures for safety control, includ-
ing designing standardized sheets for the intraoperative 
anesthesia record, encouraging surgical time out proce-
dures, and constructing an incident report system. The 
National Anaesthesiology Quality Assurance and Assess-
ment Standards were also established by the MOH in June 
2012. Branches of the Quality Assurance Centre have also 
been established in each province throughout China, 
composing a nationwide network for quality and safety.

Europe (Lars I. Eriksson and Jannicke  
Mellin-Olsen)
helsinki declaration on Patient safety in anaesthesi-
ology. Anesthesiologists are in a unique position to safe-
guard patients’ best interests whenever they are at their 
most vulnerable, be it in the operating room, the criti-
cal care unit, in need of critical emergency care, or when 
suffering great pain. It is estimated that 200,000 patients 
in Europe die every year from complications due to sur-
gical procedures. The EBA worked closely with the ESA 
and other bodies to develop the Helsinki Declaration on 
Patient Safety in Anaesthesiology (Declaration), which 
was launched in 2010.55 The text emphasizes the roles 
of anesthesiologists, patients, clinical partners, funders of 
health care, and partners in drug and technical industries. 
It highlights the role of education, training, and human 
factors. The principal requirements to obtain the goals are 
listed, and anyone involved in health care was invited 
to sign. Representatives from the EBA, ESA, health politi-
cians, patients’ organizations, the WHO, WFSA, UEMS, 
and others participated in the launch. The declaration 
was immediately signed by most European anesthesiology  
societies. It has since been translated to several languages 
and is used actively to promote patient safety in a major-
ity of European countries. EBA and ESA have installed a 
Patient Safety Task Force that is working on the follow-up 
and the implementation of the declaration.

An unexpected consequence of the declaration was 
the attention it has received across the world. It has been 
signed by the countries in CASA and the by those in 
Latin America. The South Asian Societies signed a similar 
Bangalore Declaration in 2011, and the Australian, New 
Zealand, and Canadian Societies also support the inten-
tion of the declaration. This support implies movement 
toward a global effort to improve patient safety.

Another program that is linked to patient safety is the 
Lifebox project, initiated by the WFSA, the Association of 
Anaesthetists of Great Britain and Ireland, and the Har-
vard School of Public Health to provide pulse oximeters 
to every operating room in the world, including educa-
tion, training, and peer support. The goal is to close the 
pulse oximetry gap. The ESA and other European anesthe-
siology bodies endorse the program.

India (Deepak K. Tempe)
medicolegal asPects of anesthesia Practice in india. 
As in most other countries, it is unlawful to practice 
medicine in India without proper registration with the 
State Medical Council or Medical Council of India.56 The 
medical profession is regarded as noble in India, and at 
one time doctors were considered as having an integrity 
beyond doubt (next to God). This situation existed before 
1980 when patients and the public accepted without 
question the outcome of their illness. However, this per-
spective has gradually changed as a result of the increased 
awareness brought about by consumer and social organi-
zations and the media.57 The gross commercialization of 
the medical profession coupled with the abject failure to 
self-regulate has also been responsible.

The Consumer Protection Act (CPA) of 1986 addresses 
the consumer grievances arising from the service provid-
ers. Section 2(1)(0) of the CPA defines the word service, 
and Section 2(1)(d) defines consumer (i.e., persons avail-
ing such services). Initially, it was controversial whether 
the medical practitioner could be regarded as rendering 
a service.58,59 However in 1995, the Supreme Court judg-
ment in the Indian Medical Association (IMA) v V. Shan-
tha case clarified that service rendered to a patient by a 
medical practitioner (except where the doctor renders 
service free of charge to every patient or under a contract 
of personal service), by way of consultation, diagnosis 
and treatment, both medicinal and surgical, would fall 
within the ambit of “service” as defined in section 2(1)(0) 
of the act. Furthermore, any hospital, whether govern-
ment or private, that collects charges from all or some 
of its patients is covered by the CPA. In these hospitals, 
even patients treated free of charge are entitled to go to 
the consumer courts for compensation for deficiency of 
service.60 Likewise, anesthesiologists, even if not hired by 
the patient directly (i.e., hired by surgeon, private clinic, 
or hospital), are liable to pay compensation under CPA.61

Consequently, most of the cases relating to medi-
cal negligence go to the consumer courts, because these 
courts are inexpensive and provide a speedy disposal of 
cases. Depending on the value of services and compensa-
tion claimed, complaints can be filed with the district, 
state, or national commission.

The CPA created significant discomfort within the 
medical fraternity in India with initial protests from med-
ical professionals and the IMA, as well as several heated 
and emotional debates among the senior doctors. Eventu-
ally, they came to the realization that the act covers the 
medical profession and is here to stay.57
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As in many other countries, insurance companies 
in India consider anesthesiology a high-risk specialty. 
In addition, the public is still relatively unfamiliar and 
unaware about anesthetic risks. As a result, anesthetic 
complications are not as readily acceptable as surgical 
complications are. Many times the complaint is lodged 
against the treating doctor (generally the surgeon) or 
the hospital, and the anesthesiologist is subsequently 
made the party. Indian society is more aware of patient’s 
rights as seen from the recent spurt in litigations con-
cerning medical professionals or establishment liability, 
claiming redress for the suffering caused by medical 
negligence, vitiated consent, or breach of confidential-
ity arising out of doctor-patient relationships.62 Slowly, 
people are also realizing that it is not easy to obtain 
compensation through the court unless there is strong 
evidence of negligence.63

Establishing medical negligence and successful litiga-
tion requires that four criteria be satisfied. First, the claim-
ant must be owed a duty of care. Second, a breach of that 
duty of care by failure to provide reasonable standard of 
care should be established. Third, the claimant should 
have suffered damages resulting from the actions of the 
anesthesiologist. Fourth, a reasonably close causal rela-
tionship must exist between the anesthesiologist’s actions 
and the resultant injury.64 These criteria are similar to the 
ones followed in the Western world.65 Therefore, it can be 
considered that following the Bolam principle can be the 
defense for the anesthesiologist. According to the Bolam 
principle, the doctor is not liable for his diagnosis, treat-
ment, or refusal to give information to the patient, if he 
follows a responsible body of medical opinion.66 This 
principle poses a significant problem in India, because 
the guidelines in most of the anesthetic areas are non-
existent. Barring the minimal monitoring standards, the 
health authorities or the ISA have no recommendations 
or practice guidelines for dealing with different clinical 
problems. In this respect, the ICA is expected to play a big 
role. It has the responsibility of formulating guidelines for 
the various anesthetic practice issues. However, this task is 
challenging and daunting because of the broad variations 
in the facilities and services that exist in this country.

Currently, most anesthesiologists in the country tend 
to follow the British or American guidelines. Unfortu-
nately, these guidelines may not be applicable in a large 
number of clinical circumstances in India, and following 
them as a benchmark of standard of care is not without 
problems. First, it is important to ensure that clinicians 
are not following outdated ideas or principles. Second, 
acceptable clinical practice continues to evolve rapidly, 
necessitating frequent updates. Furthermore, the pro-
fessional standards given in the guidelines might be 
insufficiently comprehensive or too vague, allowing for 
subjective interpretation of management strategies in a 
given clinical scenario. Because of the absence of guide-
lines as well as the equivocation of the guidelines (even if 
they were present), the processing of a negligence claim is 
predominantly opinion-based in India. Opinion on negli-
gence claims is generally sought from the regional medi-
cal councils, which have a panel of experts to investigate 
a particular case. This is not to say that the ICA should not 
strive to prepare the guidelines; on the contrary, the need 
TABLE 2-4 NUMBER OF LITIGATIONS AGAINST 
HOSPITALS AND DOCTORS IN DELHI, 2007-2011

Year
Total 

complaints
Against 

anesthesiologists

Against hospital 
or treating 

doctor where 
anesthesiologist 
was made party 

subsequently

2007 105 0 7
2008 79 1 7
2009 98 0 8
2010 199 1 6
2011 107 0 10

for guidelines is clear, at least in cases of common clinical 
scenarios, such as cesarean section, laparoscopic surgery, 
or cardiac patient undergoing noncardiac surgery.

The state medical councils have taken a lead in such 
matters. They have the responsibility of ensuring that 
no unqualified person practices modern medicine and of 
providing the expert opinion in complaints of negligence 
against doctors. For example, the 1997 Delhi Medical 
Council (DMC) act empowers this body to initiate disci-
plinary action or award compensation and to take action 
against frivolous complaints.67 Currently, it has become 
a custom for the police and the criminal courts to send 
all complaints to the DMC for an expert opinion in the 
matter. The consumer courts, on the other hand, may or 
may not send all the matters for expert opinion; however, 
barring obvious cases in which the principle of res ipsa 
loquitur, meaning “the thing itself speaks,” applies (e.g., 
artery forceps left in the abdomen during an operation), 
the expert opinion is generally sought. The matter may be 
referred to DMC or any other medical college for this pur-
pose. In addition, the DMC receives complaints directly.

The DMC has an executive committee (consist-
ing of executive members of the DMC and one or two 
experts in the field) that acts as a screening commit-
tee, and in case it finds any prima facie evidence, the 
matter is referred to the disciplinary committee. The 
disciplinary committee includes a member of the leg-
islative assembly (nominated by the speaker), a legal 
expert, an eminent public person nominated by the 
government, an eminent medical specialist in the rel-
evant specialty to which the complaint pertains, and a 
member nominated by the Delhi Medical Association 
with a minimum 10 years’ standing.67 The disciplinary 
committee is empowered to pass an order that can ini-
tiate disciplinary action. However, all decisions of the 
executive committee and the disciplinary committee 
need approval from the council, which consists of 20 
council members. Table 2-4 shows the number of cases 
against doctors and anesthesiologists during the last 5 
years in the state of Delhi.68 It was observed that most 
of the complaints were related to relatively trivial mat-
ters against the hospital, such as overcharging, perform-
ing unnecessary investigations, practitioners practicing 
without valid registration, a laboratory submitting a 
wrong report, issuing of false medical certificates, and 
negligence in medical care leading to nonfatal harm 
to patients. A few cases were brought directly against 
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anesthesiologists, but usually, anesthesiologists are 
made a party to a complaint against the hospital or the 
treating doctor (generally surgeons).

One unusual situation in which the anesthesiolo-
gist may be held liable is the use of local anesthetics by 
the surgeon for some minor surgical procedure, such as 
debridement or suturing. Often local anesthetics are used 
by surgeons and other practitioners for this purpose in 
the absence of an anesthesiologist. At times, a reaction to 
the local anesthetic can lead to serious consequences and 
because the anesthetist is often called for resuscitation 
and further management, he or she is also made a party 
if a complaint is filed by the patient’s relatives. Thus, the 
anesthesiologist can be named in a legal suit even if he 
or she did not administer the local anesthetic. Likewise, 
use of ketamine and sometimes propofol is practiced by 
some practitioners in the absence of an anesthesiolo-
gist. Although such a practice is endorsed by some,69 it 
is believed that the presence of an anesthetist is manda-
tory.70 This may be hard to implement in India because 
of a shortage of anesthetists. This is just one of the many 
challenging issues the ICA has to address and resolve.

In India, it is accepted that there can be more than one 
way of dealing with a problem, and an anesthesiologist 
has the discretion of choosing the treatment, with broader 
discretion in emergency cases. The National Commission 
and the Supreme Court have held that the doctor should 
have a reasonable degree of skill and knowledge and exer-
cise a reasonable degree of care. However, the doctor is 
not liable for negligence simply because someone else of 
better skill or knowledge would have prescribed a differ-
ent treatment.71 Thus, mere allegation of negligence is 
not enough; it is for the complainant to prove the neg-
ligence or deficiency in service by adducing expert evi-
dence or opinion, and this fact is to be proved beyond all 
reasonable doubt.72,73

Frivolous complaints against doctors have increased in 
India, especially after the CPA was enacted. The courts 
recognize this.74,75 The court has no sympathy for doc-
tors who are negligent, but to avoid unnecessary harass-
ment of doctors, the court has directed that whenever 
a complaint is received against a doctor or hospital by 
the consumer forum (district, state, or national) or by 
the criminal court, before issuing notice to the doctor 
or hospital against whom the complaint was made, the 
consumer forum or criminal court should first refer the 
matter to a competent doctor or committee of doctors 
specialized in the field to which the medical negligence 
is attributed. Only after that doctor or the committee 
reports that there is a prima facie case of medical negli-
gence should a notice be issued to the concerned doctor 
or hospital, or both. The court has further directed that 
police cannot routinely arrest a doctor simply because a 
charge has been brought against him or her. Instead, the 
investigating officer should, before proceeding against 
the accused doctor, obtain an independent and compe-
tent medical opinion. Such an approach by the judiciary 
has come as a significant relief for doctors.

The effect of the CPA is evident on anesthesia prac-
tice in India. It is imperative that anesthesiologists have 
informed consent, be vigilant, keep up to date on the 
guidelines and their knowledge in the discipline, and 
maintain proper record keeping. Accurate and adequate 
record keeping can be their defense in cases of litigation. 
Under Indian law, a case can be filed with the consumer 
courts up to 2 years after the occurrence of an incident. 
Thus, there may be a considerable time lapse between the 
occurrence of an incident and the hearing of a court case. 
Therefore, the anesthetic record should be as accurate, 
complete, and neat as possible. In addition, developing 
good patient relationships is considered another impor-
tant factor to avoid litigation.

It is imperative that ISA and ICA issue guidelines, rec-
ommendations, and protocols be followed in different 
clinical situations to help the judiciary apply the Bolam’s 
principle to the facts collected in the investigation of a 
particular case.

Southeast Asia (Florian R. Nuevo)
As in the United States, medical malpractice lawsuits are 
increasing in the ASEAN region. The threat of malpractice 
has pressed the need for high standards of monitoring as 
a mandatory requirement, because some hospitals in low- 
to middle-income countries cannot afford to procure the 
necessary equipment and complete array of anesthetics 
and related medications.

The region’s maldistribution of anesthesiologists, the 
poverty of some societies, the unavailability of essen-
tial drugs, and the lack of the necessary infrastructure or 
resources further aggravate the problem of patient safety.

Although remarkable improvements have occurred in 
anesthesia education and the development of life-sav-
ing skills, perioperative anesthesia-related morbidities 
still occur. There is growing awareness of the influence 
human factors and anesthesia nontechnical skills have 
on patient outcomes. All these factors should be sub-
jects of discussion in anesthesia training programs and 
postgraduate medical education. Cultural sensitivities 
must also be underscored to find effective solutions to 
our problems.

Fortunately, the tides of change are continual, and 
almost all national anesthesia societies have adopted 
guidelines or standards for safe anesthesia practice. Credit 
must be given to Malaysia for its pioneering efforts estab-
lishing a national medical audit system. This model is 
currently used in Singapore and Thailand, as well. Thai-
land has developed its own national anesthesia incident 
reporting program and, through ASEAN anesthesia lead-
ership, other ASEAN anesthesia societies are encouraged 
to duplicate this program.

The WHO Safe Surgery Saves Lives initiatives have 
helped to arouse interest in the promotion of patient 
safety. Anesthesia patient safety is now recognized as a 
public health concern because of the morbidities and 
mortalities related to surgery and anesthesia.

The Helsinki Declaration on Patient Safety in Anes-
thesiology further awakened the region with more 
practical guidelines. These have gained the full support 
of members of CASA. Many safety initiatives are now 
underway.

Thus, the current challenge is the earnest and sincere 
implementation and sustainability of all these safety 
initiatives. Steadfast leadership is necessary to sustain 
these patient safety programs. Collaboration among all 
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stakeholders is essential to bridge the existing gaps in 
patient safety.

CONCLUSION

As demonstrated in this chapter, anesthesiology as a 
discipline and a profession has grown dramatically 
around the world. Differences in the rate of growth and 
scope of practice exist for a variety of reasons, largely 
because of disparities in resources and socioeconomic 
and political factors. Nevertheless, regardless of coun-
try of residence, patients receiving anesthesia can feel 
much safer today than even 20 or 30 years ago in most 
countries (exception exist, as indicated in this chapter). 
Providing safe anesthesia requires knowledge, resources, 
and adequate numbers of trained anesthesia person-
nel. Over the previous decades, adequate resources for 
health care including anesthesia are increasingly avail-
able. However, some areas of the world still do not have 
adequate training or resources; Sub-Saharan Africa is an 
example. Fortunately, international organizations are 
attempting to address these deficiencies.

On the positive side, some of the most powerful 
advances are the spread of knowledge, professional integ-
rity, curiosity, and the utmost desire to practice anesthe-
siology at the highest possible level. Especially with the 
widespread expansion of information technology anes-
thesiologists can quickly learn of the advances of their 
colleagues worldwide and better understand and respond 
to the needs of their patients.

So where do we go from here? Some authorities sug-
gest taking advantage of the latest advances to further the 
interconnectedness of the profession, such as conducting 
more in-depth comparisons of the effectiveness of vari-
ous techniques from country to country and engaging in 
more joint research. Others believe that such compari-
sons would serve no useful purpose, given the evident 
disparities in resources and different approaches to care. 
The editor has dreamed of the day that anesthesiologists 
worldwide would form global think tanks to ask and 
answer the most important questions to advance our intel-
lectual foundations and benefit society. As noted in the 
opening paragraph, the purpose of this chapter is not to 
invite comparisons or highlight differences in the practice 
of anesthesiology around the world, but rather to encour-
age and invite anesthesiologists globally to keep talking to 
each other. The editor was thrilled and honored that his 
invitation to contribute to this chapter has resulted in so 
many interesting contributions from leaders of anesthesia 
worldwide. When viewed together, the journey of anes-
thesiology has been an amazing story worldwide.
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C h a p t e r  3

Perioperative Management
NEAL H. COHEN

K e y  P o i n t s

 •  The practice of anesthesia has expanded beyond the traditional operating 
room environment to other sites throughout the hospital and ambulatory 
facilities. Concurrently, anesthesia has evolved to include acute and chronic pain 
management, critical care medicine, palliative care, and sleep medicine.

 •  The expanded scope of anesthesiology creates opportunities for anesthesiologists 
to take on a broader role in perioperative care, providing management of patients 
through the continuum of the perioperative period and transition to outpatient 
care.

 •  Unfortunately, the costs of hospital care and perioperative care continue to 
escalate. In response to the increasing costs and emphasis on quality and patient 
safety, payers are modifying payment methodologies to better align goals of care. 
Both government (e.g., Medicare) and private payers (e.g., insurance companies) 
are implementing bundled payment and other payment methods designed to 
transfer the risk associated with management of complications and preventable 
harm to providers (e.g., hospitals and physicians).

 •  To provide optimal perioperative care under these circumstances requires more 
collaborative interactions among providers and new models of care. Many delivery 
models have been implemented with varying outcomes. Clarifying roles and 
responsibilities of the surgeon, anesthesiologist, and other providers is critical 
to delivering high-quality cost-effective care. Although nonanesthesiologists, 
including hospitalists, can be very helpful in addressing some clinical needs for the 
surgical patients, anesthesiologists are well positioned to take a more prominent 
role in overall perioperative management, benefiting patients, optimizing 
quality and outcomes of care, and improving efficiency during and after surgical 
procedures.

 •  Accomplishing these goals requires reevaluation of overall perioperative 
management strategies, including preoperative evaluation, intraoperative care, 
and postoperative management. These goals also depend on accessibility to 
clinical and financial data and personnel with the skills to analyze the information 
for delivery of optimal care while improving efficiencies.

 •  Many models of perioperative management have been implemented with varying 
success. The perioperative surgical home (PSH) is an example of a new model 
that might have great benefit for selected patient populations, aligning patient’s, 
provider’s, hospital’s, and payer’s goals, and significantly improving perioperative 
care.
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Fifty years ago, anesthesia care was dominated by intra-
operative management, and most clinical income came 
from services related to surgical care. Gradually, the 
scope of anesthesia broadened beyond the intraoperative 
period to include preoperative evaluation, intraoperative 
management, and postoperative assessment to deter-
mine whether the patient suffered any consequences of 
anesthesia care. Although this model of care—and the 
associated payment methodology—was an appropriate 
model of anesthesia care in the past, today the changing 
needs of the patient, complexity of care, and the role of 
the various health care providers mandate that we define 
alternative models for perioperative management to opti-
mize clinical outcomes.



This chapter reviews the changing and expanding 
focus of the anesthesia practice. Management of clini-
cal care throughout the perioperative period includes 
preoperative assessment and management to optimize 
outcomes after procedures, intraoperative care, and post-
operative strategies. Thus, the anesthesiologist has an 
expanded scope of practice and participates more broadly 
in all aspects of care, with the overall result of improving 
outcomes and reducing costs.

The impetus for expansion of the scope of anesthe-
sia practice comes from multiple perspectives. First and 
foremost is the commitment to provide patients with 
high-quality and safe care that fulfills their goals. To do 
so requires a broader focus on the overall perioperative 
course rather than a scope of care that is limited to the 
intraoperative and immediate postoperative care periods.

A second and equally important goal toward which 
the anesthesiologist plays an integral role is the increas-
ing emphasis on evidence-based practice, limiting 
unnecessary or redundant services, and providing more 
efficient care, particularly in the immediate perioperative 
period. There is no question that the high costs of inpa-
tient services, particularly for patients with underlying 
comorbidities who undergo complex surgical procedures, 
contribute to escalating overall health care expenditures.1 
Although many of these services are important to ensure 
that the patient is adequately prepared for anesthesia 
and surgery, some aspects of care may be based on tra-
dition rather than demonstrated benefit. At the same 
time, the evolution and expansion of anesthesia prac-
tice have created many new opportunities for anesthe-
siologists to participate in perioperative care beyond the 
immediate postoperative period—and to define standards 
of care for selected patient populations. Some anesthesi-
ologists are integral members of teams of providers who 
care for selected surgical patient populations, and they 
collaborate with surgeons to develop clinical pathways 
and identify ways to improve preoperative care as well as 
intraoperative and postoperative management strategies 
that enhance outcomes. For example, transplant anes-
thesiologists (also see Chapter 74) are often involved in 
discussions about patient selection, preoperative manage-
ment, and transitions of care from the operating room to 
postoperative period. As a result of these efforts, many 
transplant patients who previously required postopera-
tive care in the intensive care unit (ICU) can now bypass 
the ICU and have reduced hospital lengths of stay.2 Sim-
ilar outcomes have been documented for patients who 
have anesthesiologists participate in their perioperative 
management for cardiac surgery (also see Chapter 67), 
pediatric surgery (also see Chapter 93), neurosurgery (also 
see Chapter 70), and other subspecialties. In each of these 
examples, collaboration among the surgeons, anesthesi-
ologists, and the overall team of providers both within 
and beyond the operating room environment is critical 
to realizing improved outcomes and reduced costs of care.

The role of the anesthesiologist in perioperative man-
agement also includes the subspecialties of pain medi-
cine and critical care. Pain management strategies have 
significant positive impact on the care of patients with 
both acute and chronic pain (also see Chapters 64, 96, 
and 98). More rational approaches to perioperative pain 
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management, particularly for patients with longstanding 
chronic pain, have had positive impact on perioperative 
outcomes and, in many cases, reduced lengths of stay in 
hospitals and improved patient satisfaction.3-5 Similarly, 
critical care anesthesiologists play a large role in improv-
ing perioperative management of patients requiring ICU 
care. The critical care physician’s value in improving ICU 
utilization, reducing complications of mechanical venti-
lation, providing early diagnosis and treatment of sepsis, 
and improving management strategies for patients with 
renal dysfunction is well documented6-9 (see Chapters 96, 
101-103, and 105). Although not frequently addressed 
by anesthesiologists, postdischarge care needs are often 
related to perioperative management; anesthesiologists 
can have a meaningful role in addressing some of these 
significant costs of care and the related issues that lead to 
dissatisfied patients and providers.

A third area of concern that has taken on greater impor-
tance over the past decade is the rising cost of health care 
in general and perioperative care in particular. Advances 
in technology for both anesthesiologists and surgeons 
have made it possible for patients who previously were 
denied surgery because of underlying chronic medical 
conditions, anesthesia risk, or limited surgical options to 
undergo often complex and costly procedures that may 
require prolonged postoperative and rehabilitative care. 
In addition to surgery costs, additional costs (often signif-
icant) are associated with complications of care, postdis-
charge care, and readmissions.10 The acknowledgment of 
these frequently underestimated costs is having a major 
impact on models of perioperative care delivery and pay-
ment methodologies. For example, in the United States, 
both government and private payers have raised concerns 
about the costs associated with managing complications 
of care, some of which are relevant to anesthetic manage-
ment. These payers have been reducing payment for costs 
associated with complications and denying payment for 
costs associated with readmissions.11,12 Anesthetic man-
agement has implications for the occurrence of some of 
these complications, as well as for the need for prolonged 
ICU stays and other clinical outcomes. For example, cen-
tral line infections, ventilator-associated pneumonia, 
decubitus ulcers, and renal failure may be either directly 
or indirectly related to perioperative (anesthetic) man-
agement. Implementing strategies to reduce these com-
plications has been very successful; a more coordinated 
approach to perioperative management by the anesthe-
siologists can have significant positive impact on both 
clinical care and costs.

Another change that is having considerable impact on 
surgeon, anesthesiologist, and other provider relation-
ships is the transition from fee-for-service (FFS) payment 
for clinical care to alternative bundled payment method-
ologies, such as providing a single payment for hospital 
care, physician services, and in some cases rehabilitation 
that is related to an episode of care or specific surgical 
procedure.10 In the United States, FFS is still the most 
common payment methodology. Under this payment 
methodology, each provider receives compensation for 
the specific services provided to the patient. Payment is 
encounter based and does not encourage collaboration or 
coordination of care. Although the implications of FFS 
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payment on quality of care and resource utilization are 
widely debated, it is a methodology that has been dem-
onstrated to result in overuse of some services and poor 
coordination of care.13 In response to the perceived and 
documented problems with FFS payment, a number of 
alternative payment methodologies have been imple-
mented with variable outcomes. Many of these payment 
methodologies have significant impact on anesthesiolo-
gists and the roles they play in perioperative manage-
ment. For example, to the extent that anesthesiologists 
can help reduce costs during the course of care for a 
surgical patient, they can benefit financially under bun-
dled payment methodologies, shared savings plans, and 
accountable care organizations (ACOs). Although issues 
related to payment methodologies differ greatly from 
one country to another and are beyond the scope of this 
chapter, the goals and implications of these newer pay-
ment methodologies have major effects on the practice of 
anesthesia. Also, these various models provide potential 
opportunities for expanding the role of the anesthesiolo-
gist or other providers in perioperative management.

Finally, although the expanded roles of anesthesiolo-
gists in perioperative management have had a positive 
impact and, in some cases, resulted in more cost-effective 
and efficient care, the subspecialization of anesthesia 
care has, in some ways, fragmented care and detracted 
from a coordinated approach to perioperative manage-
ment. Under current models of care delivery, periopera-
tive care is rarely provided by a single anesthesia provider. 
More often, the care is provided by multiple providers, 
each with a specific role and responsibility. Preoperative 
care is now often provided in a dedicated preoperative 
evaluation clinic, which is physically separate from the 
operating room or other clinical sites. The evaluation is 
performed at some time before the surgical procedure; 
communication about the patient’s status and clinical 
plans is most often done electronically with no face-to-
face communication with the anesthesiologist who will 
deliver care during the procedure. Operating room care 
is provided by an anesthesiologist either individually or 
as part of the anesthesia care team model. Postoperative 
management—including care in the postanesthesia care 
unit (PACU), pain management, and ICU care—is often 
provided by another set of caregivers. Although each of 
these providers is critical to the overall care of the patient, 
the coordination of care among the anesthesiologists as 
a group becomes a critical element in optimizing care, 
understanding and fulfilling the patient’s goals for care, 
and improving efficiencies. New models of care that more 
effectively integrate the diverse roles of anesthesiologists 
are required to effectively fulfill the goals outlined here.

PERIOPERATIVE MANAGEMENT

Throughout this text, the role of the anesthesiologist in 
various aspects of perioperative management is discussed. 
For example, Chapter 38 emphasizes the changing role 
of the anesthesiologist in preoperative assessment and 
management. Formal preoperative assessment of an oth-
erwise healthy patient may not be needed in all cases14,15; 
however, advances in surgery and anesthesia have made 
it possible to identify patients who require more compre-
hensive evaluation that includes extensive testing and 
management of underlying conditions in order to prepare 
them for surgery and the postoperative course.16 Some 
patients require assessment and management by other 
specialists, such as cardiologists, nephrologists, or pulmo-
nary medicine physicians. However, in many cases, the 
management strategies required to optimize the patient 
before surgery are best determined by the anesthesiolo-
gist, who is most knowledgeable about the impact of 
chronic conditions on perioperative care needs and the 
implications of anesthesia on underlying physiology. The 
anesthesiologist is the provider who can most appropri-
ately coordinate the preoperative assessment and man-
agement of the patient to confirm that the evaluation 
and interventions are necessary to optimize the patient 
for surgery and anesthesia and to minimize unnecessary 
assessment and care that will not affect the perioperative 
course. Similarly, the anesthesiologist, whether individu-
ally or as part of the care team model, provides intraoper-
ative care (although in some cases nurse anesthetists have 
obtained independent practice). In situations in which 
the anesthesiologist is personally providing or medically 
directing care, the anesthesiologist can and should ensure 
a coordinated approach to the transitions from preop-
erative to intraoperative care, as well as the collabora-
tion required for optimal postoperative management. As 
important, the anesthesiologist—in conjunction with the 
surgeon, operating room nurses, and other staff—must 
communicate effectively to ensure that the correct proce-
dure is being performed on the correct patient, to ensure 
that all supplies and equipment are available, to facilitate 
the timely turnover of operating rooms, and to optimize 
coordination of care from the preoperative to the postop-
erative period.

A number of initiatives have been implemented in 
hospitals throughout the world to improve intraoperative 
management, minimize complications, and reduce costs. 
The implementation of checklists has been demonstrated 
to improve patient safety in the operating room17-19 (also 
see Chapters 4 and 6). Similarly, the routine briefing (i.e., 
time out) before beginning a surgical procedure reduces 
the incidence of wrong-site surgery, facilitates commu-
nication among providers, and permits optimal patient 
care.20 Some hospitals and surgical services also conduct 
debriefings at the end of each surgical procedure to define 
what procedure has been completed, clarify the postop-
erative expectations for the patient, and ensure that all 
supplies and materials have been appropriately retrieved 
from the surgical field.21 These initiatives have not only 
been very successful in reducing complications during 
surgery but, in some cases, reduced costs of care and 
waste in the operating room. For example, the British 
National Health Service instituted The Productive Oper-
ating Theatre (TPOT) to improve productivity and patient 
outcomes during surgical procedures.22,23 The program 
includes both briefings and debriefings to identify critical 
issues during and after a surgical procedure. This process 
has reduced errors and facilitated the transition from the 
operating room after a surgical procedure. Efficient oper-
ating room utilization has increased, turnaround times 
have shortened, and waste has been reduced. Significant 
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financial savings have also resulted from this effort. The 
National Health Service is implementing similar initia-
tives in other hospital settings, such as “The Productive 
Ward” to build on the success achieved in the operating 
room environment.24 Similar initiatives are required to 
ensure an integrated approach to management during the 
entire continuum of perioperative care in order to dem-
onstrate a significant and sustained impact on outcomes.

Traditionally, anesthesiologists have focused on the 
intraoperative care setting to improve patient care. The 
transition out of the operating room represents another 
important opportunity for anesthesiologists to build on 
the quality and safety advances achieved in the operat-
ing room and to improve perioperative patient outcomes. 
Advances in anesthesia safety have been acknowledged 
by the Institute of Medicine of the National Academy of 
Sciences and other groups25 as a result of better anesthetic 
drugs, new anesthetic techniques, and improved monitor-
ing techniques (also see Chapter 44), such as pulse oxim-
etry, capnography, and echocardiography. However, the 
implications of anesthetic management on postoperative 
outcomes—beyond the immediate postoperative period—
have received increasing attention and importance for 
both patients who remain hospitalized and those who 
experience unintended and often unrecognized sequelae 
of anesthesia and surgery after discharge. For example, 
after a surgical procedure requiring tracheal intubation, 
a significant number of patients experience postextuba-
tion stridor or dysphagia that may last for days, thus com-
promising the ability to protect the airway, particularly 
during sleep.26 Does the dysphagia contribute to postop-
erative pneumonia that may not become clinically appar-
ent until after discharge? Similarly, the most common 
health care–associated infections are pneumonia and 
surgical site infection, which confirms that intraoperative 
management is an important determinant of postopera-
tive outcome.27 Many other intraoperative strategies also 
affect long-term outcomes beyond the immediate postop-
erative period. Three examples support this conclusion. 
First is the influence of intraoperative fluid and vasopres-
sor management on postoperative metabolic status and 
renal function.28,29 Second, intraoperative glucose con-
trol can have a major impact on wound healing.30 Finally, 
and more recently, anesthetic management can influence 
postoperative cognitive dysfunction for both adults and 
children.31-33 As a result of these findings, anesthesiolo-
gists have a responsibility and an opportunity to under-
stand the causes for these and other complications. We 
need to understand how anesthetic management can be 
used more effectively to reduce these adverse outcomes 
and, if necessary, to manage them effectively in the post-
operative period.

PERIOPERATIVE MANAGEMENT 
STRATEGIES

With this background, perioperative management strate-
gies must be defined more broadly than in the past. Many 
patients require a limited preoperative assessment or 
postoperative follow-up, and some require significantly 
more perioperative support, particularly preoperative 
management and postoperative care. In addition, many 
surgical procedures and perioperative management strat-
egies are neither efficient nor cost-effective—for patients 
or providers. Anesthesiologists, with their particular back-
ground, understanding of the environment, and clinical 
expertise, are equipped to address these issues and to 
ensure optimal perioperative care. To achieve these goals, 
anesthesiologists will need to reevaluate current models 
of care. In most clinical situations, it is no longer possible, 
or appropriate, for a single anesthesia provider to partici-
pate in all aspects of the perioperative course. Care—
perioperative, intraoperative, and postoperative—is often 
provided by different anesthesiologists, in some cases 
including those who administer pain medicine and criti-
cal care needs. Optimizing perioperative management 
under this model requires improved communication and 
collaboration among the anesthesia providers, as well as 
others who participate in a patient’s care. The electronic 
health record is a valuable source of clinical information, 
but it cannot substitute for more direct communication 
among providers, particularly in the management of 
complex clinical problems (also see Chapters 4 and 6).

This collaborative approach to care may not seem nec-
essary for healthy patients undergoing straightforward 
procedures. However, the value and opportunities for 
anesthesiologists to play a larger role in perioperative care 
is clearly evident for most patients. For example, patients 
undergoing “simple” procedures often have postopera-
tive clinical issues that are underrecognized and require 
assessment and management. Anesthesiologists, sur-
geons, and nurses provide patients with instructions and 
information to help them manage their postoperative 
course, often at a time when they are not able to under-
stand or process the information. As a result, even in these 
simple cases, the anesthesiologist can be instrumental in 
addressing postoperative problems and coordinating the 
transition of the patient’s care back to the primary care 
provider. The surgeon can provide information about the 
surgical procedure by forwarding the operative note to the 
primary care provider, but it rarely addresses any issues 
related to anesthetic management, concerns about the 
airway or potential for airway obstruction, or response to 
anesthetic drugs, narcotics, and muscle relaxants. A post-
operative evaluation after discharge can be very helpful 
in determining whether complications of anesthetic care 
occurred and in addressing any questions or concerns the 
patient or family might have about postoperative needs. 
In many cases, a phone consultation or teleconference is 
sufficient to address clinical needs. In other cases, a for-
mal postoperative office visit may be required. Some anes-
thesia departments provide these postoperative options 
to patients, most often using the preoperative evaluation 
site. Expansion of the postoperative assessment and man-
agement can be very helpful to patients, surgeons, and 
primary care physicians in providing a level of support 
to the patients that is often unavailable. The adoption 
of information technology resources and continued evo-
lution of medical informatics (also see Chapter 5) can 
enhance communication between patients and physi-
cians during the entire perioperative period.

Besides the desire for a more coordinated approach to 
the entire perioperative course for every patient, a more 
formal and robust perioperative management strategy 
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must be available for those patients with underlying med-
ical conditions, those undergoing complex surgical pro-
cedures, and those needing prolonged hospitalization. In 
addition, for patients who require skilled nursing or reha-
bilitation services after discharge and for those needing 
home health services, the transitions of care create chal-
lenges for ensuring that postoperative management strat-
egies are maintained, responses are assessed, and therapy 
is modified as needed. By its very nature, perioperative 
care for these patients is collaborative, requiring input and 
expertise from a number of different disciplines, includ-
ing, but not limited to, anesthesia subspecialty expertise, 
surgeons, and medical subspecialists. Diverse perspec-
tives and clinical expertise are essential, particularly for 
the more complex procedures in patients with multiple 
comorbidities. At the same time, the coordination of care 
must be assumed by a provider who is able to integrate 
the diverse perspectives into a comprehensive plan of care 
consistent with each patient’s needs and goals. In the dis-
tant past, this coordination was provided by the patient’s 
primary care provider, who maintained a role throughout 
the perioperative period. With the increasing complex-
ity of perioperative care, changing demographics, and the 
need to provide more efficient and coordinated care to 
reduce overall costs, the anesthesiologist has the opportu-
nity to assume a more involved role in the management 
of some of these patients. To do so will require the com-
mitment of the anesthesia practice to this new model of 
care and, in many cases, the acquisition of new clinical 
and management skills to deliver optimized care that it is 
efficient and consistent with patient expectations.

Often, the most challenging barriers for a depart-
ment that seeks more involvement in perioperative care 
come from its own members. It is imperative that there 
be consensus among all members of the discipline that 
this strategy is important and consistent with their expec-
tations. To achieve department support, it is critical to 
clarify that perioperative management is a comprehen-
sive approach to care that involves a diverse group of 
providers. Every member of the group must participate in 
the overall commitment to perioperative care. The care 
will be provided by a number of different anesthesiolo-
gists, each with different clinical expertise. One example 
of this coordinated approach to perioperative care is the 
management of a patient with a history of chronic severe 
pain who undergoes a complex surgical procedure. The 
patient will undergo extensive evaluation and optimi-
zation of care in the preoperative evaluation programs. 
Intraoperative care will be provided by another anesthe-
siologist, one who has communicated with the patient 
and understands all of the clinical issues identified and 
addressed preoperatively. When the patient is transferred 
to the ICU for postoperative care, which includes ven-
tilator support, intensive respiratory care, hemodynamic 
monitoring, and fluid management, the transition from 
the anesthesiologist who provided intraoperative care to 
the critical care anesthesiologist is seamless. Pain man-
agement is provided by the pain service in collaboration 
with the critical care anesthesiologist (also see Chapters 
64 and 98). The remainder of the patient’s course of care 
will be managed by a member of the anesthesia depart-
ment to facilitate transition to another care facility or 
home and to ensure effective communication with the 
primary care provider or other caregivers. Although this 
model is foreign to many practices, it represents one of 
many approaches to optimizing perioperative manage-
ment and takes advantage of the expertise of anesthesiol-
ogists in the overall care of the patients they anesthetize.

Although clinical expertise is essential to provide opti-
mal perioperative care for the individual patient, new 
approaches to perioperative management require that 
each practice have the necessary clinical and financial 
data, as well as the analytical capability to interpret it. 
Larger regional and national organizations tend to have 
the broad expertise available to analyze the practice and 
determine where improvements in processes can ben-
efit patients and enhance the efficiency of the practice. 
For smaller practices, it can be a challenge to have this 
broad level of expertise and access to information. As a  
consequence, in the United States considerable consolida-
tion of anesthesia practices has been adopted, with large 
regional and national organizations acquiring anesthesia 
practices.34 In doing so, the larger group is able to ensure 
that the practice has the resources needed to optimize 
perioperative management and document the value of 
the anesthesia services from both a clinical and financial 
perspective. Some groups have recruited hospitalists or 
other providers that supplement the clinical skills of the 
anesthesiologists to ensure that the department has the 
diverse clinical expertise needed to optimize periopera-
tive care. This multidisciplinary approach to periopera-
tive care enables the group to expand its scope of practice 
and to develop clinical and administrative databases that 
allow them to document the value of their services to 
both patients and the institution. From an administrative 
perspective, this strategy allows the practice to negotiate 
from a position of strength with representatives from the 
hospital or health system, particularly when advocating 
for the share of bundled payments. Because the adminis-
trative and analytical capabilities are essential to optimize 
delivery of perioperative care, each practice will need to 
identify the most effective ways to develop this needed 
expertise and acquire the data needed to successfully 
address the many challenges facing anesthesia practices.

MODELS OF PERIOPERATIVE CARE

Most health systems and providers are challenged to 
identify ways to become more efficient and reduce 
costs while maintaining or improving the quality of 
care. Accomplishing these diverse goals is difficult. No 
single model of care works for every patient population 
or health care setting. As a result, many approaches to 
delivery of perioperative care have been implemented, 
some of these successful and some for which the outcome 
remains unknown. Although models of perioperative 
management include the anesthesiologist, other provid-
ers have participated in the preoperative and postopera-
tive management of complex patient populations, each 
with variable success. Based on these experiences, the 
key aspects for any model for perioperative management 
include (1) an understanding of the specific patient popu-
lation included in the model (e.g., specific surgical pro-
cedure), (2) sufficient clinical and financial information 



to allow evaluation of the management strategies, and 
(3) coordination and collaboration among all providers 
participating in the model.35 As models for perioperative 
management have evolved, they have taken advantage of 
the experiences from the hospitalist model for inpatient 
care and the medical home model for chronic disease 
management.

Patient-Centered Medical Home
The medical home model, also referred to as the patient-
centered medical home (PCMH), is a model of care in 
which a primary care physician provides comprehensive 
care to improve health outcomes for a population of 
patients.36 The critical element of the PCMH is the coordi-
nation of care to reduce emergency department visits and 
hospitalizations. In managing the patient population, a 
number of strategies have been used to reduce costs and 
improve outcomes. These models often utilize additional 
providers, including advance practice nurses, respiratory 
therapists, physical therapists, and patient advocates, 
to manage chronic diseases such as asthma, chronic 
obstructive pulmonary disease (COPD), heart failure, 
and diabetes mellitus. Payment for the PCMH includes 
FFS payments for episodes of care and payment to coor-
dinate care. This model has been successful in improving 
care, particularly for some chronic diseases, although the 
financial success has not been as consistent.36-38 In some 
cases, the PCMH actually resulted in increased hospital 
admissions.36 Despite the variable success of the PCMH, 
some lessons can be learned in defining how to manage 
the perioperative period most effectively. First, preopera-
tive assessment must be comprehensive enough to iden-
tify underlying clinical problems and effectively manage 
them, both preoperatively and postoperatively (also see 
Chapter 38). For the anesthesiologist managing the peri-
operative period, chronic conditions must be addressed; 
they cannot be deferred to other providers. Second, the 
underlying medical conditions must be addressed as part 
of the overall postoperative management in coordina-
tion with the issues specific to anesthesia and surgery. 
For example, a patient with peripheral neuropathy asso-
ciated with diabetes mellitus may be unable to partici-
pate in traditional approaches to rehabilitation; care must 
be tailored to the specific needs of each patient. Third, 
many aspects of perioperative care can be managed by 
other providers, including other physicians and advance 
practice nurses. The keys to successful perioperative  
management, however, are the identification of a single 
physician to coordinate care among the team of pro-
viders, consistent and ongoing communication about 
patient care needs, and availability of data that can be 
used to analyze clinical and business practices, costs of 
care, and outcome measures.

Surgical Hospitalist
Another model that has been implemented in many hos-
pitals in the United States and other parts of the world is 
the surgical hospitalist model, which builds on the hospi-
talist model of care for inpatient medical patients. Many 
studies have documented the clinical value and other 
advantages associated with implementation of a robust 
hospitalist program39,40; yet most hospitalist programs 
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emphasize the care of patients with acute (and perhaps 
underlying chronic) medical problems. However, the 
increasing percentage of surgical patients in many hos-
pitals, the changing role of surgeons in overall clinical 
management, and the complexity of inpatient care have 
brought attention to expanding hospitalist programs 
to support the care of surgical patients.41,42 Many insti-
tutions have recruited surgical hospitalists to work col-
laboratively with specific surgical services (or individual 
surgeons) to manage overall care and transitions of care 
into and out of the hospital environment. The models for 
surgical hospitalist programs vary—in some cases incor-
porating hospitalists with primary training in internal 
medicine or pediatrics, in other cases having a surgeon 
with interest in perioperative care take on the hospitalist 
role. In each model, the clinical management issues are 
similar.

Many of these surgical hospitalist models have been 
successful, particularly in improving the management of 
underlying chronic diseases. Although the ability to doc-
ument the effect on hospital lengths of stay and readmis-
sion rates has been limited, the models have been effective 
at improving timeliness of interventions and patient and 
staff satisfaction.41 At the same time, medical care can be 
fragmented, with the hospitalist effectively managing the 
underlying chronic diseases (such as diabetes mellitus or 
hypertension) without having a significant role in the 
management of other aspects of perioperative care. For 
this model to be most effective, the surgical hospitalist 
must be educated in the idiosyncrasies of perioperative 
management of patients undergoing complex surgical 
procedures. The effectiveness of surgical hospitalist mod-
els is most evident when the care of underlying medical 
conditions is carefully coordinated with the other periop-
erative needs of the patient. For example, the neurosurgi-
cal hospitalist must understand concepts such as cerebral 
autoregulation and the impact of clinical interventions 
on cerebral hemodynamics. Similar considerations must 
be addressed for hospitalists working collaboratively with 
other surgical services.

The surgical hospitalist model has expanded consid-
erably, allowing surgeons to concentrate their efforts in 
the operating room. However, the optimal relationship 
between the surgical hospitalist (either a surgeon who 
has assumed this nonoperative responsibility or a medi-
cal hospitalist) and anesthesiologist has not been defined. 
In some cases, perioperative care is transferred from the 
anesthesiologist to the hospitalist in the immediate 
postoperative period; in other cases, care may be trans-
ferred from the anesthesiologist to an intensivist (either 
a critical care anesthesiologist or another intensive care  
physician) while the hospitalist maintains responsibility 
for managing some of the underlying clinical conditions. 
In the latter case, the roles and responsibilities of the anes-
thesiologist, critical care provider, and hospitalist need to 
be clearly defined to ensure appropriate coordination and 
transitions. Either model can be effective when coordi-
nation of responsibilities is clearly delineated. Equally 
important, the transition from inpatient to outpatient 
care must be coordinated among the inpatient providers 
to ensure that the outpatient physician understands the 
intraoperative course and its implications, including any 
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issues that arise as part of the anesthetic management, 
and can facilitate management in the ambulatory setting.

Enhanced Recovery After Surgery
Enhanced recovery after surgery (ERAS) is another example 
of a creative approach to the perioperative management 
of patients who undergo major surgical procedures.43,44 
ERAS is designed to enhance recovery by managing the 
entire course of care by using evidence-based practices to 
optimize outcomes. ERAS emphasizes a multidisciplinary 
approach to perioperative care with particular emphasis 
on preoperative education, pain management, and early 
rehabilitation, particularly for patients who undergo lapa-
roscopic surgery and colorectal procedures. This approach 
has been successful, with documented reductions in hos-
pital length of stay and postoperative complications of 
30% and 50%, respectively.45-47

The key features of the ERAS program, as with other 
pathways designed to improve perioperative care, are its 
multidisciplinary nature and the emphasis on collabora-
tion of care and seamless coordination among the pre-
operative, intraoperative, and postoperative periods. The 
ERAS protocols emphasize the value of the anesthesiolo-
gist in providing optimal perioperative care, which facili-
tates early ambulation, returns bowel function to normal, 
and initiates nutritional support. Although the program 
has concentrated on optimizing care during and after 
elective and minimally invasive gastrointestinal surgical 
procedures, the same approaches should also be success-
ful for other types of surgical procedures.

Perioperative Surgical Home
Although ERAS has identified strategies to provide an 
optimal continuum of care for patients undergoing min-
imally invasive procedures, most of the models of care 
described earlier in this chapter address individual com-
ponents of care for the surgical patient. Some address 
improved preoperative screening and evaluation, others 
minimize complications and costs within the operating 
room environment, and a number of initiatives improve 
postoperative care. Many of these models have a posi-
tive impact on care, quality, and costs; however, in many 
cases, the overall costs of care have not been affected. 
More important, the coordination and transitions of care 
from the immediate perioperative period have generally 
not been optimal.

The expanding role of anesthesiologists, both within 
and outside the operating room, presents an opportunity 
for them to serve as perioperative physicians.48-50 The 
increasing complexity of patient care related to surgical 
services has also created a demand for improved coordi-
nation of care from preoperative management through 
outpatient follow-up. Recently, the American Society of 
Anesthesiologists (ASA) proposed development of the 
perioperative surgical home (PSH), built in part on the 
PCMH model of care.51-53 The PSH emphasizes clinical 
management of the patient through the perioperative 
period, with coordination of care specifically designed to 
optimize outcomes after surgery and facilitate the tran-
sition of the patient back to the primary care provider. 
Within the PSH, care is coordinated by the anesthesiolo-
gist, who works collaboratively with a team of providers 
to identify evidence-based clinical pathways, improve 
outcomes, and reduce overall costs of care across the con-
tinuum, including postoperative costs such as home care 
and skilled nursing facilities. As is true for the PCMH, 
the PSH is designed to be patient focused. This approach 
requires a reassessment of the entire perioperative experi-
ence to ensure that the patient’s needs are an integral part 
of each element of the perioperative course. Although 
the PSH concept is currently being implemented for 
selected patient populations and the outcomes are still 
being defined, other initiatives that address some of the 
components of the PSH suggest that this more integrated 
approach to care (at least for some patient populations) 
should improve outcomes and patient (and provider) sat-
isfaction while reducing costs.53,54

As envisioned by the ASA, the PSH has five major goals:

 1.  Identifying the patient and proposed plans and 
facilitating communication among the surgeons, 
anesthesiologists, and others as needed to coordi-
nate care

 2.  Providing optimal preoperative assessment and 
plans, including management of underlying 
chronic diseases

 3.  Developing and implementing evidence-based pro-
tocols for clinical care throughout the perioperative 
period

 4.  Managing clinical care across the continuum
 5.  Measuring and publicly reporting outcomes and 

performance
  

The implementation of the PSH model could be a very 
effective way to optimize perioperative care for selected 
patient populations. The model may also define some 
generic strategies that can be implemented for all patients 
undergoing surgical procedures and new approaches to 
clinical care and assessment that will benefit patients, 
providers, and payers.

CONCLUSION

The changing demographics of hospitalized patients 
have created significant challenges for hospitals, health 
systems, and providers. For many hospitals, the percent-
age of surgical patients continues to grow. Many surgical 
procedures are performed on patients with underlying 
comorbidities that not only complicate surgical manage-
ment and anesthesia care but also require coordinated care 
of primary care providers, surgeons, anesthesiologists, 
and other medical specialists. This chapter has defined 
some of the challenges of coordinating and optimizing 
perioperative management. Although no single strategy 
is appropriate for all clinical settings and patient needs, 
the one critical element in perioperative care is the need 
to implement a model of care that ensures coordination 
and transition across the continuum from preoperative 
assessment and management to postoperative rehabili-
tation. A number of alternative approaches can be used, 
and multiple strategies may be required to address the 
idiosyncrasies of each patient population, surgical proce-
dure, and institutional capabilities. The expanded role for 
the anesthesiologist in many of these models requires the 
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commitment and skills to acquire and analyze data on 
outcomes and costs, while also defining ways to optimize 
clinical care. The PSH is an example of a new creative 
model that might have significant benefit for selected 
patient populations, thus aligning patient’s, provider’s, 
hospital’s and payer’s goals and significantly improving 
perioperative care by building on the experience and suc-
cesses of other approaches, including ERAS, the surgical 
hospitalist model, and the PCMH.
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C h a p t e r  4

Operating Room Management
JAMES D. KINDSCHER

K e y  P o i n t s

 •  Organizing the governance structure of the operating rooms (ORs) to consolidate 
control and authority into one position, such as the OR medical director, has many 
advantages in making the OR function at an optimal level.

 •  Improvement in the OR scheduling process may lead to the biggest gains in OR 
efficiency. Block time scheduling allows better predictability and satisfaction for OR 
personnel.

 •  On-time OR starts, surgical case performance benchmarks, and room turnover are 
all critical elements in making an OR run efficiently.

 •  Traditional OR use assessments may not reflect how well an OR is working. Newer 
methods that focus on OR productivity are increasingly being used to determine 
allocation of OR resources.

 •  Managing the daily surgical schedule requires careful planning, as well as frequent 
reevaluation, to deal with the variability in case times, add-ons, and cancellations.

 •  The OR director must create a professional environment in the OR and not allow 
disruptive behavior patterns to exist.

 •  OR management is often coupled with increasing numbers of non–operating room 
anesthesia settings (see Chapter 90).

 •  A detailed OR information system is essential in tracking OR activity and creating 
reports for assessment and improvement projects. OR cost accounting is essential 
to the OR director in guiding decisions for resource application.

Acknowledgment:  The editors and the publisher would like to thank Dr. Melissa Rockford, who was a contributing 
author to this topic in the prior edition of this work. It has served as the foundation for the current chapter.
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The operating room (OR) is a major source of both rev-
enues and expenses for hospitals.1 Hospital chief execu-
tive officers must now focus on the profitability of the OR 
service, and this emphasis has led to the rapid growth and 
development of OR management. The goal of OR man-
agement is to replace the previously ill-defined structures 
for OR decision-making and administration with more 
formal and efficient structures. In the past 10 years, there 
has been an explosion of research and publications con-
cerning OR management (see reference list).

HISTORY

The roles of the OR and non–operating room anesthesia 
within the hospital have evolved. The organized structure 
and daily management of the OR are markedly different 
than they were 20 to 30 years ago.2 In the past, ORs gen-
erated large profits; their priorities were to maximize con-
venience for surgeons and attract a greater market share 
for the hospital, with little emphasis on controlling costs. 
Because most surgical patients required inpatient hospital 
beds, the surgery schedule was primarily limited by the 
number of beds allocated to each surgical service. Hos-
pital administrators assumed that any new investment 
in the OR would lead to increased revenue. This men-
tality thrived in a period when revenues were plentiful, 
which allowed hospitals to provide new equipment or OR 
expansions upon request. Surgeons could schedule proce-
dures as they desired, usually on a first-come, first-served 
basis. The authority for OR management was dispersed 
between hospital administrators, with little direct OR 
experience, and the OR nurse managers, who oversaw all 
of the complex activities in the OR. Because the hospi-
tal administrators had responsibilities for several areas of 
the hospital, they left daily control to the OR head nurse, 
who became the de facto leader of the unit. Many of the 
supporting services (housekeeping, admitting, materials 
management, and laundry) had separate administrative 
reporting structures. The low procedure complexity of 
ORs allowed for these simplified support services. Physi-
cians often had a limited role in directing OR function.

As surgical procedures became more complex and 
competition for OR time increased, surgeons and anes-
thesiologists often became dissatisfied with the control 
structure of OR management. Physicians formed OR com-
mittees to voice their thoughts to hospital leadership. 
The hospital and OR committees created rules and poli-
cies governing OR function. Dedicated rooms for com-
plex procedures and increased scheduling demands led to 
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the development of guaranteed reserved OR times called 
blocks. These blocks allowed better predictability for 
surgeons to schedule and perform their procedures and 
allowed the hospital to provide the necessary support for 
these cases, but the authority for daily OR management 
still resided primarily with nursing leaders.

As diagnosis-related group (DRG) reimbursement and 
capitated payment for care became more common, OR 
revenue declined. Hospital administrators noted that 
ORs were very expensive to furnish and staff with skilled 
nursing personnel. The overall hospital operating margin 
(profit) declined from 6.3% in 1997 to 2.7% in 1999.3 By 
1999, 43% of not-for-profit hospitals actually lost money. 
Such losses forced hospital leaders to rethink how ORs 
should be run. If the ORs consumed 9% to 10% of the 
institution’s annual budget, the hospital needed to ana-
lyze and control these costs. With the advent of general 
medical restructuring and primary care “gatekeepers,” it 
was predicted there would be reduced demand for spe-
cialists and surgical services. Therefore, hospitals reduced 
inpatient beds and limited OR growth. The net effect of 
these changes was increased frustration with OR function 
and management.

Predictions of reduced surgical caseload volume proved 
untrue. Surgical demand began to increase faster than the 
number of ORs that were available and staffed. Shortages 
of hospital beds, intensive care unit (ICU) beds, and per-
sonnel led to increased pressure to manage ORs with max-
imum efficiency while controlling costs. The hospitals 
expected all of these OR changes to occur simultaneously 
while maintaining high surgeon and patient satisfaction. 
Hospital administrators realized that they needed more 
direct physician leadership in handling complex OR mat-
ters. As a result, they appointed medical directors to give 
more voice and authority to physicians in OR leadership 
roles. This physician leadership structure began in aca-
demic departments but has now expanded to many pub-
lic and private organizations throughout the world.

As more cost-efficient care became the focus of health 
care, a tremendous expansion of outpatient facilities 
took place. Ambulatory surgery centers and office suites 
began to overtake the traditional hospital as sites for the 
majority of surgical procedures in the United States (also 
see Chapter 89). Even in large community hospitals and 
academic centers, fewer than one third of patients came 
from inpatient wards to the OR. Challenges in running 
efficient outpatient surgical practices and large tertiary 
care facilities made the need for expert and dedicated OR 
management even more essential. The focus on leader-
ship structure and management techniques to improve 
OR function has led to the organized approach to OR 
management described in this chapter.

STRUCTURE FOR OPERATING ROOM 
MANAGEMENT

Operating rooms are complex and expensive facilities 
that require a structure for management that allows rapid 
adaptability and integration of many different groups. As 
medical needs and regulatory requirements evolve, an OR 
governance structure must rapidly adapt to accommodate 
these changes. Traditionally, ORs followed a “top-down” 
management style. Hospital administrators were distant 
and unfamiliar with the daily workflow of the OR. They 
would often appoint the OR nursing director to serve as 
the unit manager, but this nursing director may have been 
unfamiliar with the specific needs of surgeons and anes-
thesiologists, leading to frustration in how the OR was 
managed. This created roadblocks to rapidly addressing 
the evolving needs of the OR. In response to this problem, 
the OR director position was created. Initially this concept 
involved creating an “OR czar,” someone imbued with 
complete authority and decision-making power; but this 
approach was flawed because it implied an authoritarian 
ruling style that disenfranchised other physicians. This type 
of management style is rarely successful in actual practice.

Proper OR governance must include participation of 
the key stakeholders and offer transparent management 
practices to achieve improved performance of this unit. 
Surgeons, anesthesiologists, OR nursing staff members, 
and hospital leaders all need to participate together in the 
governance of this complex unit. The purview of the gov-
ernance group includes creation of an OR Charter, setting 
performance metrics, development of policies, and par-
ticipation in future planning decisions.

The position of OR director arose in response to the 
competing priorities of the diverse groups working within 
the OR (surgeons, anesthesiologists, nurses, and hospital 
administrators). For the OR to function effectively, the OR 
director must balance the priorities of each group while 
working cooperatively to achieve success for the overall 
unit. Surgeons want maximum convenience and service, 
easy OR access, and state-of-the-art equipment. Nurses 
want predictable hours and standardization of cases. Anes-
thesiologists want high demand during peak scheduled 
hours and adequate support for starting procedures and 
turnovers. Hospital administrators want high utilization 
and low cost for personnel and equipment. These com-
peting priorities can create conflict and inhibit productiv-
ity. The purpose of the OR director is to align the forces 
working in the OR to work in an efficient and productive 
manner. The most important advantage to this structure 
is that providing control and authority to one knowledge-
able individual allows the OR to adapt to changes and 
make critical improvements. Creating an organizational 
structure with an OR director improves OR performance; 
increases physician, nursing, and patient satisfaction; 
permits rapid adaptability to changing market forces; 
improves communications throughout the system; and 
strengthens accountability and enforcement of OR rules 
and regulations. Figure 4-1 shows an organizational struc-
ture that describes how the OR director may fit into the 
hierarchy of OR governance.

Anesthesiologists are good candidates for the position 
of OR director for several reasons. They often have a global 
view of the OR and understand each component of the 
OR process. They share with the hospital administrators a 
desire for a smooth-running and cost-effective OR. Because 
anesthesiologists are familiar with preoperative, intraoper-
ative, and postanesthesia care unit (PACU) processes, they 
appreciate how to make the OR flow as a unit. They are also 
familiar with the different surgical specialties and can bal-
ance the needs of these different groups. Anesthesiologists 
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Figure 4-1. Organizational structure that describes how the medical director may fit into the OR system. CEO, chief executive officer; OR, operat-
ing room; PACU, postanesthesia care unit; SDS, same-day surgery.
are present in the OR daily and can intervene in urgent 
situations. Box 4-1 identifies personal characteristics that 
are beneficial for an OR director to possess.

Another position that may complement the role of OR 
director is that of the hospital director of perioperative ser-
vices. Responsibilities of this individual include managing 
the workflow of the hospital personnel in the preanesthe-
sia testing clinic, ORs, and PACU (also see Chapter 96). 
This person works closely with the OR director managing 
preoperative and postoperative problems that have a direct 
impact on the flow of the OR. Bottleneck stoppages in 
throughput, which occur before or after the surgical proce-
dure, will neutralize efficiencies developed within the OR.

OR directors face many challenges. The position requires 
time away from clinical practice to attend meetings, plan 
projects, and coordinate OR activities. The OR director 
must have buy-in from his or her group or department 
to accommodate these scheduling demands and accom-
plish the OR’s mission. The hospital should view the OR 
directorship as an investment and provide the appropri-
ate financial support. Likewise, the chairs of surgery and 

 •  Experienced individuals, usually in the middle of their careers
 •  Respected for clinical skills
 •  Strong interpersonal skills
 •  Integrity and trust by all groups
 •  Perceived neutrality and balanced views on issues
 •  Leadership style by consensus development
 •  Strong analytical and problem-solving skills
 •  Detailed data management traits
 •  Ability to commit significant time and focus to operating room
 •  Appreciation of hospital’s goals
 •  Good long-range planning development
 •  Ability to address regulatory and oversight controls
  

BOX 4-1 Characteristics of the Medical 
Director of an Operating Room
anesthesiology must cede some of their departmental con-
trol and authority involving OR matters. Time and energy 
demands may limit OR directors from advancing within 
their departments, organizations, or academic institutions. 
The OR director must make difficult decisions and be able 
to withstand criticism and challenges to his or her role. 
In addition, OR directors may require additional business 
training or data processing support.

Dealing with OR conflicts is another difficult aspect of 
management for OR directors, perhaps one of the least 
desirable roles of the position. With increased awareness 
of “culture” in the OR, it is imperative to maintain a pro-
fessional environment in which staff members exhibit 
mutual respect for all parties.4,5 The OR should develop 
performance policies including scheduling rules, surgeon 
presence in the OR, charting requirements, and behav-
ioral expectations. The OR is one of the most common 
sites for disruptive physician behavior owing to the high 
intensity and stress of the environment. The OR director 
should have a leading role in developing clear policies 
for addressing disruptive behavior. Box 4-2 lists steps for 
dealing with disruptive behavior.6 Disruptive individuals 
or those who attempt to circumvent the established OR 
policies and rules create a dysfunctional system and dis-
satisfaction among the OR staff.6 The OR director should 
set the tone for teamwork in the OR.

In 2002, the Association of Anesthesia Clinical Direc-
tors (AACD) conducted a survey of its membership (Box 
4-3).7 The survey noted that the concept of a medical 
director, which began in academic organizations, has 
now spread to university-affiliated and private practice 
hospitals. Seventy-nine percent of OR directors served 
in hospitals with more than 200 beds. The survey dis-
closed that financial support varies, but most OR direc-
tors receive salary supplementation of less than $10,000 
per year. Appendix 4-1 provides the AACD guidelines for 
the role of medical director. Information is also available 
on the AACD website (www.AACDhq.org).

http://www.AACDhq.org


If an organization adopts the position for an OR direc-
tor, the responsibilities, expectations, and support should 
be clear. As stated earlier, the motivation for creating an 
OR director is often a result of frustration and low satis-
faction among OR staff. Newly appointed OR directors 
can gain early success and acceptance by initially iden-
tifying issues that they can easily remedy. Coordination 
with the OR head nurse and OR business manager will 
unite the resources necessary for change. Regular com-
munication with hospital superiors and OR staff will help 

Hospital type

University teaching 44%
Community hospital 33%
University affiliated 33%
No. Hospital Beds size

<50 5%
50-100 4%
100-200 13%
200-500 54%
>500 25%
Hospital CompeNsatioN for mediCal direCtor (per year)
None 40%
0-$10,000 25%
$10,000-$25,000 18%
$25,000-$50,000 13%
>$50,000 4%

BOX 4-3 American Association of Clinical 
Directors 2002 Survey of Operating Room 
Medical Directors

 •  Educate the OR staff on hospital policies and definitions of 
disruptive behavior.

 •  Set a low threshold for identification and reporting.
 •  Respond immediately to an incident.
 •  Make the behavior the issue, not the individual.
 •  Focus on the acute behavior and not past frustrations.
 •  Do not accept excuses or explanations of justification.
 •  Set clear target goals for behavior modification and then fol-

low up directly with the individual.
 •  Be sympathetic to the perspective of public humiliation of the 

individual. Deal with the individual in a quiet, private setting 
with one or two witnesses.

 •  Seek out other issues in the physician’s practice that may be 
the source of stress. Often, factors outside the OR lead to the 
disruptive behavior that is manifested in the OR.

 •  Be prepared to enforce your Disruptive Behavior Policy 
completely. If the physician does not reform or persists in the 
disruptive behavior, removal from the hospital staff may be the 
best solution.

 •  Enforce your policy evenly. Do not allow exceptions for behav-
ior of high-profile individuals. Frequently, action against one 
physician will demonstrate the seriousness of your commit-
ment to physician behavior standards and serve to deter others 
from acting out.

  

BOX 4-2 Dealing With Disruptive Behavior

OR, Operating room.
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define progress and identify future plans. OR directors 
need to involve other physicians in setting goals and pri-
orities. Success will require hospital administration and 
physicians to bring about change through compromise. 
The OR committee, with hospital administration, should 
create reasonable rules and standards with equitable 
enforcement. Although individual contributions should 
be rewarded, a team approach is essential. Alan Marco’s 
“game theory” is a useful analogy for various situations a 
director may encounter in running an OR.8

Operating room management may be improved by sub-
dividing groups into functioning committees with discrete 
tasks and areas of control. Often a separate group that 
addresses OR use and awarding of surgical time or blocks 
is necessary. Resource or capital equipment needs may be 
best addressed by a committee with this solitary focus. 
Facility planning, regulatory compliance, and quality 
committees may also be used to support OR governance. 
These committees should report to the OR governance 
committee and OR director.

OPERATING ROOM FUNCTION GOALS

The OR is a complex environment that relies on distinct 
and separate working groups to pull together to achieve 
results. Some have equated the OR to a three-legged stool, 
with surgeons, anesthesiologists, and nursing personnel 
representing each leg. If any one leg does not perform to 
its best ability, the whole “stool” becomes dysfunctional 
and tips over. One of the goals for OR management is to 
integrate these different groups into a coordinated unit. 
The function of the OR depends on several important 
aspects. Scheduling, preanesthesia testing clinic, first case 
on-time starts, predictability of to-follow cases, turnovers, 
management of add-on cases and cancellations, measur-
ing OR use, and employment of the necessary staff to run 
the ORs are all essential for maximizing OR function.

SCHEDULING

Accurate scheduling in the OR is crucial to running an 
efficient surgical service. Poor and inaccurate scheduling 
results in delays and confusion on the day of surgery. It 
also engenders dissatisfaction for patients, surgeons, and 
anesthesiologists. The scheduling process involves esti-
mating, organizing, and assembling the necessary person-
nel, equipment, space, and time to perform a procedure.

Most ORs use a computerized scheduling system, with 
data integrity being of paramount importance. Errors 
or omissions in documentation, including the patient’s 
name, age, disposition (inpatient versus outpatient), pro-
cedure description, or surgical case duration, can have a 
major impact on how efficiently the OR will function. 
The personnel who input these data should take precau-
tions to reduce errors. Many computerized systems track 
posted cases to verify that available equipment matches 
resource needs. This prevents overbooking items with 
high demand, including C-arm radiography machines, 
microscopes, or robotic devices.

Accurate prediction of surgical case times is also essen-
tial to scheduling.9 Errors in estimated times will affect 
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the predicted start of every subsequent case.10,11 Gather-
ing surgeon-specific data is important because operating 
times may differ significantly among surgeons and hos-
pitals.12 Strum et al. described how this uncertainty for 
case durations affects the schedule.13,14 More recently, 
Dexter et al. identified the value of historical case dura-
tions and Bayesian methods to more effectively predict 
case durations.15,16 Because there are wide differences 
among surgeons, as well as multiple variations of a par-
ticular procedure, the potential surgical times for a case 
may be difficult to predict. If the hospital has comput-
erized historical data, it can base the surgical case time 
on a set number of similar performed cases. The schedul-
ing system may give the expected time for the procedure 
at the time it is posted. The surgeon may then increase 
or subtract time from this estimate based on his or her 
knowledge of the patient or predicted difficulty of the 
case.17 In our institution, based on this system, 50% of all 
cases were completed within 30 minutes of the scheduled 
time. Fifteen per cent of cases ran 30 minutes longer than 
the scheduled time, whereas 35% of cases finished more 
than 30 minutes ahead of schedule.

In reality, predicting a point value for case duration is 
not logical. As described by Dexter and Macario,11,16 sur-
gical cases are a probability estimate for time, with upper 
and lower bounds for duration. For example, a surgeon 
posts time for a Whipple procedure on a patient with 
a pancreatic mass, and the historical times for all cases 
posted by this surgeon average at 4 hours. Sixty percent 
of the time, it is determined the tumor is not resectable, 
and the case time is then 3 hours. The other 40% of the 
time, the Whipple procedure is performed with a case 
duration of 6 hours. Although the average duration used 
for scheduling is slightly more than 4 hours, in practice 
none of these cases uses exactly 4 hours. The case times 
are also not distributed as a Bell curve but are frequently 
right-shifted. Dexter has suggested that Bayesian analy-
sis be used to predict case duration probabilities.9 Other 
challenges to case duration scheduling is that more than 
one third of specific posted procedures by a single sur-
geon do not have enough historical data to make accurate 
predictions. Using a combination of historical data, spe-
cific patient predictors, and then allowing the surgeons 
to revise the duration up or down by 10%, may yield the 
best estimate for case duration.

Historically, ORs were scheduled under an “open block” 
system. Surgeons scheduled cases in available rooms on a 
first-come, first-served basis. This system worked if there 
was little demand for OR time and each room was suited 
for all types of procedures. However, open block schedul-
ing has many undesirable consequences. Surgeons with a 
short lead time in deciding to operate are unable to pre-
dict the availability of rooms. Personnel have to move 
complex equipment from room to room to accommodate 
demand from multiple types of surgeries. There is also 
marked variability between busy and light days, resulting 
in poor overall OR efficiency and difficulty anticipating 
demand and allocating resources.

Because of the limitations of the open block system, 
ORs moved toward a system of “block” scheduling. Block 
scheduling guarantees a certain degree of OR availability 
to a specific service or surgeon. Under this system, the 
institution assigns a specific room on a specific day to a 
surgeon or surgical group. The surgeon or group may then 
schedule its cases for that room on that day. This arrange-
ment permitted the development of specialized ORs (i.e., 
rooms with heart-lung machines for cardiothoracic sur-
gery, rooms with ophthalmologic fixed ceiling–mounted 
microscopes, and rooms with dedicated laparoscopic 
equipment).

The use of block scheduling follows several best prac-
tice standards. For example, block time may work most 
effectively when it is granted to a surgical service (e.g., 
orthopedics or gynecology) rather than to an individual 
surgeon. In addition, full-day blocks (8 hours of OR avail-
ability) work better than half-day blocks because patient 
flow and case start times are more predictable. The reduced 
movement of personnel and equipment improves room 
setup and shortens turnover times.

For block scheduling to succeed, the institution should 
develop rules governing its use. For example, ORs may use 
measures of surgical demand, such as historical surgical 
hours per week, to grant blocks to a surgical group. Key 
topics the rules should address include advance schedul-
ing, turnover time,18,19 and hold time or release time.19,20 
The release time, which varies among surgical specialties 
and institutions,21 is the time when the block is no longer 
reserved for a particular service. Surgical procedures that 
are somewhat urgent or have a short lead time, such as 
heart or vascular surgery, have shorter times from release 
to the surgery date than services with a more elective prac-
tice, such as cosmetic plastic surgery or orthopedic joint 
replacement. Services with a high referral practice (can-
cer procedures or trauma) will also need shorter release 
periods for their blocks (Table 4-1). Once a release time is 
reached, the remaining time (unused block time) is avail-
able to any surgeon on a first-come, first-served basis.

An institution should closely monitor block time 
use and adjust it as surgical practice changes within the 
hospital. For example, if a surgical service is filling more 
than 90% of its block time, it becomes difficult to per-
form additional cases or manage variability in the surgi-
cal referral base. On the other hand, if block use is low 
(60% to 70%), predictable OR time is not available to 
other surgeons who may need several days of advance 
planning to schedule cases. Each institution should set 
a threshold for block use to determine how services will 
gain or lose OR blocks.22,23 A block committee with rep-
resentatives from hospital administration, surgery, anes-
thesiology, and nursing should develop these thresholds. 

TABLE 4-1 SUGGESTED BLOCK RELEASE TIMES

Service Release Time

Cardiothoracic 1 day
Vascular surgery 2 days
Orthopedics 3 days
Neurosurgery 4 days
Pediatric surgery 1 week
General surgery 1 week
Gynecology 1 week
Ophthalmology 1 week
Otolaryngology 1 week
Plastic surgery 2 weeks
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The institution should ensure it applies them equitably 
to avoid potential games to change OR availability.8 The 
group should then monitor and enforce compliance 
with the rules.

Today, hospitals often schedule most of their ORs 
under a block system, reserving some ORs in open blocks 
to accommodate surgeons with small numbers of patients 
and urgent add-on operations. The number and availabil-
ity of open rooms will depend on the volume of urgent, 
emergency, and add-on cases. If the hospital has a sig-
nificant number of elective cases, it may be appropriate 
to block schedule up to 80% of the ORs and leave the 
remaining 20% as open rooms. If a hospital is large with 
a number of surgeons who do not have block time, then 
25% to 30% of OR time should be open and not blocked. 
Several authors have described strategies to maximize sur-
gical blocks and reduce variability to improve OR use.24,25

Decisions to expand OR capacity and provide more 
block time are complex. Because ORs are expensive, 
costing up to $1 million per room to build, the hospital 
should carefully plan growth in surgical services. Wachtel 
described the important factors that should be consid-
ered in adding OR capacity, including giving OR blocks to 
subspecialties with the greatest contribution margin per 
hour, those that have the greatest potential for growth, 
and those that have a limited need for additional system 
resources such as ICU beds.

A review by Sulecki et al. studying the influence of mov-
ing cases within a large health system with 12 separate 
operating facilities showed that it was not possible to shift 
cases between facilities to improve efficiency.26 Surgeons’ 
total case hours, travel between facilities, and proximity to 
clinic and other office support limited the utility of moving 
cases from busy sites to sites with more unused OR time.

A final important aspect of scheduling is how to man-
age non-OR anesthesia cases such as endoscopy, radiol-
ogy, computed tomography, and magnetic resonance 
imaging. These patients often require perioperative 
resources, although they do not actually enter the OR. 
They often require a dedicated anesthesia team, spend 
recovery time in the PACU, and are processed through 
the preoperative unit. Institutions should include these 
patients and procedures in the OR scheduling system to 
assist the perioperative units and anesthesia schedule 
runner, assign appropriate resources, and track progress 
of the daily schedule.

PREOPERATIVE CLINIC

With 75% to 80% of surgical patients coming into the 
surgery suite from home, the ability to optimize their 
medical conditions is challenging. This has led to the 
development of the preoperative clinic, where an evalu-
ation and testing algorithm are used to ensure best out-
comes. This subject is covered in Chapter 38, but its value 
to OR management cannot be overlooked. Attending to 
patients who need additional time for evaluation or labo-
ratory analysis may lead to delays in the surgical sched-
ule. A well-organized preoperative clinic can also help 
reduce the number of cancellations and prevent delays 
for surgical procedures. The clinic also aids the hospital 
by reducing the risk for complications, which will result 
in added costs and application of resources to the surgical 
population. Patients who have been seen in the preop-
erative clinic in our institution have a lower incidence 
of cancellations and a higher rate of on-time starts than 
patients who have not been seen in this clinic.

On-Time Starts and Tardiness
Perhaps some of the most frequently discussed issues by 
OR committees are on-time starts and turnovers. Delays 
in getting the surgical list started and prolonged time 
between cases lead to inefficiency and frustration by 
everyone working in this environment. From an atmo-
sphere standpoint, it is crucial to start the first procedure 
of the day on time. An on-time start provides tangible 
(scheduling) and intangible (mood and tone) benefits. If 
there is a delay in starting the first case, it can negatively 
affect the satisfaction of patients and surgeons, possibly 
leading to complaints relayed to the hospital’s adminis-
tration. One reason on-time start success is measured so 
commonly is that it is an easy data point to track and 
is less affected by issues like delays in a previous case. 
Often, institutions with a high on-time start success rate 
will also have brief turnover times. Therefore, on-time 
starts are one way to benchmark an OR facility’s per-
formance. It is important for everyone to agree on the 
definition of start time. Surgeons often define start time 
as when the first incision is made. Anesthesiologists 
define start time based on when they complete induc-
tion. Nurses associate start time with the completion of 
room preparation. Disagreements in what constitutes 
start time will result in misunderstandings and dissatis-
faction with OR start times.

In 1997, a group in the AACD published a “procedure 
times” glossary that created standards for OR events and 
time periods.25 This glossary is accepted by the Ameri-
can Society of Anesthesiologists, Association of Operat-
ing Room Nurses, and the American College of Surgeons 
and serves as the standard for descriptive terms in the 
OR. Appendix 4-2 contains an excerpt of the glossary; 
it describes start time as the time at which the patient 
enters the OR. This time has not proved to be useful in 
identifying cause for delay on a case-by-case basis. Fur-
thermore, surgeons indicate that the time the patient 
enters the room has little bearing on when the patient 
will be ready for the surgical incision. The newer con-
cepts of “anesthesia ready” (AR) or “anesthesia release 
time” (ART)27 may be more helpful in determining surgi-
cal preparation and incision times. The AACD glossary 
describes anesthesia ready as the time at which the patient 
has a sufficient level of anesthesia established to begin 
their surgical preparation, and remaining anesthetic pro-
cedures do not preclude positioning and prepping the 
patient. At our institution, we reviewed times from the 
patient entering the OR to completion of preparation. 
In uncomplicated cases (patient supine with no invasive 
monitoring lines), staff completed preparation in 15 min-
utes in 78% of cases. If the case was complicated (position 
other than supine, invasive monitors), the duration from 
start time to completion of preparation averaged 30 min-
utes. These data are useful for surgeons to anticipate the 
time from room start (patient in room) until completion 
of preparation.
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On-time starts depend on the completion of many 
factors. Patients must arrive on time and complete pre-
operative preparations including compliance with all 
preoperative instructions (“nothing by mouth,” medica-
tions, laboratory tests). Preoperative testing clinics and 
assessment protocols have helped reduce delays on the 
day of surgery, as well as reduce costs.28,29 The preopera-
tive/admitting process should have sufficient personnel, 
organization, and space to process patients and make 
them available to surgeons and anesthesiologists. Oper-
ating room nurses must prepare the OR and equipment. 
Anesthesia personnel must check the equipment in the 
room, prepare drugs, complete paperwork, place intrave-
nous lines, and address special patient or surgical needs. 
Surgeons must be available to complete the patient’s con-
sent, history, and physical examination and to address 
any patient questions or needs.

A common misconception is that anesthesia factors 
result in the majority of room start delays. Many anec-
dotal reports by OR clinical directors do not support 
this concept. We recently studied reasons for all delayed 
room starts and grouped those delays into factors con-
trolled by patients, surgeons, anesthesiologists, and 
nursing/hospital. The results (Box 4-4) demonstrate that 
surgeons controlled the largest number of delays in first 
starts. Box 4-5 lists some of the most common reasons 
for delays.

Starting first cases on time is a complex and challeng-
ing process. When defining an on-time start as having the 
patient in the room by the start time, delays occur in 40% 
to 90% of first starts.30,31 When defining an on-time start 
as having the patient in the room within 10 minutes of 
the scheduled start time, delays still occur in 5% to 50% 
of cases. Identifying causes of delays; removing barriers to 
smooth patient flow; improving communications among 
preoperative personnel, patients, surgeons, nurses, and 
anesthesiologists; and creating an atmosphere (culture) 
of shared ownership in starting on time will improve on-
time starts. Box 4-6 lists other key factors for increasing 
the percentage of on-time starts.

The direct economic benefit for reducing first-case 
delays depends on the size and volume of cases performed 

Surgeon controlled: 60%
Patient controlled: 20%
Anesthesia controlled: 6 %
Nursing/hospital controlled: 14%
  

BOX 4-4 Delays in Start of First Case of the 
Day

 •  No history and physical examination in chart
 •  No consent obtained
 •  Ordered new laboratory test; results not available
 •  Changed schedule order or procedure
 •  Surgeon not available
  

BOX 4-5 Reasons for Surgeon-Controlled 
Delays
in an institution.32,33 In a study by Dexter and Epstein, 
only 1.1 minute was saved at the end of the day for each 
1-minute reduction of delays.34 If the OR suite has a small 
number of rooms and the cases finish within the scheduled 
time, then no economic benefit was achieved by reducing 
delays. As an example, if an eight-room surgical suite has 
an average of two rooms that start 10 minutes late, but all 
of the cases in the 8-hour nursing shift are completed, then 
no savings will occur if the cases start on time. However, in 
a facility with a large number of ORs and with some rooms 
running for more than 8 hours, reducing these delays may 
result in less overused time and expense.

The term tardiness may be used to describe the differ-
ence between scheduled start time and actual start time 
for all cases on the surgical schedule. This measures both 
first-case starts as well as the to-follow cases. Wachtel and 
Dexter have identified several factors that relate to tardi-
ness of the surgery schedule.35,36 As might be expected, 
the first case of the day had fewer instances of tardiness 
than cases later in the day. Because case duration is unpre-
dictable, if the first case runs long, then the second case 
will be tardy in starting at the scheduled time. Although 
surgeons believed the most common time for tardiness 
was late in the afternoon during nursing shift change, 
the peak time for tardiness was between 11:00 am and 
1:00 pm, when most rooms were still running and mul-
tiple turnovers were occurring. Later in the day, tardiness 
decreased, likely balanced by some cases finishing earlier 
than predicted or when cases were moved to an available 
unoccupied OR. The best strategy to reduce tardiness was 
to recalculate the OR schedule and account for potential 
late-starting cases or case durations that may be longer 
than planned; then cases could be moved or adjusted to 
improve starting times.

Keys to iNCreasiNg oN-time starts

 •  Do not require the surgeon to be present before the patient 
enters the OR.

 •  Use guaranteed block time to allow for predictable OR times 
and locations for surgeons.

 •  Have specialty teams dedicated to complex cases.
 •  Standardize preoperative orders and testing.
 •  Review the patient’s chart the day before surgery to identify 

potential delays in getting the patient ready.
 •  Call patients the day before surgery to clarify instructions and 

answer questions.
 •  Triage personnel in the preoperative area to effectively manage 

patient needs before start of the procedure.

Keys to deCreasiNg turNover times

 •  Organize a turnover team to clean and prepare the room.
 •  Have the same surgeon follow in the same room with all of 

their cases.
 •  Use specialty-specific nurses and anesthesiologists.
 •  Maintain an accurate surgery schedule and reduce changes in 

the surgical list (i.e., order changes, cancellations, add-ons).
 •  Streamline the preoperative process.
 •  Ensure that the communication process informs all personnel 

involved with case turnover in a timely manner.
  

BOX 4-6 Key Factors to Increasing On-Time 
Starts and Decreasing Turnover Times

OR, Operating room.



Turnovers
The definition of turnover varies among OR personnel, 
often leading to confusion.37,38 A surgeon may view sur-
gical “down time” (the time between closing the incision 
on one patient and beginning the incision on the next 
patient) as turnover. Academic surgeons consider turn-
over to be the period between leaving the OR (before 
the incision is closed by a junior resident or medical stu-
dent) and returning for the beginning of the next case. 
Thus surgeons frequently complain that slow turnovers 
between cases cause significant delays in completing the 
surgery schedule. The OR nurse may treat turnover as the 
time from removing the used equipment from the first 
case until the equipment is in place for the next patient. 
Anesthesia personnel believe that turnover is the time 
between leaving the previous patient in the PACU and 
bringing the next patient into the room. With varying 
definitions of turnover, it can be difficult to measure and 
create improvements in this area of OR function.39 The 
AACD glossary (see Appendix 4-2) defines turnover as the 
time from when one patient exits the OR until the suc-
ceeding patient enters. This turnover time applies only 
when the second case is scheduled to immediately follow 
the first case.

The period between patients occupying the OR is busy. 
The nurses must return used instruments for decontami-
nation processing. A housekeeping service must clean the 
floors and sterilize all surfaces, including the OR table. 
Nurses must assemble and organize equipment for the 
next case. They must also check on the next patient and 
verify that the paperwork is complete and the procedure 
is listed correctly. Anesthesiologists must transport the 
previous patient to the PACU, assess vital signs, give a 
report to the PACU nurse, and submit the required paper-
work. They must return unused drugs and prepare new 
drugs for the next case. They must also ensure that anes-
thesia equipment is replaced and prepared for the next 
patient. Finally, they must see the next patient, complete 
their preoperative paperwork, obtain consent forms, dis-
cuss anesthesia plans with the patient, and answer any 
questions.

Multiple system factors can affect turnover time, and 
several units must function efficiently together to be suc-
cessful. Attention should be given to the preoperative 
process (see Chapter 38) to efficiently prepare patients 
for surgery and readily locate the required paperwork and 
preoperative test results. Hospital transportation services 
should allow patients to be reliably available when called 
for the OR.40 The drug management system must permit 
access to medications and manage controlled substances. 
A turnover team must organize, clean, and prepare the 
OR for the next case. The PACU must function well to 
allow efficient OR throughput.41,42 Limited hospital floor 
bed and ICU bed availability may result in delays in 
patients being discharged from the PACU, limiting PACU 
space for OR patients. Chapter 96 further discusses ways 
to improve PACU function. Each of these individual fac-
tors contributes to the overall ability of the team to facili-
tate turnover.

There is no national standard for acceptable turnover 
time. In most facilities, turnover represents only 10% to 
20% of the total case time. When performing turnover 
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between simple procedures, such as cataract extractions, 
it is reasonable to expect a turnover time of 10 minutes or 
less. However, when changing between heart bypass pro-
cedures or complex orthopedic cases, the turnover may 
require 45 minutes or longer. The complexity of room 
set-up and the need for specialized patient preparation 
contribute to the length of turnover. Box 4-7 illustrates 
average turnover times reported for various types of sur-
gical procedures.43 Some benchmarking data are avail-
able on turnover for specific procedures.43,44 A review 
at four academic institutions indicated that turnover 
times ranged from 34 to 66 minutes.45An institution 
should consider this information when it looks at its 
specific turnover data to determine realistic goals for OR 
improvement.

Although reductions in turnover times may save 5 to 
10 minutes per case, these time savings do not usually 
translate into large time reductions in a single OR’s sched-
ule. Reducing turnover time does improve efficiency and 
focus, which may translate to improvement in surgical 
preparation and case completion times. The intangible 
benefits of reducing turnover may be the most important. 
Reducing turnover can build teamwork and encourage the 
institution’s focus on achieving maximum OR efficiency. 
However, excessive focus on turnover time is counterpro-
ductive. Staff risk losing more time strategizing than can 
realistically be gained from the resulting changes.44 Turn-
over time is also a favorite topic of consultants because 
it tends to strike an emotional chord with surgeons and 
hospital administrators. In reality, most efforts to reduce 
turnover times result in modest reductions in completion 
of the surgical schedule.45 As an example, if a single OR 
performs four cases in a day and can reduce turnovers by 
10 minutes, the total time that can be saved is 30 minutes 
(3 turnovers × 10 minutes × 30 minutes). This small time 
savings may result in reduced overtime expenses if more 
than 8 hours of surgery are regularly performed, and 
improved satisfaction measures, but it will not provide 
sufficient time to perform additional cases.

Operating Room Utilization
Operating room utilization is an important concept that 
guides the direction of OR management.46 It is also a 
significant part of the OR director’s job. To understand 
the concept of OR utilization, it is important to under-
stand several definitions from the AACD glossary (see also 
Appendix 4-2):
  

 •  Case time is the time from the start of room setup to 
the end of room clean-up. It accounts for the entire 

Total-hip replacement 44 minutes
Total-knee replacement 46 minutes
Knee arthroscopy 38 minutes
Coronary artery bypass 52 minutes
Laparoscopic cholecystectomy 30 minutes
Cataract extraction 21 minutes

BOX 4-7 Average Turnover Times
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time that the OR is dedicated to the performance of a 
procedure and cannot be used for any other purpose.

  Resource hours are the total number of hours that a 
room is staffed and available for the performance of 
procedures. Many ORs are staffed for 8 hours of regular 
resource hours (e.g., 7:00 am to 3:00 pm). Resource 
hours do not include overtime or periods when on-call 
personnel are staffing the OR. Resource hours serve as 
the denominator in calculating use of the available 
blocked or open scheduled elective OR times.

  Raw utilization is the ratio of the time that patients are 
in the OR to the available resource hours. It does not 
include time spent preparing the OR or turnover time; 
therefore, it understates the actual time that the OR is 
committed to a case.

  Adjusted percent utilization is similar to raw utilization, 
but it includes case setup time and turnover time. This 
figure more accurately reflects the time that the OR is 
used for case performance and is unavailable for any 
other activity.

 

Utilization is most commonly determined for a service 
r group of surgeons based on their set amount of block 
ime. For example, if a group of orthopedic surgeons has 
lock time in two rooms on Monday through Friday, 
heir resource hours per week are 80 (2 rooms × 5 days per 
eek × 8 hours per day). If their total case time (in-room 

ime plus turnover) is 72 hours per week, the adjusted 
ercent utilization is 90% (72 hours per week ■ 80 hours 
er week).

Regularly tracking utilization is important. To achieve 
n efficient balance of available times for surgical divi-
ions, hospitals should reassess block times based on 
tilization on a 3- to 6-month basis. For hospitals using 
tilization to track surgery performance and allocate 
lock time, it is better to assign block time to a group of 
urgeons or a surgical division. Granting block time to 
ndividual surgeons produces more variability in use and 

ay result in lower utilization.
There is no defined target for optimal utilization. Opin-

ons of optimal utilization vary among entities involved 
n the OR (Table 4-2). As utilization increases to above 
0%, surgeons may have difficulty scheduling patients, 
nd the increased wait time may create patient dissatis-
action. Studies have shown that for elective procedures 
n the United States, most patients are willing to wait 1 
eek.24 Waiting longer than this because of unavailable 

TABLE 4-2 UTILIZATION COMFORT ZONES 

Utilization
Hospital 
Administration Anesthesiology

OR  
Nursing Surgeons

>100% ++ -- --- ----
85%-100% ++++ ++ - --
70%-85% +++ ++++ + ±
55%-70% + +++ +++ ++
<55% -- - ++ ++++

rom Mazzei W: AACD Workshop on Operating Room Management, 2003.
anges of greater negativity (-,--,---,----) and ranges of greater positivity 
(± ,+, ++, ++++, ++++). As an example, + is a mildly positive aspect, 
but +++++ is strongly positive. Likewise, - is a mildly negative aspect, 
but ---- is strongly negative.
block time will lead to patient and surgeon dissatisfaction 
and possibly loss of the case to another institution. Utili-
zation percentages that are very low represent lost oppor-
tunities to generate revenue. Anesthesiologists prefer to 
be busy during regular resource hours yet have some flex-
ibility for covering urgent and emergent cases.

The exact break-even point for utilization is dependent 
on the OR’s fixed versus variable costs and reimbursement 
mix. Consultants often quote 80% to 85% utilization as a 
target. This figure was used as a benchmark in the 1970s 
because hospitals were required to demonstrate a certifi-
cate of need before expansion of OR facilities. Most ORs 
seek a utilization of 70% to 85% to maximize benefits 
and reduce stress on the system. Trends have shown that, 
with increasing surgical volume and reduction in OR 
availability, the overall raw utilization has been steadily 
increasing in hospitals (Fig. 4-2). Data from 1999 revealed 
that hospital-based ORs have higher utilization than 
ambulatory ORs (73% versus 55%).47 Tracking overall OR 
utilization may be beneficial in demonstrating the need 
to expand OR capacity.

There are costs associated with both underutilization 
and overutilization. There are fixed costs for ORs regard-
less of utilization. Underutilization results in lower rev-
enue generation to offset the fixed costs. Overutilization 
(cases running late) may require overtime pay for nurses 
or hiring temporary nurse services, which results in higher 
costs per minute of OR use. In addition, personnel who 
frequently must stay late may become dissatisfied and 
quit, increasing the costs associated with recruitment. 
Many recent studies have identified ways to maximize 
utilization or to assist with scheduling to improve percent 
utilization.47,48 Because many ORs have frequent last-
minute changes, cancellations, add-ons, and emergency 
cases, the ability to apply these simulations to actual OR 
practice may be limited.

Utilization should not be used to assess how efficiently 
an OR is working. Utilization is only a measure of resource 
consumption. For example, if surgeon A takes 2.5 hours to 
perform a laparoscopic cholecystectomy and conducts three 
procedures in an eight-hour block, this results in a raw uti-
lization of 94% (2.5 hours per case × 3 cases = 7.5 hours; 
7.5 hours per 8-hour block = 94%). However, surgeon B, 
who completes laparoscopic cholecystectomies in 1 hour 
and is able to do 6 procedures during an 8-hour block, has 
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Figure 4-2. Raw utilization for operating rooms.
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a raw utilization of 75% (1.0 hour per case × 6 = 6 hours;  
6 hours per 8-hour block = 75%). Even though surgeon 
A has a more frequent utilization, surgeon B’s financial  
margin is better. Table 4-3 illustrates these calculations.

Hospitals are becoming more refined at analyzing 
OR production. By looking at revenue generation and 
associated costs for each surgeon, they can determine 
the profit margin for each individual. Although stud-
ies have shown that nearly all surgeons contribute a 
positive profit margin for their OR cases, the range of 
profit margin is wide.49 Table 4-4 shows an example of a 
report generated with this approach. OR managers and 
hospitals are increasingly using this type of information 
to make decisions concerning OR resources. Box 4-8 
contains a list of key issues to improve OR utilization, 
throughput, and efficiency.

Another important way to approach OR function is to 
consider the OR workload (demand) and the fixed nursing 
shifts (typically 8 hours) that are scheduled. Some useful 
definitions in considering performance of each OR are:
  

OR Workload: The total hours of OR case time plus 
turnover on that day.

Allocated Time: Time reserved for a surgeon or service 
on a particular day (block time)

Underutilized Time: Allocated Time – OR Workload (if 
this value is <1 then default to 0)

Overutilized Time: OR Workload – Allocated Time (if 
this value is <1 then default to 0)

OR Labor Costs: 1.0 × Allocated Time + 1.5 × Overutilized 
Time

Inefficiency Measure of OR Time: Underutilized 
Time + 1.5 × Overutilized Time

  

As described in these definitions, nursing shifts are 
paid for their 8-hour shift, even if only 7 hours of OR 
workload occur. The underutilized time may be insuffi-
cient to perform another case, so no additional revenue 
can be generated in this OR, but neither can costs be 

TABLE 4-3 RAW UTILIZATION CALCULATIONS

Case Time 
(hr)

No. Cases 
Performed

Total In-Room 
Time (hr)

Surgeon A 2.5 3 7.5
Surgeon B 1.0 6 6.0
Surgeon A 7.5 hr in room time 8.0-hr block available =  

94% raw utilization

Surgeon B 6.0 hr in room time 8.0-hr block available =  
75% raw utilization
reduced by finishing early. If an OR has 10 hours of OR 
workload, then there are 2 hours of overutilized time, 
which must be paid at overtime rates (1.5 times normal 
pay). Overutilized time may be even more expensive 
if this leads to staff dissatisfaction and added costs for 
retention and recruitment of nurses. Therefore, over-
utilized time is much more important to control than 
underutilized time. Wachtel and Dexter described this 
concept in a review article on OR management.50,51 A 
goal for the OR directors might be to limit overutilized 
time so that it occurs in fewer than one third of the 
ORs and accept two thirds of the ORs being underuti-
lized, finishing before the end of the nursing shift. This 
would limit expense and yet allow for higher economic 
performance.

DAILY SCHEDULE MANAGEMENT

The “running” of the daily schedule is a complex job.52 An 
accurate and realistic schedule is one of the most impor-
tant factors in completing the surgical list. Frequently, 
an anesthesiologist partners with an OR nursing leader 
to run the daily surgery schedule. This team must be able 
to make fair decisions regarding moving cases, managing 
add-on and cancelled cases, and using the nursing and 
anesthesia workforce to complete the surgical list effi-
ciently. The OR nursing director’s willingness to accept 
risk in running the schedule may create significantly 
less unused OR capacity and also improve the anesthesia 
group’s productivity.53 It is interesting that a recent paper 
by Masursky et al. showed that OR nursing directors may 

 •  Schedule full-day blocks rather than half-day blocks.
 •  Surgeons should follow themselves in the same operating 

room.
 •  Verify schedule accuracy to decrease delays in case 

completion.
 •  Streamline preoperative processes and standardize testing.
 •  Use specialty teams of nurses and anesthesiologists.
 •  Organize supply and equipment needs for easy room setup.
 •  Focus attention on room starts and turnover to create a culture 

of timeliness and efficiency.
 •  If you have a significant number of add-on cases, plan for an 

open room or be able to move cases to available time slots.
 •  Ensure that the communication pattern throughout the periop-

erative area informs all necessary individuals of case progression.

BOX 4-8 Keys to Increasing Operating Room 
Throughput
TABLE 4-4 OPERATING ROOM ASSESSMENT REPORT

Surgeon Cases Collection Avg Collection/Case OR Minutes Avg Minutes/Case Collection/OR Minute

Green 53 $43,116 $813 1150 22 $37.49
Jones 17 $16,802 $988 989 58 $16.99
Smith 10 $17,179 $1718 588 59 $29.22
Rogers 19 $11,947 $629 800 42 $14.93
Wilson 12 $13,341 $1112 1052 88 $12.69
Lynch 13 $7,398 $569 883 68 $8.38

OR, Operating room.
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have priorities that run counter to increased productiv-
ity.54 The OR nursing director may prioritize nursing rela-
tions and budgets that lead to more underutilized time 
and therefore lower productivity. For these reasons, it 
is essential that the physician and nursing OR directors 
develop a management style that benefits the function 
of this unit.

Making the cases flow smoothly takes several steps (Box 
4-9). The initial step is to review the schedule of cases the 
evening before and again the morning of surgery. These 
reviews should focus on identifying potential obstacles to 
patient flow such as delayed starts, surgeon preferences, 
and opportunities to deal with add-ons or changes. Dur-
ing the course of the day, the scheduler should frequently 
walk the “floor” in the OR to check on the status of room 
starts, case progression, and turnovers. Because surgical 
procedures have a high degree of variability, plans on 
how cases should proceed change frequently, and adapta-
tion is paramount. The OR should create a tracking sys-
tem to monitor the day’s progress and should be available 
for people working in the OR so they can see schedule 
adjustments including starts, completed cases, cancella-
tions, and add-ons.

Every OR has add-ons and case cancellations. As the 
number of add-ons and cancellations increases, so does 
the complexity of scheduling.55-57 There are no national 
benchmarks for schedule changes, but planning mea-
sures to keep add-on rates less than 12% and cancellation 
rates less than 4% will help to effectively and efficiently 
manage the schedule. Cancellation rates vary, based on 
patient population and surgical procedures, but are gen-
erally in the range of 6% to 9%.28 If an OR has a higher 
cancellation rate, staff should assess why this is taking 
place. One strategy to reduce cancellations is to evaluate 
patients in an organized and efficient preoperative clinic 
with standardized algorithms for further testing and eval-
uation. These clinics reduce delays and cancellations on 

 1.  Recheck the schedule the afternoon before surgery to look 
for potential difficulties and to identify opportunities.

 2.  Review the schedule early in the morning on the day of 
surgery and note cancellations and add-ons.

 3.  Ensure that rooms have accurate start times by walking 
through the OR suites.

 4.  Set expectations for surgical case progress by using bench-
mark case times if available.

 5.  Organize the turnover process to manage peak room 
changes from midmorning until early afternoon.

 6.  Develop a well-understood policy for working add-on cases 
into the schedule.

 7.  Look for open room time to move cases from late-running 
rooms or to move add-on cases into them.

 8.  Identify cancellations early and redeploy the room and per-
sonnel resources to complete other cases.

 9.  Set realistic staffing patterns to meet the surgical caseload 
demand. Use nonstandard shifts so that rooms do not have 
to be closed in the early afternoon.

 10.  Use a case-tracking system so that others can see where 
resources are needed to complete the caseload.

BOX 4-9 Ten Steps to Completing the Daily 
Schedule
the day of surgery.28 Box 4-10 shows some of the com-
mon issues in case cancellations.

Cancelled cases can significantly affect OR produc-
tivity and access to elective scheduling for cases. Recent 
reviews by Dexter et al. and Tung et al. have identified 
issues related to cancelled cases.58,59 Because the surgical 
schedule has so many changes with add-ons and cancel-
lations, it is unproductive to actively manage the surgical 
list before 2 days leading up to the day of surgery. Begin-
ning 2 days before surgery, the OR director should begin 
to look for opportunities to move cases and adjust the 
schedule to maximize filling rooms and decrease over-
utilized time. One predictor of the net added hours of 
surgery within the 2 days leading up to the day of surgery 
is the availability of open or underutilized time. The day 
before surgery the OR director should “sculpt” the sched-
ule to balance overutilized and underutilized rooms. If 
flexible staffing is an option for nursing staff, decisions 
on the number of nurses needed to limit overutilized time 
can be made. Some patient predictors for cancellations 
are number of missed clinic appointments, insurance sta-
tus, and patients not seen in the preoperative anesthesia 
clinic. Other factors identified that increase cancellations 
are surgical service (general surgery > gynecologic sur-
gery) and size of the hospital (large or academic facility > 
medium or small hospitals). In a German study, the most 
common causes for cancellations were organization/
resource based (overutilized time, emergency cases lack 
of ICU beds) followed by new medical issues discovered 
in patients.60

There should be a well-defined system for triage to 
improve the efficiency of performing add-on cases. 
Generally, the scheduled elective cases take precedence 
over add-on cases, but there are exceptions. Situa-
tions will arise in which an urgent or emergent case 
will delay or “bump” a planned elective case from the 
schedule. As a result, managing and scheduling urgent 
or emergent cases must also follow a well-understood 
system. Table 4-5 shows one algorithm used to handle 
emergency cases.

patieNt

Self-cancellation or no-show
Desired second opinion
Patient not NPO
Preferred transfer to another institution

surgeoN

Not available; busy with an emergency or another case
Decided surgery was not indicated
Patient needed further workup

aNestHesiologist

Patient needed further workup

Hospital

Nursing staff not available
Lack required equipment or implants for case
Scheduling error; wrong date for surgery
Lack beds; ICU at capacity
  

BOX 4-10 Common Case Cancellation Issues

ICU, intensive care unit; NPO, nothing by mouth.
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Surgeons often help control add-on placement by 
scheduling OR availability during specific days. If a group 
or division of surgeons is busy, they may have set OR 
days when they are available for surgical procedures and 
other days when they are committed to clinic visits and 
are unavailable. Often, the surgeons’ add-on cases are self-
channeled into days on which they are already using the 
OR. In this situation, the add-ons should be scheduled 
into that surgeon’s preexisting room. If a hospital system 
has a large number of add-ons that surgeons must perform 

TABLE 4-5 ADD-ON CASE MANAGEMENT

Emergency Urgent Elective

Come to the OR 
within 30 min

Come to the OR within 
2 hr

No time 
constraints

Example: 
gunshot to the 
abdomen

Example: appendectomy 
or ectopic pregnancy

Example: 
revision 
dialysis shunt

Place in any open 
room

Place in available staffed 
open block room 
or in room with 
cancellations.

Follow elective 
cases in first 
available 
room.

If no room is 
open, bump 
any room that 
is turned over 
and ready

If no room is open, bump 
the posting surgeon’s 
elective cases.

If posting surgeon has no 
room available, bump 
same surgical division.

If no cases within same 
surgical division, bump 
room with the shortest 
surgical list.

OR, Operating room.
at the end of the elective schedule late in the day, the OR 
should be scheduled to properly staff and support these 
times. Nursing shifts using the traditional 8-hour (7:00 am 
to 3:00 pm) shift may need to be modified to cover late 
rooms by creating either 12-hour shifts (7:00 am to 7:00 pm) 
or staggered shifts (10:00 am to 6:00 pm). Anesthesiology 
departments must also address coverage of this off-peak 
OR time. If a hospital had a large number of add-ons that 
are urgent, such as is frequently seen with trauma centers, 
consideration for keeping one or more rooms unblocked 
but staffed for urgent add-ons may be successful.

Despite the best planning, the daily schedule is often 
challenging because cases are unpredictable. A good 
rapport among schedulers and surgeons is helpful in 
diffusing potential scheduling conflicts. Macario’s11 
article on game theory creates an interesting analogy of 
these interactions as they apply to the OR. This perspec-
tive can be helpful in scheduling efficiently and seeking 
support for organizational success. Routine reviews of 
utilization reports and the daily schedule are important 
to identify opportunities for improvement, including 
decreasing underutilized OR time (Figs. 4-3 and 4-4). 
Regardless of the desire to run the schedule efficiently, 
the quality of a patient’s care should always remain the 
top priority.

ANESTHESIA SERVICE

It is important for OR directors to include anesthesia ser-
vice management in their scope of OR management. If 
an OR director succeeds in streamlining and maximizing 
the efficiency of the OR, productivity within the anesthe-
sia service will also increase. Better OR scheduling, on-
time starts, efficient turnovers, and proper management 
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Figure 4-3. An example of schedule utilization.
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Figure 4-4. Improved schedule utilization.
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of add-ons and cancellations will result in concomitant 
improvement in anesthesia service utilization.

The two main components of anesthesia service man-
agement involve personnel issues and pharmaceutical 
costs. Anesthesia-related costs represent 3% to 5% of 
the total health care expenditures in the United States.61 
Although most of these costs involve personnel,62 anes-
thesia-related drugs comprise the majority of the 20 most 
costly drugs used in the hospital.

Optimal staffing patterns for providing anesthesia cov-
erage for the surgical schedule63 are a frequent point of 
discussion. Staffing coverage depends on provider avail-
ability and local conditions. The benefits of physician-
only versus concurrent supervision of multiple providers 
are not clear cut.64 ORs must also consider the require-
ments for specialty teams to cover areas such as cardiac, 
organ transplant, obstetric, trauma, and pediatric cases, 
which may limit the ability to maximize staff utiliza-
tion. Supervision ratios may affect first-case starts and 
quality.65 Today, more anesthesia groups are negotiating 
financial support from hospitals for added call coverage 
for these specialty teams. There are several models for 
calculating this support, with the intent of benefitting 
both the anesthesia group and the hospital. Within the 
anesthesia group, there are also models described that 
focus on mission-based compensation that can lead to 
increased productivity.66,67

As a result of growing pressure to quantify anesthesia 
output, ORs have refined the measurement of anesthe-
sia productivity.68,69 Methods to track anesthesia output 
have evolved from simple availability to more sophisti-
cated measurements of production and call coverage.70,71 
Clear differences exist between academic and private set-
tings. Abouleish et al.69 and colleagues showed that an 
anesthesiologist in an academic setting needed to work 
30% longer than one in private practice to generate the 
same level of billable services (7.8 hours versus 6.0 hours). 
Development of incentive plans can be useful to improve 
productivity and retain physicians.72,73 Anesthesia drugs 
are expensive and are a frequent focus for reducing hospi-
tal expenses.74 Overall, pharmaceutical costs approximate 
5.6% of a hospital’s total operating costs. Anesthesia drugs 
represent 22% of the total pharmacy costs.75 Newly devel-
oped anesthesia drugs often have significantly higher 
costs (muscle relaxants, narcotics, antiemetics). Although 
these drugs may appear to be cost effective by improv-
ing patient throughput (decrease OR or PACU times) or 
increasing patient satisfaction (faster discharge, less post-
operative nausea and vomiting), studies have been incon-
sistent in demonstrating those benefits.76 Because there 
are many variables that contribute to change in resource 
utilization and drug cost, true assessment of the resulting 
changes from drug choices is difficult. It is also difficult 
to assess the fixed versus variable costs of those changes. 
If anesthesia-controlled costs represent 6% of the total 
cost for a surgical patient, it is likely that half of these 
costs are fixed. ORs can modify the remaining 3% of costs 
(drugs and supplies); however, experience has shown that 
intensive restructuring of anesthesia drug use only results 
in small reductions in overall pharmacy costs. In many 
cases, the savings are difficult to sustain and ORs return 
to previous drug choices.75
OPERATING ROOM QUALITY AND 
PATIENT SAFETY (Also See Chapters 6 and 7)

QUALITY MEASURES

Hospital care is particularly expensive in the United 
States, but the increased expense does not lead to uniform 
or improved outcomes. Federal and private groups have 
suggested ways to improve quality with standardized care 
and reporting of measure outcomes. The Surgical Care 
Improvement Project (SCIP) identifies several measures 
designed to reduce surgical site infections. Tracking these 
measures and achieving their benchmarks is increasingly 
being tied to payment, as well as being used to gain market 
share. Government programs such as Pay-for-Performance  
are also used to drive standardized care, with the goal of 
leading to improved outcomes at lower costs. The Afford-
able Care Act that overhauled the approach to health 
care in the United States has numerous provisions that 
deal with reporting and following best practices. Because 
many of these regulations involve surgical patients and 
activities in the OR, the OR director must ensure that 
compliance and strategies lead to success in meeting these 
expectations. The Centers for Medicare and Medicaid Ser-
vices (CMS) and The Joint Commission use these regula-
tions in evaluating a hospital for accreditation purposes. 
The OR director must be familiar with these regulations 
and facilitate data collection and compliance. Because the 
OR director is knowledgeable of OR function and poli-
cies, they occupy a lead role in site visits by these outside 
agencies.

Operating room activities are complex and critical to 
the delivery of health care. A large number of agencies 
and regulations oversee how an OR functions. The OR 
director must be familiar with these various agencies and 
regulations to ensure compliance within the OR. Box 
4-11 lists these entities.

The OR director must focus on meeting the regula-
tory requirements for hospital accreditation. Patient and 
employee safety (infective agents, fire safety, laser safety, 
electrical safety) and proper use and tracking of drugs and 
medical devices are also important areas of focus. State 
and local regulations, as well as hospital policies, have 

 •  The Joint Commission
 •  Accreditation Association for Ambulatory Healthcare (AAAH)
 •  Drug Enforcement Administration (DEA)
 •  Food and Drug Administration (FDA)
 •  Centers for Disease Control and Prevention (CDC)
 •  Department of Health and Human Services (DHHS)
 •  Centers for Medicare and Medicaid Services (CMS)
 •  Occupational Safety and Health Administration (OSHA)
 •  American National Standards Institute (ANSI)
 •  National Fire Protection Association (NFPA)
 •  National Committee for Quality Assurance (NCQA)
 •  National Academy of Sciences/Institute of Medicine
 •  Safe Medical Devices Act
 •  Health Insurance Portability and Accountability Act (HIPAA)

BOX 4-11 Operating Room Agencies  
and Regulators
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specific requirements for the OR. Privileging and moni-
toring the quality of outcomes for physicians in the OR 
are paramount. Internal data collection and quality mea-
sures should be designed to demonstrate the performance 
of individual physicians and the OR.

CHECKLISTS

The focus on improving quality in the OR has led to the 
concept of using checklists to ensure best practices are fol-
lowed.77 Atul Gawande popularized this in the book The 
Checklist Manifesto. The use of checklists has been proven 
to improve safety in the airline and space industries. The 
World Health Organization has also adopted the plan to 
increase the use of checklists to reduce errors. Because the 
OR involves interactions among nursing, surgery, and 
anesthesia personnel working in a complex environment 
under production pressures, errors occur too frequently. 
Checklists are used to prevent things such as wrong-site 
surgery or identification of drug allergies. The OR director 
should balance the number of items on checklists with 
maintaining efficiency and quality in this unit.

ELECTRONIC MEDICAL RECORDS

With new federal regulations concerning medical infor-
mation, the use of electronic record keeping has accel-
erated. Requirements that all patient information be 
readily available have caused hospitals to spend consider-
able amounts of their budgets for this support. The OR 
generates a large amount of data that presents challenges 
to electronic systems to organize and capture.78 These 
anesthesia information management systems (AIMS) 
can be an effective way to increase compliance, demon-
strate quality, and improve outcomes.79,80 They can be 
designed to provide prompts when important points of 
care arise, such as antibiotic administration. The accu-
racy of these systems to capture data and potential errors 
in recording care have led to concerns about how these 
new systems will benefit anesthesia groups. But as AIMS 
become more refined and automated, they offer the OR 
director a tremendous source of data to track compliance 
and outcomes.

COST ACCOUNTING IN THE OPERATING 
ROOM

Financially managing the OR is a difficult task. Most phy-
sicians have not had a formal business education and 
are unfamiliar with OR financial management concepts. 
Health care in the United States is a complicated finan-
cial industry, with 17.6% of the gross domestic product 
devoted to it.

The concept of management control in nonprofit orga-
nizations is becoming more sophisticated.81 Financial 
management of the OR is analogous to running a busi-
ness.82,83 A hospital can classify an OR as an expense cen-
ter or a profit center. If it is an expense center, attempts 
to improve the financial position of the hospital would 
focus on minimizing costs. If, however, the OR is a profit 
center, the OR director must pay attention to the margin 
between costs and revenues and attempt to maximize 
profit. It is essential for hospitals to focus on the finan-
cial performance of the OR. The OR averages 40% of the 
total costs of a hospital, but it is responsible for as much 
as 70% of the revenue.1 As ambulatory health care activ-
ity has moved out of the hospital, many hospitals have 
become primarily tertiary care surgical facilities. Man-
aging costs and increasing revenue in the OR will result 
in a hospital with strong profitability and the ability to 
expand its health care delivery services.

The OR director needs a basic understanding of cost 
accounting to ensure effective OR decision making. Cost 
accounting focuses on understanding the costs of run-
ning the OR to determine an optimal price for services. 
Hospital management should use the information that 
cost accounting provides to plan and control activities, to 
make strategic decisions, and to improve the quality and 
efficiency of services in the OR. Box 4-12 contains a list of 
accounting terms.

It is important to recognize the difference between 
costs and charges. Costs include all of the fixed and 
variable expenses associated with a specific procedure. 
Charges are the sum of all the costs plus the amount of 
profit over the costs that the hospital bills to insurers. In 
the 1970s and 1980s, most hospitals used the theory of 
cost-plus billing. In cost-plus billing, the hospital added 
an amount of money (profit) to the costs for a procedure. 
It submitted the resulting charge to insurers. However, 
as reimbursements declined, insurers began to contract 
services for a specific price, regardless of the hospital’s 
costs for that service. The ratio of costs to charges varied 
widely for different services throughout the hospital.1 For 
example, the cost-to-charge ratios at Stanford Hospital 
were 0.29 for anesthesia, 0.50 for laboratory, and 0.92 for 
the surgery admission unit.1

Because of the arbitrary nature of assigning charges 
to a service, as well as the variable reimbursement, deci-
sions concerning OR management should use costs and 
not charges. Costs are either fixed or variable. Fixed costs 
(overhead) are costs that do not change in the short term 
regardless of the number of completed procedures. In the 
OR, these costs include rent or depreciation of the surgi-
cal suite, capital equipment in the OR, salaried employ-
ees, and administrative overhead (OR directors, medical 
records, admitting personnel). Fixed costs may change 
over longer periods if the hospital changes the number 

Charges: The fee listed for an item or procedure based on 
assumptions of resource consumption

Costs: The actual expenses incurred in delivery of a service
Fixed costs: Overhead; costs that do not change up or down over 

a finite period, regardless of the volume of activity
Variable costs: Costs that change directly up or down with 

changes in volume of activity
Profit: Revenue−costs (both fixed and variable)
Contribution margin: Revenue−variable costs
Capacity: Maximum amount of activity that a facility can deliver 

without increasing fixed costs

BOX 4-12 Operating Room Accounting 
Terminology
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of OR suites or the budgeted number of OR staff. Variable 
costs will increase or decrease directly with the level of sur-
gical activity. In the OR, variable costs include disposable 
supplies, sutures, linens, implants, and contracted labor. 
Fifty-six percent to 84% of OR costs are fixed.84 Short- and 
intermediate-term cost reductions will apply only to the 
variable portion of OR costs, representing a smaller part of 
the total OR costs as fixed costs remain unchanged.

The two methods to account for costs in the OR are 
either top-down or bottom-up. Top-down accounting 
uses cost-to-charge ratios to average and estimate the 
costs for a particular procedure. This is an easy and sim-
plified calculation but has critical disadvantages. Top-
down accounting is imprecise, and the ratio will vary 
because of changes in either costs or charges. This makes 
period-to-period comparisons difficult because it is diffi-
cult to isolate whether the cost-to-charge ratio trend is a 
result of changes in costs, charges, or a combination of 
both. Bottom-up accounting (microcosting) is more pre-
cise, requiring a detailed measurement of all the expenses 
for a procedure. Bottom-up accounting also requires clas-
sifying costs as fixed or variable, which makes decision-
making easier in OR planning.

Profit for the OR is equal to the total revenues minus 
the total costs. The OR must produce profit to pay for 
other areas within the hospital (e.g., emergency depart-
ment) that operate at a loss. However, in assessing 
changes in surgical activity, the “contribution margin” 
is more important. Contribution margin is equal to the 
total revenues minus the variable costs. A larger contribu-
tion margin indicates that more money is available to pay 
the overall fixed costs of the institution.

A specific example of OR cost analysis is provided in 
the 1999 review of costs by Macario.84 In the review, 
he found that the majority of costs for care of a patient 
undergoing laparoscopic cholecystectomy occurred in 
the OR.84 The OR (37%), anesthesia (7%), PACU (6%), 
and OR-related laboratory and pharmacy costs accounted 
for more than 50% of the total hospital costs. For any OR 
procedure, most of the costs occur in the first hour of the 
case. These costs include room preparation, opening basic 
supplies, linens, and use of instruments or implants for 
the procedure. Subsequent time in the OR is less expen-
sive and consists primarily of labor costs. Using a detailed 
analysis, Macario84 established that the basic costs of an 
OR, exclusive of procedure-specific needs (e.g., trocars 
or implants), was $13.54 per minute. Of this amount, 
62% of the costs were fixed and 38% were variable. Cost-
savings measures (i.e., changing physician practice) will 
affect only the variable costs of this expense. OR costs 
vary by institution, depending on labor and overhead 
costs.85,86 Ambulatory surgical facilities, with reduced 
overhead, may have overall OR costs that are 20% less 
than traditional hospital facilities.

The potential benefit of cost analysis is illustrated by 
considering the amount of costs that can be reasonably 
reduced. For example, anesthesia costs, such as machine 
depreciation, supplies, and drugs, average 6% of the total 
hospital costs for a procedure.1 Of these costs, approxi-
mately 50% are fixed and 50% are variable. To reduce 
overall anesthesia costs in the OR, a hospital can only 
modify the variable part of the anesthesia costs. Therefore, 
it is only possible to manage 3% of the total hospital costs 
when reviewing the anesthesia practice for cost savings. 
The PACU is also an area with high fixed costs—up to 
67% of the total PACU costs.1 For this reason, opportuni-
ties for large cost reductions in the PACU by changing 
practice are difficult.

The largest variable costs associated with health care 
and the OR are personnel costs.87 The unpredictable nature 
of the surgical volume, as well as late-running cases, may 
lead to increased labor costs. The Fair Labor Standards 
Act requires overtime wages of 150% of regular wages 
for hours worked over 40 per week. As a result, person-
nel costs increase significantly with poorly planned labor 
use in the OR. Strategies to minimize overtime including 
using 12-hour shifts, staggering nurse work times, and 
creating greater scheduling control will help reduce these 
labor costs. Careful analysis of nursing requirements and 
the creation of optimal staffing patterns can have a sig-
nificant impact on OR costs.88.89

Studies on the contribution margin of individual sur-
geons to the hospital have shown that nearly all surgeons 
have a positive contribution margin.49,90 However, the 
difference in the contribution margin between surgeons 
varies greatly, in some cases by as much as 1000%.91 To 
improve profitability for the OR, efforts to increase the 
volume of highly profitable surgeons will have the great-
est impact. However, before assigning more OR time 
to these surgeons, several questions must be addressed. 
Will the surgeon’s utilization decrease if volume or OR 
time is increased? Do the surgeon’s cases require hospital 
resources (ICU beds, specialty nursing) that have limited 
capacity? Does the system have enough overall capac-
ity (OR rooms, nurses, anesthesia coverage) to increase 
volumes of services and hold fixed costs neutral? If an 
additional volume of cases requires building more infra-
structure (new rooms or more OR nurses), the fixed costs 
will increase and negate profit. Clear, accurate informa-
tion is necessary for the OR director to track costs and 
make rational decisions to improve OR performance.

SUMMARY

Operating rooms are complex environments that are 
vital to the success of hospitals. Hospitals have reevalu-
ated OR management structures to improve efficiency 
while emphasizing quality and cost. Redesigning OR 
governance has been essential in addressing the changes 
required to make ORs run more effectively. Such redesign 
has resulted in an increasing trend to place overall respon-
sibility in the hands of a single person, the OR director.

The OR director must understand OR economics 
and use sound strategies for cost control and revenue 
enhancement. A comprehensive OR information sys-
tem that can capture and organize OR data is essential 
for the OR director. Hospitals set targets for perfor-
mance, and regulatory organizations set quality mea-
sures for the OR. Information systems help monitor 
whether the OR is meeting these targets and standards. 
Detailed data are required for instituting a successful 
business plan for the OR and implementing changes in 
how the OR functions.
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The OR director’s position has evolved into a broad and 
encompassing role as a manager of the perioperative pro-
cess. The director must focus efforts on ensuring smooth, 
efficient throughput of patients in the perioperative area. 
Accurate scheduling, on-time OR starts, efficient turnover, 
and proper surgical case management are critical to the 
success of running the surgical schedule. OR directors must 
develop strategies to manage surgical schedule variability 
as a result of add-ons, emergency cases, and cancellations. 
They must also construct systems to control surgical and 
anesthesia costs. Although the challenges in making an 
OR function optimally are great, the benefits of an efficient 
and successful OR are critical to the hospital, to anesthesi-
ologists, and to surgeons who work in this environment.
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Room ready: Time when the room is cleaned and supplies and 
equipment necessary for beginning of next case are present.

Start time: Patient in room time.
Preparation completed: Time at which prepping and draping have 

been completed and patient is ready for the procedure or sur-
gery to start.

Case time: Time from room setup start to room cleanup finished. 
This definition includes all the time for which a given procedure 
requires an OR. It allows for the different duration of room setup 
and room cleanup times that occur because of the varying supply 
and equipment needs for a particular procedure.

Turnover time: Time from prior patient out of room to succeeding 
patient in room for sequentially scheduled cases.

Resource hours: Total number of hours scheduled to be available for 
performance of procedures (i.e., the sum of all available block 
time and open time).

Block time: Hours of OR time reserved for a given service or sur-
geon. Within a defined cutoff period (e.g., 72 hours before day 

of surgery), this is time into which only the given service may 
schedule.

Open time: Hours of OR time not reserved for any particular service, 
into which any service or surgeon may schedule according to the 
rules established by the given institution.

Raw utilization: For the system as a whole, this is the percent of 
time that patients are in the room during resource hours. For 
an individual service, this is the percent of its block time during 
which it has a patient in the OR.

Adjusted percentage: (In-own block hours + Outside-own block 
hours × 100 per block time)

Service utilization: This measures the percentage of time a service 
uses its block time during resource hours. It is adjusted com-
pared with raw utilization, in that it gives a service “credit” for 
the time necessary to set up and clean up a room, during which 
time a patient cannot be in the room. It may exceed 100% 
because of the inclusion of cases performed during resource 
hours that are outside-own block hours.

APPENDIX 4-2 Selected Items From the Procedural Times Glossary of the American Association of 
Clinical Directors

OR, Operating room.

 I.  Responsibilities to the Department of Anesthesiology
 A.  Personnel management
 1.  Long-term faculty scheduling
 2.  Daily faculty/resident/certified registered nurse anesthetist 

assignments; assurance of comprehensive resident case 
exposure/coordination with program director

 3.  Staffing calculations and planning; recommendations to 
chairman

 4.  Creation of management team representing all clinical 
aspects of the department

 B.  Subspecialty coverage
 1.  Develop appropriate faculty daily and on-call coverage
 2.  Participate in resident subspecialty rotation development
 C.  Daily operations
 1.  Early morning review of schedule
 2.  Morning clinical/staffing conference
 3.  Assignment changes during the day
 4.  Chief arbiter of clinical and interstaff disputes
 D.  Participative roles (with significant institutional variations)
 1.  Preoperative evaluation clinic/preadmission testing procedure
 2.  Anesthesia equipment/monitoring
 3.  Quality assurance/quality management process
 4.  Disaster planning
 E.  Evaluation and promotion of the clinical director
 1.  Clinical management–oriented job may require special 

criteria
 2.  Clinical tract appointment most appropriate
 3.  Teaching time may be limited
 4.  Research areas may exist in management and statistical 

and clinical studies
 II.  Responsibilities to the OR/Hospital/Medical Staff
 A.  Scheduling and data collection
 1.  Daily review/final arbiter of OR scheduling

 2.  Supervisor of scheduling/data processing personnel
 3.  Enforce scheduling policy
 4.  Management of OR utilization data and submission of 

reports to appropriate governing body
 B.  Communications center (OR desk)
 1.  Establish practices that provide expeditious service
 2.  Supervise OR desk personnel
 C.  Clinical director’s role with OR nurses, PACU nurses, and sup-

port staff (with significant institutional variation)
 1.  Leadership and supervisory role for OR personnel
 2.  Strong working relationship with nursing hierarchy and 

hospital administration
 3.  May function as OR manager with budgetary, materials 

management, and quality assurance functions
 D.  Chief liaison to:
 1.  Hospital administration (formal position)
 2.  Nursing administration
 3.  OR committee (may serve as chairman of the committee); 

authority must be delegated from surgical and anesthesi-
ology departments and hospital administration

 E.  Basic support from hospital administration
 1.  Office, secretary, scheduler, and other personnel as 

necessary
 2.  Financial subsidy may be appropriate
 3.  Administrative authority
 III.  General Qualifications
 A.  Seniority, appropriate academic rank—associate or professor 

level may facilitate the role
 B.  Clinical proficiency/commitment—being respected for clini-

cal abilities is a significant attribute
 C.  Educational qualifications—formal training or experience 

in negotiation and interpersonal relationships and business 
administration may be desirable

  

APPENDIX 4-1 Guidelines for the Role of the Clinical Director of Anesthesiology and Director  
of the Operating Rooms

OR, Operating room; PACU, postanesthesia care unit.



RefeRences

 1.  Macario A, Vitez TS, Dunn B, et al: Where are the costs in periop-
erative care? Anesthesiology 83:1138-1144, 1995.

 2.  Mazzei WJ: Maximizing operating room utilization: A landmark 
study, Anesth Analg 89:1-2, 1999.

 3.  Hospital’s bottom line is suffering, OR Manager 16:32, 2000.
 4.  Sexton J, Makary M, Tersigni, et al: Teamwork in the operating 

room, Anesthesiology 105:877-884, 2006.
 5.  Orkin F: No patient left behind, Anesthesiology 105:869-870, 2006.
 6.  Lingard L, Reznick R, Espin S, et al: Team communications in the 

operating room: talk patterns, sites of tension and implications for 
novices, Acad Med 77:232-237, 2002.

 7.  Szokol JW: Administrative support survey results, AACD Newsletter, 
Summer, 2002.

 8.  Marco AP: Game theoretic approaches to operating room manage-
ment, Am Surg 68:454-462, 2002.

 9.  Dexter F, Ledolter J, Tiwari V, Epstein R: Value of a scheduled dura-
tion quantified in terms of equivalent numbers of historical cases, 
Anesth Analg 117:205-210, 2013.

 10.  Eijkemans MJ, van Houdenhoven M, Nguyen T, et al: Predicting 
the unpredictable, Anesthesiology 112:41-49, 2010.

 11.  Macario A: Truth in scheduling: is it possible to accurately pre-
dict how long a surgical case will last? Anesth Analg 108:681-685,  
2009.

 12.  Dexter F, Davis M, Halbeis C, et al: Mean operating room times dif-
fer by 50% among hospitals in different counties for laparoscopic 
cholecystectomy and lung lobectomy, J Anesthesia 20:319-322, 
2006.

 13.  Strum DP, May JH, Sampson AR, et al: Estimating times of surgeries 
with two component procedures, Anesthesiology 98:232-240, 2003.

 14.  Strum DP, May JH, Vargas LG: Modeling the uncertainty of surgical 
procedure times, Anesthesiology 92:1160-1167, 2000.

 15.  Dexter F, Dexter EU, Masursky D, Nussmeier N: Systematic review 
of general thoracic surgery articles to identify predictors of operat-
ing room case durations, Anesth Analg 106:1232-1241, 2008.

 16.  Dexter F, Dexter EU, Ledolter J: Influence of procedure classifica-
tion on process variability and parameter uncertainty of surgical 
case durations, Anesth Analg 110:1155-1163, 2010.

 17.  Stepaniak PS, Heij C, Mannaerts GHH, et al: Modeling procedure 
and surgical times for current procedural terminology-anesthesia-
surgeon combinations and evaluation in terms of case-duration 
prediction and operating room efficiency: a multicentre study, 
Anesth Analg 109:1232-1245, 2009.

 18.  Abouleish AE, Hensley SL, Zornow MH, et al: Inclusion of turn-
over time does not influence identification of surgical services that 
over- and underutilize allocated block time, Anesth Analg 96:813-
818, 2003.

 19.  Tiwari V, Dexter F, Rothman B, et al: Explanation for the near-
constant mean time remaining in surgical cases exceeding their 
estimated duration, necessary for appropriate display on electronic 
white boards, Anesth Analg 117:487-493, 2013.

 20.  Dexter F, Marcario A: When to release allocated operating room 
time to increase operating room efficiency, Anesth Analg 98:758-
762, 2004.

 21.  Dexter F, Traub R, Marcario A: How to release allocated operat-
ing room time to increase efficiency: predicting which surgical ser-
vice will have the most underutilized operating room time, Anesth 
Analg 96:507-512, 2003.

 22.  Strum DP, Vargas LG, May JH: Surgical subspecialty block utiliza-
tion and capacity planning, Anesthesiology 90:1176-1185, 1999.

 23.  Dexter F, Lodolter J, Wachtel R: Tactical decision making for selec-
tive expansion of operating room resources incorporating financial 
criteria and uncertainty in subspecialties’ future workloads, Anesth 
Analg 100:1425-1432, 2005.

 24.  Dexter F, Macario A, Traub RD, et al: An operating room schedul-
ing strategy to maximize the use of operating room block time: 
computer simulation of patient scheduling and survey of patients’ 
preferences for surgical waiting time, Anesth Analg 89:7-20, 1999.

 25.  Donham RT, Mazzei WJ, Jones RL: Glossary of times used for 
scheduling and monitoring of diagnostic and therapeutic proce-
dures, Am J Anesthesiol 22:4-12, 1997.

 26.  Sulecki L, Dexter F, Zura A, et al: Lack of value of scheduling pro-
cesses to move cases from a heavily used main campus to other 
facilities within a health care system, Anesth Analg 115:395-401, 
2012.
 27.  Escobar A, Davis E, Erenwerth J, et al: Task analysis of the preinci-
sion surgical period: an independent observer-based study of 1558 
cases, Anesth Analg 103:922-927, 2006.

 28.  Correll D, Bader A, Hull M, et al: Value of preoperative clinic visits 
in identifying issues with potential impact on operating room effi-
cacy, Anesthesiology 105:1254-1259, 2006.

 29.  Mathis M, Naughton N, Shanks A, et al: Patient selection for day-
eligible surgery, Anesthesiology 119:1310-1321, 2013.

 30.  Shelver SR, Winston L: Improving surgical on-time starts through 
common goals, AORN J 74:506-513, 2001.

 31.  Wang J, Dexter F, Yang K: A behavioral study of daily mean 
turnover times and first case of the day tardiness, Anesth Analg 
116:1333-1341, 2013.

 32.  Dexter EU, Dexter F, Masursky D, Garver MP, Nussmeier NA: Both 
bias and lack of knowledge influence organizational focus on first 
case of the day starts, Anesth Analg 108:1257-1261, 2009.

 33.  Ernst C, Szczesny A, Sonderstrom N, et al: Success of commonly 
used operating room management tools in reducing tardiness of 
first case of the day starts: evidence from German hospitals, Anesth 
Analg 115:671-677, 2012.

 34.  Dexter F, Epstein RH: Typical savings from each minute reduction 
in tardy first case starts, Anesth Anagl 108:1262-1267, 2009.

 35.  Wachtel RE, Dexter F: Influence of the operating room schedule on 
tardiness from scheduled start times, Anesth Analg 108:1889-1901, 
2009.

 36.  Wachtel RE, Dexter F: Reducing tardiness from scheduled start 
times by making adjustments to the operating room schedule, 
Anesth Analg 108:1902-1909, 2009.

 37.  Masursky D, Dexter F, Isaacson SA, et al: Surgeons’and anesthesiolo-
gists’ perceptions of turnover times, Anesth Anag 112:440-444, 2011.

 38.  Stepaniak P, Heij C, Buise M, et al: Bariatric surgery with operating 
room teams that stayed fixed during the day: a multicenter study 
analyzing the effects on patient outcomes, teamwork and safety cli-
mate, and procedure duration, Anesth Analg 115:1384-1392, 2012.

 39.  Dexter F, Epstein R, Marcon E, et al: Estimating the incidence of 
prolonged turnover times and delays by time of day, Anesthesiology 
102:1242-1248, 2005.

 40.  Segev D, Levi R, Sandberg WS: Modeling the impact of changing 
patient transport systems on perioperative process performance in 
a large hospital: insights from a computer simulation study, Health 
Care Manag Sci 15(2):155-169, 2012 June.

 41.  Ehrenfeld J, Dexter F, Rothman B, et al: Lack of utility of a decision 
support system to mitigate delays in admission from the operating 
room to the postanesthesia care unit, Anesth Analg 117:1444-1452, 
2013.

 42.  Dexter F, Epstein R: Increased mean time from end of surgery to 
operating room exit in a historical cohort of cases with prolonged 
time to extubation, Anesth Analg 117: 14523–1459, 2013.

 43.  Mazzei WM: Operating room start times and turnover times in a 
university hospital, J Clin Anesth 6:405–408, 1994.

 44.  Turnover time: Is all the study worth the effort? OR Manager 15:1-2, 
1999.

 45.  Dexter F, Abouleish AE, Epstein RH, et al: Use of operating room 
information system data to predict the impact of reducing turn-
over times on staffing costs, Anesth Analg 97:1119-1126, 2003.

 46.  Tyler D, Pasquariello C, Chen C: Determining optimum operating 
room utilization, Anesth Analg 96:1114-1121, 2003.

 47.   ORs benchmark activities for the day of surgery, OR Manager 16:8-11, 
2000.

 48.  Prahl A, Dexter F, Braun M, Van Swol L: Review of experimental 
studies in social psychology of small groups when an optimal 
choice exists and application to operating room management  
decision-making, Anesth Analg 117:1221-1229, 2013.

 49.  Macario A, Dexter F, Traub RD: Hospital profitability per hour 
of operating room time can vary among surgeons, Anesth Analg 
93:669-675, 2001.

 50.  Wachtel RE, Dexter F: Tactical increases in operating room block 
time for capacity planning should not be based on utilization, 
Anesth Analg 106:215-226, 2008.

 51.  Wachtel RE, Dexter F: Review of behavioural operations experi-
mental studies of newsvendor problems for operating room man-
agement, Anesth Analg 110:1698-1710, 2010.

 52.  McIntosh C, Dexter F, Epstein R: The impact of service-specific 
staffing, case scheduling, turnovers and first-case starts on anesthe-
sia group and operating room productivity: a tutorial using data 
from an Australian hospital, Anesth Analg 103:1499-1516, 2006.
72.e1

http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0465
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0465
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0470
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0470
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0475
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0480
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0480
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0485
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0490
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0490
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0490
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0495
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0495
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0500
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0500
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9070
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9070
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9070
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0510
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0510
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0515
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0515
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0515
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0520
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0520
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0520
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0520
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0525
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0525
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0530
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0530
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0535
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0535
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0535
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0540
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0540
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0540
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0545
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0545
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0545
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0545
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0545
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0550
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0550
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0550
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0550
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9075
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9075
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9075
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9075
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0560
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0560
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0560
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0565
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0565
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0565
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0565
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0570
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0570
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0575
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0575
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0575
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0575
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0580
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0580
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0580
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0580
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0585
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0585
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0585
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0590
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0590
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0590
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0590
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0595
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0595
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0595
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0600
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0600
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0600
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9080
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9080
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0610
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0610
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9085
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9085
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9085
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0620
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0620
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0620
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0625
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0625
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0625
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0625
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0630
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0630
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0635
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0635
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0635
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0640
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0640
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0640
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0645
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0645
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9090
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9090
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9090
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9090
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0655
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0655
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0655
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0660
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0660
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0660
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0660
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9095
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9095
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9095
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9095
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9100
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9100
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9100
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0675
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0675
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0680
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0680
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0685
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0685
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0685
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0690
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0690
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0695
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0695
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9105
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9105
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9105
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9105
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0705
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0705
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0705
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0710
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0710
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0710
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0715
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0715
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0715
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0720
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0720
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0720
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0720


References72.e2

 53.  Stepaniak PS, Mannaerts GHH, de Quelerij M, et al: The effect of 
the operating room coordinator’s risk appreciation on operating 
room efficiency, Anesth Analg 108:1249-1256, 2009.

 54.  Masursky D, Dexter F, Nussmeier NA: Operating room nursing 
directors’ influence on anesthesia group operating room produc-
tivity, Anesth Analg 107:1989-1996, 2008.

 55.  Dexter F, Maxbauer T, Stout C, et al: Relative influence on total 
cancelled operating room time from patients who are inpatients or 
outpatients preoperatively, Anesth Analg 118:1072-1080, 2014.

 56.  Epstein R, Dexter F: Rescheduling of previously cancelled surgi-
cal cases does not increase variability in operating room workload 
when cases are scheduled based on maximizing efficiency of use of 
operating room time, Anesth Analg 117:995-1002, 2013.

 57.  Ehrenfeld J, Dexter F, Rothman B, et al: Case cancellation rates 
measured by surgical service differ whether based on the number 
of cases or the number of minutes cancelled, Anesth Analg 117:711-
716, 2013.

 58.  Dexter F, Shi P: Epstein RH: Descriptive study of case scheduling 
and cancellations within 1 week of the day of surgery, Anesth Analg 
115:1188-1195, 2012.

 59.  Tung A, Dexter F, Jakubczyk S, et al: The limited value of sequenc-
ing cases based on their probability of cancellation, Anesth Analg 
111:749-756, 2010.

 60.  Schuster M, Neumann C, Neumann K, et al: The effect of hospital 
size and surgical service on case cancellation in elective surgery: 
results from a prospective multicentre study, Anesth Analg 113:578-
585, 2011.

 61.  Klein JD: When will managed care come to anesthesia? J Healthcare 
Finance 23:62-86, 1997.

 62.  Glance LG: The cost effectiveness of anesthesia workforce models: 
a simulation approach using decision-analysis modeling, Anesth 
Analg 90:584-592, 2000.

 63.  Eappen S, Flanagan H, Bhattacharyya N: Introduction of anesthesia 
resident trainees to the operating room does not lead to changes in 
anesthesia-controlled times for efficiency measures, Anesthesiology 
101:1210-1214, 2004.

 64.  Abenstein J, Long K, McGlinch B, et al: Is physician anesthesia 
cost-effective? Anesth Analg 98:750-757, 2004.

 65.  Epstein RH, Dexter F: Influence of supervision ratios by anesthe-
siologists on first-case starts and critical portions of anesthetics, 
Anesthesiology 116:683-691, 2012.

 66.  Reich DL, Galati M, Krol M, et al: A mission-based productivity 
compensation model for an academic anesthesiology department, 
Anesth Analg 107:1981-1989, 2008.

 67.  Dexter F, Epstein RH: Calculating institutional support that ben-
efits both the anesthesia group and hospital, Anesth Analg 106:544-
553, 2008.

 68.  Feiner JR, Miller RD, Hickey RF: Productivity versus availability as a 
measure of faculty clinical responsibility, Anesth Analg 93:313-318, 
2001.

 69.  Abouleish AE, Prough DS, Barker SJ, et al: Organizational factors 
affect comparisons of the clinical productivity of academic anes-
thesiology departments, Anesth Analg 96:802-812, 2003.

 70.  van Oostrum JM, Houdenhoven M, Vrielink MMJ, et al: A simulation 
model for determining the optimal size of emergency teams on call in 
the operating room at night, Anesth Analg 107:1655-1662, 2008.

 71.  Abouleish A, Dexter F, Epstein R, et al: Labor costs incurred by 
anesthesiology groups because of operating rooms not being allo-
cated and cases not being scheduled to maximize operating room 
efficiency, Anesth Analg 96:1109-1113, 2003.
 72.  Miller R, Cohen N: The impact of productivity-based incentives 
on faculty salary-based compensation, Anesth Analg 101:195-199, 
2005.

 73.  Abouleish A, Apfelbaum J, Prough J, et al: The prevalence and  
characteristics of incentive plans for clinical productivity among 
academic anesthesiology programs, Anesth Analg 100:493-501, 
2005.

 74.  Gillerman RG, Browning RA: Drug use inefficiency: a hidden source 
of wasted health care dollars, Anesth Analg 91:921-924, 2000.

 75.  Johnstone RE: Strategies to control anesthetic practice costs, Int 
Anesthesiol Clin 36:59-63, 1998.

 76.  Jackson T, Myles PS: Part II: total episode costs in a randomized, 
controlled trial of the effectiveness of four anesthetics, Anesth 
Analg 91:1170-1175, 2000.

 77.  Gawande A: The checklist manifesto: how to get things right, New 
York, 2009, Picador.

 78.  Muravchick S, Caldwell JE, Epstein RW, et al: Anesthesia infor-
mation management system implementation: a practical guide, 
Anesth Analg 107:1598-1608, 2008.

 79.  Stol I, Ehrenfeld J, Epstein R: Technology diffusion of anesthe-
sia information management systems into academic anesthesia 
departments in the United States, Anesth Analg 118:644-650, 2014.

 80.  Ehrenfeld JM, Epstein RH, Bader S, et al: Automatic notification 
mediated by anesthesia information management systems reduce 
the frequency of prolonged gaps in blood pressure documentation, 
Anesth Analg 113:356-363, 2011.

 81.  Anthony RN, Young DW, editors: Management control in nonprofit 
organizations, ed 7, Boston, 2003, McGraw-Hill Irwin.

 82.  Canales MG, Macario A, Krummel T: The surgical suite meets the 
new health economy, J Am Coll Surg 192:768-776, 2001.

 83.  Viapiano J: Determining the costs of surgical operations, Semin 
Anesthesiol Periop Med Pain 18:310-321, 1999.

 84.  Macario A: How do hospitals account for costs in the operating 
room? Can anesthesiology make a difference? Curr Rev Clin Anesth 
19:193-204, 1999.

 85.  Abouleish A, Dexter F, Whitten C, et al: Quantifying net staffing 
costs due to longer-than-average surgical case durations, Anesthesi-
ology 100:403-412, 2004.

 86.  Schuster M, Standl T, Wagner J, et al: Effect of different cost drivers 
on cost per anesthesia minute in different anesthesia subspecial-
ties, Anesthesiology 101:1435-1443, 2004.

 87.  Macario A, Dexter F: Effect of compensation and patient schedul-
ing on OR labor costs, AORN J 71:860-869, 2000.

 88.  Lucas CE, Beuchter KJ, Coscia RL, et al: Mathematical modeling to 
define optimum operating room staffing needs for trauma centers, 
Am Coll Surg 192:559-565, 2001.

 89.  Dzoljic M, Zimmerman M, Legemate D, et al: Reduced nurse work-
ing time and surgical productivity and economics, Anesth Analg 
97:1127-1132, 2003.

 90.  Dexter F, Lubarsky DA, Blake JT: Sampling error can significantly 
affect measured hospital financial performance of surgeons and 
resulting operating room time allocations, Anesth Analg 95:184-
188, 2002.

 91.  Dexter F, Ledolter J: Managing risk and expected financial return 
from selective expansion of operating room capacity: mean-vari-
ance analysis of a hospital’s portfolio of surgeons, Anesth Analg 
97:190-195, 2003.

http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0725
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0725
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0725
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0730
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0730
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0730
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9110
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9110
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9110
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9115
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9115
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9115
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9115
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9120
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9120
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9120
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9120
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0750
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0750
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0750
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0755
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0755
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0755
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0760
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0760
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0760
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0760
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0765
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0765
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0770
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0770
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0770
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0775
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0775
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0775
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0775
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0780
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0780
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0785
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0785
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0785
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0790
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0790
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0790
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0795
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0795
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0795
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0800
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0800
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0800
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0805
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0805
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0805
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0810
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0810
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0810
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0815
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0815
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0815
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0815
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0820
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0820
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0820
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0825
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0825
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0825
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0825
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0830
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0830
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0835
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0835
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0840
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0840
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0840
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0845
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0845
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0850
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0850
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0850
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9125
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9125
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref9125
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0860
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0860
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0860
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0860
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0865
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0865
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0870
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0870
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0875
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0875
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0880
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0880
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0880
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0885
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0885
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0885
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0890
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0890
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0890
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0895
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0895
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0900
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0900
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0900
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0905
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0905
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0905
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0910
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0910
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0910
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0910
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0915
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0915
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0915
http://refhub.elsevier.com/B978-0-7020-5283-5.00004-7/ref0915


C h a p t e r  5

Medical Informatics
C. WILLIAM HANSON

K e y  P o i n t s

 •  A computer’s hardware serves many of the same functions as those of the 
human nervous system, with a processor acting as the brain and buses acting 
as conducting pathways, as well as memory and communication devices. 
Clinical information systems and most medical devices have computers as a core 
component of the instrumentation.

 •  The computer’s operating system serves as the interface or translator between its 
hardware and the software programs that run on it, such as the browser, word 
processor, and e-mail programs. The software used to support medical informatics 
allows the computers to manage information for clinical uses, including manipulating 
the data to optimize patient care and communication among providers.

 •  The hospital information system includes a network of interfaced subsystems, 
both hardware and software, that are integrated to serve the multiple computing 
requirements of a hospital or health system, including business services 
(scheduling, admissions, discharge, and financial transactions) and clinical services 
(electronic health record [EHR], order entry systems, laboratory and radiology 
studies, and other clinical information).

 •  An EHR is a computerized record of patient care that gives a comprehensive 
overview of all clinical problems and their management and medical reconciliation, 
and it replaces the traditional paper record.

 •  Computerized provider order entry (CPOE) systems are designed to minimize 
errors in ordering, increase patient care efficiency, and provide decision support 
at the point of entry. CPOE systems ensure that the care provided to the patient 
is safe and takes into account underlying medical conditions, minimizes the 
likelihood of duplicate ordering, addresses incompatibilities of medications, and 
reduces redundancies.

 •  Decision support systems (DSSs) can give health care providers descriptions of 
current clinical practices, disseminate best-practice protocols, and provide up-to-
date information on diseases and their management. DSSs also can be used to act 
or to automatically intervene in patient care when appropriate and assist patients 
in managing their clinical problems.

 •  The Health Insurance Portability and Accountability Act is a comprehensive piece of 
legislation designed in part to enhance the privacy and security of computerized 
patient information. The Health Information Technology for Economic and Clinical 
Health Act enacted as part of the American Recovery and Reinvestment Act of 2009 
is designed to promote the adoption and meaningful use of health information 
technology. It also addresses the privacy and security concerns associated with the 
electronic transmission of health information. Because this legislation addresses 
important issues in the management of clinical information, all clinicians must 
understand it to minimize risks associated with electronic communication between 
health care providers and patients.

 •  Using electronic health records and telecommunication technologies, health care 
providers are increasingly able to communicate with and care for patients remotely 
via the Internet. Telehealth strategies are being implemented to improve access 
to specialty care and optimize clinical care to underserved populations. Advances 
in technology, improved patient access, and new payment methodologies will 
be required to take full advantage of telehealth capabilities, and telemedicine will 
continue to grow as technology improves, reimbursement becomes available, and 
legislation evolves.
73



PART I: Introduction74
COMPUTER HARDWARE

CENTRAL PROCESSING UNIT

The central processing unit (CPU) represents the “brain” 
of a modern computer. It sits on the motherboard, which 
is the computer’s skeleton and nervous system, and com-
municates with the rest of the computer and the surround-
ing world through a variety of “peripherals.” Information 
travels through the computer on “buses,” which are the 
computer’s information highways or “nerves,” in the 
form of “bits.” Bits are aggregated into meaningful infor-
mation in exactly the same way that dots and dashes are 
used in Morse code. Bits are the building blocks for both 
the instructions, or programs, and the data, or files, with 
which the computer works.

Today’s CPU is a remarkable piece of engineering, 
totally comparable in scope and scale to our great bridges 
and buildings but so ubiquitous and hidden that most 
of us are unaware of its miniature magnificence. Chip 
designers essentially create what can be thought of as a 
city, complete with transportation, utilities, housing, and 
a government, every time they create a new CPU. With 
each new generation of chips, the “cities” grow substan-
tially, yet their size remains miniaturized.

For the purposes of this text, the CPU can be treated 
as a black box into which flow two highways: one for 
data and the other for instructions. Inside that black box, 
the CPU (Fig. 5-1) uses the instructions to determine 
what to do with data—for example, how to create this 
sentence from interaction with the computer’s keyboard. 
The CPU’s internal clock is like a metronome, pacing the 
speed with which the instructions are executed.

The speed with which a computer processes informa-
tion is critically important, particularly when used in 
the clinical setting. Clinicians expect an “immediate” 
response to every interaction with the computer, key-
board, or instrumentation. Most people think that the 
clock speed of the CPU, which is measured in megahertz 
(MHz) and gigahertz (GHz), or millions and billions of 
instructions per second, determines the performance 
speed of the unit. In reality, the performance of a CPU 
is a function of several factors that should be familiar to 
the anesthesia provider when an operating room analogy 
is used. Let us first compare the clock speed of the com-
puter to surgical speed, with a fast clock comparable to a 
fast surgeon and vice versa. Second, similar to operating 
rooms, CPUs have what are called caches, which are hold-
ing areas for data and instructions, quite comparable to 
preoperative holding areas. Information is moved around 
in the CPU on buses, which can be likened to the number 
of operating rooms. In other words, it is possible to have 
a CPU that is limited because it has a slow or small cache, 
in the same way that operating room turnover is limited 
by the lack of preoperative preparation beds or too few 
operating rooms for the desired caseload.

The speed of a processor is a function of the width of its 
internal buses, clock speed, the size and speed of internal 
caches, and the effectiveness with which it anticipates the 
future. Although this last concept may seem obscure, an 
operating room analogy would be an algorithm that pre-
dicts a procedure’s length based on previous operations of 
the same type by the same surgeon. Without going into 
detail, modern processors use techniques termed specula-
tion, prediction, and explicit parallelism to maximize effi-
ciency of the CPU.

True general-purpose computers are distinct from their 
predecessor calculating machines in that, regardless of 
whether they are relatively slow and small, as in dedi-
cated devices such as smart phones, or highly streamlined 
and fast, as in supercomputers, they can perform the 
same tasks given enough sufficient time. This definition 
was actually formalized by Alan Turing, who is one of the 
fathers of computing.

Each type of CPU has its own instruction set, which 
is essentially its language. Families of CPUs, such as 
Intel’s processors, tend to use one common language, 
albeit with several dialects, depending on the specific 
chip. Other CPU families use a very different language. 
A complex instruction–set computer has a much more 
lush vocabulary than a reduced instruction–set com-
puter, but the latter may have certain efficiencies relative 
to the former. It is the fact that both types of computer 
architecture can run exactly the same program (i.e., any 
windowed operating system) that makes them general-
purpose computers.
Figure 5-1. Programs and data are stored side by side in mem-
ory in the form of single data bits. The program tells the central 
processing unit (CPU) what to do with the data. RAM, Random-
access memory.
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MEMORY

Memory is the method by which the computer stores 
information and allows the user to retrieve the data 
needed to perform a task or complete an interaction. 
Computers have a variety of different kinds of memory, 
ranging from very small, very fast memory in the CPU to 
much slower, typically much larger memory storage sites 
that may be fixed (hard disk) or removable (compact disk, 
flash drive).

For clinical purposes, we would like to have an infinite 
amount of extremely fast memory immediately available 
to the CPU, just as we would like to have all of the oper-
ating room patients for a given day waiting in the hold-
ing area ready to roll into the operating room as soon as 
the previous case is completed. Unfortunately, this would 
be infinitely too costly and probably would never com-
pletely achieve the desired goals. The issue of ready data 
availability is particularly important now—as opposed to 
a decade ago—because improvements in central process-
ing speed have outpaced gains in memory speed such 
that the CPU can sit idle for extended periods while it 
waits for a desired chunk of data from memory.

Computer designers have come up with an approach 
that ensures a high likelihood that the desired data can be 
easily retrieved. This necessitates the storage of redundant 
copies of the same data in multiple locations at the same 
time. For example, the sentence I am currently editing in 
a document might be stored in very fast memory next to 
the CPU, whereas a version of the complete document, 
including an older copy of the same sentence, could be 
stored in slower, larger capacity memory (Fig. 5-2). At 
the conclusion of an editing session, the two versions are 
reconciled and the newer sentence is inserted into the 
document.

The very fast memory adjacent to the CPU is referred 
to as cache memory, and it comes in different sizes and 
speeds. Cache memory is analogous to the preoperative 

It was a dark and stormy
night; the rain fell in
torrents—except at

occasional intervals, when
it was checked by a violent
gust of wind which swept
up the streets (for it is in

London that our seen lies),
rattling along the 

housetops, and fiercely
agitating the scanty flame
of the lamps that struggled

against the darkness

for it is in
London that 
 our seen lies

Paragraph moved
to L2 cache for

editing

Section moved
to faster L1 cache 

for editing

Editing
in CPU seen<<<cene

Figure 5-2. Processing of text editing using several “memory” 
caches in which duplicate copies of the same text may be kept nearby 
for ready access. CPU, Central processing unit.
and postoperative holding areas in an operating suite in 
that both represent rapidly accessible buffer space. Mod-
ern computer architectures have primary and secondary 
caches that can either be built into the CPU chip or be sit-
uated adjacent to it on the motherboard. Cache memory 
is typically implemented in static random-access memory 
(SRAM), whereas the larger and slower “main memory” 
consists of dynamic random-access memory (DRAM) 
modules. RAM has several characteristics, including the 
fact that it can be read or written (in contrast with read-
only memory), it disappears when the electricity is turned 
off, and it is much faster than the memory on a disk drive.

To understand the impact of the mismatch in mem-
ory access times and CPU speed, consider the following. 
Today’s fastest hard disks have access times measuring 
about 10 msec (to get a random chunk of information). 
If a 200-mHz CPU had to wait for 10 msec between each 
action requiring new data from a hard disk, it would sit 
idle for 2 million clock cycles between each clock cycle 
used for actual work. Furthermore, it takes 10 times lon-
ger for the computer to get data from a compact disk or 
digital video disk than it does for data from a hard disk.

COMMUNICATIONS

The many functionally independent parts of a computer 
need to communicate seamlessly and rapidly. The key-
board and mouse have to be able to signal their actions, 
the monitor must be refreshed continuously, and the 
memory stores have to be read and written correctly. The 
CPU orchestrates all of this by using various system buses 
as communication and data pathways. Some of the buses 
are dedicated to specific tasks on newer computers, such 
as communication with the video processor over a dedi-
cated video bus, and others are general-purpose buses.

Buses are analogous to highways traveling between 
locations in the computer (Fig. 5-3). In most comput-
ers, the buses vary in width, with the main bus typically 
being the widest and other buses narrower and therefore 
of lower capacity. Data (bits) travel along a bus in parallel, 
like a rank of soldiers, and at regular intervals determined 
by the clock speed of the computer. Older computers had 
main buses 4 or 8 bits wide, whereas newer Pentium-class 
computers use buses as wide as 64 or 128 bits. Many cur-
rent-generation computers actually have multicore pro-
cessors, in which multiple CPUs collaborate, operating on 
complex problems in parallel.

Input-output buses link peripheral devices such as 
the mouse, keyboard, removable disk drives, and game 
controllers to the rest of the computer. These buses have 
become faster and increasingly standardized. The univer-
sal serial bus (USB) is a widely accepted standard, as is 
Apple’s proprietary FireWire bus. These buses allow “on-
the-fly” attachment and removal of peripherals by a stan-
dardized plug, and a user can expect that a device plugged 
into one of these ports will identify itself to the operating 
system and function without the need for specific config-
uration. This is a distinct improvement over the previous 
paradigm, in which a user typically needed to open the 
housing of the computer to attach a new peripheral and 
then configure a specific software driver to permit com-
munication between the device and the computer.
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Figure 5-3. Buses are like highways, where the number of available “lanes” relates to bus capacity.
In addition to their local computing function, mod-
ern personal computers have become our conduits to 
networks and must therefore act as terminal points on 
the Internet. As with houses or phones, each computer 
must have an individual identifier (address, phone num-
ber) to receive communications uniquely intended for 
it. Examples of these kinds of specific addresses are the 
Internet protocol (IP) address and the media access con-
trol (MAC) address. The IP address is temporarily or per-
manently assigned to a device on the Internet (typically a 
computer) to uniquely identify it among all of the other 
devices on the Internet. The MAC address is used to spe-
cifically identify the network interface card for the com-
puters that assign IP addresses.

The computer must also have the right kind of hard-
ware to receive and interpret Internet-based communi-
cations. Wired and wireless network interface cards are 
built into all new computers and have largely replaced 
modems as the hardware typically used for network com-
munications. Whereas a modem communicates over 
existing phone lines also used for voice communication, 
network cards communicate over channels specifically 
intended for computer-to-computer communications 
and are almost invariably faster than modems.

Although we commonly think of the Internet as being 
one big network, it is instructive to understand a little bit 
about the history of computer networking. In the begin-
ning there were two independent types of networks: the 
office networks and the progenitor Internet. The first 
office network was designed at the Palo Alto Research 
Center, which is the Xerox research laboratory where 
some of the major computer innovations were developed. 
That office network was called Ethernet and was designed 
as part of the “office of the future,” where word-process-
ing devices and printers were cabled together. Separately, 
the ARPAnet was the Defense Advanced Research Proj-
ect Agency’s creation and linked mainframe computers 
at major universities. Over time, the two networks grew 
toward one another almost organically, and today we 
have what seems to be a seamless network that links com-
puters all over—and above—the world.

Networking technology has evolved almost as rapidly 
as computer technology. As with buses in a computer, the 
networks that serve the world can be likened to highways. 
Backbone networks (Fig. 5-4) are strung across the world 
and have tremendous capacity, like interstate highways. 
Lower-capacity systems feed into the backbones, and traf-
fic is directed by router computers. Before transmission, 
to facilitate traffic management, messages are cut into 
discrete packets, which travel autonomously to their des-
tination and are there reassembled. Internet packets may 
travel over hard-wired, optical, or wireless networks en 
route to their destination.

COMPUTER SOFTWARE

OPERATING SYSTEM AND PROGRAMMING

The operating system (OS) is the “government” of the 
computer. As with a municipal government, the OS is 
responsible for coordinating the actions of disparate 
components of a computer, including its hardware and 
various software programs, to ensure the computer runs 
smoothly. Specifically, it controls the CPU, memory, 
interface devices, and all the programs running on the 
machine at any given time. The OS also needs to provide 
a consistent set of rules and regulations that new pro-
grams must adhere to if they are to participate.

Although most of us think of Apple and Windows syn-
onymously with OSs, other OSs deserve mention. Linux 
is an open-source, meaning nonproprietary, OS for per-
sonal computers that is distributed by several vendors 
and is continuously maintained by a huge community of 
passionate programmer devotees who contribute updates 
and new programs. In addition, every cell phone, tablet, 
and smart device has its own OS that performs exactly the 
same role as a personal computer OS.
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Figure 5-4. Lower-speed networks are attached to high-speed “core” networks that span the globe. LAN, Local area network.
OSs can be categorized into four broad categories (Fig. 
5-5). A real-time OS is typically used to run a specific piece 
of machinery, such as a scientific instrument, and is dedi-
cated solely to that task. A single-user, single-task OS is 
like that found on a cell phone, where a single user does 
one job at a time, such as dialing, browsing, or e-mail. 
Most of today’s laptop, desktop, and tablet computers are 
equipped with single-user, multitasking OSs, whereby a 
single user can run several “jobs” simultaneously, such as 
word processing, e-mail, and a browser. Finally, multiuser, 
multitasking OSs are usually found on mainframe com-
puters and run many jobs for many users concurrently.

All OSs have a similar core set of job tasks—CPU man-
agement, memory management, storage management, 
device management, application interfacing, and user 
interfacing. Without getting into detail beyond the scope 
of this chapter, the OS breaks a given software job down 

Multiuser/multiprocess OSSingle-user/multiprocess OS

Real-time OS: no human user Single-user/single-process OS

Figure 5-5. Several operating system (OS) configurations.
into manageable chunks and orders them for sequential 
assignment to the CPU. The OS also coordinates the flow 
of data among the various internal memory stores, deter-
mines where that data will be stored for the long term, 
and keeps track of it from session to session. The OS pro-
vides a consistent interface for applications so that the 
third-party program purchased at a store will work prop-
erly on a given OS.

Finally, and of most importance for many of us, the 
OS manages its interface to you, the user. Typically, today 
that takes the form of a graphic user interface (GUI).

E-MAIL

E-mail communication over the Internet antedated the 
browser-based World Wide Web by decades. In fact, the 
earliest e-mail was designed for communication among 
multiple users in a “time-sharing,” multiuser environ-
ment on a mainframe computer. E-mail was used for 
informal and academic communications among the 
largely university-based user community. Without going 
into great detail, an e-mail communication protocol 
was designed so that each message included informa-
tion about the sender, the addressee, and the body of the 
message. The protocol is called the Simple Mail Transfer 
Protocol (SMTP), and the process of message transmis-
sion proceeds as follows. The sender composes a mes-
sage using a software-based messaging program (such as 
Outlook, Gmail). The sender then applies the recipient’s 
address and dispatches the message. The message travels 
through a series of mailboxes, much as a regular letter 
does, and eventually arrives at the addressee’s mailbox, 
where it sits awaiting “pickup.”

Although e-mail has had dramatic and largely positive 
implications for the connectedness of organizations and 
people, it also has created previously unimagined prob-
lems, including spam, privacy issues, and the need for 
new forms of etiquette.

The term spam is said to have come from a Monty 
Python skit. Spam is such a ubiquitous problem that most 
e-mail crossing the Internet is spam at this point. Spam is 
essentially bulk e-mail and was never envisioned by the 
creators of SMTP. Spam is a generic problem with e-mail 
communications, but the issues of privacy and etiquette 
are of much greater relevance for medically oriented e-mail.
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The American Medical Informatics Association has 
taken a lead role in defining the issues associated with 
e-mail in the medical setting. The organization defined 
patient–provider e-mail as “computer based communica-
tion between clinicians and patients within a contractual 
relationship in which the health care provider has taken 
on an explicit measure of responsibility for the client’s 
care.”1 A parallel set of issues relates to medically oriented 
communications between providers.2-5 Another category 
of medically oriented communications is that in which a 
provider offers medical advice in the absence of a “con-
tractual relationship.” An egregious example of the lat-
ter is the prescription of erectile dysfunction remedies by 
physicians who review a web-based form submitted by 
the “patient” and then prescribe a treatment for a fee.

In theory, e-mail is a perfect way to communicate with 
patients.6-9 Because of its asynchronous nature, it allows 
two parties who may not be available at the same time to 
communicate efficiently (Fig. 5-6), and it represents the 
middle road between two other types of asynchronous 
communication: voice mail and traditional mail. E-mail 
also can be tailored to brief exchanges, more structured 
communications, and information broadcasts (such as 
announcements). Thus, a patient could send interval 
updates (blood pressure, blood sugar) to the physician. 
Alternatively, the physician could follow up on an office 
visit by providing educational material about a newly 
diagnosed condition or planned procedure.

Even though e-mail has many advantages in medicine, 
a variety of risks are associated with its use.10 Some of the 
problems are generic to any e-mail exchange. Specifically, 
it is a more informal and often unfiltered form of com-
munication than a letter and often has the immediacy of a 

Figure 5-6. E-mail is an effective form of communication between a 
patient and a physician because it does not require both parties to be 
present at the same time.
conversation but lacks its visual and verbal cues. Emoticons 
(such as the use of “:)” to indicate that a comment was sent 
with a “smile”) evolved as a remedy for this problem.

E-mail is also permanent in the sense that copies of it 
remain in mailbox backups even after deletion from local 
files (Fig. 5-7). Every e-mail should therefore be thought 
of as discoverable from both a liability and recoverability 
standpoint. Before dispatching, e-mail should be scruti-
nized for information or content that might be regretted 
at a later date.

Perhaps of greatest significance for communication 
between patients and health care providers is the lack 
of security of personal health information. E-mail is vul-
nerable to inadvertent or malicious breaches in privacy 
or disclosure through improper handling of data at any 
point along the “chain of custody” between the sender 
and the recipient. Alternatively, a hacker could poten-
tially acquire sensitive medical information from unse-
cured e-mail or possibly even alter medical advice and 
test results in an e-mail from physician to patient.

The HIPAA legislation mandates secure electronic com-
munication in correspondence regarding patient care. 
Three prerequisites for secure communication include 
authentication (that the message sender and recipient 
are who they say they are), encryption (that the message 
arrived unread and has not been tampered with), and 
time-date stamping (that the message was sent at a verifi-
able time and date), although these techniques are not 
yet widely deployed in the medical community.

It is beyond the scope of this chapter to go into great 
detail about the methods used to authenticate, encrypt, 
and time-date stamp e-mail. However, these elements can 
be ensured by using mathematically linked pairs of num-
bers (keys), in which an individual’s public key is pub-
lished and freely available through a central registry (like 
a phone book) whereas a linked private key is kept secret 
(Fig. 5-8). Public key encryption combined with traditional 
encryption is used to transmit messages securely across 
public networks, ensure that messages can be read only by 
a specific individual, and digitally sign the message.

Although the use of e-mail for medical patient–provider 
and provider–provider communications is growing, it is 
not yet universally adopted for several reasons, includ-
ing physician distrust of the medium, unfamiliarity with 
software, lack of standards, and lack of clear methods for 
reimbursement for time spent in e-mail communications. 
Nevertheless, several professional societies have published 
Figure 5-7. E-mail leaves copies of 
itself as it travels across the Internet.
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consensus recommendations about the management of 
e-mail in medical practice. Common consensus-based ele-
ments are enumerated in Box 5-1. Even when these security 
measures are adopted, e-mail is probably not the best way to 
communicate with patients. Most importantly, if e-mail is 
used, the e-mail system must be encrypted to minimize the 
risk for inappropriate access by others. It is difficult for an 
individual provider to be sure a patient’s e-mail is encrypted. 
In addition, although the information in e-mail accounts is 
“saved,” it does not become a part of the permanent medical 
record. As a result, communication through e-mail creates 
risks related to documentation of the communication, assur-
ance that information has been received, and, to the extent 
needed, confirmation that appropriate follow-up actions 
have been taken. Most electronic health records (EHRs) now 
allow the option of communicating directly through the 
EHR—providing documentation of the communication, 
allowing access to laboratory and other test results, and fos-
tering follow-up communication between patients and their 
providers. This type of secure communication can be very 
effective in facilitating patient care and follow-up, although 
electronic communication may not always adequately 
address high-risk patient needs.11

BROWSER

Many people think of the Internet and the World Wide Web 
as one and the same. The Internet is the worldwide network, 

Secret message
to Bob

Bob’s
private keyJoe

Bob’s Public Key

Figure 5-8. Public and private key encryption in which Joe sends a 
message intended only for Bob by using Bob’s public key—the mes-
sage remains encrypted until Bob decrypts it with his private key.

All patient–provider e-mail should be encrypted.
Correspondents should be authenticated (guarantee you are 

who you say you are).
Patient confidentiality should be protected.
Unauthorized access to e-mail (electronic or paper) should be 

prevented.
The patient should provide informed consent regarding the 

scope and nature of electronic communications.
Electronic communications should (ideally) occur in the context 

of a preexisting physician–patient relationship.
Online communications are to be considered a part of the 

patient’s medical record and should be included with the 
same.

BOX 5-1 Suggested Rules for E-mail 
Correspondence in a Medical Setting
whereas the Web is one of its applications characterized 
by the browsers with which its users interact. The browser 
was invented in 1990 by Tim Berners-Lee at the European 
Organization for Nuclear Research, commonly known as 
CERN. Marc Andreessen wrote the Mosaic browser and sub-
sequently the Netscape browser, which, like all subsequent 
browsers, has a GUI and uses a specific “language” called 
hypertext markup language (HTML). Microsoft eventually 
developed its own version of the browser, Internet Explorer, 
after recognizing the critical value of the Web.

The browser is a computer program, just like a word-
processing or e-mail program, with a GUI. It can be 
thought of as a radio or television insofar as it serves as 
an interface to media that do not originate within it. The 
address of a webpage is analogous to the channel or fre-
quency of a television or radio, and the browser “tunes 
in” to that address. In actuality, the local browser on your 
computer communicates with a server somewhere on the 
Internet (at the address specified in the address line) and 
uses the communication protocol HTML as its language. 
The webpage displayed on your local browser was first 
constructed on the server and then sent to you.

The original HTML was extremely spare and had sig-
nificant limitations, such as the construction of only 
very simple webpages. A variety of new “languages” and 
protocols have subsequently come into existence, such 
as Java, JavaScript, ActiveX, Flash, and others, that allow 
enhancements to HTML. New browsers support interactiv-
ity, security, display of audio and video content, and other 
functions. Even though the scope of topics that could be 
covered in discussing browser communications far exceeds 
that of this chapter, certain issues deserve mention.

Cookies is the term used for short lines of text that an 
Internet server (such as Google or Yahoo) can store on a 
user’s hard disk. Cookies allow a website to store informa-
tion about the client computers with which it interacts. 
Cookies allow the server to keep track, for example, of the 
items that you have put in your virtual shopping cart as 
you shop (Fig. 5-9). Although cookies are not inherently 
risky, other risks exist to the use of a browser.

Cookies

Camera

Book

Kite

Bike

Amazon Server

Figure 5-9. Cookies are used by a website, for example, to keep track 
of the items that a user has put in the “shopping cart.”

http://computer.howstuffworks.com/hard-disk.htm
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Like a television, the browser acts like a window on the 
Internet, and for a long time it was safe to think of that 
window as being made of one-way glass. Unfortunately, 
many of the new innovations that allow us to function 
interactively with websites also have built-in flaws that 
permit malicious programmers to gain access to your 
computer or to track movements from website to web-
site. Companies such as Google and Facebook can now 
develop highly detailed profiles of individuals and popu-
lations from their interactions with the network. The best 
way to protect a computer involves timely application of 
all updates and patches issued by software manufacturers 
and the use of antivirus software with up-to-date defini-
tions. The best way to preserve privacy is to minimize the 
amount of personal information stored on the Internet 
and use independent passwords for each site that are not 
easy to hack.

COMPUTERS AND COMPUTING  
IN MEDICINE

HOSPITAL INFORMATION SYSTEMS

Modern hospital information systems invariably fall 
somewhere on the spectrum between a monolithic single 
comprehensive system design, in which a single vendor 
provides all of the components of the system, and a “best-
in-breed” model consisting of multiple vendor-specific 
systems interacting through interfaces or, more typically, 
an interface “engine.”12-15 The monolithic system has 
the advantage of smooth interoperability, but some of 
the component elements may be substantially inferior to 
those offered by best-in-breed vendors.

Component elements of a hospital information system 
include administrative, clinical, documentation, billing, 
and business systems.16-18 Medical information technol-
ogy is increasingly subject to governmental regulation, 
security concerns, and standards. Standards are essential 
for interoperability among systems and to ensure that sys-
tems use uniform terminology.19
Health Level 7 (HL7) is an accepted set of rules and 
protocols for communication among medical devices. 
Clinical Context Management Specification (also known 
as CCOW) is a method to enable end users to seamlessly 
view results from disparate “back-end” clinical systems 
as though they were integrated. Some of the common 
medical terminologies or vocabularies include the Sys-
tematized Nomenclature of Medicine (SNOMED) and the 
International Classification of Diseases (the ICD family 
of classifications).20 Modern complicated medical infor-
mation systems often weave a host of disparate systems 
at geographically dispersed locations into an extended 
“intranet.” A core hospital, for example, may share an 
intranet with a geographically remote outpatient practice, 
or several hospitals in the same health system may coex-
ist within the same intranet. Some of the elements may 
be physically connected (Fig. 5-10) along a network “back-
bone,” whereas others may use virtual private network 
(VPN) connections that allow the user to appear to be part 
of the network while at a remote location.17

ELECTRONIC HEALTH RECORD

The electronic record (see also Chapter 4) has been 
described variously as a computerized medical record, 
computerized patient record, electronic medical record, 
and EHR.21-24 Various settings clearly require radically dif-
ferent EHRs, and EHRs need to interface seamlessly.25,26

Historically, patient records have been controlled or 
“owned” by hospitals and doctor’s practices, and their 
electronic manifestation in the form of the EHR creates 
a series of issues pertaining to privacy, security, and eco-
nomic interests of the involved parties. For example, 
patients have an interest in the privacy and security of the 
information contained in their records and claim some 
ownership and control over what is recorded in the medi-
cal record. In contrast, doctors have traditionally “owned” 
their patients’ records and transferred patient records to 
another provider in the course of the sale of a medical 
practice (albeit with appropriate notice to the involved 
patients). Most importantly, hospitals and health systems 
Figure 5-10. Modern health care information sys-
tems consist of elements attached to a backbone. ADT, 
Admission, discharge, and transfer; Lab, laboratory.
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have historically exercised significant controls over the 
records and access rights to medical records. The transition 
to the electronic record, interoperability between health 
systems and physician practices, and improved communi-
cation with patients has significantly changed the concept 
of medical record ownership. The Centers for Medicare & 
Medicaid Services (CMS) meaningful use regulations have 
also focused attention on the issue of ownership of health 
information and are designed to enhance the patient’s 
access to discharge summaries. The patient has the right 
to challenge information in the medical record, and the 
health care provider is obligated to respond to the request, 
either by modifying incomplete or inaccurate information 
or by including the patient’s statement of disagreement in 
the record. After each visit the provider is required to give 
each patient access to the discharge summary, including 
information about the evaluation, care provided, and rec-
onciliation of all medications. This increased access puts 
greater responsibility on the patient to “manage” their 
health information, ensure its accuracy, and exert control 
on accessibility by others.

The current evolution of software-based EHRs is reca-
pitulating the evolution of hospital information systems 
as it occurred over the 1980s and 1990s—in both cases, 
specialized individual systems have contended with inte-
grated packages of modules. Best-in-breed commercial 
systems or “home-grown” site-specific systems are evolv-
ing, such as automated anesthesia EHRs27,28 and intensive 
care unit (ICU) EHRs (Fig. 5-11). At the same time, large 
vendors have developed generic inpatient and outpa-
tient EHRs. Health systems face the same choices about 
whether to go with monolithic or best-in-breed EHR soft-
ware that they have with clinical systems.

The Institute of Medicine issued a report characteriz-
ing key aspects of an EHR, including an integrated, lon-
gitudinal view of patient data; concurrent access to the 
body of knowledge pertaining both to the patient’s con-
dition and to the rules and regulations associated with 
reimbursement in this age of managed care; order and 
data entry; and decision support tools that provide cur-
rent knowledge about diseases, treatments, drug interac-
tions, and risk profiles.

Ideally, the electronic record provides tools for com-
munication among providers. The EHR also should pro-
vide immediate access to population-level information 
for administrative and research applications.

The U.S. Veterans Health Administration is an example 
of a very successful EHR implementation; however, in most 
hospitals, orders, notes, and reports are still maintained 
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Figure 5-11. Vendors have developed specialty electronic health 
records. ED, Emergency department; ICU, intensive care unit.
on paper. Additionally, very few small-practice environ-
ments have undergone any degree of computerization, 
because the barriers to computerization are formidable.

Technical obstacles to computerization of the medical 
record are relatively obvious, but organizational, finan-
cial, and policy obstacles also exist.29-31 Adoption of an 
EHR implies a fundamental reorganization of the way 
medicine is practiced in a clinical environment.32,33 For 
example, many older physicians have had little occasion 
to use a computer and are likely to be slowed in their 
performance of formerly routine tasks, which is a major 
barrier at a time when demands for efficiency are increas-
ing substantially (Fig. 5-12).

Despite the barriers, governmental and private stake-
holders are developing incentives, bonuses, and low-cost 
capital to encourage use of the EHR. Providers may even-
tually mandate EHR systems as a condition of participa-
tion in certain U.S. insurance plans, such as Medicare. 
The American Recovery and Reinvestment Act of 2009 pro-
vided 19 billion dollars for health information technol-
ogy (HIT), and specifically supported a plan of incentives 
for the adoption of certified EHRs by hospitals and pro-
viders. Specifically, to receive an EHR incentive payment, 
the hospital or provider must show that they are “mean-
ingfully using” EHRs by meeting thresholds for discrete 
objectives as defined by the CMS. The meaningful use 
EHR incentive program has been designed with progres-
sively more rigorous stages. Stage 1 concluded in 2012 
with 50% of providers and 82% of hospitals adopting 
EHRs—a substantial improvement over the preceding era. 
Stages 2 and 3 are scheduled for 2014 and 2016, respec-
tively. These stages put increasing emphasis on the use of 
the information included in the integrated health record 
to improve patient quality and safety.

The EHR was originally designed to digitize the infor-
mation in the medical record and improve access to 
it. In addition the EHR was meant to improve patient 
care by reducing redundancies and errors in manage-
ment that resulted from a lack of coordination of care. 
Although these values are significant, the transition to 
a comprehensive health record that includes documen-
tation of ambulatory and inpatient care provides other 
important enhancements to both individual patient care 
and the care of patient populations. The shift to elec-
tronic records has led to follow-on opportunities, such 
as enhanced patient care delivery, improved efficiency, 
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Figure 5-12. Various barriers to adoption of electronic health records.
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reduced redundancy in the processing of ancillary sup-
port services (e.g., laboratory, radiology, housekeeping, 
transport), and automation of many administrative func-
tions (e.g., billing and reimbursement). The EHR also has 
been used as a vehicle to improve communication among 
providers and patients and foster education, provider reg-
ulation, clinical and translational research, public health, 
and health policy support (Fig. 5-13).

The core functions of EHRs fall into eight general cat-
egories: (1) Management of patient health information 
and data; (2) presentation of results acquired from patient 
testing; (3) computerized order entry (CPOE); (4) decision 
support, whereby automatically generated reminders and 
prompts are used to guide clinicians and support evi-
dence-based practice; (5) communication tools for pro-
vider to provider or provider to patient messaging that 
automatically generate patient support materials such as 
pamphlets that describe a disease or give discharge direc-
tions; (6) integrated administrative processes, including 
scheduling systems, billing management, and insurance 
validation; and (7) and (8) internal and external report-
ing requirements are simplified by using the systems built 
into the EHRs.

Although stand-alone anesthesia information manage-
ment systems (AIMS) have been in existence for well over 
a decade, these products have historically functioned in 
isolation—that is, unintegrated with electronic inpatient 
or outpatient records. However, with the increased adop-
tion of both inpatient and outpatient EHRs, spurred by 
federal incentives, desire is growing in the anesthesia 
community to deploy AIMS that can interface with or be 
integrated with clinical and billing software (e.g., KLAS 
report).

The selection of an AIMS involves trade-offs between a 
best-of-breed versus an enterprise model and the accom-
panying differences in functionality and integration, also 
taking into consideration the needs of the anesthesia 
department versus those of the hospital. Some of the fac-
tors that must be considered include the ease of access 
to preoperative information, which is often entered elec-
tronically into another system or module, the ease of 
intraoperative use, and the integration with devices in 
the operating room and with other systems such as the 
laboratory, and the facility with which information can 
be transferred to the receiving team at the conclusion of 
the procedure. As electronic records have matured, the 
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Figure 5-13. Various benefits of a computerized order entry (CPOE).
needs of the hospital and the anesthesia community 
relative to interoperability (KLAS) and quality of care 
are increasingly convergent.33a Hospitals and practitio-
ners are increasingly at risk financially and in the eyes 
of the public and must have access to published quality 
data for measures such as those targeted by the Surgical 
Care Improvement Project (SCIP), a national consortium 
of quality organizations. Anesthesiologists play a critical 
role in compliance with these measures, and AIMS are a 
tool by which compliance can be recorded and tracked.

AIMS are increasingly embedded into the more gen-
eral hospital EHR, permitting information transparency 
as patients move through an operative encounter. As 
with the ICU, which is a similarly high-tech, data-rich 
environment, automated data capture from physiologic 
monitors and devices such as infusion pumps is highly 
desirable—freeing the hands and time of providers from 
transcription, but data entering the record requires vali-
dation to prevent the inclusion of inaccurate information 
in the chart. Inaccurate information may be recorded or 
transmitted during the course of normal care, such as 
artifactually elevated blood pressure during the process 
of flushing a transducer or moving a patient from one 
position to another. Most ICU systems mandate valida-
tion of vital signs, for instance, before they become offi-
cial entries, whereas most AIMS allow the clinician to edit 
(albeit with an audit trail) individual data elements but 
do not require validation.

The concept of a universal medical record also deserves 
specific attention. It has always been desirable for provid-
ers in one location to have access to data from a medi-
cal record generated at another location. Although many 
potential models exist of a universal medical record, such 
as a record owned and kept by the patient on a piece of 
hardware such as a flash drive, this approach has a variety 
of problems; patients may not be able to or wish to main-
tain such a record, it is unclear how information would 
be securely ported from a provider to the patient’s medi-
cal repository, and hardware devices such as a USB are 
susceptible to loss. Google and Microsoft both attempted 
in recent years to provide a personal health record con-
trolled by the patient, but neither initiative has met with 
widespread public adoption. A more practical approach 
is currently being deployed by large vendors, which now 
offer patient medical “vaults” that are maintained online 
and over which the patient has read and write and access 
control.

COMPUTERIZED ORDER ENTRY

CPOE systems have gained prevalence in the provision 
of care at many hospitals, spurred in part by the mean-
ingful use incentive program of the CMS, yet 50% of 
American hospitals still lack one. Prescribing errors are 
the most common source of adverse drug events, and 
CPOEs—with or without decision support tools—are 
widely viewed as being integral to a reduction in errors 
and improved formulary control. CPOEs came into the 
spotlight after the Institute of Medicine’s 1999 report 
“To Err Is Human: Building a Safer Health System,” in 
which 44,000 to 98,000 deaths per year were attribut-
able to medical errors; however, although CPOE has great 
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potential, poorly designed or deployed systems will either 
not be adopted or potentially cause errors.

Broadly, the term CPOE is used to refer to computer-
based ordering systems designed to automate the order-
ing process, be it for drugs or for requesting pathologic or 
radiologic tests. Benefits include the output of standard-
ized, complete, legible orders consistent with the hospi-
tal’s formulary and automatically sent to the pharmacy 
(see Fig. 5-13). CPOE is also almost invariably associated 
with a decision support system (DSS), which will be dis-
cussed in more detail in the next section.

Successful deployment of CPOE will occur only when 
the system is deployed as part of a fundamental redesign 
in the delivery of patient care. The organizational aspects 
of CPOE deployment have been described by a recent 
consensus panel from the American Medical Informatics 
Association in which the following nine elements of suc-
cessful systems were highlighted:

 1.  Development of a clear understanding of the institution-
specific drivers for implementation of a CPOE system, 
be they regulatory, regional competition for patients, or 
internal

 2.  Sustained internal leadership-level support during 
implementation of the CPOE system

 3.  A CPOE system adequately funded in all respects, 
including training of personnel

 4.  Prospective understanding of the way in which CPOE 
will affect workflow at all sites in the organization (Fig. 
5-14)

 5.  A positive cost-to-benefit ratio for each of the provid-
ers who use the system, ensured by the creation of 
time-savers such as order sets

 6.  Selection of an appropriate deployment strategy, 
whether it be an all-at-once or a staged approach

 7.  Attention paid to the technical details of CPOE imple-
mentation, such as the replacement of legacy systems

 8.  Comprehensive training and support
 9.  A plan designed for continuous quality improvement 

after implementation of the system
  

Medication safety is critical to safe patient care because 
medication errors are a key cause of adverse events; accord-
ing to the Institute of Medicine, medication errors injure 

On call
from home

See patients
in clinic

Rounds 
at hospital

CPOE

Handle
phone calls

Figure 5-14. Integration of computerized order entry (CPOE) into 
the workflow of an organization.
1.5 million people and cost $3.5 billion each year. Comput-
erized medication management systems have been designed 
to cover the entire medication process from prescription to 
administration, including the following discrete elements:

 •  Computerized provider order entry (CPOE)
 •  Electronic medication administration record (eMAR)
 •  Electronic prescription (ePrescribing)
 •  Integrated pharmacy administration systems (which may 

include pharmacy-based robotic medication dispensing 
and labeling)

 •  Electronic medication reconciliation at each point of 
patient transition from one environment or provider 
to another

 •  Bar code medication administration matching the right 
medication to the right patient at the right time

  

As with many of today’s electronically based medical 
functions, a variety of vendors operate in the medication 
management space and providers are inevitably faced 
with issues relating to integration among systems, vary-
ing and changing formularies, and drug lexicons. Some 
vendors market end-to-end integration, whereas others 
specialize in one step of the process.

DATA REGISTRIES

Electronic records, order entry systems, and automated 
device interfaces are several mechanisms by which the 
data associated with anesthesia care can be captured and 
subsequently used to populate data repositories. These 
data may then be stored in a local, vendor-specific data 
store (i.e., in an AIMS-specific database), ported to a hos-
pital or system data “store” and integrated with other 
data sources, or extracted to a multiinstitutional registry 
such as the Multicenter Perioperative Outcomes Group 
(MPOG)* hosted at the University of Michigan. MPOG 
is an academic consortium “aggregating large volumes 
of observational inpatient electronic health record data, 
patient reported outcomes and long term administrative 
outcomes.” Data repositories may be used to analyze and 
track individual patients, groups of patients, or pathologic 
conditions. Much as the availability of large, comprehen-
sive data sets has transformed other industries by enabling, 
for example, sophisticated pattern recognition algorithms 
that can detect fraud, analyzing purchasing patterns, or 
projecting election outcomes, perioperative data registries 
have been used to evaluate perioperative practices.34

The Anesthesia Quality Institute created a nationwide 
system to collect data about adverse events relating to 
anesthesia, pain management, and perioperative care in 
2011. The system is called the Anesthesia Incident Report-
ing System (AIRS) and represents a data registry designed 
to collect information about anaphylactic reactions, 
device malfunctions, medication side effects, unusual vas-
cular or neurologic injuries, and complications relating to 
the use of EHRs in anesthesia settings. Data are submitted 
anonymously or confidentially over a secure, encrypted 
Internet link and used for educational purposes or for 
monitoring emerging trends in anesthesia patient safety 

* Multicenter Perioperative Outcomes Group: <http://mpog.med.
umich.edu/>
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relating to new medications and techniques, data records, 
or patient risk factors.

DECISION SUPPORT SYSTEMS AND 
ARTIFICIAL INTELLIGENCE

Decision support tools integrated into the EHR and CPOE 
can provide immediate access to current medical knowl-
edge, institutional best practices, billing compliance 
information, and administrative functions and can facili-
tate cost control. Although a wide range of architectures 
are used, DSSs fall somewhere on the spectrum between 
expert systems, in which rules developed by domain 
experts are used to drive decision support, and autono-
mous systems that have the ability to “learn” and make 
observations about large data sets. An example of the lat-
ter might be a system that automatically culls through 
a physician’s orders to develop a profile of prescribing 
patterns.

A DSS can “act” in one of three ways. It may be a pas-
sive system that responds with information when asked. 
Alternatively, it may be semiactive and provide alerts or 
alarms only when certain conditions are met. Finally, a 
system may be active and autonomous and generate an 
order set or manage a medical process automatically, such 
as automated weaning of mechanical ventilation accord-
ing to built-in rules.

Clinicians want certain functions from a DSS, such as 
access to national consensus guidelines when available, 
concurrent presentation of relevant patient information 
when ordering, intelligent alerts, reminders to engage in 
patient-specific activities (such as immunizations), and 
the ability to measure their performance versus that of 
peers in a way that results in continuous improvement in 
performance.

THE HEALTH INSURANCE PORTABILITY AND 
ACCOUNTABILITY ACT AND DATA SECURITY

Enacted in 1996, the Health Insurance Portability and 
Accountability Act (HIPAA) was initially designed to pro-
tect workers from losing their health insurance (porta-
bility) during job transition and to protect the integrity, 
confidentiality, and availability of their medical informa-
tion (accountability). HIPAA covers three critical aspects 
of automated health care information: privacy, universal 
coding formats, and security.35-40

The target of the privacy element is what is known 
as protected health information, and the bill ensures a 
patient’s right to control the use of that information as 
it relates to health care, the business of health care, and 
research. HIPAA mandates the creation of universal code 
sets that cover, for example, the classification of diseases 
and describes both a national provider and national 
patient identification number. The many concerns about 
the latter have prevented its adoption to date. The secu-
rity aspect of the legislation relates to the physical and 
electronic aspects of ensuring the protection of patient 
health information (Fig. 5-15).

The Health Information Technology for Economic and 
Clinical Health Act (HITECH) was enacted as part of the 
American Recovery and Reinvestment Act of 2009, and its 
final regulations represent “the most sweeping changes to 
the HIPAA Privacy and Security Rules since they were first 
implemented”† and went into effect in September of 2013. 
The rules extended the responsibility of physicians and 
other health care providers regarding patients’ protected 
health information (PHI), expanded those responsibilities 
to cover parties that do business with providers (business 
associates) and thereby gain access to PHI, and enhance 
penalties for violations of these obligations.

TELEMEDICINE

Telemedicine and telehealth are the application of health 
care services across space, time, and social and cultural 
barriers. Telemedicine has been demonstrated in a variety 
of disciplines, including surgery, emergency medicine, 
cardiology, dermatology, ophthalmology, neurology, 
gastroenterology, rehabilitation, and critical care medi-
cine.27,41-52 However, although telemedicine has already 
had an enormous impact on the ability of patients to 
access medical information, a variety of barriers exist to 
widespread implementation of clinical care at a distance, 
including licensure, credentialing, malpractice, and reim-
bursement. Although advances in the use of telehealth 
are progressing at a rapid pace and the technologic 
improvements will create new applications, these issues, 
including credentialing of providers across state lines and 
determining how to compensate providers for telehealth, 
must be overcome.

Telemedicine holds great promise as a means of mak-
ing medical care available to underserved areas, provid-
ing access to specialists at remote locations, and allowing 
patients to receive medical attention in their home when 
physical contact is not a critical element of an encoun-
ter. In addition, new technologies are currently under 
development, including teleimmersion and telepresence. 
Teleimmersion permits geographically dispersed people 
to collaborate in a shared virtual space, and telepresence 
refers to a system in which the human practitioner may 

† See The Health Insurance Portability and Accountability Act (HIPAA) 
Omnibus Final Rule Summary <http://www.ama-assn.org/resources/
doc/washington/hipaa-omnibus-final-rule-summary.pdf>

Figure 5-15. Security aspects of the Health Insurance Portability and 
Accountability Act legislation relate to the physical aspects protecting 
unauthorized access to protected health information.
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have visual and mechanical actuators and sensors permit-
ting them to “see,” “feel,” and “move” objects in a remote 
environment (Fig. 5-16).

Telesurgery demonstration projects have been done, 
for example, with both laparoscopic and robotic instru-
ments to operate at a distance. Other demonstration 
projects are under way in various fields of medicine, and 
reimbursement agencies are beginning to develop meth-
ods of reimbursement for telemedicine-based activities. 
In addition, a few commercially available models for 
delivery of telemedicine exist, including remote radio-
graphic interpretation, in some cases from appropriately 
credentialed radiologist interpretation from international 
locations, and critical care coverage from remote, virtual 
ICUs.

Telemedicine has specific application in the provision 
of anesthesia care as well. Anesthesiologists may partici-
pate in preoperative evaluation, anesthesia monitoring, 
and perioperative consultation via telemedical links, 
as well as in simulation and training. In sparsely popu-
lated areas, for example, anesthesiologists can evaluate 
remotely located patients to optimize preoperative prepa-
ration and limit the possibility of day-of-procedure can-
cellation when a patient has travelled a great distance to 
the hospital or surgery center. Many products have been 
developed to permit remote monitoring of physiologic 
data and audio and video links by which an anesthesia 
provider can remotely support a health care provider in 
the field, such as during a military or mass-casualty situa-
tion. Similarly, the same equipment and linkages can be 
used for remote consultation during a complicated pro-
cedure. Although remote preoperative evaluation is com-
mon, a variety of licensing, credentialing, professional 
liability, and billing barriers must be hurdled before 
remote provision of care becomes commonplace. Finally, 
sophisticated simulation suites have been developed that 
permit training students remotely.

Telemedicine will eventually change the way that 
medicine is practiced in many fundamental ways. It is 
equally certain that the speed of technologic change will 
outstrip that of regulatory, reimbursement, and legisla-
tive change.53

MOBILE

Another area in which health information technology is 
evolving rapidly has to do with the deployment of medical 
software on mobile devices such as cell phones and tab-
lets or on small form-factor, Wi-Fi–enabled devices such 
as notebooks or netbooks.

Although the deployment of mobile technology is a 
critical enhancement to the workflow of providers, associ-
ated risks are the transmission of HIPAA-protected infor-
mation over wireless networks and the security of such 
information once it arrives on the device. Although an 
extensive discussion of these issues is beyond the scope 
of this chapter, the benefits of mobile health care infor-
mation technology clearly outweigh the risks, and ways 
to mitigate risks include encryption, password protection, 
and the use of techniques that allow interaction with pro-
tected data without storing it on a device.

New devices allowing remote monitoring of patients 
are in use or under evaluation. For example, remote tele-
metric transmission of pulse oximeter, blood pressure, 
glucose, and other data are now being used to manage 
patients after surgery or to help guide management of 
patients with chronic illnesses. Other devices are capable 
of determining that patients are taking medications as 
prescribed or following other clinical recommendations. 
The implications of advances in mobile technologies 
can be significant for any patient and for the anesthe-
sia practitioner. The use of these technologies for man-
aging patients in the perioperative period has not been 
extensively evaluated and remain largely untested. Smart-
phone applications such as Airstrip permit remote moni-
toring, event review, trend assessment, and alert delivery. 
These capabilities are not suited to primary provision 
of anesthesia care, but they can be used to support an 
anesthesia provider supervising care in multiple rooms or 
locations, by providing vital sign and event alerts. Con-
tinued advances in the use of these devices could have 
significant impact on perioperative care and the role of 
the anesthesiologist in managing patients before and 
after surgical procedures.
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Quality Improvement and Patient 
Safety
†ELIZABETH A. MARTINEZ • ANNA M. VARUGHESE • DAVID W. BUCK •  
EUGENIE S. HEITMILLER

K e y  P o i n t s

 •  Quality is an integral characteristic of the system in which care is delivered, 
and ideally, every system is perfectly designed to realize the results that it 
achieves. Improving the quality of care probably requires reorganization of the 
way we work. A challenge to the anesthesia provider is to combine efficiency in 
perioperative care (especially the operating room) with safety and the best quality 
possible (see Chapters 3, 4, and 7).

 •  The growing demand from patients, providers, insurers, regulators, accreditors, 
and purchasers for improved quality and safety in health care requires that 
anesthesiologists and other anesthesia providers persistently evaluate the quality of 
care they provide.

 •  Improving quality of care requires measuring performance. Clinicians have an 
enhanced ability to obtain feedback regarding performance in their daily work, 
in part because of the increasing use of information systems. Unfortunately, 
consensus has not been reached on how to measure quality of care.

 •  The goal of measurement is to learn and improve. The measurement system 
must fit into an improvement system; caregivers must have the will to work 
cooperatively to improve, and they must have ideas or hypotheses about changes 
to the current system of care. Also, the clinical team must have a model for testing 
changes and implementing those that result in improvements.

 •  Outcome measures, including in-hospital mortality rates, have been the basis for 
evaluating performance and quality. However, hospital mortality alone provides an 
incomplete picture of quality and does not include all domains of quality. A balanced 
set of structures (how care is organized), processes (what we do), and outcome 
measures (results we achieve) is needed to evaluate the quality of care overall.

 •  Future efforts to improve quality of care require development of valid, reliable, 
and practical measures of quality. Identification of clinical care that truly achieves 
excellence would be helpful not only to anesthesia, but also to health care overall. 
Examples of excellence in clinical care could serve as models to other anesthesia 
providers.

 •  Developing a quality measure requires several steps: prioritizing the clinical area 
to evaluate; selecting the type of measure; writing definitions and designing 
specifications; developing data collection tools; pilot-testing data collection tools 
and evaluating the validity, reliability, and feasibility of measures; developing 
scoring and analytic specifications; and collecting baseline data.

 •  The best opportunities to improve quality of care and patient outcomes will most 
likely come not only from discovering new therapies, but also from discovering 
how to better deliver therapies that are already known to be effective.

Acknowledgment: The editors and the publisher would like to thank Dr. Peter J. Pronovost for his contribution to 
prior editions of this chapter. It has served as the foundation for the current chapter.
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 •  A system that has been used by the airline industry, reducing complexity and 
creating redundancies, can ensure that critical processes occur. The practice of 
anesthesia may also benefit by reducing complexity and redundancies.

 •  Health care providers can organize their patient safety and quality improvement 
(QI) efforts around three key areas: (1) translating evidence into practice, (2) 
identifying and mitigating hazards, and (3) improving culture and communication. 
Although each of these areas requires different tools, they all help health care 
organizations evaluate progress in patient safety and quality.

K e y  P o i n t s — c o n t ’ d
The need for improving the quality and reducing the 
cost of health care has been highlighted repeatedly in 
the scientific literature and lay press. Improving care, 
minimizing variation, and reducing costs have increas-
ingly become national priorities in many countries. Qual-
ity improvement (QI) programs that address these issues 
not only improve delivery of care but also have a positive 
effect on practitioner job satisfaction and organizational 
commitment.1

The goal of this chapter is to present a practical frame-
work for developing and implementing QI programs in 
anesthesiology and critical care medicine that are both 
scientifically sound and feasible. To accomplish this goal, 
we review the science of QI, present measures that help 
evaluate whether QI programs have resulted in improve-
ments, and describe examples of successful QI efforts.

WHAT IS QUALITY?

DEFINITION OF QUALITY

W. Edwards Deming, scholar, professor, author, lecturer, 
and consultant to business leaders, corporations, and 
governments defined quality as “a predictable degree of 
uniformity and dependability with a quality standard 
suited to the customer.”2 This early definition of qual-
ity, in the context of QI, stems from its application to 
industrial production. However, when the term quality 
is applied to health care, the subtleties and implications 
of treating a human being are of prime importance, as 
opposed to the concerns involved in producing consumer 
goods. Use of the term quality in the context of health 
care can sometimes lead to defensive attitudes, economic 
concerns, and even ethical debates.

In the health care sector, quality can have various 
meanings to different people. For example, a daughter 
may evaluate quality by the level of dignity and respect 
with which her elderly mother is treated by a nurse. A car-
diac surgeon may see quality as a percentage of improve-
ment in the function of a heart on which he or she has 
just operated. A business may judge quality by the time-
liness and cost effectiveness of the care delivered to its 
employees and its effect on the bottom line. Finally, society 
may evaluate quality by the ability to deliver care to those 
who need it, regardless of their cultural or socioeconomic 
backgrounds.

Despite the numerous definitions of quality in both 
business and medicine, a unified definition of quality 
in the context of QI should exist in health care. This 
definition of quality may have implications for both its 
measurement and its improvement. In order to help stan-
dardize the definition of quality in health care, the Institute 
of Medicine (IOM) published its own definition in a 1990 
report titled Medicare: A Strategy for Quality Assurance. The 
IOM defined quality as “the degree to which health ser-
vices for individuals and populations increase the likeli-
hood of desired health outcomes and are consistent with 
current professional knowledge.”3 Inherent in this defini-
tion are the elements of measurement, goal orientation, 
process and outcomes, individual and society preferences, 
and a dynamic state of professional knowledge. This IOM 
definition of quality in health care has gained the most 
widespread acceptance.

SIX AIMS OF QUALITY IN HEALTH CARE

The IOM subsequently outlined six dimensions or aims 
of quality in its 2001 report, Crossing the Quality Chasm.4 
These dimensions include and go beyond the issues of 
patient safety described in their earlier report To Err Is 
Human.5 The aims have been adopted by many organi-
zations, including the Institute for Healthcare Improve-
ment (IHI), as a basis on which quality is evaluated and 
improved. The six aims of the IOM are safety, effective-
ness, patient-centeredness, timeliness, efficiency, and 
equity.

 1.  Safety. No patient or health care worker should be 
harmed by the health care system at any time, includ-
ing during transitions of care and “off hours,” such as 
nights or weekends. Errors may be categorized as either 
failure of an action to occur as planned, such as the 
administration of a wrong medication to a patient, or 
having the wrong plan altogether, such as misdiag-
nosing and subsequently mistreating a patient.4 As 
much as possible, patients should be informed about 
the risks and benefits of medical care in advance. If 
a complication does occur, medical staff should make 
full disclosure, provide assistance to the patient and 
family, and exercise due diligence in preventing any 
recurrences of the error.

 2.  Effectiveness. Effective medicine necessitates evidence-
based decisions about treatment for individual 
patients, when such evidence exists. The best available 
evidence should be combined with clinical expertise 
and patient values in forming a treatment plan. With 
effective care, medical practitioners avoid underuse by 
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providing a treatment to all who will benefit and avoid 
overuse by refraining from giving treatment to those 
unlikely to benefit.

 3.  Patient-centeredness. Patient-centered care is respect-
ful of individual patient preferences, needs, and 
values and uses these factors to guide clinical deci-
sions.4 More specifically, according to Gerteis and col-
leagues,6 patient-centered care encompasses respect for 
patients’ values; coordination and integration of care; 
information, communication, and education; physi-
cal comfort; emotional support that relieves fear and 
anxiety; and involvement of family and friends. The 
dramatic increase in access to health information on 
the Internet has resulted in more patients who are well 
informed and proactive in their care. Patient-centered 
care embraces this trend and shifts more of the power 
and control to patients and their families. Examples of 
patient-centered care include shared decision making, 
patient and family participation in rounds, patient 
ownership of medical records, schedules that mini-
mize patient inconvenience, and unrestricted visitation 
hours.7

 4.  Timeliness. Reduced wait time is important to both 
patients and health care practitioners. Long waits sig-
nal a lack of respect for a patient’s time. Furthermore, 
delays may not only affect patient satisfaction, but 
may impair timely diagnosis and treatment. For health 
care workers, delays in availability of equipment or 
information may decrease job satisfaction and the abil-
ity to perform their jobs adequately.

 5.  Efficiency. Rising costs have increased scrutiny of 
waste in health care; this includes waste in labor, capi-
tal, equipment, supplies, ideas, and energy.8 Improved 
efficiency reduces waste and results in an increased 
output for a given cost. Examples of efficiency mea-
sures include mean length of hospital stay, readmis-
sion rate, and mean cost of treatment for a diagnosis. 
In many circumstances, efficiency can be improved by 
eliminating waste, which often results in better quality 
of care for patients.

 6.  Equity. Equitable care does not vary in quality based 
on personal characteristics such as gender, ethnicity, 
geographic location, and socioeconomic status. The 
IOM defines equitable care at two levels. At the popula-
tion level, equitable care means reducing or eliminating 
disparities between subgroups. At the individual level, 
it means absence of discrimination based on factors 
such as gender, race, age, ethnicity, education, sexual 
orientation, disability, or geographic location.4

METHODS OF QUALITY ASSESSMENT

QUALITY ASSURANCE VERSUS 
CONTINUOUS QUALITY IMPROVEMENT

Although the terms continuous quality improvement (CQI) 
and quality assurance (QA) are often used interchangeably, 
substantial differences exist between the two. Most medi-
cal CQI systems have been built on the foundation of a 
traditional QA system that uses standards to define qual-
ity.9 Standards can be defined as an “acceptable” level of 
performance. For example, a standard for overall morta-
lity after cardiac surgery is less than 3%; however, is 3% 
(versus 4% or 2%) mortality after cardiac surgery accept-
able? Similarly, a standard for head injury evaluation is a 
computerized tomography (CT) brain scan within 4 hours 
of admission, but in certain circumstances, patients with 
head injury may warrant a CT scan sooner than that.

Most standards are inherently arbitrary and often lack 
consensus among medical professionals.9 Additionally, 
QA systems typically react only when a standard is not 
met. Examples of traditional standard-based QA systems 
are peer review systems and morbidity and mortality 
reviews. These systems often exist to flag certain cases or 
practitioners for intense review. Practitioners may regard 
this intense review as a punishment because only “fail-
ures” or “bad apples” are identified, and process failures 
are not connected with the outcome on every case. Thus, 
QA systems are inherently judgmental and, if not care-
fully administered, can hold practitioners responsible 
for random causes over which they have no control. 
CQI systems, on the other hand, are gaining popularity 
because they recognize that errors occur and require dif-
ferent responses. Often excellence in health care is not 
identified by analysis of QA systems. Excellence is some-
times defined by the lack of failure. Is there a difference 
between good (acceptable) and excellent health care?

Systems within health care are a series of interlinked 
processes, each of which results in one or more outputs. 
CQI systems, as opposed to QA systems, include an 
explicit approach to process and the use of specifications 
to improve a process or outcome. A specification is an 
explicit, measurable statement regarding an important 
attribute of a process or the outcome it produces.9 Speci-
fications identify variables that need to be measured but 
typically do not set acceptable limits or standards. Once 
specifications have been defined in a CQI system, all out-
puts or cases, not just failures, are evaluated against these 
specifications. The system then attempts to correct errors 
by fixing the process rather than the people. Thus, CQI 
aims to change the process and prevent quality failures 
before they happen by building improvements into the 
process. To quote Philip Crosby, “The system for causing 
quality is prevention, not appraisal.”10

FRAMEWORKS FOR IMPROVEMENT

Model for Improvement
The journey toward improvement can be made more effi-
cient and more effective with a systematic approach. The 
Model for Improvement, developed by the training and 
management consulting company Associates in Process 
Improvement, is one such approach adopted by orga-
nizations across varied disciplines and is currently the 
approach used by IHI. It is a structured, dynamic model 
that applies the scientific method to testing and imple-
menting a change.11 In 1939, Walter A. Shewhart, a physi-
cist, engineer, and statistician, introduced the science of 
modern QI.12 He introduced a three-step scientific pro-
cess of specification, production, and inspection, stating 
that “these three steps must go in a circle instead of in 
a straight line.”13 In the 1940s, his protégé, W. Edwards 
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Deming, applied these concepts to government and 
industry and developed the Plan, Do, Study, Act (PDSA) 
cycle (Table 6-1).14 A modification of the PDSA by the 
addition of three fundamental questions resulted in the 
Model for Improvement (Fig. 6-1).13

Beginning an improvement project with the three 
fundamental questions for improvement helps set a clear 
direction for the project, define what success will look 
like, and hypothesize successful interventions. The three 
fundamental questions for improvement are:

 1.  What are we trying to accomplish? (Aim) The aim (or 
objective) for improvement should be specific, mea-
surable, actionable, relevant, and time-specific (also 
referred to as a SMART aim). Ideas for improvements 
may come from interviewing those involved or affected 
by the process, such as staff or patients. Ideas may also 
come from examining previous data on opera tional, 
clinical, or financial processes.

 2.  How will we know if change is an improvement? 
(Measures) Ideally, measures should be linked directly 
to the aim or goal of the project and should ensure 
that the interests of the stakeholders of the process are 
represented.11 Quantitative measures should be used 
when possible to measure change over time. These 

Act Plan

Study Do

What are we trying to accomplish?

How will we know that a change is an improvement?

What change can we make that will result in improvement?

Figure 6-1. Diagram of Model for Improvement. (From Langley 
GJ, Moen RD, Nolan KM, et al. The improvement guide: a practical 
approach to enhancing organizational performance. San Francisco, 
2009, Jossey-Bass. With permission from John Wiley & Sons.)

TABLE 6-1 STEPS OF A PLAN, DO, STUDY, ACT 
(PDSA) CYCLE

Step Description

Plan Make a plan for the test of change.
Include predictions of results and how data will be 

collected.
Do Test change on a small scale.

Document data, observations, and problems that occur.
Study Use data gathered from previous stages to build new 

knowledge and make predictions.
Knowledge is gained from both successful and 

unsuccessful changes.
Act Adopt the change, or use knowledge gained to plan or 

modify the next test of action.
measures provide the feedback that enables one to 
know whether or not the change is an improvement. 
However, not all projects have an easily quantifiable 
outcome and the outcome may be more qualitative. It 
is worth the time and effort to identify opportunities 
to translate goals into quantifiable outcomes if possi-
ble. These can be easier to use to communicate success.

 3.  What changes can we make that will result in improve-
ment? (Changes) Ideas for changes that result in 
improvement often start with observations, modeling 
the success of others, and brainstorming. The more 
intimate the understanding of a process and its key 
drivers, the higher the likelihood of generating success-
ful changes.

  

The three fundamental questions are followed by a 
PDSA cycle, which is the framework for testing and imple-
menting previously generated ideas for change. Improve-
ment may require multiple cycles of preferably small tests 
of change over time. By testing changes on a small scale 
before implementation, risk is mitigated. Small tests of 
change may also help overcome individuals’ resistance 
to change. Through repeated cycles, increased knowledge 
is acquired, and actions are continuously modified or 
changed. Measures defined in the first part of the model 
help determine whether or not a change is a success. These 
measures are often plotted over time on run charts or con-
trol charts (Figs. 6-2 and 6-3). Knowledge can be gained 
from both successful and unsuccessful tests! Finally, PDSA 
cycles both test a change and implement a successful 
change on a larger scale or in diverse clinical areas.

Lean Methodology and Six Sigma
In addition to the Model for Improvement, CQI initiatives 
have many other frameworks. Two of these frameworks, 
Lean Production and Six Sigma, are briefly discussed 
here. These frameworks are sometimes combined, such 
as in Lean-Six Sigma. Regardless of which framework is 
employed, benefits are gained by retaining a structured 
and consistent approach to CQI.

Lean methodology has its roots in Japanese manufac-
turing, particularly in the Toyota Production System.15 
More recently, Lean has found success in the health 
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care industry. Two notable examples of its use are Vir-
ginia Mason Medical Center and ThedaCare, Inc., both of 
which have transformed their organizations through the 
application of Lean principles. In fact, ThedaCare reported 
$3.3 million in savings in 2004 with reduced accounts 
receivable, redeployed staff, reduced phone triage times, 
reduced time spent on paperwork, and decreased medica-
tion distribution time.15

Lean methodology is focused on creating more value 
for the customer (i.e., the patient) with fewer resources. 
Every step in a process is evaluated to differentiate those 
steps that add value from those that do not. The ultimate 
goal is to eliminate all waste so that every step adds value 
to a process. Other key components of Lean include reduc-
ing unevenness of workflow—for instance, what we might 
find in intensive care unit (ICU) admissions or emergency 
cases—and eliminating the overburdening of people and 
equipment. Five principles govern Lean improvement:11

 1.  Define the value that the customer is seeking.
Virginia Mason Medical Center has a “Patient First” 
focus for all its processes.15

 2.  Identify and map the value stream.
If evaluating preoperative assessment (also see 
Chapter 38), map the physical flow of a patient from 
the scheduling of a procedure through the day of 
surgery (history and physical, preoperative counsel-
ing, lab tests, imaging, consultations, etc.). In this 
process, all of the steps are accounted for, including 
the back-and-forth flow of the patient to the front 
desk, to the laboratory, and so on. Time spent dur-
ing each step of the process should be documented.

 3.  Smooth the flow between value-added steps.
Eliminate steps that do not add value to the overall 
process and are likely a poor use of time or effort on 
the part of the caregivers or the patient. An exam-
ple of this process might be eliminating unneces-
sary tests or consultations in a patient’s preoperative 
evaluation and reducing excess wait times that are 
the result of correctable inefficiencies.

 4.  Create pull between steps.
Customer demand should trigger the start of a down-
stream process. Examples include opening operating 
rooms or increasing staffing based on surgical demand, 
as opposed to having a fixed amount of time for each 
surgeon or surgical division.

 5.  Pursue perfection by continuing the process until 
you have achieved ultimate value with no waste.

  

The transformation of Motorola in the 1980s from a 
struggling company to a high-quality, high-profit orga-
nization helped give rise to the Six Sigma methodo logy. 
Two key fundamental objectives of Six Sigma are a vir-
tually error-free process and a large focus on reducing 
variation.16 In fact, a Six Sigma process, or a process six 
deviations from the mean, corresponds to just 3.4 errors 
per million.

Health care often falls far short of this standard. 
In a 1998 report, Chassin17 reported that hospitalized 
patients harmed by negligence were at a four sigma level 
(10,000 per million), patients inadequately treated for 
depression were at a two sigma level (580,000 per mil-
lion), and eligible heart attack survivors who failed to 
receive β-adrenergic blockers were at a one sigma level 
(790,000 per million). In contrast, Chassin found that 
anesthesiology was the one health care specialty that 
approached the six sigma level, with deaths caused by 
anesthesia as low as 5.4 per million.17 In comparison 
with health care, airline fatalities were a two sigma pro-
cess (230 per million) and a traditional company oper-
ated around four sigma, the equivalent of 6200 errors 
per million.17 Considering that errors are often tied 
directly to cost, this error rate has significant financial 
implications.

Six Sigma is similar to the Model for Improvement 
in that it makes use of a simple framework to guide 
improvement, in this case using Define, Measure, Ana-
lyze, Improve, Control (DMAIC).16 The DMAIC steps are 
described in Table 6-2. As mentioned earlier, many orga-
nizations have found the greatest benefit by combining 
elements of different methodologies in their CQI work. 
One popular example of this is Lean-Six Sigma, which 
combines improvements in flow and value with reduc-
tion in error and variation. Furthermore, individual tools 
from these strategies, such as PDSA cycles or DMAIC 
processes, can be applied where appropriate.
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QUALITY IMPROVEMENT MEASURES  
AND TOOLS

The concept of using measurement to drive improve-
ment has its origins in both medicine and industry. The 
use of data to improve the health of patients originated 
in the mid-1800s with two pioneers, Florence Nightingale 
and John Snow. Nightingale used data on mortality 
among British soldiers to drive improvements in sanita-
tion in field hospitals. Similarly, Snow used data on the 
incidence and geographic location of cholera to make 
the connection between the incidence of the disease 
and water obtained from the Broad Street water pump. 
In the early 20th century, Ernest Codman, a surgeon at 
Massachusetts General Hospital, was the first to advocate 
tracking of patient outcomes so that adverse events could 
be identified and improvements in care made for future 
patients. In the 1970s, Avedis Donabedian emphasized 
the importance of measurement and described a model 
for evaluating quality of health care based on structure, 
process, and outcomes—structure being the environment 
in which health care is provided, process being the method 
by which it is provided, and outcomes being the result of 
the care provided. More recently, in 1991, Paul Baltaden 
and Don Berwick developed the IHI, one of the leaders in 
the application of improvement science to health care.18

In QI, measurement can serve many purposes. It can 
be used to identify problems and establish baseline per-
formance, inform and guide QI projects, select and test 
changes for improvement, and assess and align progress 
with organizational goals. Selecting and developing mea-
sures that are useful can be challenging. Optimal mea-
sures must be comprehensive, carefully defined, tailored 
to the target audience, and involve minimal measure-
ment burden. Target audiences usually include clinical 
staff, so measures should address and align with clinical 
targets for specific patient populations with whom the 
staff work. Measures should pass the face validity test with 
clinical practitioners delivering care. National or orga-
nizational measures, if applicable, can also be used, but 
they may not always be relevant or credible to the local 
target audience. Within an organization, target audiences 
should include system leaders, so measures should also 
align with organizational priorities and strategic goals.

TABLE 6-2 STEPS IN THE LEAN OR SIX SIGMA 
PROCESS

Step Description

Define Define the goals of the improvement project.
Obtain necessary support and resources and put 

together a project team.
Measure Establish appropriate metrics.

Measure baseline performance of the current system.
Analyze Examine the system for possible areas of 

improvement.
Improve Improve the system through implementation of 

ideas.
Statistically validate improvements.

Control Institutionalize the new system and monitor its 
stability over time.
PROCESS AND OUTCOME MEASURES

Measures should include the following:

 1.  Process measures that address the processes of health 
care delivery (e.g., perioperative β-adrenergic blocker 
administration for patients, antibiotic administration 
for prevention of surgical site infection)

 2.  Outcome measures that address patient outcomes 
from delivery of these services, such as clinical and 
functional outcomes or satisfaction with services (e.g., 
morbidity, mortality, length of stay, quality of life, or 
perceptions of care)

 3.  Balancing measures that address the possible conse-
quences of changes in the process (e.g., when process 
improvements are made to improve efficiency, other 
outcomes, such as patient satisfaction, should not be 
adversely affected)

  

Each of these measures has advantages and limita-
tions.19 A comprehensive set of measures should include 
at least one process, outcome, and balancing measure. In 
addition, structural measures, such as ICU nurse-to-phy-
sician staffing ratios, can be important to include when 
appropriate.20,21

Health care providers readily accept process measures 
because they demonstrate the degree to which caregivers 
can influence a process with the intention to improve 
patient outcomes. Practitioners generally feel more 
accountable for the process of care than its outcomes, 
because outcomes may be affected by many other vari-
ables.19 An obstacle to using process as a measure of qual-
ity is sustainability; frequent updating is required as the 
science of medicine advances.

Process measures, which evaluate how care is delivered, 
may be easier to measure and implement than outcome 
measures and can provide important insight into care.22 
Process measures can provide immediate feedback regard-
ing performance, allowing for rapid improvements in 
care. Process measures have two other important advan-
tages: first, they generally have face validity for providers, 
meaning that providers believe they can use the data to 
improve care; and second, because risk adjustment is less 
important, broad implementation is feasible. Moreover, 
joint efforts among providers, professional societies, and 
external government or payer agencies have made process 
measures more feasible.22

To be valid, process measures should have causal 
links to important outcomes; a change in the process 
should produce a desired change in outcome. One of 
the best opportunities to improve patient outcomes 
may well come from discovering how to deliver thera-
pies (processes) that are known to be effective in pro-
ducing a desired outcome.23 For example, hand hygiene 
and application of chlorhexidine to sterilize the skin site 
before insertion of a central venous catheter (CVC) are 
two of five processes known to reduce catheter-related 
bloodstream infections (CRBSI).24 Process measures 
such as these are indicators of whether patients reliably 
receive evidence-based interventions known to prevent 
complications.

When measuring processes, patient factors, measure-
ment bias, and interventions already in place as part 
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of standard practice all play a role in outcomes. The 
linkage of process to outcomes must be demonstrated 
scientifically or widely accepted by peers, although the 
latter risks the linkage being accepted but wrong. In 
general, a balanced set of process and outcome mea-
sures helps inform improvement efforts and provides 
evidence that efforts have made a difference in the lives 
of patients.

The need for risk adjustment and long-term follow-up 
is complex. If an outcome occurs infrequently, providers 
will obtain meaningful feedback on a timely basis. For 
example, evidence of improved rates of CRBSI (an outcome 
measure) may require 3 months of data (because few 
patients develop infections), whereas improved adher-
ence to evidence-based practices to reduce infections (pro-
cess measures) may be observed within a week (because 
all patients can be evaluated to determine whether they 
received the intervention). Nevertheless, consumers and 
employers are increasingly requesting outcome measures 
both to improve care and decrease cost. The relative focus 
on outcome and process measures will depend on balancing 
the collection of data between that which is scientifically 
sound and that which is feasible.

For measurement to be effective, the following prin-
ciples are important. First, measures should focus on 
something that the improvement team has the power to 
change and should initially be simple, small-scale mea-
sures that focus on the process itself and not on people. 
Second, measures should be practical, seek usefulness—
not perfection—and fit the work environment and cost 
constraints. Third, data for measurement should be easy 
to obtain; finding ways to capture data while the work is 
getting done allows measures to be built into daily work. 
Fourth, qualitative data (e.g., reasons for patient dissatis-
faction) are often highly informative and easy to obtain 
and should complement quantitative data (e.g., percent-
age of patients satisfied with care). Finally, when using 
measures, balance is key; a balanced set of measures can 
help answer the question, Are we improving parts of our 
system at the expense of others?

Measurement should not overwhelm the change pro-
cess. Improvement teams should minimize the burden of 
measurement whenever possible. Measurement can have 
both direct and indirect consequences on resource use, 
provider behaviors, and patients.25 Measurement of per-
formance and outcomes of care can be costly, especially if 
the data collection process is manual and involves chart 
reviews. The burden of measurement is reduced with an 
electronic medical record system and computerized order 
entry, although these information technology systems 
are costly to implement and maintain. Additionally, 
these resources may not be equally available throughout 
a system or organization, leading to disparities in the care 
provided.

Measurement fixation is an unintended consequence 
on health care staff behavior that may occur with the 
use of process measures. For example, when a process 
measure such as “the percentage of diabetic patients 
who received an action plan” is used rather than an out-
come measure such as “improved patient understanding 
about diabetic management,” the measure is perceived 
by the clinician as defining what is important. Thus, 
measurement of the process becomes the priority, rather 
than the intended outcome.25 Alternatively, the clini-
cian may become so focused on what is being measured 
that different aspects of care are not equally prioritized. 
In addition, a predominance of process rather than out-
come measures can stifle innovation by scripting a pro-
cess, thus inhibiting process-level innovation. Practice 
variation does have some utility because medical practice 
is dynamic, and it is through the trial of new methods 
of care that innovation occurs. Finally, QI performance 
measures may not match patient preferences for clini-
cal care. Performance measures that do not take patient 
preference into account can lead to decreased patient 
satisfaction, trust, and confidence in their health care 
practitioners and system.25 Thus, selection of a set of 
appropriate measures with the attributes described previ-
ously can be a balancing act that includes weighing the 
tradeoffs involved.

ANALYSIS AND DISPLAY OF QUALITY 
IMPROVEMENT DATA

Interpretation of data and understanding of process varia-
tion are fundamental to QI work. Data elements central 
to improvement are first and foremost—those data are 
collected as a basis for action. Second, interpretation of 
data is made within the context of the process. Last, the 
analysis technique should filter out noise in the process. 
Aggregate data or summary statistics typically do not fil-
ter out noise in the system and do not present a broad 
enough context to point practitioners in the direction of 
proper action or process improvement.

Shewhart postulated that data contain both signal 
and noise; to be able to learn, one must separate the sig-
nal from the noise.26 CQI science defines two types of 
variation within a process: random variation and specific 
variation. Random variation, also known as common-
cause variation, results from differences in the inputs 
that a process receives or inherent factors in the process 
itself. Random variation is the random background noise 
within a system and occurs in the process all the time. 
Specific variation, also known as special-cause or attrib-
utable variation, is not present all of the time as back-
ground noise, but rather arises from one or more specific 
causes that are not part of the system. A process is con-
sidered to be unstable when specific variation exists, and 
efforts should be made to learn about the special causes 
for this variation. A stable process exists when specific 
variation no longer occurs, leaving only random or com-
mon variation.9 CQI aims to eliminate specific variation 
for every process so that only random variation remains. 
A standards-based QA system fails to distinguish ran-
dom cause from special cause and attempts to correct 
all variation. Attempts to correct random variation will 
necessarily fail—a process CQI defines as “tampering.” 
When a process exhibits only random variation, the pro-
cess should be evaluated to determine whether it is func-
tioning at an acceptable level. If it is not, the process will 
need to be changed so that the average is moving in the 
desired direction. Standardization of a process is often 
the key to reducing random variation and improving a 
process.
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Run Charts and Control Charts
Run charts and control charts are graphic displays of data 
that enable observation of trends and patterns over time. 
They are the best tools for determining whether improve-
ment strategies have had an effect. A run chart (see Fig. 6-2),  
also called a time series chart, plots the variable or mea-
sure being studied on the vertical axis and plots the time 
on the horizontal axis. The average, or centerline, is the 
median. At least 12 data points are required to establish 
a baseline, and at least 20 to 25 data points are required 
to detect trends and patterns. Run charts should be anno-
tated with tests of change to provide the context within 
which data can be interpreted. Four rules can be used 
with run charts to determine whether nonrandom pat-
terns exist or to detect whether the change has led to an 
improvement:

 1.  A shift is indicated by six or more consecutive points 
above or below the median.

 2.  A trend is indicated by five or more points all increasing 
or all decreasing.

 3.  A run is defined as a series of consecutive points on the 
same side of the median line.

 4.  An astronomical data point is an unusual point that is 
obviously different in value (an outlier).11

  

Because change is by nature temporal, run charts in 
which data are presented over time are powerful tools for 
interpreting data within the context of the process.

A control chart (see Fig. 6-3),27 also known as a 
Shewhart chart,11,12 is an extension of a run chart and is 
used to distinguish between specific and random varia-
tion. As on a run chart, the variable is plotted on the verti-
cal axis and time on the horizontal axis. However, with a 
control chart the centerline or average is the mean, rather 
than the median, and the upper control limit (UCL) and 
lower control limit (LCL) are calculated. The UCL and 
LCL correspond to ± 3 sigma from the mean. A process is 
considered to be “in control,” or stable, when data points 
are within these control limits.11 Random variation, or 
variation that is the result of the regular rhythm of the 
process, produces a stable process. However, in an unsta-
ble process that contains variation from special causes, 
data points exceed the UCL or LCL.28

Dashboards and Scorecards
A dashboard of measures functions like an instrument 
panel for an aircraft or automobile and provides real-time 
feedback on what is happening. Balanced scorecards, or 
“whole system measures,” are similar to dashboards and 
are used to provide a complete picture of quality. Deve-
loped by Kaplan and Norton, the balanced scorecard is 
defined as a “multidimensional framework for describing, 
implementing, and managing strategy at all levels of an 
enterprise by linking objectives, initiatives, and measures 
to an organization’s strategy.”29 A set of measures should 
reflect the culture and mission of an organization. Viewed 
collectively, this set of measures provides a gauge of cur-
rent performance and can also guide the direction for 
future organizational improvement efforts. A balanced 
set of measures is critical to ensure that improvement 
efforts in one area do not adversely affect outcomes in 
other areas.
Additional QI Evaluation and 
Communication Tools
In most situations, QI frameworks such as the Model for 
Improvement or Lean Sigma are sufficient to help guide 
the development, testing, implementation, and spread of 
improvement. However, to better understand problems 
within a system or process, QI professionals have deve-
loped or adapted a number of methods and tools. Some of 
these methods and tools help with viewing systems and 
processes and organizing and communicating informa-
tion. These are described in the following section.

Understanding how a process or system works is fun-
damental to improving it. Process mapping is a method 
to gain this understanding. A flow diagram, or flow chart, 
is an improvement tool used during process mapping; 
it provides a visual picture of the process being studied, 
wherein the series of activities that define a process is 
graphically represented. Flow charts identify and clarify 
all steps in the process. They also help the team under-
stand the complexity of the process and identify oppor-
tunities for improvement.

Failure mode and effects analysis is a systematic, proac-
tive method of identifying and addressing problems asso-
ciated with a process. It uses a standardized approach to 
analysis that includes identifying the various steps in a 
process and addressing their failure modes, effects, and 
possible interventions.

Key Driver Diagram (KDD) (Fig. 6-4)30 is another 
approach to organizing the theories and ideas for 
improvement that a team has developed. The KDD pres-
ents the aim or outcome of the project with both the 
theories (key drivers) behind the improvement and ideas 
for test of change.11 Initially, the driver diagram helps 
lay out the descriptive theory behind the improved out-
comes. As these theories are tested, the driver diagram is 
updated and enhanced to develop a predictive theory. 
KDDs are extremely useful because they provide a shared 
mental model for the team during its improvement 
efforts.

IMPROVEMENT INTERVENTION TOOLS

Efforts in QI and patient safety have produced tools with 
which to reorganize the way care is delivered. QI inter-
vention tools are used to improve communication and 
teamwork. Examples of these tools include daily goals 
sheets, briefings/debriefings, and checklists.

Daily Goals Sheet
Since July 2001, the daily goals sheet has been used to 
improve communication during multidisciplinary rounds 
in the ICU at Johns Hopkins Hospital.31 A one-page 
checklist, this tool is completed every morning to establish 
the care plan, set goals, and review potential safety risks 
for each patient (Fig. 6-5). The goals sheet stays with the 
patient, is updated as needed, and is used as an informa-
tion sheet for all staff involved in the patient’s care. It 
can be modified for use on other nursing units or during 
operating room (OR) sign-out or emergency department 
rounds (also see Chapters 101 and 102 ).

Before implementation of the daily goals sheet, an ini-
tial survey showed that ICU team members were unable 



Chapter 6: Quality Improvement and Patient Safety 95
Global aim

Project name: Improving the OR to PACU handoff process
Revision date: 02-28-10

Key drivers

Key Driver Diagram

Interventions (reliability level)

Project leader: James P. Spaeth

By developing a standardized PACU
handoff process, we will improve

patient safety by eliminating
serious events where poor

communication is a causal factor

Smart aim

We will increase the reliability of
an appropriate handoff between

anesthesia and PACU nursing from
56% to 95% by June 30, 2010

Appropriate handoff:
All parties ready, 10 data elements,

all questions answered

Determining the key elements
included in an appropriate handoff

All vital information about the patient
and surgical course is presented

All staff participating in the handoff
are ready and attentive

Anesthesia is knowledgeable
about the patient, procedure, and

intraoperative course

• Ask process owners (anesthesia,
PACU nursing) what key elements

should be part of the handoff

• Monitor compliance with these
measures

• Provide individual feedback when
failures occur

• Develop a standardized checklist
for handoff

• Make the final step of handoff the
opportunity to ask clarifying questions

• Provide individual feedback when
failures occur

Figure 6-4. Example of a key driver diagram (KDD) developed to improve the operating room (OR) to postanesthesia care unit (PACU) 
handoff process. This diagram incorporates the global and smart aim of the project, the key drivers inherent to the process, and specific inter-
ventions targeting each of the key drivers. (From Spaeth J, Varughese A: Improving the OR to postanesthesia care unit handoff process: a quality 
improvement initiative. Society for Pediatric Anesthesia Meeting Abstract, San Diego, CA, 2011.)
to answer two simple questions after rounding at each 
patient’s bedside: “Do you understand the patient’s 
goals for the day?” and “Do you understand what work 
needs to be accomplished on this patient today?” Fewer 
than 10% of the residents and nurses knew the care plan 
for the day—a finding that was not surprising because 
traditional bedside rounds tended to focus on teach-
ing the staff about disease processes rather than focus-
ing on the work that was necessary to treat the patient. 
Approximately 4 weeks after the daily goals sheet was 
implemented, 95% of residents and nurses understood 
the goals for each patient. Moreover, after the daily goals 
sheet was implemented, length of stay in a surgical ICU 
at Johns Hopkins decreased from a mean of 2.2 days to 
only 1.1 days.31

Briefings and Debriefings
Similar to the daily goals sheet, briefing and debriefing 
tools are designed to promote effective interdisciplinary 
communication and teamwork. Both have been used in 
the OR, during sign-out from the ICU nursing staff to the 
intensivist, and between OR nursing and anesthesia coor-
dinators.32-34 A briefing is a structured review of the case 
at hand that takes place among all team members before 
the start of an operative procedure. A debriefing occurs 
after the procedure; the team reviews what worked well, 
what failed, and what could be accomplished better in 
the future (Fig. 6-6).

An example of an OR briefing includes introduction 
by name (first and last) and role of each team member, 
confirmation of the correct patient, confirmation of the  
site/side and procedure (time-out), and a verbal assurance 
that all team members agree that they understand the pro-
cedure and what is required to ensure its success. A check 
of all necessary equipment, medications (e.g., appropriate 
antibiotic), and blood availability is performed. The ques-
tion, “If something were to go wrong, what would it be?” 
is asked, and plans to mitigate or respond to the potential 
hazard are discussed (also see Chapter 3).

Checklists
Checklists have been used in health care and other 
industries to ensure that important steps in a process are 
not forgotten. The Food and Drug Administration rec-
ommends that a checklist be used when checking out 
and inspecting an anesthesia machine before use to 
ensure that the equipment and monitors are function-
ing properly.33,35 As part of a QI project to reduce CRBSI 
at Johns Hopkins, care providers implemented a check-
list as one of several interventions to reduce complexity 
and to introduce a redundant safety check. The checklist, 
typically completed by a nurse, was attached to the CVC 
insertion cart to ensure compliance with the best prac-
tices for CVC placement. The nurse was empowered to 
stop the procedure if the checklist was not followed or 
if sterile technique was compromised. This intervention 
resulted in a 66% reduction in the overall CRBSI rate; the 
median rate was reduced from 2.7 per 1000 catheter days 
before the intervention to 0 by month 3 and through 
month 18 of the postintervention.36 In general, these QI 
tools seek to standardize both communication and tech-
nical work.

Haynes and colleagues37 described the use of a check-
list to guide the perioperative time-out, briefing, and 
debriefing process. They showed that implementing 
the World Health Organization (WHO) Surgical Safety 
Checklist (Fig. 6-7)38 reduced mortality and inpatient 
complications.37



PART I: Introduction96
Figure 6-5. Example of an inten-
sive care unit (ICU) daily goals sheet. 
CXR, Chest radiograph; d/c, dis-
charge; DVT, deep vein thrombosis; 
EKG, electrocardiogram; GI, gastro-
intestinal; HOB, head of bed; HR, 
heart rate; ICUSRS, ICU self-reporting 
system; ND, naso-duodenal; NPO, 
nothing by mouth; OOB, out of bed; 
PEG, percutaneous endoscopic gas-
trostomy; PUD, peptic ulcer disease; 
RR, respiratory rate; SIRS, severe 
infectious respiratory syndrome; 
temp, temperature; TPN, total par-
enteral nutrition; vent, ventilator; 
WBC, white blood cell count.

Room Number ______________ Shift:             AM     /         PM

What needs to be done to d/c patient from the ICU?

Patient’s greatest safety risk? How can we   risk? 

What events or deviations need to be reported? 
ICUSRS issues?

Pain & Sedation Management

Cardiac
Review ECGs

Volume status

Net goal for midnight

Pulmonary: Ventilator, ventilator bundle, HOB   , wean

SIRS/Infection/Sepsis evaluation
Temp >38°C or <36°C; HR >90
RR >20 or PaCO2 <32
WBC >12000 < 4000 or >10% bands

Can catheters/tubes be removed?

GI/Nutrition/Bowel regimen:
TPN catheter, ND tube PEG needed?

Is patient receiving DVT/PUD prophylaxis?

Can meds be discontinued, changed to PO, adjusted?

Tests/Procedures today

Scheduled labs

AM labs needed/CXR?

Consultations

Has primary service been updated?

Has family been updated?
Social issues addressed?
Long-term/Palliative care

Pain goal ____ /10

HR goal ____       at goal
                β-blockade

Even      Pos      Neg ___
Net ___ (cc)  
     Patient determined

     OOB/pulmonary toilet/ambulation

     No current SIRS/sepsis issues
     Known/suspected infection
     Culture blood ×2/urine/sputum
     Antibiotic changes
     Discontinue sepsis bundle

Y/N

    TPN
     NPO/Advance diet

Y/N
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SOURCES OF QUALITY IMPROVEMENT 
INFORMATION

Development of a QI program first requires that an issue 
be identified; then baseline data are collected and an 
improvement intervention instituted. Data are re-collected  
after the intervention. If the intervention is found to be 
effective, ongoing monitoring or audits are instituted to 
ensure that the change is sustained. As part of the audits, 
feedback must be given to the providers. Health care pro-
viders traditionally have had limited ability to obtain 
feedback regarding performance in their daily work, in 
part because of a lack of information systems and a lack of 
agreement on how to measure quality of care.39

Ideas for QI programs can be identified from a multi-
tude of sources, but they typically start with surveys and 
input from local medical staff and reviews of reported 
incidents. Additional information is gathered from the 
literature, review of national guidelines and quality met-
rics, and information obtained from external or internal 
reviews.

Sources of QI data that span both the clinical and 
administrative arenas include evidence-based medicine 
(EBM) and evidence-based clinical practice guidelines, 
alerts from accrediting agencies and nonprofit safety 
organizations, standards and guidelines put forth by 
medical specialty associations, closed claims databases, 
and government agency administrative databases. United 
States governmental agencies, including the Agency for 
Healthcare Research and Quality (AHRQ), Centers for 
Medicare and Medicaid (CMS), and the National Quality 
Forum (NQF), promote the development and reporting of 
health care quality measures.40

INCIDENT REPORTING

Voluntary incident reporting that captures hazardous sys-
tems has been successfully used to improve patient care 
and foster QI programs.41 As the potential of voluntary 
incident reporting is being realized in health care, this 
reporting has become less punitive and more focused on 
systems rather than on individuals. Voluntary incident 
reporting, when appropriately applied, helps identify 
hazards to patients that can then become the focus of 
QI efforts that seek to mitigate those hazards.42 Unlike 
other methods that evaluate harmed patients, voluntary 
incident reporting provides the potential to also learn 
from near misses—incidents that did not lead to harm 
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Figure 6-6. Example of an operating  
room briefing and debriefing tool.  
DVT, Deep vein thrombosis; H&P,  
his tory and physical; ID, identification.

erudecorPyrevEerofeB:gnifeirB

Team introductions: First and last names, including roles; write names on board

Verify: Patient ID band, Informed Consent (read out loud), site marking, OR posting, patient’s 
verbalization of procedure (if patient awake), H&P or clinic note

Are there any safety, equipment, instrument, implant, or other concerns?

Have antibiotics been given, if indicated?

What are the anticipated times of antibiotic redosing?

Is glucose control or β-blockade indicated?

Is the patient positioned to minimize injury?

Has the prep solution been applied properly, without pooling, and allowed to dry?

Have the goals and critical steps of the procedure been discussed?

Is the appropriate amount of blood available?

Is DVT prophylaxis indicated? If yes, describe.

Are warmers on the patient?

Is the time allotted for this procedure an accurate estimate?

Have the attendings reviewed the latest laboratory and radiology results?

erudecorPyrevEretfA:gnifeirbeD

Could anything have been done to make this case safer or more efficient? 

Has the Surgical Site Infection data collection form been completed?

Are the patient’s name, history number, surgical specimen name, and laterality on the 
paper work? (must be independently verified by the surgeon)

Did we have problems with instruments? Were they reported?

Plan for transition of care to postop unit discussed?
Fluid management?
Blood transfusion paperwork in chart?
Antibiotic dose and interval to be continued postop?
Pain management/PCA plan?
New medications needed immediately postop?
β-blockers needed?
Glucose control?
DVT prophylaxis? 
but were potentially hazardous. A rich source for QI proj-
ects should be these near misses and potential hazards, so 
that prevention of events is highlighted.

All anesthesiology departments should have a pro-
cess in place for capturing adverse events and near 
misses. Although most departments have a process for 
reporting, many incidents go unreported for a variety 
of reasons. Departments should encourage voluntary 
reporting without threat of punishment. Electronic cap-
ture of adverse events, near misses, and complaints can 
provide data that can subsequently be analyzed to iden-
tify trends and assess the degree of harm that a hazard 
poses to patients.

Events that occur frequently with low harm can be 
just as important as an event that occurs rarely with high 
harm. At the local level, it is more effective to focus on a 
more frequently occurring adverse event (e.g., periopera-
tive skin abrasions, mislabeling of laboratory specimens) 
or on a process that can be measured with high frequency 
(e.g., hand hygiene, administration of antibiotic prophy-
laxis). For rarely occurring harmful events, a QI initiative 
may encompass a more expansive analysis of a national 
adverse-event database with multicenter participation.

With multiinstitutional event reporting systems, 
events that would rarely be seen in a single institution 
can be collected in larger numbers. Such systems allow 
analysis for common causes that increase our knowledge 
base for prevention initiatives. Larger multiinstitutional 
data gathering systems include the University HealthSys-
tem Consortium (www.uhc.edu), which supports event 
reporting and databases that can be used to develop QI 
programs, benchmarking, and evidence-based practice. 
Reporting systems that have been developed specifically 
to investigate rarely occurring anesthesia-related events 
include the Anesthesia Incident Reporting System 
(AIRS) created by AQI (www.aqihq.org/airs/airsIntro. 
aspx) and Wake Up Safe (www.wakeupsafe.org), a QI ini-
tiative of the Society for Pediatric Anesthesia. The AIRS 
program publishes a learning case each month in the 
ASA Newsletter, including a summary of a reported case 
with learning points.

More expansive international incident-reporting 
systems that are anonymous and voluntary have also 
been analyzed in the literature and have provided 
important information. Examples are the United 
Kingdom’s Serious Incident Reporting and Learning 
Framework43 (www.nrls.npsa.nhs.uk/report-a-patient-
safety-incident/serious-incident-reporting-and-learning-
framework-sirl/) and the Australian Incident Monitoring 
Study.44 These incident registries do not require that the 
events be considered human error or preventable to merit 
reporting and are a source of ideas for QI projects.

http://www.uhc.edu
http://www.aqihq.org/airs/airsIntro.aspx
http://www.aqihq.org/airs/airsIntro.aspx
http://www.wakeupsafe.org
http://www.nrls.npsa.nhs.uk/report-a-patient-safety-incident/serious-incident-reporting-and-learning-framework-sirl/
http://www.nrls.npsa.nhs.uk/report-a-patient-safety-incident/serious-incident-reporting-and-learning-framework-sirl/
http://www.nrls.npsa.nhs.uk/report-a-patient-safety-incident/serious-incident-reporting-and-learning-framework-sirl/
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Surgical Safety Checklist

Before induction of anaesthesia

Has the patient confirmed his/her
identity, site, procedure, and consent?

Yes

Is the site marked?

Not applicable
Yes

(with at least nurse and anaesthetist)

Is the anaesthesia machine and
medication check complete?

Yes
Not applicable
Yes

Has antibiotic prophylaxis been given
within the last 60 minutes?

Not applicable
Yes

Is essential imaging displayed?

Is the pulse oximeter on the patient
and functioning?

Yes

Does the patient have a:

Known allergy?

Yes
No

Yes, and equipment/
assistance available

No

Difficult airway or aspiration risk?

Yes, and equipment/
assistance available

No

Risk of >500 ml blood loss (7 ml/kg in
children)?

Before skin incision

Confirm all team members have
introduced themselves by name
and role.

Confirm the patient’s name,
procedure, and where the incision
will be made.

Anticipated critical events

To surgeon:

How long will the case take?

Are there equipment issues or
any concerns?

What are the critical or
nonroutine steps?

(with nurse, anaesthetist, and surgeon) (with nurse, anaesthetist, and surgeon)

What is the anticipated blood loss?

Are there any patient-specific
concerns?

To anaesthetist:

Has sterility (including indicator
results) been confirmed?

To nursing team:

Before patient leaves operating room

The name of the procedure
Completion of instrument, 
sponge and needle counts

Nurse verbally confirms:

Specimen labelling (read
specimen labels aloud, including
patient name)
Whether there are any equipment
problems to be addressed

What are the key concerns for 
recovery and management
of this patient?

To surgeon, anaesthetist and nurse:

This checklist is not intended to be
comprehensive. Additions and modifications

to fit local practice are encouraged.

Figure 6-7. WHO Safe Surgery Checklist. (Reproduced with permission from World Health Organization. WHO Surgical Safety Checklist. www.safesu
rg.org/uploads/1/0/9/0/1090835/surgical_safety_checklist_production.pdf.)
Although voluntary systems often prove fruitful, 
many events and near misses still frequently go unre-
ported. One way to capture these incidents is to survey 
local medical staff members to obtain their thoughts on 
how the last patient was harmed or how the next patient 
might be harmed. This process of performing a staff safety 
assessment survey is described in two later sections of this 
chapter (see “Collaborative Programs” and “Comprehen-
sive Unit-Based Safety Program”). Staff safety assessment 
surveys can be particularly helpful for identifying issues 
for QI projects. Additionally, if staff members identify the 
issue, the likelihood is greater that they will have a vested 
interest in participating in the QI efforts.

PUBLISHED LITERATURE

Literature reviews offer ideas for QI topics in specific areas 
and information to guide interventions. For example, if 
the QI project plan is to reduce hazards in cardiac anes-
thesia, a literature review will provide reports of various 
cardiac anesthesia risks. Once a topic within a clinical 
area is selected, a literature search should be performed 
again to determine whether similar QI projects have been 
performed and whether they were successful. Such infor-
mation will help with the design of a future initiative. 
The literature also provides published reports that iden-
tify guidelines and/or evidence-based practices that can 
be the basis for future programs.45,46

NATIONAL INITIATIVES AND QUALITY 
METRICS

The AHRQ is the source for both the National Quality 
Measures Clearinghouse and the National Guideline 
Clearinghouse. National professional organizations, 
such as the American Society of Anesthesiologists (ASA) 
and the Society for Critical Care Medicine (SCCM), offer 
guidelines specific to the field. The ASA has supported the 
review and development of many important guidelines 
that can serve as a rich source of QI initiatives. These 

http://www.safesurg.org/uploads/1/0/9/0/1090835/surgical_safety_checklist_production.pdf
http://www.safesurg.org/uploads/1/0/9/0/1090835/surgical_safety_checklist_production.pdf
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Surgical Site infection

 •  Prophylactic antibiotics
 •  Received within 1 hour before surgical incision
 •  Appropriately selected for surgical patients
 •  Discontinued within 24 hours after surgery end time (48 hours 

for cardiac surgery)
 •  Cardiac surgery patients with controlled 6 am postoperative 

serum glucose
 •  Postoperative wound infection diagnosed during index hospital-

ization (OUTCOME)
 •  Surgery patients with appropriate hair removal
 •  Colorectal surgery patients with immediate postoperative 

normothermia

cardiac Surgery

 •  Noncardiac vascular surgery patient with evidence of coronary 
artery disease who received β-blockers during the perioperative 
period

 •  Surgery patients on a β-blocker before arrival who received a 
β-blocker during the perioperative period

 •  Intraoperative or postoperative acute myocardial infarction diag-
nosed during index hospitalization and within 30 days of surgery 
(OUTCOME)

VenouS thromboemboliSm (Vte)

 •  Surgery patients with recommended VTE prophylaxis ordered
 •  Surgery patients who received appropriate VTE prophylaxis 

within 24 hours before surgery to 24 hours after surgery

 •  Intraoperative or postoperative pulmonary embolism diagnosed 
during index hospitalization and within 30 days of surgery 
(OUTCOME)

 •  Intraoperative or postoperative deep vein thrombosis diagnosed 
during index hospitalization and within 30 days of surgery 
(OUTCOME)

reSpiratory

 •  Number of days ventilated surgery patients had documentation 
of HOB being elevated from recovery end date (day 0) through 
postoperative day 7

 •  Patients diagnosed with postoperative VAP during index hospi-
talization (OUTCOME)

 •  Number of days ventilated surgery patients had documentation 
of stress ulcer disease prophylaxis from recovery end date (day 0) 
through postoperative day 7

 •  Surgery patients whose medical record contained an order for a 
ventilator weaning program (protocol or clinical path)

global

 •  Mortality within 30 days of surgery
 •  Readmission within 30 days of surgery

VaScular acceSS

 •  Proportion of permanent hospital end-stage renal disease vascu-
lar access procedures that are autogenous arterial venous fistulas

BOX 6-1 Surgical Care Improvement Project (SCIP) Process and Outcome Measures

HOB, Head of bed; VAP, ventilator-associated pneumonia; VTE, venous thromboembolism.
guidelines cover a range of practices and include guide-
lines for the placement of central venous access,47 man-
agement of patients with obstructive sleep apnea,48 and 
management of preoperative fasting.49 For those who are 
also involved in critical care medicine, guidelines and 
protocols do improve performance with specific care 
processes such as sedation and ventilator weaning pro-
tocols in ICUs. Such protocols decrease the duration of 
mechanical ventilation and ICU length of stay50,51 (also 
see Chapters 101 and 102).

Review of national quality metrics is another source of 
ideas for QI topics. National initiatives from CMS, such as 
the Physician Quality Reporting System (PQRS) and Sur-
gical Care Improvement Project (SCIP), provide quality 
metrics and are associated with pay for performance. The 
Joint Commission (TJC) website (www.jointcommission.
org) lists national patient safety goals and national qual-
ity core measures that are surveyed during site visits for 
accreditation. In 2004, TJC partnered with CMS to align 
measures common to both organizations in an initiative 
called Hospital Quality Measures. These measures are also 
endorsed by the NQF, a private, nonprofit membership 
organization created to develop and implement a national 
strategy for health care quality measurement and report-
ing (www.qualityforum.org). One of NQF’s functions is 
to endorse certain quality and safety measures (consen-
sus standards), which are then incorporated into other 
national quality initiatives. The goal for NQF-endorsed 
standards is that they become the primary standards used 
to measure the quality of health care in the United States. 
Increasingly, anesthesia programs are focusing on the 
standards that are relevant to the specialty because facili-
ties are being evaluated on compliance with regulations 
and are required to report their performance regarding 
these standards to the governing bodies.

SCIP, a national collaborative of public and private 
entities that has outlined perioperative QI goals, is in 
partnership with TJC and CMS in a national initiative 
(www.qualitynet.org). This initiative uses both process 
and outcome measures (Box 6-1) to focus on key clini-
cal areas, including surgical site infection, perioperative 
myocardial infarctions, venous thromboembolism, mor-
tality, and readmission.

An increasing number of regional and national orga-
nizations are developing initiatives that are stimulating 
the reporting of specific evidence-based practices and 
outcomes. These initiatives are also determining the 
local selection of areas for QI (Table 6-3). Reporting of 
these measures to CMS is being incentivized by pay for 
performance and performance-based payment. National 
professional organizations such as the ASA are developing 
metrics specific to the field.

OUTCOMES RESEARCH

The comparison of outcomes associated with different 
process decisions, or variations in care delivery, is the 
basis for outcomes research. Outcomes research52 offers 
a potential to identify these variations in care and to 
determine whether they improve outcomes for patients 
undergoing anesthesia. One of the key issues in out-
comes research is risk adjustment, a challenging goal 

http://www.jointcommission.org
http://www.jointcommission.org
http://www.qualityforum.org
http://www.qualitynet.org
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TABLE 6-3 NONPROFIT AND GOVERNMENTAL QUALITY IMPROVEMENT ORGANIZATIONS PERTINENT  
TO ANESTHESIA

Quality Improvement Organization Website Description

Agency for Healthcare Research and Quality 
(AHRQ)

www.ahrq.gov Lead federal agency charged with improving the quality, 
safety, efficiency, and effectiveness of health care

American Health Quality Association (AHQA) www.ahqa.org Represents quality improvement organizations and 
professionals working to improve the quality of health care

Anesthesia Patient Safety Foundation (APSF) www.apsf.org Promotes investigations and programs that will provide a 
better understanding of anesthetic injuries

Centers for Disease Control (CDC) www.cdc.gov One of the major operating components of the U.S. 
Department of Health and Human Services

Emergency Care Research Institute (ECRI) www.ecri.org Uses applied scientific research to discover which medical 
procedures, devices, drugs, and processes are best

Institute for Healthcare Improvement (IHI) www.ihi.org Health care improvement organization based in Cambridge, 
Massachusetts

Institute for Safe Medication Practices (ISMP) www.ismp.org The nation’s only 501(c)(3) organization devoted entirely to 
medication error prevention and safe medication use

Medicare Quality Improvement Community 
(MedQIC)

www.medquic.org A national knowledge forum for health care and quality 
improvement professionals

National Quality Forum www.qualityforum.org Created to develop and implement a national strategy for 
health care quality and reporting

National Patient Safety Foundation (NPSF) www.npsf.org An independent 501(c)(3) organization with a mission to 
improve the safety of patients
that requires a robust dataset. Using administrative data 
to identify patient risk factors has many limitations. Reg-
istries designed specifically for research, benchmarking, 
and QI are good sources for this purpose.

The Society of Thoracic Surgeons (STS) and the 
National Surgical Quality Improvement Programs (NSQIP) 
are examples of outcomes research registries. Established 
in the early 1990s, the STS database now includes partici-
pation by nearly all U.S. cardiac surgery centers and has 
developed robust risk-stratification models. Findings from 
this database have led to initiatives associated with sig-
nificant reductions in mortality; examples include the use 
of β-adrenergic blockers and aspirin perioperatively (also 
see Chapter 3) and the use of internal mammary arter-
ies for coronary artery bypass grafting. NSQIP is a newer 
registry that was developed by the U.S. Department of 
Veterans Affairs (VA). Findings from this risk-adjusted out-
comes database were used to identify variations in care. 
The changes that were instituted based on these findings 
resulted in improved outcomes throughout the VA net-
work. NSQIP has been adopted by the American College of 
Surgeons (ACS) to provide comparisons among hospitals. 
Currently, more than 350 general surgery centers partici-
pate.53 Hospitals that participate submit detailed data on 
a sample of general surgical patients for a number of com-
mon surgical procedures. They then receive a graphic dis-
play that compares their outcomes with those of the entire 
cohort. Surgery centers then use these data to identify 
areas in which they might be able to make improvements 
and initiate QI projects with that focus. As an example, 
the Kaiser Permanente group used this information to 
develop a QI program focused on reducing the percentage 
of patients with prolonged perioperative intubation.53

The ASA created the Anesthesia Quality Institute (AQI) 
and the National Anesthesia Clinical Outcomes Registry 
(NACOR) with the goal of improving anesthesia out-
comes through capture of case-specific data directly from 
electronic anesthesia data systems. These resources are 
still evolving and moving forward to improve outcomes 
in anesthesia. Another important effort in anesthesia is 
the Multicenter Perioperative Outcomes Group (MPOG), 
which is led by researchers at the University of Michigan. 
MPOG has established a national network of anesthesia 
practice groups that contribute data to a unified database. 
The goals of MPOG are to develop a structure for multiin-
stitutional collaboration and data sharing, to develop the 
information technology infrastructure to pool a wide vari-
ety of perioperative data for patient-centered research, to 
develop the statistical infrastructure to analyze the data, 
and to provide an academic venue in which faculty from 
multiple institutions will be able to collaborate in out-
comes research (http://mpog.med.umich.edu).52

INTERNAL OR EXTERNAL INSTITUTIONAL 
REVIEWS

Internal or external institutional reviews of health care 
processes can provide important insights and ideas for QI 
initiatives. In addition to the external regulatory reviews, 
institutions are expected to perform internal reviews of 
quality and identify areas for improvement. These reviews 
are often used for QI projects at the institutional level.

PRIVATE INSURERS

Many private insurers now collect data on certain qual-
ity elements. The Leapfrog group is one such entity. The 
Leapfrog Hospital Quality and Safety Survey assesses hos-
pital performance based on three evidence-based safety 
practices: (1) use of computerized physician order entry, 
(2) evidence-based hospital referral, and (3) ICU physi-
cian staffing. In 2010, the NQF Safe Practices were added 
as a Leapfrog Safe Practices score (a fourth leap), which is 
based on the level of performance of other NQF-endorsed 
practices (www.leapfroggroup.org). Leapfrog reports the 
results and rankings of its survey, allowing employers to 

http://mpog.med.umich.edu
http://www.leapfroggroup.org
http://www.ahrq.gov
http://www.ahqa.org
http://www.apsf.org
http://www.cdc.gov
http://www.ecri.org
http://www.ihi.org
http://www.ismp.org
http://www.medquic.org
http://www.qualityforum.org
http://www.npsf.org
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use the results to guide their choices in selecting health 
care coverage for their employees.

Public and private insurers are demanding increased 
accountability secondary to rising health care costs and 
threatened budgets. In response, performance-based pay-
ments, such as those used successfully in business, are 
being introduced as a means of improving quality. Pay 
for performance (P4P) refers to financial incentives that 
reward practitioners for the achievement of a range of 
payer objectives, including efficiency (quality care at a 
smaller cost), submission of data and measures to pay-
ers, and improved quality and patient safety (www.ahrq. 
gov/qual/pay4per.htm#1). Measures that are incorpo-
rated into P4P and performance-based measures must be 
evidence-based, consistent with national goals, or based 
on consensus in the absence of evidence. Furthermore, it 
is important that measures be reliable, valid, and feasible 
and that the programs be voluntary. Although the strat-
egy of P4P is to align quality of care and payment, the 
impact of P4P on quality of care has thus far been modest. 
Currently, some Medicare programs also withhold pay-
ment for certain hospital-acquired conditions.

The PQRS is a reporting program that uses a combi-
nation of incentive payments and payment adjustments 
to promote reporting of quality information to CMS by 
eligible professionals. Physicians (anesthesiologists) and 
practitioners (certified registered nurse anesthetists and 
anesthesia assistants) can earn a 2% bonus from CMS by 
reporting their compliance with measures. Most anesthe-
sia groups report through their billing software on the 
following measures: appropriate timing of prophylactic 
antibiotics to prevent surgical site infection, normother-
mia at the time of postanesthesia care unit admission (or 
documentation of active warming efforts), and observa-
tion of a bundle of sterile precautions when inserting a 
central line (use of the central line checklist). An addi-
tional 0.5% is awarded to those who participate in the 
maintenance of a certification program for their specific 
specialty board. An initial step in this program was pay-
ment for participation; ultimately, successful compliance 
with the clinical measures will be the basis for bonus 
payments. One question is whether payments may be 
decreased to those with less-than-desirable outcomes or 
nonparticipation in the reporting programs listed earlier. 
Additional measures are being evaluated, and the meth-
ods by which they will be incorporated into national ini-
tiatives and/or P4P will continue to evolve.54, 55

EXAMPLES OF QUALITY IMPROVEMENT 
PROGRAMS

Examples of QI frameworks and tools have been dis-
cussed. This section addresses broad initiatives for qual-
ity and safety improvement that have used some of the 
methodologies and tools detailed earlier in this chapter.

COLLABORATIVE PROGRAMS

Use of a collaborative is one approach to improving 
broad areas of care. A quality improvement collabora-
tive involves the participation of two or more health care 
teams working toward a shared goal. In health care, a set 
of multidisciplinary representatives (from all of the clini-
cal and administrative areas that are linked to the area of 
focus) should participate in the collaborative. A collabora-
tive can be developed within a single organization and/or 
across multiple health care organizations. Collaborative 
programs are typically led by a team that is responsible 
for the following:

 1.  Determining the evidence-based interventions to be 
used and presenting these to the participants (if evi-
dence-based interventions are not available, the team 
will generate interventions based on local and broad 
expert consensus)

 2.  Establishing the data collection approach (defin-
ing measures, collection methods, and feedback 
mechanism)

  

A key element to the success of collaboratives is an 
established process for educating members and for shar-
ing interventions and obstacles. Through group discus-
sions (meetings and/or conference calls), teams can learn 
about best practices and innovative methods used by 
other teams to approach a problem. In addition, collab-
oratives bring a shared momentum and enthusiasm that 
can increase sustainability.21,56,57

IHI has used collaboratives for more than a decade 
to improve patient care. In 2003 they introduced their 
Breakthrough Series Collaboratives in 2003,58 which are 
characterized by these key standard steps: topic selection, 
expert faculty recruitment, enrollment of participating 
teams, learning sessions, action periods, the model for 
improvement, summative congresses and publications, 
and measurement and evaluation (Fig. 6-8).

Sawyer and associates59 reported the success of a col-
laborative that incorporates a “mechanism to move evi-
dence to the bedside and foster a culture where the focus 
is the patient.”59 The collaborative includes an empha-
sis on translating evidence into practice (TRIP) and the 
Comprehensive Unit-Based Safety Program (CUSP). This 
methodology has been reproduced and validated in sev-
eral large collaborative efforts (Fig. 6-9).59-61

The TRIP model incorporates the following key steps 
and emphasizes the importance of measurement and 
feedback of data to teams.

 1.  Identify evidence-based interventions associated 
with an improved outcome through review of peer-
reviewed publications.

 2.  Select goal-oriented interventions that have the 
most impact on outcomes and transform them into 
behaviors. In selecting behaviors, focus on inter-
ventions with the strongest treatment effect (small-
est number needed to treat) and the lowest barrier 
to use.

 3.  Develop and implement measures that evaluate 
either the interventions (processes) or the outcomes.

 4.  Measure baseline performance and establish data-
bases to facilitate accurate data management and 
timely feedback to teams.

 5.  Ensure that patients receive evidence-based inter-
ventions through four basic steps: engagement, 
education, execution, and evaluation (Table 6-4).

  

http://www.ahrq.gov/qual/pay4per.htm#1
http://www.ahrq.gov/qual/pay4per.htm#1
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Figure 6-8. Breakthrough Series Collaborative Model. (Reproduced with permission from Institute for Healthcare Improvement: The Breakthrough 
Series: IHI’s Collaborative Model for Achieving Breakthrough Improvement. IHI Innovation Series white paper, Boston, 2003. http://www.ihi.org/knowl
edge/Pages/IHIWhitePapers/TheBreakthroughSeriesIHIsCollaborativeModelforAchievingBreakthroughImprovement.aspx.)
The format for the collaborative also includes annual 
face-to-face meetings with the participating teams and 
periodic conference calls, which focus on education 
about the actual processes being implemented, the evi-
dence base to support these processes, and the sharing 
of experiences. First, weekly immersion calls provide an 
initial overview of the program, describe the roles and 
responsibilities of each of the individuals, and introduce 
the tools that are to be used. Once the collaborative is 
introduced, monthly content calls are held throughout 
the program and are typified by a slide presentation 
of the evidence base for the intervention or of other 
components of the program to be implemented. The 
monthly coaching calls offer an opportunity for teams 
to share how well or how poorly they are implement-
ing the interventions and share ideas for overcoming 
barriers.

Measure

Improve

Have we created a safe 
culture?

How do we know we learned 
from mistakes?

How often do we harm?
Are patient outcomes

improving?

CUSP
Comprehensive Unit-Based

Safety Program

(TRIP)
Translating Evidence

Into Practice

1.Educate staff on science of
safety

2.Identify defects
3.Assign executive to adopt

unit
4.Learn from one defect per

quarter
5.Implement teamwork tools

1.Summarize the evidence in
a checklist

2.Identify local barriers to
implementation

3.Measure performance

4.Ensure all patients get the
evidence

Figure 6-9. Translating evidence into practice (TRIP): four basic 
steps to ensure patients receive evidence-based care. (Reproduced with 
permission from Sawyer M: Using evidence, rigorous measurement, and 
collaboration to eliminate central catheter-associated bloodstream infec-
tions, Crit Care Med 38:S292-298, 2010.)
Inclusion of the CUSP program in the collaborative 
provides a structured approach to improve safety cul-
ture and identify and mitigate hazards (i.e., learn from 
mistakes).31,34 CUSP is a five-step program that has been 
tested and used successfully to improve quality and safety 
in ICUs (Table 6-5).62,63

Safety culture is assessed before the implementa-
tion of CUSP and reassessed after 1 year to evaluate the 
impact of the program. Multiple culture assessment tools 
are available.64,65 The AHRQ offers a free survey online 
(www.ahrq.gov). The initial measure provides a baseline 

TABLE 6-4 FOUR STEPS THAT ENSURE PATIENTS 
RECEIVE EVIDENCE-BASED INTERVENTIONS 
THROUGH A COLLABORATIVE USING THE 
EXAMPLE OF CATHETER-RELATED BLOODSTREAM 
INFECTIONS

Step Action Example

Engage Make the problem 
real

Share information of local 
CRBSI rate vs. national rate

Educate Develop an 
educational plan 
to reach ALL 
members of the 
caregiver team

Present evidence-based 
practices at grand rounds 
and multidisciplinary team 
meetings

Present plans to improve care 
and measure outcome

Execute Develop a safety 
culture

Reduce complexity 
of the processes

Introduce 
redundancy in 
processes

Hold regular team 
meetings

Develop a culture of intolerance 
for CRBSI

Ensure that all equipment 
and supplies for sterile CVC 
insertion are in one place and 
easily available

Use checklists that identify key 
steps to reduce CRBSI

Focus on 1 to 2 tasks per week 
and identify team member 
responsible for task

Evaluate Measure and 
provide 
feedback

Develop data collection plan 
and database to track 
progress

Give staff real-time feedback; 
post progress in highly visible 
location

Identify causes of defects

CRBSI, Catheter-related bloodstream infections; CVC, central venous 
catheter.

http://www.ahrq.gov
http://www.ihi.org/knowledge/Pages/IHIWhitePapers/TheBreakthroughSeriesIHIsCollaborativeModelforAchievingBreakthroughImprovement.aspx
http://www.ihi.org/knowledge/Pages/IHIWhitePapers/TheBreakthroughSeriesIHIsCollaborativeModelforAchievingBreakthroughImprovement.aspx
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assessment of staff perceptions of safety culture in their 
clinical areas and their perceptions of the organization’s 
commitment to patient safety.

Education is a crucial aspect of CUSP; it provides staff 
with a new set of lenses through which to identify haz-
ards and recommend system changes to improve care. 
The objectives of these educational efforts are to ensure 
that staff: (1) understand that safety is a system property, 
(2) learn concepts for reliable health care design, and (3) 
understand the basics of change management. After an 
educational lecture on the science of safety, staff mem-
bers are requested to identify patient safety hazards in 
their clinical areas and suggest improvement interven-
tions. For this process, staff members review incident 
reports, liability claims, and sentinel events from their 
unit. In addition, two questions are asked: “How do you 
think the next patient will be harmed?” and “How can we 
prevent it from happening?”

After the completion of the survey and educational 
component, a senior leader of the institution (e.g., hos-
pital president, vice president, director) is partnered with 
a unit or clinical area. This leader attends rounds on the 
unit monthly to help staff members prioritize safety 
efforts, to ensure that they have the resources to imple-
ment improvements, and to hold them accountable for 
evaluating whether safety has improved. Staff members 
are asked to learn from one defect per month and to 
implement one tool per quarter designed to improve care 
delivery.31,34

CUSP was pilot-tested in ICUs and subsequently imple-
mented throughout Johns Hopkins Hospital and in the 
Michigan Keystone project.60 In the pilot, a patient-safety 

TABLE 6-5 FIVE-STEP COMPREHENSIVE  
UNIT-BASED SAFETY PROGRAM

Step Description

1 Present 
educational 
material

Educate staff on science of safety 
though lectures and other 
educational materials

2 Complete forms 
that identify 
patient safety 
issues

Ask the following questions:
 •  How will the next patient be harmed?
 •  How can this harm be prevented?
 •  Establish voluntary incident reporting

3 Assign senior 
executive 
responsible 
for specific 
area

Senior executive meets with all staff of 
the clinical area to:

 •  Help prioritize safety efforts
 •  Remove barriers for system changes
 •  Provide resources
 •  Demonstrate hospital commitment to 

patient safety
 •  Foster relationship between senior 

leadership and staff
4 Learn from 

defects
Implement projects focused on two to 

three safety issues
Keep goals simple:
 •  Reduce complexity in the process
 •  Create independent redundancies to 

ensure critical steps are accomplished
5 Implement 

teamwork 
tools

Implement programs such as checklists, 
training, and daily goals targeted 
at improving teamwork and 
communication
team that consisted of staff from the clinical area was 
responsible for oversight of the program. To be most 
effective, this team included the ICU director as the ICU 
physician safety champion, the nurse manager, another 
ICU physician and nurse, a risk manager or patient-safety 
officer, and a senior executive from the institution. The 
program worked best if the physician and nurse who 
led the program dedicated at least 20% of their time to 
improving quality and patient safety. The first unit was 
the beta site; subsequent teams from other clinical areas 
would learn from its successes and failures. The ultimate 
goal was to have every area in the hospital organizing and 
managing safety through CUSP.

CUSP has been associated with significant improve-
ments in safety culture. The percentage of staff reporting 
a positive safety climate increased from 35% before CUSP 
to 60% after CUSP.63,66 In addition, teams identified and 
mitigated several specific hazards through CUSP. As a 
result of asking staff members to speculate on how the 
next patient might be harmed, the ICU created a dedi-
cated ICU transport team, implemented point-of-care 
pharmacists, implemented the daily goals sheet, clearly 
labeled epidural catheters to prevent inadvertent intra-
venous connection, and standardized the equipment in 
transvenous pacing kits.67 Moreover, the use of CUSP 
decreased the length of stay and nurse turnover.

In summary, CUSP provides several benefits for improv-
ing safety culture and is a primer for staff compliance in 
implementing any safety or QI intervention or project. 
It provides enough structure to convert the often-vague 
goals of improving safety into a focused strategy; yet it 
is flexible enough to allow units to work on issues most 
important to them. CUSP provides a venue to introduce 
rigorous research methods, acts as a learning laboratory 
to identify and mitigate hazards, and has the potential to 
improve patient outcomes.

CHALLENGES AND BARRIERS TO QUALITY 
IMPROVEMENT PROJECTS

Multicentered and/or single-hospital projects can fail 
because of inadequate resources, lack of leadership sup-
port, vague expectations and objectives for team members, 
poor communication, complex study plans, inadequate 
management of data collection, and wasted efforts to 
“reinvent the wheel” rather than adopting practices 
proven to be effective. Successful collaboratives require a 
local culture (the set of values, attitudes, and beliefs of the 
group) that is ready for change and participants who have 
a shared view of safety and who understand the science of 
patient quality and safety (i.e., the technical components 
of how care is organized and delivered).

THE FUTURE: RESEARCH, EDUCATION 
AND ETHICS

Much remains to be accomplished in QI research and 
practice. The opportunity to improve patient care is 
substantial, and the pressure to improve the quality of 
perioperative care continues to increase. Improving qua-
lity of care requires the ability to measure and improve 
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performance. Research is needed to develop measures of 
quality that clinicians believe are valid and to learn how 
to ensure that all patients reliably receive recommended 
interventions. Innovation is needed to develop informa-
tion systems that can be used by multiple disciplines. 
Anesthesiologists and professional societies may need to 
partner with experts in quality measurement to develop 
and implement quality measures. Future efforts should 
balance the feasibility and validity of quality measures 
and develop integrated approaches to improving qual-
ity, including strategies to develop care bundles, decrease 
complexity, and create independent redundancies.

Clinicians now need the skills necessary to improve 
quality. Health care will cross the quality chasm only when 
all view quality and safety as their primary job, rather than 
as an added activity, and health care organizations provide 
the infrastructure to monitor and improve performance. 
Frontline health care providers must understand the sci-
ence of quality and safety and evaluate safety risks as haz-
ardous systems, not incompetent people. Integral to this is 
the education of our trainees. CQI in anesthesia residency 
training programs has been touted for well over a decade.68 
In recent years, residents in training were presented with 
six core competencies to master, mandated by the Accredi-
tation Council of Graduate Medical Education,69 and the 
IOM put forth their six Aims for Improvement4 (Table 6-6). 
In an effort to link these two sets of goals and apply them 
to the clinical setting for training purposes, Bingham and 
colleagues70 developed a framework called the Healthcare 
Matrix that can be used as both an educational tool and a 
research tool for improvement.

With the increasing amount of intellectual focus 
and health care resources being directed toward QI pro-
grams, the ethics of QI have come to light. QI projects 
have generally been exempt from the rigorous review 
of human-subjects research. However, a Hastings Center 
Report on the ethics of using QI methods to improve 
health quality and safety suggests that some QI proj-
ects may involve risk to patients and should undergo a 
formal review.71 This report lists QI initiatives that may 
trigger the need for a review as those that have a ran-
domized design, use novel treatments, involve research-
ers, have delayed feedback of monitoring, or are funded 
by external sources. The reporting of QI activities should 
be encouraged, as should requiring approval by an inter-
nal review board and following a standardized format 
for reporting the results. All of these practices support 

TABLE 6-6 ACCREDITATION COUNCIL OF 
GRADUATE MEDICAL EDUCATION (ACGME) 
SIX CORE COMPETENCIES AND INSTITUTE OF 
MEDICINE (IOM) SIX AIMS FOR IMPROVEMENT

ACGME Core Competencies
IOM Aims for 
Improvement

1 Patient care Safe
2 Medical knowledge Timely
3 Interpersonal and communication skills Effective
4 Professionalism Efficient
5 System-based practice Equitable
6 Practice-based learning and 

improvement
Patient-centered
the premise that delivery of quality care is a science as 
well as an art.

SUMMARY

Health care organizations need a systematic approach 
to three areas of patient safety: (1) translating evidence 
into practice, (2) identifying and mitigating hazards, and 
(3) improving culture and communication. The underly-
ing principle for all of the approaches discussed in this 
chapter is that improvement of the quality of care dic-
tates that practitioners must be able to measure their 
performance. Health care practitioners traditionally have 
had limited ability to obtain feedback regarding perfor-
mance in their daily work, in part because of the absence 
of information systems and a lack of agreement on how 
to measure quality of care.39 As a result, many in health 
care do not have access to performance data and conse-
quently do not know what results they achieve (or fail to 
achieve). As consumers, payors, regulators, and accredi-
tors increasingly require evidence regarding quality of 
care, the demand for quality measures will grow. To meet 
these demands, anesthesiologists must be prepared to use 
valid measures to evaluate the quality of care that they 
provide and to implement evidence-based best practices 
in the perioperative care of patients.
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Human Performance and  
Patient Safety
MARCUS RALL • DAVID M. GABA • STEVEN K. HOWARD • PETER DIECKMANN

K e y  P o i n t s

 •  Clinical excellence is not achieved by the use of sound medical knowledge alone. 
Human factors and the interaction of team members, as well as organizational 
conditions in the system of care, also play major roles. Therefore, the study of 
human performance and related organizational matters is very important.

 •  The health care system in general and clinical institutions in particular must 
provide appropriate organizational characteristics to allow and foster safe patient 
care practices (e.g., improve safety culture, integrate effective incident reporting 
and analysis systems).

 •  High-reliability organization theory describes the key features of systems that 
conduct complex and hazardous work with very low failure rates. Errors do occur 
in such organizations, but their systems make them more impervious to errors and 
their sequelae (resilience).

 •  In dynamic domains such as anesthesia, continuous decision making, as described 
in the cognitive process model, is critical to achieving safe patient care.

 •  Several error mechanisms have been demonstrated through human factors 
research. Understanding these psychological “traps” (e.g., “fixation errors”) can 
help anesthesia professionals to avoid or mitigate them.

 •  The introduction and spread of crisis resource management (CRM) training, 
including the application of realistic simulation exercises, are starting to improve 
patient safety in anesthesia and other acute care domains.

 •  As for all human beings, the performance of individual anesthesia professionals can 
be adversely influenced by “performance-shaping factors,” including noise, illness, 
aging, and especially sleep deprivation and fatigue.

 •  A particular technique of human factors research called task analysis has been 
useful in understanding the work of anesthesia professionals.

 •  Observation of anesthesia professionals during routine operations or in the 
handling of adverse events (by using realistic patient simulators) has improved our 
knowledge of critical decision making, team interactions, and the impact of using 
cognitive aids such as checklists or emergency manuals.

 •  Future progress on patient safety in anesthesia will require interdisciplinary 
research and training, improvements in systems safety and organizational learning, 
and the involvement of all levels of the health care industry.
106

IMPACT OF HUMAN PERFORMANCE  
ON PATIENT SAFETY

The most important component of every anesthetic regi-
men is the human performance of the anesthesia profes-
sional and its relation to patient safety. More than 70% of 
accidents are caused by “human factors.” Because the per-
formance of the anesthesia professional—embedded in a 
larger system of care—is such a critical and most deter-
mining aspect of patient safety, education and training 
of health care professionals in this area need improve-
ment. This chapter aims to provide an overview of the 
importance of human performance and systems safety 
in anesthesia and to provide start-up knowledge of key 
safety factors and methods.

Anesthesia is an intrinsically hazardous undertaking, 
but as hazardous activities go, its track record is indeed a 
model of patient safety for the rest of health care.1,2 The 
Institute of Medicine (IOM) asserts: “Anesthesia is an area 
in which very impressive improvements in safety have 
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been made.”3,4 However, the theory of organizational 
safety teaches us that safety is a never-ending process; 
any patient harmed by an anesthetic is one patient too 
many (in concert with the “zero vision” statement of the 
U.S. Anesthesia Patient Safety Foundation [APSF]: “That 
no patient shall be harmed by anesthesia”). Cooper and 
Gaba wrote:

Anesthesiologists should remain aware of the hazards they 
still face, take pride in having been the leaders in patient 
safety efforts, and stay motivated to continue the pursuit 
of “no harm from anesthesia” with the passion it still 
demands.1

Because most of the work on human performance (and 
also on simulation) has been started and has focused on 
anesthesiology in the operating room (OR), this chapter 
deals primarily with aspects of performance and safety 
in the OR setting. Nevertheless, most of the same prin-
ciples and issues are relevant to the postanesthesia care 
unit (PACU), the intensive care unit (ICU), emergency 
medicine, and to a lesser degree, pain therapy and other 
domains of importance to anesthesiologists. For readers 
with a special interest in the ICU, a selection of references 
is given as a starting point.5-22

Safe conduct of anesthesia depends on the appropri-
ate application by skilled anesthesia professionals of 
knowledge concerning surgical procedures, the physiol-
ogy of patients during and after anesthesia, the char-
acteristics of anesthetic and adjuvant drugs, and the 
means of monitoring the patient and the life-support 
equipment throughout the perioperative period. In this 
chapter, we use “anesthesia professional” to refer to any 
anesthesia clinician taking care of a patient, whether a 
physician, certified registered nurse anesthetist (CRNA), 
or anesthesia assistant (or to similar positions in other 
countries).

Traditionally, an adequately trained anesthesia pro-
fessional automatically was assumed to perform appro-
priately. Deviations from optimal outcomes were 
understood to result from imperfections in the art and 
science of anesthesia, which led to heavy emphasis on 
the scientific and technical aspect of anesthesia training 
and care. More rarely, adverse outcomes were ascribed to 
negligence or incompetence on the part of the anesthe-
sia professional. Today, a more complete understanding 
exists that anesthesia professionals themselves, both as 
a profession and as individuals, have strengths and vul-
nerabilities pertaining to their work environment. The 
performance of human beings is incredibly flexible and 
powerful in some aspects but very limited in others. 
Humans are vulnerable to distractions, biases, and errors. 
This chapter surveys some of the human characteristics 
that define the performance of anesthesia professionals. 
These characteristics (also termed human factors) are by 
no means constant; for example, a person may commu-
nicate very effectively in one instance and fail to close the 
loop in the next challenging communication role.

The domain of the anesthesia professional is very 
challenging; it is at least as difficult as other domains 
that more readily capture the public’s imagination, 
such as aviation. Since the 1980s, research has been 
conducted on the nature and limitations of profes-
sional judgment and decision making in this dynamic 
and complex world. Chapter 8 explores developments 
in the methods of using simulations and simulation 
technologies that have contributed to this research and 
that may open new opportunities to prepare anesthe-
sia professionals to handle the challenges they face in 
their work.

The literature related to human performance and 
patient safety is vast. Standard reference works are 
available23-34 (Appendix 7-1), and this chapter samples 
only a portion of this literature as it most closely relates 
to the work of anesthesia professionals. Moreover, this 
chapter does not address human-machine interactions 
and the physical design of the work environment in 
depth. These aspects of human factors, or ergonomics, 
in anesthesia have considerable importance in their 
own right. The reader is referred to several publications 
that review these issues in detail.35-46

NATURE OF THE OPERATIONAL DOMAIN 
OF ANESTHESIOLOGY

The operational domain of anesthesia is a complex, 
dynamic world with a cognitive profile common to many 
real-world task domains. Analysis of complex dynamic 
worlds since 2000 has departed sharply from previous 
conceptions of decision making.47 Classic decision-
making approaches, such as decision theory and multi-
attribute utility theory, are mathematic techniques that 
were traditionally used as the dominant framework for 
understanding human performance. They worked well 
in simplified laboratory experiments on decision mak-
ing and action, yet some investigators had significant 
difficulty in applying these approaches to real-world 
decision and action settings.47 Orasanu and colleagues 
identified eight factors that characterize such naturally 
occurring complex dynamic worlds.47 These factors 
apply to anesthesia as follows:

 1.  Ill-structured problems. Unlike traditional deci-
sion experiments, there is not just a single decision 
to be made. Rather, a variety of interrelated decisions 
must be made by the anesthesia professional and sur-
geon. The patient’s physiologic behavior is not an 
independent random variable but is causally linked to 
previous decisions and actions.

 2.  Uncertain dynamic environment. Dynamism 
stems from the frequency of routine and anoma-
lous changes or events, the rapidity with which they 
evolve, and the unpredictability of the patient’s physi-
ology and response to interventions. An anesthetized 
patient is in a constant state of change during surgery, 
with many events outside the anesthesia profession-
al’s control. Although preventive measures can reduce 
the likelihood of some events, other events cannot 
be avoided because they are inevitable side effects of 
medically necessary procedures (e.g., surgical blood 
loss). Unpredictable and dynamic occurrences com-
pete with the preplanned aspects of the case and drive 
the anesthesia professional’s actions. The true state 
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of the patient cannot usually be measured directly. It 
must be inferred from ambiguous patterns of clinical 
observations and data from electronic monitors. These 
data are imperfect because, unlike industrial systems 
that are designed and built with sensors in key areas 
to measure the most important variables, patients are 
typically instrumented to measure the variables that 
are easiest to monitor, predominantly with the use 
of noninvasive methods. Most physiologic functions 
are observed indirectly through weak signals avail-
able at the body surface and thus are prone to vari-
ous types of electrical and mechanical interference. 
Invasive measurements are also vulnerable to artifacts 
and uncertainties of interpretation. Even if the anes-
thesia professional knew the exact state of the patient, 
the patient’s response to interventions would be 
unpredictable.

 3.  Time stress. Because the OR is a scarce resource, an 
incessant overall time pressure exists to use the OR effi-
ciently. An even more intense immediate time stress 
occurs within each case and is generated by dynamic 
situations that evolve rapidly and must be dealt with 
in timely fashion.

 4.  Shifting, ill-defined, or competing goals. Mul-
tiple goals of case management (e.g., hemodynamic 
stability, good operating conditions for the surgeon, 
rapid emergence from anesthesia) may compete with 
each other. The surgeon’s goals may sometimes com-
pete with those of the anesthesia professional. All these 
goals shift as the patient’s situation changes dynami-
cally throughout the procedure.

 5.  Action-feedback loops. The time constants of 
actions and their effects are very short, on the order 
of seconds to minutes. Complete intermixing of deci-
sion making and action occurs; these functions are 
not performed in separate cycles. Most decisions and 
actions are implemented and evaluated incrementally, 
with the effect of one cycle assessed before deciding on 
further possible actions.

 6.  High stakes. The stakes are high because even for 
elective surgery in healthy patients, there is an ever-
present and very real risk of injury, brain damage, or 
even death. A catastrophe is often the end result of 
many pathways that begin with seemingly innocuous 
triggering events. Each intervention, even if appro-
priate, is associated with side effects, some of which 
are themselves serious. Some risks cannot be avoided. 
Unlike an event such as a commercial flight, which 
can be delayed or aborted if a problem occurs, during 
an event in the OR this is not usually possible, and 
immediate surgery may be necessary to treat a medi-
cal problem that is itself life-threatening. Analogous to 
military aviation, balancing the risks of action (anes-
thesia and surgery) against those of inaction is often 
extremely difficult.

 7.  Multiple players. Anesthesia domains involve  
multiple players from different professional back-
grounds. Each individual has a set of goals, abilities, 
and limitations. In some situations, interpersonal 
interactions, among anesthesia personnel and between 
them and other OR team members, dominate the work 
environment.
 8.  Organizational goals and norms. The anesthe-
sia professional works within the stated and unstated 
norms of the OR suite, the anesthesia department, the 
institution, and the profession as a whole. Decisions 
are sometimes made to conform to these norms even 
though they are not wholly subscribed to by the anes-
thesia professional.

  

Although many of these features apply to other 
domains of medicine, anesthesiology is unique in that 
all eight factors are prominent. In particular, what sets 
anesthesia apart from clinic- or ward-based medicine is 
the intensity of the dynamism, time pressure, and uncer-
tainty, with danger lurking just below the surface.

SAFETY CULTURE OF THE OPERATING 
ROOM AND INTENSIVE CARE 
ENVIRONMENT

ANALYZING THE ANESTHESIA 
PROFESSIONAL’S DOMAIN:  
THE OPERATIONAL WORLD VERSUS  
THE ORGANIZATIONAL WORLD

Psychologists and cognitive engineers who study real 
work environments describe each field as a domain. Each 
domain has specific characteristics that set it apart from 
others, including the nature of the tasks to be performed, 
the relationships among the tasks, the time scale over 
which they must be executed, and the criteria for their 
successful performance. This chapter deals mainly with 
the operational domains in which anesthesia care is deliv-
ered, primarily the OR, the PACU, and the ICU (see also 
Chapters 4, 109, and 110). However, as pointed out by 
Reason,48-51 as well as by Cook, Woods, and McDonald,52 
what goes on in the operational domain is extensively 
shaped by the organizational and managerial environ-
ment in which it is located, even to the point that opera-
tional personnel believe themselves to be the “victims” of 
problematic decisions further back in the system.

In everyday practice, these distinctions are hidden or 
blurred. The positive and negative contributions of the 
organizational and management elements are often so 
embedded in the normal routine that they are difficult 
to isolate. Interesting information about the system often 
comes from considering abnormal situations, accidents, 
or near misses instead of normal events. For example, 
investigation of the loss of the space shuttle Columbia 
revealed a variety of latent errors within the procedures 
and safety culture at the National Aeronautics and Space 
Administration (NASA): “The accident was probably not 
an anomalous, random event, but rather likely rooted in 
NASA’s history and the space flight program’s culture.”53

The report placed as much weight on these factors 
as on the direct technical causes of the accident. Tra-
ditionally, one speaks of errors arising in decisions and 
actions that lead to a mishap. However, the term “error” 
is increasingly considered an inappropriate way to cat-
egorize behavior (being a judgment of attribution and 
blame) and should be thought of merely as a way to 
identify behavior at the locus of a critical situation. In 
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this context it must be understood that “errors are not 
the cause of an accident.” Rather, errors are usually the 
consequence of a combination of several underlying fac-
tors. Beyond that, errors must combine with other cir-
cumstances to result in an accident or adverse outcome.54 
This concept is illustrated in Figure 7-1. Some errors are 
actively produced in the operational domain, whereas 
others are introduced by the organizational environment. 
James Reason, a psychologist at the University of Man-
chester, England, described the latter by using the con-
cept of “latent errors”:

... errors whose adverse consequences may lie dormant within 
the system for a long time, only becoming evident when they 
combine with other factors to breach the system’s defenses. 
[They are] most likely to be spawned by those whose activities 
are removed in both time and space from the direct control 
interface: designers, high-level decision makers, construction 
workers, managers and maintenance personnel.54

Latent errors probably exist in all complex systems, 
and Reason adopted a medical metaphor to describe them 
as “resident pathogens.” Like microorganisms in the 
body, the resident pathogens remain under control until 
sets of local circumstances “combine with these resident 
pathogens in subtle and often unlikely ways to thwart the 
system’s defenses and bring about its catastrophic break-
down” (Fig. 7-2). This “threat and error model” was also 
articulated by the noted aviation-oriented psychologist 
Robert Helmreich at the University of Texas (Fig. 7-3).55

A variety of latent failures can exist in the anesthesia 
environment. They may include such issues as how surgi-
cal cases are booked, how cases are assigned to specific 
anesthesia professionals, what provisions are made for 
preoperative evaluation of outpatients, and what rela-
tive priority is given to rapid turnover between cases or 
avoiding cancellation of cases as opposed to avoiding 
risk. Latent errors can also result from the design of anes-
thesia equipment and its user interfaces, which in some 
cases lead clinicians to err or are unforgiving of errors. 
Manufacturing defects and routine maintenance failures 
are also types of latent failure.

Investigation of untoward events must address both 
latent and active failures and both the organizational and 
managerial environment and the operational domain. 
One risk of focusing solely on active failures is that oper-
ational personnel may be “victims of the system” in a 
“catch-22”–type situation and be pushed to maximize 
production while admonished to “be safe.” Addressing 
only their actions—and not the latent pressures under 
which they must work—can make them defensive and 
uncooperative. Cook, Woods, and McDonald pointed out 
that if one looks at the chain of events in an accident 
sequence, one can always find a failure on the part of an 
operator.52 If the analysis stops at this point, the operator 
(i.e., the anesthesia professional) may be wrongly blamed 
for a failure, the real roots of which go back to latent fail-
ures in the organization. If the underlying latent errors 
are never identified or never fixed, they will remain in the 
system and will probably induce another accident chain 
in the future. This situation is visualized in Reason’s acci-
dent trajectory, shown in Figure 7-2.
ASYMMETRY BETWEEN SAFETY  
AND PRODUCTION

An additional difficulty in achieving optimal safety is an 
inherent asymmetry of information and concern about 
safety versus production (Table 7-1).54 Investments for 

Naive view: error causes accidents

E

C1

C2

C3

CF4

CF5

E

Modern view: deeper causes lead to errors that result in accidents

A

B
Figure 7-1. Relationship between errors (E) and adverse events. 
A, Errors are not the cause of accidents but in rare cases they lead 
directly to the adverse event. Multiple root causes (C1, C2, C3) lead to 
the error (B). For the most part, additional contributing factors (CF4, 
CF5) are necessary to allow the error to evolve into an adverse event. 
Incident reporting systems should try to identify as many of the root 
causes and contributing factors before an accident happens and try 
to influence these factors in such a way that no accident will happen. 
(Modified from Rall M, Manser T, Guggenberger H, et al: Patient safety 
and errors in medicine: development, prevention and analyses of inci-
dents [in German], Anasthesiol Intensivmed Notfallmed Schmerzther 
36:321-330, 2001 with permission.)
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Figure 7-2. James Reason’s model of the causation of accidents. 
Latent failures at the managerial level may combine with psychological 
precursors and event triggers at the operational level to initiate an acci-
dent sequence. Most accident sequences are trapped at one or more 
layers of the system’s defenses. The unforeseen combination of organi-
zational or performance failures with latent errors and triggers may lead 
to breach of the system’s defenses and allow the accident to take place. 
The diagram should be envisioned as being three-dimensional and 
dynamic — with “ shields “ moving around and holes in the defenses 
opening and closing. (Redrawn from Reason JT: Human error, Cambridge, 
1990, Cambridge University Press.)
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Figure 7-3. University of Texas threat 
and error model.55 This model, which 
illustrates the evolution of errors, is 
used in the analysis of incidents and 
accidents.
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production are easy to plan for and measure; feedback 
about production is easy to obtain and to interpret. 
Investments for safety are more difficult to plan for, and 
the costs are more difficult to measure. Most importantly, 
feedback about safety is inherently weak and ambigu-
ous. How can one measure the accidents that could have 
occurred but did not? Only after a catastrophe takes place 
do the costs of a safety failure become apparent.

ORGANIZATIONAL SAFETY

Since the 1990s, many landmark publications and activi-
ties have addressed patient safety and the organizational 
aspects of reducing errors.3,30,50,56-62 The report of the 
IOM in 1999, To Err Is Human,3 was a highly publicized 

TABLE 7-1 ASYMMETRY OF SIGNALS OF SAFETY 
VERSUS SIGNALS OF PRODUCTION 

Production Safety

Feedback about production is 
easy to measure reliably and 
nearly continuously (“revenue,” 
“earnings,” “expenses”) and 
indicates success in a positive 
fashion

Traditional measures of 
“safety” are indirect and 
discontinuous, thus making 
them noisy and difficult to 
interpret or even deceptive

Success is indicated “positively” 
(e.g., increasing earnings), 
is obviously reinforcing, and 
has high salience (the bottom 
line is the “bottom line” for 
a firm)

Feedback is provided 
“negatively” (fewer 
accidents or incidents) and 
has little reinforcement 
value in itself. High salience 
is achieved only after an 
accident or a scary near miss

The relationship between the 
application of resources 
(money, effort, time) and 
production goals is relatively 
certain, thus making it easy  
to use feedback

Even when interpreted correctly, 
the relationship between 
application of resources 
and safety goals is relatively 
uncertain, thus making it 
difficult to use the feedback

Modified from Reason JT: Human error, Cambridge, 1990, Cambridge 
University Press.
awakening in the United States about the problems of 
patient safety. Summarizing the primary literature, the 
report stated that “tens of thousands die each year from 
errors in their care and hundreds of thousands suffer or 
barely escape from nonfatal injuries that a truly high-
quality care system would largely prevent.” The most 
important recommendations of this report, which led 
to nationwide activities to promote patient safety, are 
shown in Box 7-1.

The subsequent report of the IOM Committee on 
Quality of Health Care in America, entitled Crossing the 
Quality Chasm: A New Health System for the 21st Century,56 
took a systematic approach to improvement of the entire 
health care system. It stated that “between the healthcare 
we have and the care we could have, lies not just a gap, 
but a chasm” because the health care system today harms 
too frequently yet routinely fails to deliver its potential 
benefits. The report concluded: “The current care system 
cannot do the job. Trying harder will not work. Changing 
the systems of care will.” In the following text we con-
sider the organizational and systems aspects of anesthesia 
care and patient safety.

Several schools of thought about organizational safety 
in highly hazardous activities exist. Two theories, normal 
accident theory (NAT) and high-reliability organization 

 •  Make patient safety a declared and serious aim.
 •  Provide strong, clear, and visible attention to safety.
 •  Implement nonpunitive systems for reporting and analyzing 

errors.
 •  Incorporate well-understood safety principles, such as stan-

dardizing and simplifying equipment, supplies, and processes.
 •  Establish interdisciplinary programs to improve teamwork and 

communication by using modalities proven in other industries, 
including simulation.

BOX 7-1 Recommendations of the Institute  
of Medicine Report To Err Is Human

From Kohn LT, Corrigan JM, Donaldson MS: To err is human: building a safer health 
system, Washington, DC, 1999, National Academy Press.
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TABLE 7-2 COMPLEMENTARY VIEWS OF HIGH-RELIABILITY ORGANIZATION THEORY VERSUS NORMAL 
ACCIDENT THEORY 

HROT NAT

Accidents can be prevented through good organizational design 
and management

Accidents are inevitable in complex and tightly coupled systems

Safety is the priority organizational objective Safety is one of a number of competing objectives
Redundancy enhances safety; duplication and overlap can make  

a reliable system out of unreliable parts
Redundancy often causes accidents because it increases interactive 

complexity and opaqueness and encourages risk taking by social 
shirking and cue-taking behavior

Decentralized decision making is needed to permit prompt and 
flexible field-level responses to surprises

Organizational contradiction: decentralization is needed to handle 
the distributed complexity, but centralization is needed to 
manage tightly coupled systems

A “culture of reliability” will enhance safety by encouraging uniform 
and appropriate responses by field-level operators

A military model of intense discipline, socialization, and isolation is 
incompatible with democratic values

Continuous operations, training, and simulations can create and 
maintain high-reliability operations

Organizations cannot train for unimagined, highly dangerous, or 
politically unpalatable operations

Trial-and-error learning from incidents (through effective incident 
reporting) can be effective and supplemented by anticipation and 
simulations

Denial of responsibility, faulty reporting, and biased reconstruction 
of history frequently cripple learning efforts

Modified from Sagan SD: The limits of safety, Princeton, NJ, 1993, Princeton University Press.
HROT, High-reliability organization theory; NAT, normal accident theory.
theory (HROT), have dominated the discussion of safety 
in many domains and have been applied individually to 
health care with increasing frequency since the 1980s.51-

60,63 NAT was originally promulgated by the sociologist 
Charles Perrow in the wake of the Three Mile Island (Penn-
sylvania) nuclear accident,64 and the theory has been 
applied by him and others to such diverse fields as com-
mercial aviation, maritime transport, and the handling of 
nuclear weapons. HROT was put forth initially by a group 
of researchers at the University of California at Berkeley. 
It has also been applied to diverse domains, including air-
craft carrier flight decks, offshore oil platforms, air traf-
fic control, nuclear power production, and the financial 
transaction industry (Karlene Roberts, personal communi-
cation). These workers’ complementary views of organiza-
tional safety are summarized briefly here and in Table 7-2.

NORMAL ACCIDENT THEORY

NAT focuses primarily on two features of a system: (1) the 
complexity of interactions among the system’s elements 
and (2) the presence of tight coupling among the system’s 
elements. A system is tightly coupled when a change in 
one part of the system rapidly alters other parts of the sys-
tem. For example, some physiologic systems are buffered 
from changes in others, whereas certain core components, 
such as oxygen delivery and blood flow, are tightly cou-
pled and interact strongly. The patient’s physiology may 
become tightly coupled to external systems such as ven-
tilators and infusions of hemodynamically active drugs. 
When complexity and tight coupling coexist, abnormal 
sequences of events can sometimes be hidden and have 
complex or unpredictable consequences. Typically, active 
errors in the system do not result in an accident because 
they are trapped at some point by the system’s multiple 
layers of checks and defenses (see Fig. 7-2). Even a minor 
perturbation can cause normal system behavior to be 
out of control when complex interactions and tight cou-
pling are present. Perrow called this a “normal accident” 
because the perturbations are common and arise out of 
otherwise normal system operations.64 He suggested that 
attention should be directed at strengthening the recov-
ery pathways by which small events can be properly han-
dled before they evolve into a serious accident.

COMPLEXITY AND TIGHT COUPLING: 
LATENT ERRORS IN ANESTHESIA

Clearly, the anesthesia domain involves complex inter-
actions with tight coupling.65 The complexity stems to 
some degree from the variety of devices in use and their 
interconnections, but these are, in truth, vastly simpler 
than those found in an oil refinery, a 747 aircraft, or a 
space shuttle. A more important source of complexity is 
the “uncertainty complexity” of the patient.65 The human 
body is an incredibly complex system containing numer-
ous components, the interactions of which are only 
vaguely understood. Because many body systems affect 
each other, the patient is a major site of tight couplings. 
Furthermore, the anesthetic state tends to ablate the 
buffers between some of these interconnected systems, 
thereby strengthening the coupling between them and 
between the patient and external mechanical supports. 
Galletly and Mushet studied anesthesia “system errors” 
and observed tight coupling associated with “the use of 
neuromuscular blocking drugs, the presence of cardiore-
spiratory disease, certain types of surgical procedures, and 
the effect of general anesthetic agents.66 Looser coupling 
was observed with the use of high concentrations of oxy-
gen and air mixtures, preoxygenation, and spontaneous 
breathing techniques.”

According to the NAT view, we delude ourselves by 
believing that we can control our hazardous technologies 
and forestall disaster; in reality, many of the efforts we 
make at management and design tend only to increase 
the opacity and complexity of the system (making more 
holes in the barriers), thereby increasing the likelihood 
of accidents. The combination of these factors provides 
fertile ground for the occurrence of accidents—indeed, 
according to NAT it makes it inevitable that some of the 
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“normal” everyday faults, slips, and incidents will evolve 
into tragic accidents. NAT is often considered a “pessimis-
tic” view of the ability of organizations to conduct highly 
hazardous operations without harmful errors.

The very concept of risk is constructed and negoti-
ated. This was perhaps expressed most clearly by Dianne 
Vaughan in her powerful analysis of the explosion of the 
Challenger space shuttle:

Risk is not a fixed attribute of some object, but constructed 
by individuals from past experience and present circumstance 
and conferred upon the object or situation. Individuals assess 
risk as they assess everything else—through the filtering lens 
of individual worldview.

Vaughan’s main thesis is that the Challenger exploded 
not because “risk-taking” managers “broke the rules” but 
because the system evolved to make excessive risk a part 
of “following the rules.” This happened in response to the 
system’s “culture of production” with ingrained produc-
tion pressure; it was a regular occurrence that aberrant 
findings be explained away (“normalization of deviance”), 
and “structural secrecy” was enforced between depart-
ments, between manufacturers and NASA, and between 
engineers and managers. Sadly, many of these same 
phenomena occurred yet again and led to the Columbia 
accident.53 Unfortunately, each of these system charac-
teristics is also present in perioperative settings.

HIGH-RELIABILITY ORGANIZATION THEORY

In contrast to these rather pessimistic views of the organiza-
tional challenges to safety is the HROT view that although 
it is not easy, proper organization of people, technology, 
and processes can handle complex and hazardous activities 
at acceptable levels of performance.61,67 Even though acci-
dents can never be totally eliminated, high-reliability orga-
nizations (HROs) (Fig. 7-4) must be judged by the benefits 
that we derive from their activities and their small absolute 
risk of failure. This view seems particularly appropriate in 
anesthesiology because forgoing surgical treatment is not 
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Figure 7-4. High-reliability organization.
a viable option for many patients, and challenges to safety 
must often be met head-on. Although the concepts of 
HROT have varied over the years, the core characteristics 
of HROs are shown in Boxes 7-2 and 7-3.68-70

A key aspect of HROT is that of a culture of safety (or 
“safety culture”). Since publication of the reports from the 
IOM, health care has begun paying attention to certain 
elements of “culture.” However, most of the attention 
has been devoted to the “culture of blame” in a system 
whereby problems are addressed largely in terms of who 
is to blame rather than what can be done to prevent these 
problems. Safety culture goes beyond the issue of blame 
by dealing with a host of aspects related to how individu-
als and groups conduct their work. Culture is made up 
of values (what is important), beliefs (how things should 
work), and norms (the way things work). These elements 
are shown in Box 7-2. It is equally important that the 
culture be highly uniform throughout the organization 
and be continually reinforced by peers, more so than by 
enforcement of rules.

High-Reliability Organization Theory  
in the Specialty of Anesthesiology
Anesthesiology has traditionally been strong at some ele-
ments of an HRO, particularly in redundancy and techni-
cal safety measures. A movement is growing in anesthesia 
to implement HRO philosophies and techniques more 
fully.63 In fact, anesthesiologists not only have been pro-
moters of the patient safety movement in general but also 
have been leaders at applying HROT principles to health 
care. In 2003, the APSF began initiatives in high-reliability 
perioperative health care (see the special issue of the APSF 
Newsletter, summer 2003, at www.apsf.org).

Values

 •  Safety is the most important goal, overriding production or 
efficiency.

 •  The preoccupation is with possible “failures,” rather than past 
“successes.”

 •  Necessary resources, incentives, and rewards are provided for 
optimal safety, not only for optimal production.

Beliefs

 •  Safety must be actively managed.
 •  Processes and routines of care are as (or more) important to 

safety as individual dedication, skill, or effort.
 •  Openness about safety and errors is essential; learning from 

normal and adverse events should be thorough.

Norms

 •  Low-ranking personnel raise safety issues and challenge ambi-
guity regardless of hierarchy or rank.

 •  Calling for help is encouraged and occurs frequently, even (or 
especially) by experienced personnel.

 •  Explicit communication is frequent.
 •  The hierarchy is flat—leaders listen to juniors; juniors speak up; 

and calling for help is routine regardless of rank.
 •  People are rewarded for rationally erring on the side of safety, 

even when their credible concerns turn out to be wrong.

BOX 7-2 Elements of a Culture of Safety*

Modified from Weick KE: Organizational culture as a source of high reliability, Calif  
Manage Rev 29:112-127, 1987.

*Part of high-reliability organization theory as described in Box 7-3.

http://www.apsf.org
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Box 7-3 summarizes key elements of an HRO adapted 
to health care.

TEAMS AND COMMUNICATION

Unlike teams in aviation, the military, and police and fire 
services, the OR team is unusual in that the command 
structure is ambiguous. Physicians (surgeon and anesthe-
siologist) are nominally superior to nursing and technical 

estaBlished Culture of safety (see Box 7-2)

optimal struCtures aNd proCedures

 •  Decision making rests with those with greatest knowledge or 
experience about specific issues regardless of rank or job type.

 •  The unit integrates crews from different departments (e.g., 
cardiac surgery, cardiac anesthesia, OR nursing, perfusion, 
ICU) into a coherent clinical team. Teamwork and resiliency 
are emphasized.

 •  Formal procedures are in place to maximize transfer of infor-
mation to all team members before a case (e.g., briefings or 
time-out procedures).

 •  Schedules are designed to keep work hours and duty periods 
at reasonable levels to avoid undue fatigue. Personnel under 
excessive stress are supported or replaced as needed.

 •  Standardized procedures, techniques, and equipment are 
adopted whenever possible so that similar tasks or operations 
are performed similarly regardless of the personnel involved; 
conversely, when necessary (in an emergency or adverse 
event), the team is resilient and responds as needed to the 
situation without slavish dependence on standard routines.

 •  The use of preplanned algorithms, checklists, and cognitive 
aids is actively encouraged.

 •  Easy access to current information systems is available at all 
times and all locations.

traiNiNg aNd praCtiCe iN routiNe proCedures aNd simulatioNs

 •  Debriefings are conducted after each case.
 •  Nonpunitive assessment instruments are used on a regular 

basis to provide current feedback and identify elements requir-
ing special training.

 •  Initial and recurrent simulation-based single-discipline and 
multidisciplinary training in crew resource management occurs 
(see Chapter 8).

 •  Actual clinical crews and teams conduct periodic drills or simu-
lations of critical situations in the real OR, PACU, and ICU.

 •  Resident training uses a guided curriculum; training goals and 
the level of responsibility assigned to a resident match the cur-
rent proficiency level of the trainee with the complexity of the 
procedure.

orgaNizatioNal learNiNg

 •  Robust mechanisms are in regular use for organizational 
learning, both prospectively (considering in advance how to 
optimize protocols and procedures, such as failure mode and 
analysis of effects) and retrospectively (from analyzing reports 
of adverse events, near misses, or problems such as root cause 
analysis).

 •  Problems are analyzed primarily to determine what can be 
improved, rather than whom to blame. Altered procedures are 
assessed and adopted as appropriate. Process changes reflect 
appropriate analysis.

BOX 7-3 Key Elements of a High-Reliability 
Organization in Medicine

ICU, Intensive care unit; OR, operating room; PACU, postanesthesia care unit.
staff, but physicians are coequally responsible for the 
patient during the immediate perioperative period. Sur-
geons were historically considered the “captain of the 
ship,” with even a legal doctrine giving them respon-
sibility for the actions of all other OR team members. 
Although this legal doctrine has formally fallen by the 
wayside, remnants of it remain in aspects of the organiza-
tional structure and culture of OR environments. None-
theless, when both an anesthesiologist and a surgeon are 
caring for a patient, they are coequally responsible, and 
this situation can lead to complex issues of command 
authority, hierarchy, and control.

Each physician, as well as the nurses and technicians, 
has a primary territory of knowledge, skill, and responsi-
bility, but considerable overlap exists among them.

Strictly speaking, a team is defined as “a distinguish-
able set of two or more people who interact, dynamically, 
interdependently, and adaptively toward a common 
and valued goal/objective/mission, who have each been 
assigned specific roles or functions to perform, and who 
have a limited life-span of membership.” A team is dis-
tinct from a group in that a group is an ad hoc collection 
of individuals without a specific mission and without 
specific roles. In the OR, all team members have the com-
mon goal of a good outcome for the patient. However, 
considerable disagreement can exist on how to achieve 
this goal and which elements of patient care have the 
highest priority. These differences are probably traceable 
to the fact that the OR team is itself made up of several 
“crews” (i.e., surgery, anesthesiology, nursing, perfusion-
ist, radiology), each of which has its own command hier-
archy, its own global properties (professional standing, 
culture, traditions, and history), and its own set of local 
goals and objectives for management of the patient. The 
differences among the crews can be so striking that we 
sometimes refer to them as separate tribes (transcript of 
the Conference on Human Error in Anesthesia, Asilomar, 
Calif., 1991).

Each “crew” has one or more members who must work 
effectively together, and crews combine to form a team. 
A critical component of the success of this process com-
prises the establishment and maintenance of a shared 
mental model of the situation. To the degree that these 
objectives can be accomplished, the different individu-
als will be able to tailor their efforts toward a common 
goal. Experience working together as a crew or team will 
improve the likelihood of generating a shared mental 
model.

Cooke and Salas and their associates made some inter-
esting statements on teams and team knowledge (Box 
7-4).71,72 In their view, “team knowledge” is more than 
the sum of individual team members’ knowledge, and 
these investigators demonstrated the need for new meth-
ods to elicit team knowledge (e.g., a collective holistic 
approach). In team knowledge, Cooke and Salas distin-
guished between “team mental model” and “team situ-
ation model.” To judge team knowledge, information is 
also needed on the broader aspect of “team cognition,” 
which involves team knowledge itself, team decision 
making, team situation awareness, and team perception. 
Figure 7-5 reflects these components of team cognition 
and team knowledge.71
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Status and Hierarchy Effects
Status and hierarchy effects are important in team per-
formance. Especially in crisis situations, the lower-status 
crew member tends to defer to the higher-status indi-
vidual, even if that individual is performing poorly. In 
aviation, some airplane crashes have occurred in which 
overbearing captains were combined with unassertive 
subordinates (first officer copilot and flight engineers). 
The team was not able to respond effectively, even when 
the subordinates knew that something was wrong.

In aviation, as in academic anesthesia practice, train-
ing is an ongoing activity in the domain. Although the 
captain is in charge of the flight, the captain and the first 
officer (who is essentially in training to become a captain) 
traditionally alternate the roles of “pilot flying” and “pilot 
not flying” on each leg of a flight. Each of these roles is 
carefully defined and involves separate but interrelated 
tasks (the pilot flying handles the flight controls, whereas 
the pilot not flying handles radio communications and 
other tasks). In anesthesiology, the roles of the trainee and 
the faculty member during patient care are rarely made 
explicit. The trainee is often expected to do all tasks with 
only occasional assistance from the supervisor (part of 
a training method known as cognitive scaffolding). The 

 •  Team leadership matters.
 •  Team members must have clear roles and responsibilities.
 •  Shared understanding of the task, teammates, and objectives 

goes a long way.
 •  Take time to develop a discipline of prebriefing, performance, 

and postbriefing.
 •  Teamwork effects matter.
 •  Clinical expertise is necessary but insufficient for patient safety; 

cooperation, communication, and coordination skills matter.
 •  Teams must have clear and valued visions.
 •  Learning from mistakes, self-correction, and adaptability are 

the hallmarks of high-performance teams.

BOX 7-4 Teamwork Principles

From Salas E, Rosen MA, King H: Managing teams managing crises: principles of  
teamwork to improve patient safety in the emergency room and beyond, Theoret 
Issues Ergonomics Sci 8:381-394, 2007.
exact responsibility for different tasks in a crisis is not 
predefined. It is interesting that two factors frequently 
found to be associated with critical incidents in anes-
thesia have been “teaching in progress” and “inadequate 
supervision.”73

A particular issue of hierarchy is known as cue giving 
and cue taking, in which people give off cues (often with-
out even knowing it) that are taken up by others.74 Those 
people not at the top are very sensitive to cues emitted by 
their superiors. The cues sent by high-status personnel can 
inhibit action or even questions from lower-status people. 
One effect of this phenomenon is that dyads and teams that 
expect to have redundancy from “multiple sets of eyes” on 
a patient may not achieve this goal because the views of a 
single person dominate the thinking of the group.

PRODUCTION PRESSURE

The social and organizational environment may also act 
as a source of production pressure on anesthesia profes-
sionals (see also Chapters 3, 4, and 6). Production pressure 
encompasses the economic and social pressures placed on 
workers to consider production, not safety, their primary 
priority.64 In anesthesiology, this typically means keep-
ing the OR schedule moving speedily, with few cancel-
lations and minimum time between cases. In principle, 
safety and efficiency can go hand in hand. Many aspects 
of high reliability, such as standard operating procedures, 
preprocedure briefings, and flattening the hierarchy, may 
smooth operation of the system, as well as make it safer. 
Frequently, however, the pressure for throughput can 
erode safety.

For example, when anesthesia professionals succumb 
to these pressures, they may skip appropriate preoperative 
evaluation and planning, or they may fail to perform ade-
quate pre-use checkout of equipment. Even when preop-
erative evaluation does take place, overt or covert pressure 
from surgeons (or others) can cause anesthesia professionals 
to proceed with elective cases despite the existence of seri-
ous or uncontrolled medical problems. Production pressure 
can cause anesthesia professionals to choose techniques 
that they would otherwise believe to be inadvisable.
Model and structure of embedded 
team knowledge in the broader concept of 

team cognition

Team
decision-making

Team 
situation
awareness/
vigilance

Team 
perception

Team 
knowledge

Team mental model Team situation model

Team 
cognition

• Long lasting, prior to task
• Through training, experience
• Collective knowledge base, 

common expectations

• Fleeting, dynamic
• Through task, situation specific
• Interpret situation

Figure 7-5. Components of team cognition and team knowledge.
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Gaba and associates reported on a randomized survey 
of California anesthesiologists concerning their expe-
rience with production pressure.75 These investigators 
found that 49% of respondents had witnessed a situation 
in which patient safety was compromised by pressure 
on the anesthesiologist. Thirty percent reported strong 
to intense pressure from surgeons to proceed with a case 
that they wished to cancel. Notably, 20% agreed with 
the statement that “If I cancel a case, I might jeopardize 
working with that surgeon at a later date.”

Production pressure also leads to haste by the anesthesia 
professional, a psychological precursor to the commission 
of unsafe acts. In the survey, 20% of respondents answered 
“sometimes” to the statement that “I have altered my 
normal practices in order to speed the start of surgery,” 
whereas 5% answered “often” to this statement. Twenty 
percent of respondents rated pressure by surgeons to hasten 
anesthetic preparation or induction as strong or intense. 
Repeated exposure to these conflicts can cause the anes-
thesia professional to internalize pressures; 38% of survey 
respondents felt strong to intense internal pressure to “get 
along” with surgeons, and 48% reported strong internal 
pressure to avoid delaying cases. Anesthesia professionals 
may then feel impelled to go ahead with cases against their 
better judgment, even in the absence of overt pressure.

Investigating these aspects of the work environment 
is difficult because such relationships are driven by eco-
nomic considerations, as well as by the complex organi-
zational and interpersonal networks linking the different 
medical cultures. Changing the environment will be 
equally challenging.

ASSESSING RISK FACTORS IN ANESTHESIA

An innovative attempt was made by a team of engineers 
and anesthesiologists to apply a technique called proba-
bilistic risk analysis (PRA) to model cascading risks and 
the effects of different types of organizational interven-
tions.76,77 PRA has been used extensively in nuclear power 
and other highly hazardous industries (e.g., it was used 
for analysis of the risks to the space shuttle from thermal 
tile failure). Complete PRA models are very complex and 
extensive. In the anesthesiology study, a highly simplified 
PRA model was used to assess the feasibility of applying 
this technique to health care. The PRA analysis of organi-
zational changes in anesthesia suggested that patient risk 
could be reduced best by closer supervision of residents, 
the use of patient simulators for training and periodic 
recertification, and regular medical examination of anes-
thesia professionals for fitness for duty. As yet it has not 
been possible to develop comprehensive PRA models of 
anesthesia risk because the number of decision and action 
elements is very large, and knowledge of the probability of 
success or failure for each of the decisions or actions is very 
limited. The PRA approach may be a useful heuristic to 
help clinicians lay out critical decision-making and ther-
apy issues, but it may never make any meaningful con-
tribution as a quantitative safety management technique.

Interest has been growing in applying process-oriented 
systems analysis to patient care flows and processes. For 
example, a group in Tübingen, Germany, performed a 
process-oriented systems analysis at a medical university 
hospital to assess the anesthesia work system’s ability to 
regulate variances and disturbances in the work process.78 
These investigators showed that the internal work process 
can be regulated well but that the high interdependence 
of the anesthesia work system with other systems requires 
extensive coordination activities.

CHARACTERISTICS OF SUCCESSFUL 
INCIDENT REPORTING SYSTEMS

INCIDENT REPORTING SYSTEMS FOR 
LEARNING FROM PROBLEMS

An important strategy for improving patient safety 
(and a core tenet of HROT) is organizational learning. 
Such learning can be both prospective (deliberating 
in advance of process changes how they could affect 
safety) and retrospective (learning from events that 
have already transpired). Most high-hazard and high-
reliability industries have made special efforts to cre-
ate systems for retrospective organizational learning, 
often by concentrating on the reporting, investiga-
tion, and analysis of both frank accidents or errors and 
near-miss events with no negative outcome.30,54,55,79-82  
The details of successful incident reporting systems 
(IRSs) are covered in a number of publications (see also 
Chapter 6).5,7,22,50,60,83-102

Historically, investigation of errors in the health care 
system has been hindered by a “culture of blame,”100-104 
in which naming, blaming, and shaming are the main 
features of event reporting and review, rather than analy-
sis by experts and focus on the development of system-
atic countermeasures. A culture of blame in which it is 
posited that errors, accidents, and near misses primarily 
result from a lack of knowledge, a bad attitude, or a lack 
of commitment to patients leads to a heavy burden on 
those involved in adverse events. It may also compound 
internalized negative feelings over having contributed to 
harming a patient.104,105

Anesthesiology as a specialty has played a leading 
role in the attempt to turn this culture of blame into 
a safety culture—putting safety first1,2 and trying to 
understand how errors, incidents, and adverse events 
evolve.*

Errors Per Se Are Not the Cause  
of Accidents
Only a minor fraction of errors will lead to a negative 
patient outcome. However, the “harmless” error may 
well point to a systematic weakness (latent problem) in 
the system that, if investigated further, can lead to a sys-
tematic change. Unfortunately, the reverse is often true. 
The lack of a negative outcome is interpreted as “suc-
cess” of the system, and the underlying vulnerabilities 
are ignored. In most cases, errors in complex systems are 
not the sole causes of accidents and rarely lead inevitably 
to an adverse event (see Fig. 7-1, A). In actuality, there 
are probably underlying reasons (C1 to C3 in Fig. 7-1, B) 
as to why someone commits an error initially, and then 

*References 5, 30, 50, 63, 82, 83, 85, 106-115.
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Figure 7-6. Process model of an incident reporting system that is constructed as a complete system. The data must be collected, saved 
securely, and analyzed independently, and the results must be visualized in a relevant way, distributed to stakeholders in an applicable way, and 
produce concrete action by the reporting organization. It should be possible to report all incidents and errors, independent of the outcome. 
Innovative systems should even include positive reports. (Figure by P. Dieckmann.)
additional contributing factors (CF4, CF5) are “needed” to 
allow an accident to develop. The main idea of modern 
IRSs is to identify the factors that make errors more likely 
to occur, as well as additional factors that allow a negative 
outcome to ensue. By reporting and analyzing factors C1 
to C3 and CF4 and CF5 in Figure 7-1 regardless of the out-
come, it may be possible to eliminate or reduce the prob-
ability or the harm potential of the accident long before 
it ever happens.

If reporting is safe and provides useful information from 
expert analysis, it can measurably improve safety.90

IRSs, if well-structured and operated, can make a sub-
stantial difference in system safety (Fig. 7-6). The knowl-
edge about weaknesses and strengths of the health care 
system that is “out there” already can finally be extracted 
and made available for others. IRSs are often referred to as 
“learning systems,” similar to the National Reporting and 
Learning System of the National Patient Safety Agency in 
the National Health Service (NHS) of the United Kingdom.

Effective IRSs allow insights into the health care sys-
tem that are otherwise very difficult to acquire. In this 
sense IRSs can open “windows to the system.”106

Merely having a reporting form or a database of infor-
mation does not constitute an effective reporting system. 
These forms or databases can be effective only when they 
are constructed, established, and maintained as an entire 
system (Fig. 7-7; see also Fig. 7-6) and are successfully 
embedded in the organization or industry. Omission of 
or faults in any of the requirements in Box 7-5 will limit 
the success of the system.98
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Figure 7-7. Data handling in a modern incident reporting sys-
tem with de-identification. The incoming reports are first com-
pletely de-identified by a trained de-identifier. Only after this step is 
the report ready to be analyzed. It is important that the reports are 
analyzed by a multiprofessional team and that recommendations be 
fed back to the management of the organization from which the 
report came. The analysis and feedback should be transparent for all 
stakeholders.



Chapter 7: Human Performance and Patient Safety 117
What Should Be Reported?
Uncertainty about what should be reported is one of the 
barriers for an IRS.117 In aviation, it has been necessary to 
create a reporting system for “incidents” (without nega-
tive outcome) that is distinct from systems for reporting 
or analyzing accidents. Of course, in aviation the occur-
rence of an accident is usually known immediately, 
and such events are never “supposed to happen.” Yet 
in health care every human being will get sick and will 
die; in fact, most people will die in proximity to medi-
cal care. Thus, negative outcomes are inherent to the 
progression of disease, so determining which outcomes 
are the result of “errors” or “accidents” is much more 
difficult in health care settings. For this reason many 
experts believe that for health care event reporting sys-
tems, it should be possible to report all critical incidents, 
with or without a negative outcome. In fact, the system 
may also solicit reports of “positive events” in which the 
outcome was good despite challenging clinical circum-
stances. In general, the invitation to report should be 
very broad and cast a “wide net” to find all interesting 
occurrences.

 •  Integration of the incident reporting system into the  
organization and full support by management

 •  The absence of negative sanctions for reporters and people 
involved

 •  Confidential or anonymous reporting option, with active  
de-identification (domain expertise required)

 •  Legal protection and state-of-the-art data security
 •  Independence of the organizational hierarchy: reports are sent 

to a trusted subunit outside the hierarchy of the organization 
or outside the organization (external trust center, e.g., NASA 
for the ASRS)

 •  Orientation to a system that enables all stakeholders of patient 
safety, including physicians, nurses, and technicians, to file 
reports easily

 •  Easy and fast reporting
 •  Training of stakeholders to file valuable reports (e.g., focusing 

on human factors issues, as well as medical-technical aspects)
 •  Timely feedback about reception of the report, its analysis, and 

proposed measures to be taken from it
 •  Analysis of each report by experts (a multiprofessional team 

that has a background not only in the medical domain but also 
in issues of human performance and analysis methods)

 •  Deep analysis of selected cases by using root cause analyses or 
failure modes and effect analyses with the aim of improving 
systems safety in the future

 •  Timely implementation of improvements to confirm the  
“reactivity” of the system and to make a difference

 •  Evaluation of improvements and special care to avoid 
“improvements for the worse” (quick fixes without improving 
the underlying latent dangers)

 •  Organizational support of reporting and analysis of cases, as 
well as the implementation of improvements

 •  Supports continuous improvement of the positive proactive 
safety culture in the department (systems perspective!)  

BOX 7-5 Important Characteristics  
of Effective Incident Reporting Systems

Data from references 30, 87, 90, 116.
ASRS, Aviation Safety Reporting System; NASA, National Aeronautics and Space 

Administration.
What Should Report Forms Look Like?
Reporting systems that rely primarily on an array of 
checkboxes for the reporter to choose from regarding the 
“causes” of the incident have not proved to be useful. In 
fact, it is thought in the Aviation Safety Reporting System 
(ASRS), for example, that “counting incidents is a waste 
of time” (quote from Charles Billings, a founder of the 
ASRS). In a voluntary reporting system, one has no way 
to estimate the true number of specific problems. Simi-
larly, trend analysis is not feasible because the frequency 
of events and the frequency of reporting are confounded. 
A free-text description of the reported incident has been 
more helpful in identifying what can be learned from the 
report. This view is also supported by the World Health 
Organization’s guidelines for incident reporting87:

However, much of what promotes learning in patient safety 
lacks crisply defined data elements, so most authorities believe 
it is important for reports to include narrative to convey 
meaning. Narrative reports provide the opportunity to capture 
the rich context and storyline that allow the conditions that 
contributed to the error to be explored and understood.

Indeed, some believe that only narrative reports are  
capable of providing information that provides meaningful 
insight into the nature of the underlying systems defects that 
caused the incident (Richard Cook, personal communication).

Clearly, no reporting system can detect all the problems 
in a clinical institution, even ones that create a severe vul-
nerability. For one thing, it is known that between 50% 
and 96% of critical incidents are not reported with current 
systems,118,119 although newer thrusts in incident reporting 
hope to increase the percentage of events reported.

Legal Issues of Reporting Systems
Especially in jurisdictions for which medical liability liti-
gation is common, certain legal issues affect reporting sys-
tems. First, for some kinds of events in some settings, legal 
requirements to report the event to a governmental body 
are in place. This is true in the United States for certain 
kinds of adverse drug events or for certain failures of med-
ical devices. Moreover, some states have started manda-
tory reporting programs about so-called never events that 
are thought should never occur in the absence of systems 
failure. In general, voluntary IRSs operate completely in 
parallel with any other types of reporting systems.

An important question for most reporters is whether 
the report will be confidential or anonymous and whether 
the report will confer any immunity to the reporter. 
Anonymous reporting provides maximum protection for 
reporters but limits the amount of information that can 
be acquired about any given event and the cogency of that 
information. Confidential reporting can allow confidential 
interaction between analysts and the reporter to acquire all 
the information and context needed concerning the event, 
but the linkage between the report and the identity of the 
reporter exposes a risk even if confidentiality is formally 
provided. The ASRS—on which many reporting systems 
have been modeled—operates as a confidential system but 
with subsequent de-identification of the reports to make 
them anonymous. Furthermore, the ASRS was able to offer 
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 •  The system is provided by the two German anesthesia societies 
and run by a professional interdisciplinary group.

 •  Every anesthesia department and ambulatory anesthesia unit in 
Germany is entitled to take part. The basic functionality,  
software, server storage, and updates are free of charge  
(a service by the societies).

 •  The system is Web-based with an anonymous secure login (SSL). 
No data are stored locally in the hospitals, but users work directly 
on the central secure server with php technology.

 •  The reports are primarily sent outside one’s own institution for 
de-identification by the system’s own independent and  
interdisciplinary patient safety group (TuPASS), which increases 
trust of employees in the safety of the system.

 •  All reports undergo a professional four-eye active anonymization 
and de-identification process by domain experts trained in  
incident reporting and using checklist protocols to prevent any 
lapses in de-identification.

 •  After de-identification, most reports can be read in full text by all 
employees. This is meant to sensitize all by reading all the cases and 
to stimulate discussion about patient safety in the department and 
to report your own cases. It also provides very powerful feedback to 
the reporter, who can read “his” or “her” report in the Web.

 •  Every department has a unique department login that is pro-
vided to all employees (e.g., physicians, nurses, technicians).

 •  This login allows you to separate “your” reports from the 
national reports. So every department has its own “local” 
incident reporting system inside the big national system. No 
personal logins are provided because the system is anonymous.

 •  Most reports are readable in the national IRS, open to all  
anesthesiologists. This should contribute to the national spread 
of important critical safety information. Of course, on this level, 
nobody can see where the reports came from. (You can select 
“your” reports with your department login, but you cannot identify 
the origin of reports once they are in the national database).

 •  All reports are manually tagged with key words for meaningful 
search results; they are classified according to the U.K. NHS 
NPSA contributory factors framework,52,94,95 and they are also 
categorized with the CRM key points (see text).63,122

 •  A local de-identifier does not exist and can therefore not be 
interviewed by any legal authorities.

 •  An optional module, “feedback and analysis suggestions,” is 
available on request; it provides expert feedback about every 
report from the IRS provider team back to the organization’s risk 
management, including systems safety analysis and suggestions 
for countermeasures.

 •  Several organizational prerequisites must be fulfilled by departments 
to take part (organizational embedding before starting to report). 
For example, all departments must send their PaSOS representatives 
to an initial workshop for briefing about the do’s and don’ts of IRS. 
They also receive a set of slides and information material to spread 
the messages in their local departments (snowball effect).

 •  Departments that do not comply with the minimal requirements, 
especially prerequisites such as the written “no-blame assurance” 
to their employees, are not allowed to take part or may even be 
excluded from the system. 

BOX 7-6 Characteristics of the German National Anesthesia and Intensive Care Incident Reporting 
System PaSOS (www.pasos-ains.de)

Data from references 63, 116, 120, 299.
CRM, Crisis resource management; IRS, incident reporting system; NHS NPSA, National Health Service National Patient Safety Agency.
limited immunity from administrative actions for those 
who filed a report. This was a major incentive for reporting 
events. In health care, physicians largely fear malpractice 
litigation, and it is not possible to offer immunity from 
litigation to reporters, although offering immunity from 
administrative action (e.g., an official reprimand) within 
the hospital itself could be an incentive to report.

Statutory Protection. The United States now provides 
both federal and state statutory protection (shield) from 
discovery of any voluntary event reports that may be 
available (depending on the locale and many other cir-
cumstances). The U.S. Congress passed the Patient Safety 
and Quality Improvement Act of 2005 (Public Law 109-
41). This authorized the Department of Health and 
Human Services to certify patient safety organizations 
(PSOs) to collect confidential reports about events and 
to analyze the information. The act provides strong legal 
protection (privilege) from any compelled release of the 
information, as in the process of discovery in a lawsuit.

Internal reporting systems within hospitals may be 
protected as quality improvement activities in states 
that provide privilege from discovery of such reports and 
deliberations. State laws vary widely on this matter. In 
addition, the quality improvement protections are often 
questioned during litigation, and whether the privilege 
will be applied depends on the ruling of a judge in each 
individual case.
Reporting systems in other countries have used other 
strategies. For example, in Germany, national IRSs have 
constituted themselves as a “press office” (informing the 
anesthesia public as a journal would); this then brings 
them under the protection of the “free press act and 
rights” and makes it almost impossible to use its data in 
litigation.

De-identification Before Information
A common strategy of confidential reporting systems 
is to convert the data quickly to anonymous status by 
“de-identification.” To do this, it is necessary to edit the 
reports and delete all information that could be used to 
identify persons or organizations. Systems vary by what 
stage of analysis they conduct de-identification and where 
they set the balance between acquiring needed informa-
tion and deleting possibly identifying data. One issue in 
all reporting systems, especially in health care, is that the 
key facts of many events may be unique and may thereby 
lead to a high risk of “intrinsic identification” even when 
all objective identifiers are stripped.

Many countries have IRSs with various designs and 
operational processes (see Appendix 7-1).5,7,50,60,83-100 
Many systems are installed locally, but more and more 
national systems, or at least systems with a national 
common data set, are being installed.120 Box 7-6 shows 
some of the features of and lessons learned from different 
German national IRSs.

http://www.pasos-ains.de
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the aneStheSia incident rePorting SyStem in the 
united StateS. In 2011 the Anesthesia Quality Institute, 
affiliated with the American Society of Anesthesiolo-
gists (ASA), initiated the Anesthesia IRS (AIRS) to collect 
reports of critical events in anesthesia (see also Chapter 
6). Incidents can be reported by secure Web-based data 
collection, either confidentially or anonymously. Confi-
dential reporting allows the AIRS analyst to contact the 
individual for clarification or follow-up. Legal protection 
is provided by 2005 US federal legislation that makes 
reports to, and analysis work products of, approved PSOs 
free from “discovery” in legal proceedings. The law also 
imposes strict guidelines on how confidentiality of the 
work must be preserved. The AIRS publishes a monthly 
column in the ASA Newsletter, in which it describes—in 
de-identified form—an interesting case report and its 
analysis by the AIRS Committee. As of January, 2013, 
713 total reports had been received (95% “confidential”), 
with 16 published cases in the ASA Newsletter.

AN INDEPENDENT ORGANIZATION 
FOR ACCIDENT INVESTIGATION IN 
HEALTH CARE (MEDICAL NATIONAL 
TRANSPORTATION SAFETY BOARD)?

In the United States, transportation accidents are investi-
gated by the National Transportation Safety Board (NTSB; 
http://www.ntsb.gov/), an independent federal govern-
ment organization. Similar agencies exist in most coun-
tries. Suggestions have been made for several decades for 
N NTSB-like body to investigate accidents in health care. 
In the Past few years, new calls have been made to estab-
lish such an organization. The complexities and pitfalls of 
such a system (including the fact that adverse outcomes 
are several orders of magnitude more common in health 
care than in commercial aviation) have so far obstructed 
any progress toward creating such a program. Neverthe-
less, the results of such professional interdisciplinary 
investigations, directed toward how such accidents can 
be prevented in the future, could be very beneficial. The 
debate about the feasibility and advisability of such high-
level investigating organizations will probably continue 
for a long time.

PERSONNEL SELECTION TO IMPROVE  
SAFETY

Each profession has special requirements of personnel 
so that they are able perform tasks optimally. Selection 
of the right people to do the job is among a few core 
human factors issues. In most countries personnel selec-
tion in health care puts a high premium on education 
and knowledge-based test scores, but very little emphasis 
on measuring underlying cognitive abilities. Unlike the 
situation in military aviation, there are few formal selec-
tion criteria for entry into anesthesia practice. Instead, 
the criteria are decided on by each department’s trainee 
selection committee. Nearly every student who chooses 
anesthesia as a specialty will be accepted by some training 
institution. Moreover, few trainees are terminated from 
their anesthesia training—and then usually only because 
of normative failures (e.g., drug abuse; ill-treatment of 
patients or co-workers; failure to show up) rather than 
lack of performance in doing anesthetic work.

Some work has attempted to define the underlying abil-
ity characteristics of a successful anesthesia professional. 
Greaves and Grant presented an inventory of 16 charac-
teristics of “good” anesthetic practice—knowledge, skill, 
perception, confidence, prudence, vigilance, fluency, deci-
siveness, anticipation, organization, flexibility, respon-
siveness, good manner, assertiveness, good management, 
and good communication.26 This inventory can serve as a 
basis for discussion of anesthesia professionals’ education 
and training. The authors of the inventory recommended 
its use for formalized consultant feedback to trainees while 
noting the inventory’s unproven validity and reliability. 
An interdisciplinary group in Germany conducted an 
evaluation of another list of critical abilities for anesthesia 
professionals that was published in German.121

HUMAN FACTORS

This section of the chapter deals with human factors in the 
broadest sense of the meaning. In contrast to the previous 
section, which covered aspects of the health care system 
and organizational matters, the human factors portion is 
related to the performance of individuals and teams and 
to factors influencing their performance and promoting 
or preventing active or passive errors. Because more than 
70% of all errors in medicine can be attributed to problems 
with human factors rather than problems with knowledge 
or practical skills, the impact of human factors cannot 
be overestimated. On this basis, perhaps human factors 
should take 70% of the whole book. Given that this chap-
ter cannot deal with human factors in a comprehensive 
way, many topics can be touched on only briefly, and 
the reader is directed to the available literature. We focus 
on the most important aspects of human factors that are 
directly relevant to practicing anesthesia professionals.

NONTECHNICAL SKILLS IN ANESTHESIA

Since the 1980s, the health care professions have become 
more aware of the importance of “nontechnical” skills in 
the delivery of safe, high-quality medical care. This rec-
ognition has brought an increased need for assessment, 
evaluation, and training of these skills. Patient simulators 
were perhaps the first opportunity to show and train these 
skills under realistic stressful conditions.122-125 The intro-
duction of simulators and the associated training con-
cepts accelerated understanding of these human factors 
by the medical community.2 Some of the needed “crisis 
management skills”25,126 can be trained for without the 
use of simulators, as shown in other domains (aviation, 
oil platforms, military).81,127-129 The baseline level of crisis 
resource management (CRM) performance is somewhat 
low.130 Helmreich stated that as a first step in establishing 
error management programs, it is necessary to provide 
formal training in teamwork, the nature of error, and the 
limitations of human performance.55

Different ways exist to group the nontechnical skills 
that are at the heart of CRM training. One approach is 
to distinguish between two categories of nontechnical 

http://www.ntsb.gov/
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TABLE 7-3 NONTECHNICAL SKILLS IN ANESTHESIA: CLASSIFICATION, MARKERS, AND TEACHING POINTS

Concepts

Anesthesia Nontechnical Skills  
(Fletcher et al164)

Performance Markers 
(Gaba et al142)

Key Teaching Points  
in Anesthesia Crisis  

Resource Management 
(Howard et al165, Gaba 

et al166)

Elements Categories Markers Reminders

Cognitive and 
mental skills

Planning and preparing
Prioritizing
Providing and maintaining 

standards
Identifying and using resources
Gathering information
Recognizing and 

understanding
Anticipating
Identifying options
Balancing risks and selecting 

options
Reevaluating

Task management
Situation awareness
Decision making

Orientation to case
Leadership (also a social and 

interpersonal skill)
Planning
Workload distribution
Anticipation
Vigilance
Preparation
Reevaluation

Anticipate and plan
Know your environment
Exercise leadership
Set priorities dynamically
Use cognitive aids
Distribute the workload
Mobilize all available resources
Use all available information
Allocate attention
Anticipate and plan
Prevent and manage fixation 

errors
Reevaluate repeatedly

Social and  
interpersonal 
skills

Coordinating activities with 
team

Exchanging information
Using authority and 

assertiveness
Assessing capabilities
Supporting others

Team working Inquiry and assertion
Communication feedback
Group climate
Followership

Communicate effectively
Teamwork
Communicate effectively
Exercise leadership and 

followership
Exercise followership

Overall  
assessment

Not applicable
Assessments are made only at 

the element and category 
level

Overall nontechnical 
performance of the 
primary anesthetist

Overall nontechnical 
performance, not who is 
right of the whole team

Teamwork!
Concentrate on what is right, 

not who is right
skills: (1) cognitive and mental skills, including decision 
making, planning, and situation awareness (Table 7-3); 
and (2) social and interpersonal skills, including aspects 
of teamwork, communication, and leadership. Another 
approach is to split nontechnical skills into five major 
groups, as shown in Figure 7-8.

CRISIS RESOURCE MANAGEMENT

What Exactly Is Crisis Resource 
Management?
Cockpit (later “crew”) resource management was intro-
duced in aviation in the mid-1980s and is considered to 
be successful in that industry and other industrial and 
military settings (although admittedly, there is not what 
evidence-based medicine would call “level 1 evidence” 
for this success).29,30,49,131-134 Crew resource management 
is now taught systematically to crew members of all major 
U.S. airlines and at many airlines around the world.135 
A similar program in anesthesiology was first developed 
by Gaba, Howard, and associates at the Veterans Affairs 
(VA) Palo Alto Health Care System and Stanford School 
of Medicine in Palo Alto, California,4,117,122,125,136 origi-
nally as Anesthesia Crisis Resource Management (ACRM). 
The ACRM curriculum and its variants have since been 
adopted by training centers worldwide. A detailed descrip-
tion of the ACRM course is provided.
In overview, CRM means to coordinate, use, and 
apply all available resources to protect and help the 
patient as best as possible. Resources include all the per-
sonnel involved, along with all their skills, abilities and 
attitudes—albeit also with their human limitations. 
Machines, devices, and information sources, including 
cognitive aids, are also critical resources.

Non-Technical Skills
CRM Concept

Task
management

Team
working

Communication

Situation
awareness

Decision
making

Figure 7-8. Five main groups of nontechnical skills. In this approach, 
effective communication is like the glue that holds all the other com-
ponents together. CRM, Crisis resource management.
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Although it is termed crisis management, CRM prin-
ciples actually also apply before a crisis ensues. CRM 
includes preventing and intercepting threats and errors 
and minimizing their negative consequences to the 
patient.

The key points of CRM as they apply to anesthesia care 
have been steadily updated and expanded over time (Box 
7-7). During simulation training sessions, little cards with 
CRM key points are usually given to the participants to 
keep the memory of these points alive when the partici-
pants are back in the real world (Fig. 7-9). Some of the 
principles may seem obvious or self-evident. However, 
from our experience in simulation training, it is in fact not 
trivial to apply these principles whether during routine 
work or during crises. More theoretic background on the 
principles can be found in the textbook on ACRM by Gaba, 
Fish, and Howard,137 as well as in related safety literature.†

As with nearly all principles of sound human factors, 
application of CRM key points to patient care must be 
supported by top leadership and reinforced in the actual 
work environment. It is of no worth to study these prin-
ciples (or even practice them in simulations) only to find 
that the pressures and culture of the “real OR” make them 
impossible to implement for real patients. Fully integrat-
ing these key points into the structures and processes of 
clinical practice has proved to be a significant challenge.

Know the environment! (crm Key Point 1). CRM 
begins before the crisis starts. One of the prerequisites for 
CRM is to know the available resources and the details of the 
specific working environment. Resources are personnel, equip-
ment (software, hardware, or cognitive aids), and supplies. 
It is important to know who can be asked for help, who 
is available at different times of the day, how to call those 
helpers quickly, and how long it will take them to arrive. 
Regarding equipment, it is necessary to not only know what 
is available and where to find it but also how to operate it. 

†References 30, 49, 51, 54, 55, 80-82, 138-142.

 1.  Know the environment.
 2.  Anticipate and plan.
 3.  Call for help early.
 4.  Exercise leadership and followership with assertiveness.
 5.  Distribute the workload (use the 10-seconds-for-10-minutes 

principle).
 6.  Mobilize all available resources.
 7.  Communicate effectively—speak up.
 8.  Use all available information.
 9.  Prevent and manage fixation errors.
 10.  Cross check and double check (never assume anything).
 11.  Use cognitive aids.
 12.  Reevaluate repeatedly (apply the 10-seconds-for-10-minutes 

principle).
 13.  Use good teamwork—coordinate with and support others.
 14.  Allocate attention wisely.
 15.  Set priorities dynamically.

BOX 7-7 Crisis Resource Management—Key 
Points in Health Care

Modified from Rall M, Gaba DM: Human performance and patient safety. In Miller RD, 
editor: Miller’s anesthesia, ed 6. Philadelphia, 2005, Churchill Livingstone.
The anesthesiologist is responsible for being well versed in 
the operation of all relevant equipment and should also use 
manuals and other cognitive aids to learn to use the gear 
and as a backup source of information during patient care.

anticiPate and Plan (crm Key Point 2). Anticipation is 
key for goal-oriented behavior. Anesthesia professionals 
must consider the requirements of a case in advance and 
plan for the key milestone. They must imagine what could 
go wrong and plan ahead for each possible difficulty. 
Savvy anesthesia professionals expect the unexpected, 
and when it does strike, they then anticipate what could 
happen next and prepare for the worst. People often talk 
about “staying ahead of the game” or, conversely, “falling 
behind” or “being behind the eight ball.”

call for helP early (crm Key Point 3). Knowing 
one’s own limitations and calling for help are signs of 
a strong character and a competent person. Trying to 
handle everything alone or toughing out a critical situa-
tion is dangerous and unfair for the patient, who should 
not suffer to protect the anesthesia professional’s pride 
or ego. In case of an emergency or even a suspected 
emergency, help should be called early rather than late. 
Some typical triggers for calling for help that apply to any 
anesthesia professional at any level are (1) when there are 
too many tasks to do, (2) when the situation is already 
catastrophic (e.g., cardiac arrest, difficulty securing the 
airway), (3) when serious problems are becoming worse 
or are not responding to the usual maneuvers (or both), 
and (4) when you do not know what is going on. It is 
important to know in advance who is available and how 
to call for help and to plan for how best to use the help 
when it arrives.

exerciSe leaderShiP and followerShiP with aSSer-
tiveneSS (crm Key Point 4). A team needs a leader. 
Someone has to take command, distribute tasks, collect 

Figure 7-9. Crisis resource management (CRM) cards for training.  
The cards are given to each participant during simulation training ses-
sions. One side shows the 15 CRM key points of Rall and Gaba; the 
other side shows a tool for formalizing decision making to reach better 
decisions and avoiding fixation errors. It also shows a short graphic 
version of the “10-seconds-for-10-minutes” concept, reminding par-
ticipants to take the necessary time to organize into a team, whenever 
appropriate. (Photograph by M. Rall.)
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information, and make key decisions. Leadership rarely 
means knowing more than everybody else, doing every-
thing alone, or putting other people down. Leadership 
is about planning, deciding, and distributing tasks by 
clear communication. Followership is also an important 
skill. Followers are key members of the team who lis-
ten to what the team leader says and do what is needed. 
However, it does not mean shutting off their own brains. 
Followers should be assertive if they think that the team 
leader is making wrong decisions. It is their responsibil-
ity to make sure that the leader is aware of their con-
cerns. Whenever people work together, conflict can 
ensue; anyone on the team may need to diffuse conflicts 
to focus the team on care of the patient. Get everyone to 
concentrate on what is right, not on who is right.

diStribute the worKload—10-SecondS-for-10-minuteS 
PrinciPle (crm Key Point 5). One of the main tasks of 
a team leader is distribution of the workload. Someone is 
needed to define the necessary tasks and ensure that they 
are fulfilled properly and that everything fits together. If 
possible, the team leader should remain free of manual 
tasks to observe, gather information, and delegate tasks. 
Team members should also look actively for things that 
need to be done. It is not a good team if the team leader 
has to express every idea and nothing is done before it is 
explicitly ordered.

A corollary is known as the “10-seconds-for-10-minutes 
principle,”143 which posits that if a team can slow its 
activities down just a little, it can gain more than enough 
benefit in rational decision making and planning to offset 
the delay. The need to slow down appears to be greatest in 
critical situations such as the beginning of the diagnosis 
and treatment planning or when the team “feels stuck” 
because the usual treatment is not working (Fig. 7-10).

A prehospital emergency service in Germany, after 
being trained by Rall and having more than 2 years of 
ongoing simulation team training, reported that they fre-
quently used the “10-for-10” principle in the field with a 
high subjective improvement of team decisions and team 
work (Sascha Langewand, EMS Cooperation, Schleswig-
Holstein Ltd, www.rkish.de, personal communication).

mobilize all available reSourceS (crm Key Point 6). 
Everyone and everything that could help deal with the 
problem at hand should be mobilized, including humans 
and technology embedded in organizational processes. 
On the human side, the anesthesia professional’s knowl-
edge and skills (mitigated by knowledge of one’s human 
deficiencies) are the most important resources, comple-
mented by the human helpers who can be brought to 
bear. Equipment and supplies are the means by which 
knowledge is translated into action. Some equipment will 
be readily available, but other equipment will need time 
to be mobilized.

communicate effectively—SPeaK uP (crm Key Point 7). 
Communication is key in crisis situations. Good team work 
depends on everybody’s being on the same page and coor-
dinating their efforts; communication is the glue that holds 
the disparate members together (see Fig. 7-8). Effective com-
munication is challenging to accomplish. Several aspects 
make communication difficult sometimes; for example, 
saying something is meaningful communication only if 
the messages are received and understood (Fig. 7-11).

uSe all available information (crm Key Point 8). 
Anesthesiology is particularly complex because informa-
tion must be integrated from many different sources. 
Every bit of information can assist in understanding a 
patient’s status better and in arriving at the correct diag-
nosis. Information sources include those immediately 
at hand (the patient, monitors, the anesthesia record), 
secondary sources such as the patient’s chart, and exter-
nal sources such as cognitive aids (see later) or even the 
Internet.

Diagnosis!
Feel stuck?

Team!

10 sec!

Problem?
Opinions?

Facts? Plan?
Distribute?

Check!

The   10-seconds-for-10-minutes” principle”

Figure 7-10. The “10-seconds-for-10-minutes principle.” When 
making a diagnosis or feeling stuck, perform the 10-second team time-
out and check to see “what the biggest problem is (the most danger-
ous aspect right now)” (Problem). Clarify this with all available team 
members (Opinions). Gather the information available (Facts). Plan the 
treatment, including the desired sequence of actions. Distribute the 
workload by assigning tasks and responsibilities. Check with all team 
members about any further concerns or suggestions.

The Stairway of Communication

• Meant
Close the loop

Close the loop

Close the loop

Close the loop

is not said

• Said

is not heard

• Heard

is not understood

• Understood

is not done!

Figure 7-11. Model showing the importance of proper commu-
nication. When dealing with complex situations under time pres-
sure, people tend to “mean” a lot but “say” little. It is important to 
let other team members know what you think (mental model). Not 
everything that is said is necessarily heard by those who should hear. 
This is often not the “fault” of the receiving end; acoustic hearing and 
mental understanding are not the same. It is important for the sender 
and receiver of a message to close the communication loop. Some 
tasks need time to be completed and may fail. Let the team know.

http://www.rkish.de


Prevent and manage fixation errorS (crm Key Point 9).  
Human actions are based on an instantaneous mental 
model of the current situation. If the model of the situ-
ation is erroneous, the actions will probably be wrong.

The term fixation error describes a model that is persis-
tently faulty despite sufficient evidence to correct it. A 
fixation error is the persistent failure to revise a diagnosis 
or plan in the presence of readily available evidence sug-
gesting that a revision is necessary. This type of error is 
extremely common in dynamic situations. Three main 
types of fixation errors are recognized.144,145

One type of fixation error is called this and only this—
sometimes also called cognitive tunnel vision. In this type 
of error, attention is focused on only one possibility, and 
other (possibly or actually correct) alternatives are not 
taken into account. Another fixation error is everything 
but this, which is the persistent search for irrelevant infor-
mation and failure to treat a probable cause, with serious 
consequences.

Perhaps the most insidious fixation error is the per-
sistent claim that everything is OK, in which all infor-
mation is attributed to artifact, and possible signs of a 
catastrophic situation are otherwise dismissed. Another 
form of “everything is OK” is the failure to transition 
from routine mode to emergency mode when the situa-
tion demands it.

One principle of managing fixation errors is to obtain 
a new view—a second opinion—on the situation from 
someone unaware of the faulty previous assumptions. 
Although it is appropriate to brief the new person on the 
situation, it is best to avoid biasing the person with the 
conclusions already drawn. Even when working alone, 
the anesthesia professional can deliberately change per-
spectives (physically or mentally) and look for informa-
tion not fitting the picture of the situation, as though 
entering the room for the first time.

The aforementioned 10-for-10 principle (CRM key 
point 5) may also be helpful in managing fixation errors. 
More information on fixation error is provided later in 
the section on core process.

croSS checK and double checK—never aSSume any-
thing (crm Key Point 10). Cross checking means to 
correlate information from different sources. There are 
often three independent sources of information on the 
patient’s heart rate (electrocardiogram [ECG], pulse oxim-
etry, and blood pressure monitor), for example, and two 
on the rhythm (ECG and pulse oximetry).

Another aspect of cross checking involves reviewing 
the status of actions that have been done or are under 
way. Human memory of actions performed is vulnerable, 
especially when interruptions have occurred. Moreover, 
although we often attempt to check things “at a glance,” 
such fleeting observations are prone to error. Checking 
numbers and settings on equipment by actually touching 
them and looking carefully may be worth the effort. In 
general it is best to “never assume anything”; make sure 
and double check important information.

uSe cognitive aidS (crm Key Point 11). Cognitive 
aids—such as checklists, handbooks, calculators, and 
advice hotlines—come in different forms but serve similar 
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functions. They make knowledge “explicit” and “in the 
world” rather than only being implicit, in someone’s 
brain. Memory and cognitive functioning are vulner-
able to error or complete failure, especially in stressful 
situations. Cognitive aids offload memory and safeguard 
the recall of critical items. They also help ensure the use 
of current best practices because during a crisis, people 
sometimes revert to what they originally learned as the 
best, not what is the latest recommendation. The use of 
cognitive aids rather than memory alone is another sign 
of strength. Cognitive aids are discussed in more detail 
later in this chapter.

reevaluate rePeatedly—aPPly the 10-SecondS-for-
10-minuteS PrinciPle (crm Key Point 12). Acute medi-
cine is dynamic. What is correct now may be wrong in 
the next minute. Some parameters may change slowly 
over time, and subtle changes can be difficult to perceive. 
Trend monitoring can be helpful to detect slow, but 
insidious changes.

Furthermore, the dynamic nature of critical events 
makes it necessary to repeatedly reevaluate the situation. 
Box 7-8 shows a set of questions that should be raised 
repeatedly to check whether one is still treating the most 
serious problem most effectively.

imPlement PrinciPleS of good teamworK—coordinate 
with and SuPPort otherS (crm Key Point 13). Team-
work in multidisciplinary teams is at the heart of much 
patient management in the OR and ICU. Key principles 
of teamwork in dynamic situations have been delineated, 
especially in the work of Eduardo Salas and colleagues at 
University of Central Florida (see Fig. 7-5). Coordination 
within a team ideally begins before a team gathers. If all 
members know about the tasks to be done and their roles 
during these tasks, coordination is easier. Short briefings 
at the beginning of a task are common in aviation and are 
worth the time spent. During the acute phase of a crisis 
situation, it is valuable to spend a small amount of time 
to coordinate the team’s activities (see 10-for-10 earlier 
in CRM key point 5). “Dream teams” support each other 
continuously, with everybody looking after each other.

allocate attention wiSely (crm Key Point 14). 
Human attention is very limited, and multitasking is 
very difficult. Attention must be dynamically allocated 
where it is needed. One can develop rhythms and scan 

 •  Was the initial assessment of the situation or diagnosis correct?
 •  Did the actions have any effect? (e.g., Did the drug reach the 

patient?)
 •  Is the problem getting better, or is it getting worse?
 •  Does the patient have any side effects resulting from previous 

actions?
 •  Are there any new problems or other problems that were 

missed before?
 •  What further developments can be expected in the (near) 

future?

BOX 7-8 Reevaluation Questions—Maintaining 
Situation Awareness
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patterns to do this. The “ABC equals airway, breathing, 
circulation” mnemonic is based on this principle. Other 
strategies are to alternate between focusing on details 
and focusing on the big picture and to offload certain 
responsibilities, tasks, or information streams to other 
qualified team members, provided these teams members 
periodically update the team leader about the situation.

Set PrioritieS dynamically (crm Key Point 15). 
Dynamic situations demand dynamic measures with 
decisive, purposeful preliminary decisions and actions 
that are constantly reevaluated and modified as new 
information becomes available or the results of treat-
ment are apparent. What was not a right move at one 
time may become the right move at another. In addition, 
having one solution to an obvious problem does not 
guarantee that it is the best solution to the one problem 
or that only one problem exists. However, one priority is 
always paramount—ensuring adequate oxygenation and 
perfusion of critical organs.

HOW CAN CRISIS RESOURCE 
MANAGEMENT SKILLS BE LEARNED  
AND TRAINED?

CRM is taught in many different ways. Seminar-based 
training on human factors and CRM principles has become 
popular in health care (e.g., programs called TeamSTEPPS, 
MedTeams, Medical Team Training, Life Wings),146-153 
although the role of such activities versus simulation-
based CRM approaches has not yet been fully delineated. 
Seminars use didactic sessions, group exercises, and some-
times discussion and analysis of “trigger videos.”

Such training seems useful for learning about CRM 
principles and articulating how they could apply to anes-
thesia professionals’ work environments. Newer studies 
even show an improvement in patient outcomes.154-156 
Given the experience in the airline industry, it is likely that 
to address CRM skills for both trainees and experienced 
personnel completely, a combination of seminars and 
simulation-based exercises will be needed. We believe that 
practicing the execution of CRM skills requires exposure to 
challenging clinical situations in realistic simulation sce-
narios, followed by detailed group debriefings (often using 
video of the simulations) to analyze what transpired. As 
detailed in Chapter 8, such CRM-oriented simulation train-
ing may be available in dedicated simulation centers or as 
in situ simulation training in actual work environments. 
Many simulation centers also offer mobile training, which 
means that they can bring the simulator and everything 
else needed (e.g., audio/video equipment) to any facility to 
train the staff in institutions that do not have a simulator 
or staff capable of conducting the training.

HOW CAN CRISIS RESOURCE 
MANAGEMENT SKILLS CONTRIBUTE  
TO PATIENT SAFETY?

Although 70% of all errors in anesthesia may be attrib-
utable to human factors, interventions to improve this 
picture have only partially penetrated the fabric of the 
industry. CRM-oriented training is one component of a 
comprehensive approach to addressing human factors 
issues in anesthesia safety, but it is not yet a standard 
part of clinical training. Meanwhile, some definitive evi-
dence indicates that CRM training improves patient out-
comes,154,156-158 even though it is often functionally very 
difficult to acquire such evidence. Nevertheless, CRM 
training is an integral and accepted part of training in 
aviation, nuclear power, and other industries in which 
human errors can lead to catastrophic events. There is no 
reason to assume that anesthesia professionals would be 
less error prone or would benefit less from human factors–
based CRM training than the professionals in other high-
hazard industries.

ASSESSING NONTECHNICAL SKILLS IS 
MORE SUBJECTIVE THAN ASSESSING 
TECHNICAL SKILLS

A study by Morgan and Cleave-Hogg concluded that 
“the simulator environment is somehow unique and 
allows different behaviors to be assessed.”159 As Glavin 
and Maran stated, “Any scoring system that attempts to 
address the assessment of clinical competence clearly has 
to address both technical and non-technical skills.”160 
Consequently, there is still a long road ahead in measur-
ing performance.

Two research groups (VA-Stanford and the Univer-
sity of Basel in Switzerland) studied adaptations of the 
anchored subjective rating scales developed by the 
NASA/University of Texas Aerospace Crew Performance 
Project. The VA-Stanford group published preliminary 
data reviewing the interrater reliability of subjective 
ratings of behavior on five-point anchored scales.142,161 
Using a fairly stringent test of interrater reliability (the 
topic is quite complex in the statistical literature), these 
investigators found only moderate reliability when 5 
trained raters used a 5-point scale to score 14 anesthe-
sia teams, each managing 2 different complex critical 
events in the simulator (malignant hyperthermia and 
cardiac arrest). Despite some difficulty in agreement on 
the operational definitions of each type of behavior, the 
investigators stated that the largest problem in achieving 
agreement was the high variability of each behavior over 
the course of a simulation. For example, an anesthesia 
crew could show evidence of good communication at a 
particular instant, only to be shouting ambiguous orders 
into thin air at the next instant. Aggregating such behav-
ior into a single rating was extremely difficult, even 
for the bounded time segments of the scenario. These 
data demonstrate the importance of evaluating perfor-
mance by more than one rater, who, no matter how well 
trained, may produce scores that differ significantly from 
another single rater. The investigators suggested combin-
ing scores from a minimum of a pair of raters inasmuch 
as it was shown that the mean of scores from two raters 
had a very low probability of differing from the mean of 
five raters by more than a single rating point. The behav-
ioral markers of their score are shown in Table 7-3 and 
are compared with Fletcher’s anesthesia nontechnical 
skills (ANTS) score and the ACRM key teaching points 
(see Box 7-7).



The Anesthesia Nontechnical Skills System
Fletcher, from the Industrial Psychology Group of Aber-
deen, Scotland (a group headed by Rhona Flin) and work-
ing with clinicians from the Scottish Clinical Simulation 
Centre (Glavin and Maran), performed an in-depth review 
of the role of nontechnical skills in anesthesia. Fletcher 
stated that nontechnical skills had not been explicitly 
addressed in the traditional education and training of 
anesthesiologists, even though they have always been 
demonstrated and used during clinical work. The group 
analyzed incident reports and observations of real cases, 
as well as attitude questionnaires and theoretic models.162 
Like others, these investigators recognized that simula-
tion offers the opportunity to identify, develop, measure, 
and train nontechnical skills in a safe learning environ-
ment, so they also included significant observations dur-
ing realistic simulations.163

Incident reports proved very limited because they did 
“not provide the finer-grained level of information nec-
essary to understand where the skills broke down.”164 
These workers defined nontechnical skills as “attitudes 
and behaviours not directly related to the use of medical 
expertise, drugs or equipment.” Although nontechnical 
skills can be seen under the heading of “human factors,” 
it is preferred that they be addressed as “nontechnical 
skills,” which is more specific.

As in the ACRM instructional paradigm,122,165,166 
Fletcher and colleagues identified two categories of non-
technical skills:
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 •  Cognitive and mental skills, including decision making, 
planning, and situation awareness

 •  Social and interpersonal skills, including aspects of 
team working, communication, and leadership

  

Fletcher’s ANTS scheme is shown in Table 7-4, along 
with the behavioral markers of Gaba’s team and the 
ACRM key teaching points. A description of the ANTS 
categories and elements, including examples of good 
practice and poor practice, is presented in Table 7-4.

The structure of the new ANTS scheme was derived from 
a system of behavioral markers that had been developed 
for aviation in a European project called “NOTECHS,” 
which itself was an evolution of the UT-Markers of the 
University of Texas (Helmreich). A summarized com-
parison of the aviation systems and explanations about 
using nontechnical markers for training and evaluation 
can be found in the book, “Group Interaction in High 
Risk Environments,” written by an international group 
of human factors specialists.166a Several comments about 
the ANTS approach are appropriate.

ANTS’ intent is to score only those skills that can be 
identified unambiguously through observable behavior. 
Such restriction may enhance the reliability of the scor-
ing but could exclude relevant personal factors such as 
self-presentation, stress management, and maintain-
ing perspective. ANTS assumes that “communication” 
is included or “even pervades” all other categories and 
does not score communication as a separate skill. This 
TABLE 7-4 EXAMPLE OF A DESCRIPTION OF THE ANESTHESIA NONTECHNICAL SKILLS SYSTEM  
(ANTS SYSTEM V1.0) 

Task Management—skills for organizing resources and required activities to achieve goals, be they individual case plans or longer-term 
scheduling issues; four skill elements: planning and preparing, prioritizing, providing and maintaining standards, and identifying and 
using resources

Planning and preparing—developing primary and contingency strategies in advance for managing tasks, reviewing these tasks, and 
updating them if required to ensure that goals will be met; making necessary arrangements to ensure that plans can be achieved

Behavioral Markers for Good Practice Behavioral Markers for Poor Practice
Communicates plan for case to relevant staff
Reviews case plan in light of changes
Lays out drugs and equipment needed before starting case that  

are suitable for the patient
Makes postoperative arrangements for patient

Does not adapt plan in light of new information
Does not ask for drugs or equipment until the last minute
Does not have emergency or alternative drugs available
Fails to prepare postoperative management plan

Prioritizing—scheduling tasks, activities, issues, information channels, and so on, according to importance (e.g., because of time, 
seriousness, plans); being able to identify key issues and allocate attention to them accordingly; and avoiding being distracted by less 
important or irrelevant matters

Behavioral Markers for Good Practice Behavioral Markers for Poor Practice
Discusses priority issues in case
Negotiates sequence of cases on list with surgeon
Conveys order of actions in critical situations

Becomes distracted by teaching trainees
Fails to allocate attention to critical areas
Fails to adapt list to changing clinical conditions

Providing and maintaining standards—supporting safety and quality by adhering to accepted principles of anesthesia; following, 
when possible, codes of good practice, treatment protocols or guidelines, and mental checklists

Behavioral Markers for Good Practice Behavioral Markers for Poor Practice
Follows published protocols and guidelines
Cross-checks drug labels
Checks machine at beginning of each session
Maintains accurate anesthetic records

Does not adhere to emergency protocols or guidelines
Does not check blood with patient and notes
Breaches guidelines such as minimum monitoring standards
Fails to confirm patient’s identity and consent details

From Fletcher GCL, Flin R, Glavin RJ, Maran NJ: Framework for observing and rating anaesthetists’ non-technical skills: anaesthetists’non-technical skills 
(ANTS) system V1.0, version 22, Aberdeen, Scotland, 2003, University of Aberdeen.
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approach is in contrast to that of others who believe that 
communication is a specific skill that should be rated 
separately.127,167 The category “task management” of the 
ANTS includes the element “providing and maintaining 
standards,” which may be a point of discussion if it can 
be an observable behavior “not directly related to medi-
cal expertise” as stated in the definition. In addition, a 
problem may arise because there are not so many well-
accepted standards in medicine (in strong contrast to, 
e.g., aviation).

Flin’s group, meanwhile, adapted nontechnical skills 
scoring systems for several other medical fields, such 
as for surgeons and ICU care.30,82,135,140-142,168-175 These 
investigators have not yet made adaptations that fully 
describe multidisciplinary crews and teams.

Not all nontechnical skills will be expected to be 
observed during every scenario or clinical situation. It is 
important to delineate between “required behaviors” in a 
given scenario and the generic set of behaviors. If a required 
behavior is not observed, the rating system advises that 
one rate that behavior as poor nontechnical skills, whereas 
the absence of a given nontechnical skill behavior other-
wise has no particular meaning and should be rated as “not 
observed.” As in all subjective nontechnical performance 
systems, training plus calibration of raters is necessary.

Fletcher and co-workers evaluated ANTS by using 
scripted videotapes taken in a realistic simulator.164 Fifty 
consultant anesthesia professionals were given 4 hours 
of training as raters and then rated 8 test scenarios rang-
ing from 4 to 21 minutes each. They rated performance 
at the level of specific elements and also at the broader 
level of category (see Table 7-3) by using a 4-point scale 
(they could also enter “not observed”). Three investiga-
tor anesthesia professionals also rated the scenarios and 
agreed on a “reference rating” to be used as the bench-
mark for the study. In questionnaires, the ANTS system 
was evaluated by raters as relatively complete, possibly 
with superfluous elements. Raters found that nontechni-
cal skills were usually observable, and most thought that 
it was not difficult to relate observed behavior to ANTS 
elements. The interrater reliability, accuracy, and internal 
consistency of the ratings were good to acceptable and 
are presented in Table 7-5.

Although well performed, some caveats about these 
data are in order. Because scripted videos were used as 
the basis for ratings, it is possible that the observability 
or scorability of the desired sets of behavior was greater 
than in actual simulation scenarios. The scripted scenar-
ios were rather short (4 to 21 minutes), which perhaps 
made it relatively easy to remember certain aspects of the 
performance and reduced the likelihood that the raters 
would encounter the problem of aggregating a score from 
fluctuating behavior over time. The window of “accuracy” 
as “±1 point” on a 4-point scale seems to be rather wide.

On the whole, the ANTS system appears to be a use-
ful tool to enhance assessment of nontechnical skills in 
anesthesia and other medical fields further, and its careful 
derivation from a current system of nontechnical assess-
ment in aviation (NOTECHS) may even allow some inter-
domain comparisons.21,171

PERFORMANCE-SHAPING FACTORS

With a few exceptions, the foregoing discussion of the 
performance of skilled anesthesia professionals has 
assumed that they are normally fit, rested, and acting in 
a standard working environment. Experience in human 
performance in the laboratory and other domains sug-
gests that internal and external performance-shaping fac-
tors exert profound effects on the ability of even highly 
trained personnel. The degree to which performance-
shaping factors affect the overall performance of anesthe-
sia professionals and the outcome of patients is highly 
uncertain. In extreme cases, such as profound fatigue, 
no question exists that these factors can result in severe 
degradation of the anesthesia professional’s performance 
or even complete incapacitation. However, these extreme 
conditions are quite unusual, and it is unclear whether 
the levels of performance decrement likely to be induced 
in typical work situations have any significant effect. 
Although the practice of anesthesia does require an atten-
tive and skilled individual, it does not require peak human 
performance. It would be unrealistic to expect peak per-
formance for every anesthetic regimen because on the 
order of 60,000 anesthetics are administered each day in 
the United States by a total of approximately 40,000 to 
60,000 anesthesia professionals. Although it is unrealistic 
to expect peak performance for every case, society expects 
anesthesia professionals to come to work prepared—not 
impaired. As stated in the ASA guidelines for the ethical 
TABLE 7-5 RESULTS OF AN EVALUATION STUDY OF ANESTHESIA NONTECHNICAL SKILLS BY FLETCHER  
AND COLLEAGUES 

Measure Score Range Maximum/Minimum Element/Category

Interrater agreement Element level
Category level

0.55-0.67
0.56-0.65

Highest element
Lowest element
Highest category
Lowest category

Identifying/using 
resources

Recognizing/
understanding

Task management
Team working
Situation awareness

Accuracy relative to the 
reference rater’s score

% within ±1 point
Mean absolute deviation

88%-97%
0.49-0.84, depending 

on elements

Highest element
Lowest element
Highest element
Lowest element

Identifying options
Assessing capabilities
Authority/assertiveness
Providing standards

From Fletcher R, Flin P, McGeorge R, et al: Anaesthetists’ non-technical skills (ANTS): evaluation of a behavioural marker system, Br J Anaesth 90:580-588, 2003.
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practice of anesthesiology, anesthesiologists have ethical 
responsibilities to themselves. The guideline goes further 
by stating the following:

the practice of quality anesthesia care requires that 
anesthesiologists maintain their physical and mental 
health and special sensory capabilities. If in doubt about 
their health, then anesthesiologists should seek medical 
evaluation and care. During this period of evaluation or 
treatment, anesthesiologists should modify or cease their 
practice.

With these caveats in mind, however, several perfor-
mance-shaping factors are potentially of sufficient mag-
nitude to be of concern. Ambient noise, music, fatigue 
and sleep deprivation, aging, illness, drug use, and atti-
tudes are discussed later. Several other issues that are not 
discussed include the level of illumination and environ-
mental temperature. These factors can be shown to have 
a performance-shaping effect in the laboratory, but it is 
uncertain how much they affect performance in the OR. 
Currently, the responsibility for ensuring fitness for duty 
rests solely with the individual clinician. In HROs, the 
institution implements measures to mitigate performance-
shaping factors.

Ambient Noise and Music  
in the Operating Room
The OR is a relatively noisy work environment (see also 
Chapter 6).176-180 Mean sound levels are considerably higher 
than in most offices or control rooms (continuous move-
ment of air through an open surgical suction tip is a com-
mon source of continuous noise), and peak sound levels 
can be quite high. Some sources of noise are uncontrollable, 
such as surgical drills, monitor alarms, and inadvertently 
dropped instrument pans; other sources are controllable, 
such as conversation and music (see later). Evidence in the 
general literature indicates that noise can adversely affect 
human performance.176 Furthermore, studies by Murthy 
and colleagues demonstrated that volume-accurate replay 
of recordings of OR noise significantly interfered with the 
speech discrimination ability of anesthesia residents during 
laboratory testing.181,182 The OR noise also caused a signifi-
cant reduction in residents’ performance on psychometric 
tests of mental efficiency and short-term memory.181 The 
potential interference of noise with communication and sit-
uation awareness among personnel in the OR is particularly 
worrisome to those concerned with optimizing teamwork 
in this complex work environment.

The use of music in the OR is now widespread. Many 
health care professionals believe that music enlivens the 
workday and can build team cohesiveness when all team 
members enjoy the music. A controversial study by two 
social psychologists, Allen and Blascovich, suggested that 
surgeon-selected music improved surgeons’ performance 
on a serial subtraction task and reduced their autonomic 
reactivity (i.e., “relaxed” them) when compared with con-
trol conditions consisting of experimenter-selected music 
or no music at all.183 The methodology of this study has 
been criticized.184

In response to Allen and Blascovich, several anes-
thesiologists challenged the notion that the surgeon’s 
preference for the type or volume of music can or should 
override the needs of other members of the team.184,185 
This issue generated considerable controversy among sur-
geons and anesthesiologists. In a reply to some of the let-
ters to the editor commenting on their study, Allen and 
Blascovich stated the following:

The letters here suggest that not everyone on the surgical 
team always appreciates the type of music chosen by the 
surgeon, and anesthesiologists in particular appear to prefer 
silence in surgery. When we asked the surgeons in our study 
about this issue, we were told that the environment of sur-
gery does not lend itself to the democratic process, and music 
was part of the environment in which they felt most comfort-
able.186

Murthy and colleagues181 studied the effect of OR 
noise (80 to 85 dB) and music on knot-tying ability in 
a laparoscopic skill simulator. They found no difference 
in time or knot quality in the conditions tested and con-
cluded that surgeons can effectively block out noise and 
music. Invited commentary that accompanied the article 
brings up important issues: what impact does noise have 
on other members of the surgical team, how does noise 
affect communication between team members, does 
noise affect judgment, and other unanswered questions.

The question of the proper role of music in the OR has 
no simple answer. Clearly, optimal patient care is the pri-
mary goal. Some surgical and anesthesia personnel explic-
itly forbid any type of music in the OR. A more common 
approach of many OR teams is to allow any team member 
to veto the choice or volume of music if they believe that 
it interferes with their work.

Reading in the Operating Room  
and Other Distractions
The observation that some anesthesia professionals were 
observed to read journals or books casually during patient 
care led to a vigorous debate of the appropriateness of 
such activity.187 Although it is indisputable that reading 
could distract attention from patient care, a study by Sla-
gle and Weinger in 2009 suggested that when the practice 
of reading is confined to low-workload portions of a case, 
it has no effect on vigilance188 (see later). In their opin-
ion, blanket policies against reading nonessential materi-
als are both doomed to failure and possibly detrimental 
because reading could counteract boredom in some situ-
ations. Furthermore, reading as a distraction is not neces-
sarily any different from many other kinds of activities 
not related to patient care that are routinely accepted, 
such as idle conversation among personnel. Many com-
ments about the issue were related not to the actual dec-
rement in vigilance induced by reading but rather to the 
impact of the negative perception of the practice (and of 
those who do it) by surgeons and by patients (if they were 
aware of it). Slagle and Weinger also wondered about the 
impact of Internet use during anesthesia care, a grow-
ing phenomenon. Wax and colleagues looked at elec-
tronic anesthesia records from more than 1000 cases by 
171 anesthesia professionals, all of whom used a record-
keeping computer system that also allowed, and tracked, 
access to the Internet.189 These investigators correlated 
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hemodynamic variability and adverse hemodynamic out-
comes versus the extent of Internet use both within and 
between cases. They found no significant impact of Inter-
net use on these variables. However, this methodology 
does not assess the vigilance of the anesthesia professional 
directly. As Domino and Sessler point out in an accompa-
nying editorial, it is well established that cell phone use 
and texting reduce vigilance while driving automobiles 
(or trains) and increases the risk of accidents.190

As pointed out by nearly all authors on these topics, 
the bottom line is as follows, to quote Slagle and Weinger: 
“(1) the patient must be the foremost priority and (2) 
being distracted or performing noncritical tasks during 
critical or unstable situations is inappropriate and danger-
ous.” In our training course on ACRM, we teach that the 
anesthesia professional is responsible for modulating all 
controllable distractions—for example, allowing music 
during routine work (if all agree), reading, or Internet 
use, but eliminating it when the workload increases or 
a situation becomes more complex or urgent. Similarly, 
although our own institutions do not have a fixed policy 
against reading in the OR (or against casual conversation, 
for that matter), everyone expects the anesthesia profes-
sional to have a very low threshold for abandoning any 
potential distractions to provide maximum attention to 
patient care.

The issue of potential distractions in general, which 
include “all the various stimuli that could prevent 
someone from concentrating,” was studied by Camp-
bell and associates.191,192 These investigators also looked 
at interruptions—“a stimulus that briefly requires the 
attention of the anesthesia professional.” With such 
broad definitions, the distractions and interruptions in 
this study varied widely: from work-related or unrelated 
conversations; maneuvering within the OR suite or OR; 
music, pagers, phone calls, and noise; and even conver-
sation with a patient to reassure him or her. Distractions 
occurred, on average, between once every 2 minutes 
to once every 7 minutes, depending on the phase of 
the anesthetic case. Slightly more than 20% of distrac-
tions—particularly interruptions—were associated with 
an observable negative impact. Such events are particu-
larly problematic when they disrupt prospective mem-
ory, which is the memory to do something in the future. 
Disruptions in prospective memory are known to be an 
issue in aviation safety and health care safety,193-200 and 
this study reinforced the special risk of interruptions in 
anesthesia safety.

Sleep Deprivation and Fatigue*

general PrinciPleS. Scientists are discovering the importance 
of adequate sleep to allow normal human performance.  
A consensus report by leaders in the field of sleep medicine 
stated the following:

[we] evaluated scientific and technical reports on the distribu-
tion throughout the 24-h day of medical incidents (such as 
heart attack and stroke) and performance failures (such as 
vehicular accidents and human errors in industrial and tech-

*This section was edited by Steve Howard, Veterans Affairs Palo Alto 
Health Care System and Stanford University.
nical operations that can affect public safety). We found that 
these events occur most often at times of day coincident with 
the temporal pattern of brain processes associated with sleep. 
It thus appears that the occurrence of a wide range of cata-
strophic phenomena are influenced by sleep-related processes 
in ways heretofore not fully appreciated.201

This report goes on to give many examples of catas-
trophes that have occurred at least in part because of the 
effects of sleep deprivation and fatigue.

Investigations in other complex industries (aviation, 
nuclear power, maritime, long-haul trucking) have iden-
tified fatigue as the probable cause of or a contributing 
factor in many accidents. Unlike health care, the transpor-
tation industries have a body—the NTSB—that actively 
evaluates accident causation, including performance-
shaping factors such as fatigue and sleep deprivation. 
By formal analysis, fatigue has been implicated in many 
famous accidents. For example, fatigue was a contribut-
ing factor in the Exxon Valdez grounding (in Alaska), 
the nuclear disasters at Three Mile Island (in Pennsylva-
nia) and Chernobyl (in the Ukraine), and the decision-
making process that led to explosion of the space shuttle 
Challenger. We have no such mechanism for evaluating 
fatigue causation in medical error, so what is not looked 
for will not be found.

Based on these findings, however, it is likely that 
chronic sleep deprivation, circadian rhythm abnor-
malities, and fatigue can be blamed for some iatrogenic 
adverse patient outcomes. As previously mentioned, the 
IOM report published in 1999 revealed that thousands of 
patients are harmed each year by preventable error. Some 
of these errors may have fatigue as a causative factor, and 
this should be an area of active study. However, it is diffi-
cult to determine the degree to which this is true because 
no blood test equivalent exists for level of impairment 
secondary to fatigue. Although these factors have long 
been minimized or ignored by health care professionals, 
an understanding of them is critical to maximize patient 
safety, as reflected in these reviews.202,203

The process of ignoring this issue may be coming to 
an end. In December 2011, The Joint Commission pub-
lished a “Sentinel Event Alert” documenting the impact 
of fatigue on patient safety.204 The Joint Commission 
suggested actions for organizations aimed to mitigate 
fatigue-related safety breaches (Appendix 7-2; www.joint 
commission.org/assets/1/18/sea_48.pdf).

normal SleeP. Carskadon and co-workers referred to sleep 
as a reversible behavioral state of perceptual disengagement 
from and unresponsiveness to the environment that is 
usually accompanied by postural recumbency, quiescence, 
closed eyes, and other indicators commonly associated 
with sleeping.205 Sleep can be thought of as a physiologic 
drive state similar to hunger or thirst and is necessary for 
maintenance of alertness, performance, and overall well-
being (see also Chapter 14). The intensity of this drive 
can be inferred by noting how quickly an individual falls 
asleep. Just as eating and drinking satiate hunger and thirst 
states, sleeping reverses the desire to sleep.

The amount of sleep required by any individual is 
genetically determined and is the amount that allows 

http://www.jointcommission.org/assets/1/18/sea_48.pdf
http://www.jointcommission.org/assets/1/18/sea_48.pdf
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that individual to be awake and alert throughout the day. 
The average sleep time for young adults is 7 to 8 hours per 
24-hour period, with an approximately 15% interindi-
vidual variation. These sleep requirements do not change 
with age, and humans can do little to train their physiol-
ogy to function optimally on less sleep than required.

SleeP debt. If adequate sleep is not obtained for whatever 
reason, daytime sleepiness and impaired performance 
ensue. Sleep loss is cumulative and results in what is 
referred to as sleep debt. An individual who has obtained 
an optimal amount of sleep is better prepared to perform 
long periods of sustained work than one who is operating 
from a sleep debt.

Because of the additive effects of chronic partial sleep 
loss, even minor sleep restriction on a nightly basis can 
insidiously accumulate into a substantial sleep debt.206 
The only way to pay back a sleep debt is with sleep.

Sleep debts are commonplace in our culture. The 
National Sleep Foundation’s annual survey continues to 
reveal that Americans chronically undersleep by 60 to 90 
minutes each day (http://www.sleepfoundation.org/article/ 
sleep-america-polls/national-sleep-foundation-bedroom-
poll). Shift work, long and irregular work hours, and the 
demands of family and recreation lead to irregular sleep pat-
terns and prevent restful sleep. This is particularly true for 
physicians, who often work in shifts, have long duty peri-
ods, and must frequently care for patients for long periods.

circadian rhythmS. Rhythms that fluctuate on a 24-hour 
time scale are known as circadian rhythms. The biologic 
clock that is responsible for these rhythms is located in 
the suprachiasmatic nucleus in the human brain. The 
best-known circadian rhythms are those of body tem-
perature, hormone secretion, metabolism, and the sleep-
wake cycle. The circadian system is synchronized to the 
24-hour day by external stimuli referred to as “zeitge-
bers,” the most influential of which is the light-dark cycle 
of day and night.

The circadian system is biphasic in that it produces 
a state of increased sleep tendency and decreased per-
formance capacity during two periods throughout 
the 24-hour day—from 2 am to 6 am and from 2 pm to 
6 pm. These periods are sometimes referred to as circa-
dian lulls or low points. These are periods when we are 
more vulnerable to incidents and accidents because our 
body clock is “turned off.” The circadian clock is very 
resistant to alterations, and it does not adjust rapidly 
to changes such as those produced by jet lag or shift 
work. Disruption of the normal circadian rhythm or 
incomplete circadian adaptation leads to acute and 
chronic sleep deprivation, decreased alertness, increased 
subjective fatigue, and decreased physical and mental 
performance.207

SleePineSS and alertneSS. Sleepiness and alertness are at 
opposite ends of a continuum. Daytime sleepiness is the 
most obvious effect of failing to obtain adequate sleep. 
Healthy adults are maximally alert by midmorning. This 
is sequentially followed by a circadian lull in the early 
afternoon (causing some cultures to incorporate an after-
noon “siesta”), increased alertness in the early evening, 
and finally increased sleepiness that normally results in 
falling asleep at night.

The most extreme periods of sleepiness become mani-
fest when one is out of sync with the circadian clock (either 
staying awake and working when our clock is pressuring 
sleep or attempting to sleep when our clock is pressuring 
wakefulness). Data from the U.S. Department of Transpor-
tation reveal that the greatest number of single-vehicle 
accidents takes place during the early morning hours when 
people are at a circadian lull of alertness. These accidents 
are thought to result from inadvertent lapses in driver 
attention brought about by extremes of sleepiness.208

determinantS of SleePineSS. The major factors causing 
sleepiness are decreased quantity of sleep, poor quality 
of sleep (sleep fragmentation resulting from multiple 
awakenings or abnormal progression of sleep states and 
stages), disrupted circadian rhythms, and the use of cer-
tain medications. The amount of sleep obtained is directly 
related to daytime sleepiness. If sleep is restricted in 
healthy adults, daytime sleepiness can be demonstrated 
the following day.206 If one is allowed to extend sleep 
beyond the usual sleep time, increased alertness can be 
demonstrated in the laboratory.4 Sleep quality is affected 
by many factors. Sleep fragmentation affects older adults 
and patients with sleep disorders such as sleep apnea and 
periodic limb movements. Sleep fragmentation com-
monly occurs in physicians who are awakened from sleep 
to care for patients while in the hospital.

Caffeine and other stronger stimulants are known 
to reduce nocturnal sleep if ingested close to bedtime, 
hence decreasing sleep quantity and quality.209 Potent 
stimulants such as amphetamines do produce increased 
alertness and performance, but they have significant side 
effects and are not an option for health care personnel 
(e.g., the individual must undergo a substantial amount 
of recovery sleep [“crash”] after their effect is gone). 
Newer, nonamphetamine alertness-enhancing drugs 
(e.g., modafinil) are currently under study and are being 
used in shift workers, including health care workers (see 
the later section on fatigue countermeasures).

mood. Long work hours, fatigue, and sleep deprivation 
have also been shown to bring about consistent and dra-
matic changes in mood and emotions.210,211 Depression, 
anxiety, irritability, anger, and depersonalization have 
all been shown to increase during testing of chronically 
fatigued house staff. These emotions are an obvious source 
of stress between anesthesia professionals and their co-
workers, patients, and families. The relationship of mood, 
performance, and patient safety has yet to be determined.

vigilance. Vigilance, the centerpiece of the ASA logo, 
is defined as “alert watchfulness.” Vigilance is critical, 
although studies of the performance of anesthesiologists 
make it clear that vigilance is not the only key characteristic 
of careful anesthesiologists. Vigilance is a necessary but not 
sufficient condition to permit the safe passage of a patient 
through the perioperative period. If vigilance and other 
aspects of decision making are impaired by performance-
shaping factors such as sleep deprivation and fatigue, the 
likelihood of an adverse patient outcome is greater.

http://www.sleepfoundation.org/article/sleep-america-polls/national-sleep-foundation-bedroom-poll
http://www.sleepfoundation.org/article/sleep-america-polls/national-sleep-foundation-bedroom-poll
http://www.sleepfoundation.org/article/sleep-america-polls/national-sleep-foundation-bedroom-poll
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Monitoring of slowly changing stimuli is a classic vigi-
lance task that makes up a significant proportion of the 
anesthesia professional’s work. This type of task is most 
sensitive to the degrading effects of sleepiness and fatigue. 
During the performance of lengthy vigilance tasks, the 
most common types of decrements include increased 
reaction time, lapses (transient periods of unawareness), 
and a reduction in the probability of detecting an alarm. 
This type of performance impairment has been docu-
mented after as little as 30 minutes of time on a task, and 
the decrement is even more pronounced if the individual 
is physiologically sleepy at the beginning of the task.

microSleeP eventS. The most extreme cause of impaired 
vigilance is the occurrence of actual sleep episodes (micro-
sleeps) encroaching into periods of wakefulness. Micro-
sleep events typically last a few seconds to a few minutes. 
They are intermittent in onset, and their impending 
occurrence is difficult for the individual to predict. Most 
individuals underestimate their level of sleepiness when 
they can be objectively shown to be extremely sleepy, thus 
making this problem even more insidious. In other words, 
one can fall asleep and not be perceptually aware of it. 
This has significant meaning in the workplace and when 
driving home after long work periods. Microsleep episodes 
are the probable cause of many single-vehicle crashes.

Microsleeps are a sign of extreme sleepiness and are 
harbingers of the onset of longer sleep periods. Typically, 
they occur during periods of low workload or stimulation 
and when an individual is maximally sleepy. In addition, 
an individual’s performance between microsleep episodes 
is impaired. Frequent and longer microsleeps increase the 
number of errors of omission.

Driving while drowsy may be less forgiving than prac-
ticing medicine while drowsy. It is easy to imagine that 
if a driver has a microsleep for only seconds while travel-
ing at 60 miles per hour, the likelihood of an accident 
will be high. Although the anesthesia professional’s work 
environment does not (usually) evolve as fast as that of 
the driver, the safety implications of falling asleep while 
providing care are similarly obvious.212

Scientists at the NASA Ames Research Center in Moun-
tain View, California studied the occurrence of micro-
sleep episodes in pilots during transmeridian flights.213 
These flights involve multiple time zone changes with 
long, irregular work schedules and resultant disruption of 
circadian rhythms. This situation causes fatigue, sleepi-
ness, and decreased performance, which are believed to 
have an impact on flight safety. This particular proto-
col compared two pilot groups flying equivalent flights: 
a control (non-nap) group and a nap group. Electroen-
cephalographic monitoring of the pilots was performed 
to determine the extent of microsleep episodes and also 
to document whether pilots were actually able to nap if 
given the opportunity. In brief, the study revealed that 
(1) crew members were able to nap seated in the cockpit 
if given the opportunity, (2) the non-nap crew had sig-
nificantly more microsleep episodes during critical phases 
of flight than did the crew that had napped, and (3) per-
formance on a standardized test of visual reaction time 
was worse in the non-nap group than in the group that 
had napped. This study demonstrated that microsleeps 
do occur even in a work environment in which sleep is 
strictly forbidden and in which work hours are tightly 
regulated. Napping appears to be a reasonable counter-
measure to decrease the likelihood of microsleeps and 
improve performance. Other work on napping supports 
these conclusions.

Do anesthesia professionals suffer microsleep events? 
The answer almost certainly is yes. Anecdotal evidence, 
as well as unpublished reports from our own surveys, 
suggests that these events do occur from time to time. 
Microsleeps occurred in a study of anesthesiologists per-
forming work in a simulated environment.214 Studies 
from the Harvard Work Hours and Safety group revealed 
that interns working traditional shifts in the ICU were 
more prone to microsleeps during their work shifts (they 
used the term “attentional failures”) than individuals 
who worked shortened shifts.

Shift worK. From a practical standpoint, shift work will 
remain a common method to provide 24-hour care in 
the hospital setting.215-217 Workers and managers should 
learn how circadian factors, sleep-related factors, and 
social factors affect the lives of workers and their fami-
lies. Hospital organizations should make it a priority to 
establish that workers are appropriately rested, just as 
they try to ensure that workers are not impaired by drugs 
or alcohol on the job. Given current knowledge concern-
ing shift work and the many factors that affect an indi-
vidual’s ability to cope, no single “best” schedule for shift 
work exists. Some workers tolerate systems that others 
find excessively onerous. If given a choice, many workers 
choose suboptimal shift work rotations when doing so 
gives them increased pay or more time off work.

methodologieS for aSSeSSing SleePineSS. Various methods 
are used for assessing an individual’s level of sleepiness, 
including behavioral indicators, subjective measures, and 
physiologic measures (see also Chapter 14). Behavioral 
indicators of sleepiness include yawning, ptosis, decreased 
social interaction, and microsleep events. Many of these 
behaviors are difficult to quantify.

Subjective measures include various types of numeric 
or visual analog scales that attempt to measure how 
sleepy the individual feels. These methods are used fre-
quently in studies of sleepiness because they are very easy 
to implement; however, subjective feelings of fatigue and 
sleepiness are often underestimated by individuals in 
comparison to their level of physiologic sleepiness. Both 
behavioral and subjective sleepiness can be masked by 
a stimulating environment, even though the individual 
remains physiologically sleepy. When environmental 
stimuli wane, physiologic sleepiness manifests itself as 
an overwhelming propensity to fall asleep. A person who 
is physiologically alert does not experience sleepiness as 
environmental stimuli decrease. For example, without 
physiologic sleepiness, an individual may become bored 
during a lecture but does not fall asleep.

Physiologic (objective) measures of sleepiness have 
been used extensively in sleep research and sleep medi-
cine. Richardson, Carskadon, Dement, and colleagues 
developed the Multiple Sleep Latency Test (MSLT), 
which is the standard method for quantifying daytime 
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sleepiness.218,219 The MSLT tests the propensity of an indi-
vidual to fall asleep in a sleep-inducing environment dur-
ing the daytime. A short sleep latency (i.e., falling asleep 
quickly) is a sign of increased sleepiness, whereas a long 
sleep latency is a sign of decreased sleepiness. A normal 
MSLT score is greater than 10 minutes, whereas patho-
logic daytime sleepiness is defined as 5 minutes or less. 
Pathologic levels correspond to the daytime sleepiness 
typically seen in patients with narcolepsy or sleep apnea 
or in healthy individuals deprived of sleep for 24 hours.

evaluation of PhySiologic SleePineSS in aneStheSia  
reSidentS. Using the MSLT, Howard and colleagues eval-
uated the physiologic daytime sleepiness of anesthesia 
residents under three different conditions: (1) “baseline” 
(daytime shift, no on-call duty period in the previous 48 
hours), (2) “post-call” (immediately after a 24-hour work and 
in-house on-call period), and (3) “sleep extended.”203,220 In 
the sleep-extended condition, residents were told to maxi-
mize sleep and were allowed to arrive for work at 10 am  
(3 to 4 hours later than normal) for 4 consecutive days 
before testing. They were not on call during this time. 
The sleep-extended condition was included to provide a 
true control state of maximal rest and optimum alertness.

In this study, anesthesia residents had an MSLT score 
of 6.7 ± 5.3 minutes in the “baseline” condition and 4.9 
± 4.7 minutes in the “post-call” condition; both scores 
revealed the nearly pathologic levels of daytime sleepi-
ness seen in patients with narcolepsy or sleep apnea. The 
“baseline” group slept an average of 7.1 ± 1.5 hours per 
night, whereas the “post-call” group reported an aver-
age of 6.3 ± 1.9 hours of sleep during their night on call. 
Ironically, although the on-call periods occurred during 
rotations that often have very busy call nights, only a 
few subjects were, in fact, awake most of the night. In 
the “sleep-extended” condition, the subjects extended 
their sleep to an average of more than 9 hours per night, 
and MSLT scores were in the normal range (12.0 ± 6.4 
minutes). These results clearly demonstrate that medical 
personnel who have not been on call cannot be assumed 
to be “rested” when compared with “fatigued” post-call 
residents. These data also indicate that under “normal” 
working conditions, the resident physicians studied 
were physiologically sleepy to nearly pathologic levels. 
This finding documents a previously unknown level of 
chronic sleep deprivation in this population. Notably, 
these data cast substantial doubt on previous studies of 
the performance of medical personnel that have relied on 
the assumption that individuals working under “normal” 
conditions are truly rested (see also Chapter 9).

evaluation of Subjective SleePineSS. In the previously 
discussed study, Howard and colleagues also investigated 
the degree of discrepancy between the residents’ subjec-
tive sleepiness (how sleepy they felt) and their physiologic 
sleepiness (how easily they fell asleep). Subjective sleepi-
ness was measured with a validated numeric scale (Stan-
ford Sleepiness Scale); physiologic sleepiness was measured 
with the MSLT, as described earlier. Subjects’ self-reported 
sleepiness immediately before each sleep opportunity 
during the MSLT did not, in general, correlate with their 
MSLT score. As in previous studies, subjective sleepiness 
correlated better with physiologic sleepiness when sub-
jects were extremely alert or extremely sleepy.

The authors also found that subjects demonstrated lit-
tle ability to determine whether they had actually fallen 
asleep during the MSLT sleep opportunities. For example, 
in 51% of trials in which the electroencephalographic 
and electro-oculographic measurements showed that the 
subject had fallen asleep, the subjects thought they had 
remained awake throughout the test. These results sup-
port the contention that medical personnel are physi-
ologically vulnerable to degraded alertness yet are unable 
to perceive this decrement. Thus, an anesthesia profes-
sional could, in fact, fall asleep during a case, awaken, 
and be totally unaware of the lapse in vigilance.

SleeP dePrivation and fatigue in medical PerSonnel. 
Human error represents a significant risk to hospitalized 
patients,3 and it has been estimated to play a role in more 
than 70% of anesthesia mishaps.221 This is similar to the 
error rate seen in cognitively similar work environments 
such as aviation.222 Clearly, the physiologic capabilities 
and limitations of the human operator in complex work 
environments remain central to safe and productive per-
formance. The 24-hour demands of medical care parallel 
the physiologic challenges present in other operational 
domains; nevertheless, minimal data are available to 
quantify the fatigue-related risk to performance and alert-
ness in medical personnel.

Providing quality health care requires physicians to 
attend to details critical for life, such as monitoring of 
changing vital signs, administering the correct type and 
dose of medications, and in general, making crucial deci-
sions to achieve optimal patient care. Physicians, like 
other workers, are affected by all the physiologic, psycho-
logical, and behavioral demands that characterize work 
environments requiring continuous, around-the-clock 
operation. However, whereas much of the health care sys-
tem (e.g., nursing) relies on multiple work shifts to cover 
the 24-hour day (which is also not a perfect system), phy-
sicians more typically work long duty periods and fre-
quently experience sleep loss, circadian disruption, and 
fatigue. Even minimal levels of sleep loss (e.g., obtaining 
as little as 2 hours less sleep than an individual requires) 
can lead to lapses in performance, increased physiologic 
sleepiness during the daytime (including microsleeps), 
and altered moods.223 This level of degraded performance 
and alertness almost certainly contributes to medical 
error and health care mishaps.202

worK hour regulationS. In July 2003, The Accredita-
tion Council for Graduate Medical Education (ACGME) 
in the United States instituted the first set of common 
duty hour requirements for all accredited residency train-
ing programs. In 2011, the ACGME published a revised 
set of guidelines in response to the 2008 IOM report enti-
tled Resident Duty Hours: Enhancing Sleep, Supervision, and 
Safety.

The current ACGME requirements can be found at 
www.acgme.org and are as follows:

 •  Eighty hours per week are averaged over a period of 4 
weeks (including all in-hospital call).

http://www.acgme.org
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 •  One day (continuous 24-hour period) in 7 is free of all 
duties (clinical and educational) averaged over a 4-week 
period.

 •  Postgraduate year 2 (PGY-2) residents and above must 
be scheduled for in-house call no more frequently than 
every third night (when averaged over a 4-week period).

 •  Maximum duty periods:
 •  Duty periods of PGY-1 residents must not exceed 16 

hours in duration.
 •  Duty periods of PGY-2 residents and above may be 

scheduled to a maximum of 24 hours of continu-
ous duty in the hospital. Programs must encourage 
residents to use alertness management strategies in 
the context of patient care responsibilities. Strategic 
napping, especially after 16 hours of continuous duty 
and between the hours of 10:00 pm and 8:00 am, is 
strongly suggested.

 •  Residents must not be assigned additional clinical 
responsibilities after 24 hours of continuous in-house 
duty.

 •  In-hospital call is not to exceed 24 hours; residents may 
remain on duty for 6 additional hours to participate 
in educational activities, transfer care of patients to 
another team, conduct outpatient clinics, and maintain 
continuity of care.

 •  No new patients are accepted after 24 hours of 
continuous duty.

 •  Residents must not be scheduled for more than  
6 consecutive nights of night float.

 •  Residents should have a 10-hour period between all 
daily duty periods and must have 8 hours free of duty. 
They must have at least 14 hours free of duty after 24 
hours of in-house duty.

 •  Moonlighting hours are to be included as part of the 
80-hour limit and must not interfere with the ability of 
the resident to achieve the goals and objectives of the 
educational program.

 •  Exceptions: a residency review committee may grant 
exceptions for up to a 10% increase in the 80-hour 
limit to individual programs on a case-by-case basis 
(maximum increase to 88 hours per week).

  

The most significant change with the revised require-
ments affect interns, so anesthesia training programs that 
have categorical positions (interns as well as anesthesia 
trainees) will be required to maintain these work hour 
requirements. Training programs were never given direc-
tion on how to accomplish the work hour restrictions, but 
most anesthesiology training programs have been able 
to adopt them successfully. Interestingly, no work hour 
restrictions are given for practitioners or any other care 
providers beyond residency training. There is no proof 
that the change has had a positive or negative impact on 
patient or provider safety, although pundits continue to 
debate both sides of the issue.224,225 Studies showed that 
the number of hospitalwide adverse drug events remained 
constant after the limitations,226 and postoperative out-
comes were not affected in the programs studied.227

Compliance rates for the common program require-
ments have been tracked by Landrigan and co-work-
ers.228 In a survey of interns, these investigators found 
that more than 80% reported some kind of work hour 
violation during 1 or more months of the study. Average 
work duration decreased and sleep time increased when 
compared with an equivalent time before duty hour lim-
its. Reporting of compliance by individual residents is 
complicated by many factors, so the true amount of work 
being performed is not known. Many surgical programs 
have requested and been given a 10% work hour exten-
sion, but it is not known how many of these requests 
have been turned down.

EuropEan and australian rEgulations. Work hour regu-
lations in the European Union and in Australia or New 
Zealand are much more stringent than they are for train-
ees in the United States. In 2009, the maximum hours 
that junior medical staff in the NHS in the United King-
dom work was reduced from 58 to 48 under European 
law. This is a major challenge for the health service and 
will require new ways of working to be adopted. The 
NHS National Workforce Projects has been appointed as 
the lead organization to help support the NHS in find-
ing and implementing solutions to the changes in the 
work environment (http://www.healthcareworkforce. 
nhs.uk/). The results of these restrictions on patient and 
provider safety are still being evaluated, and these find-
ings may have an impact on any further restrictions that 
may occur in the U.S. system. Empiric studies document-
ing the effect of the European Union changes are lacking, 
although several arguments for and against the directive 
have been presented.229,230

Harvard Work Hours, HEaltH, and safEty group stud-
iEs. A series of interesting studies was published by a group 
from the Brigham and Women’s Hospital in Boston.231,232 
The investigators conducted a randomized study compar-
ing interns working in an ICU on a traditional schedule 
(every third night on call with shifts longer than 24 hours 
in duration) and an intervention schedule that reduced 
work shift duration (to less than 17 hours) and the num-
ber of hours worked per week. Interns made 35.9% more 
serious medical errors and had twice as many attentional 
failures (microsleeps) during the traditional schedule. 
Those on the traditional schedule worked more hours 
per week (85 versus 65 hours) and slept less (5.8 hours), 
which led the investigators to conclude that elimination 
of long work shifts reduced errors and decreased manifest 
sleepiness.

This group also conducted a monthly prospective 
nationwide survey of interns’ first postgraduate year 
to evaluate the risk for motor vehicle accidents with 
extended work shifts.233 They found an increased likeli-
hood of motor vehicle accidents and near-miss accidents 
after extended work shifts and an increased monthly risk 
with increasing number of shifts.

The Harvard group also conducted a survey of house 
staff on percutaneous injuries during work.234 They found 
that from a total of 17,003 monthly surveys with interns, 
498 percutaneous injuries were reported (0.029/intern-
month). Among other factors, lapses in concentration and 
fatigue were the most commonly reported contributing 
factors (64% and 31% of injuries, respectively). Percuta-
neous injuries were more frequent during extended work 
compared with nonextended work (1.31 in 1000 opportu-
nities versus 0.76 in 1000 opportunities, respectively. Inju-
ries were more frequent during the nighttime than during 

http://www.healthcareworkforce.nhs.uk/
http://www.healthcareworkforce.nhs.uk/


the daytime (1.48 in 1000 opportunities versus 0.70 in 
1000 opportunities, respectively). It is easy to conclude 
from the science that fatigue can harm both the patient 
and the practitioner.

SleeP and Performance. Previous studies addressed the 
effects of sleep deprivation and fatigue on physician perfor-
mance and well-being (see also Chapter 14). Major reviews 
of this literature identified little consensus.235,236 Several 
methodologic flaws are present in the existing literature:

 1.  The degree of acute sleep deprivation of subjects was 
poorly defined, and no assessment of chronic fatigue 
was made. Typically, studies relied on only the previ-
ous night’s sleep as a level of “fatigue,” and subjects 
could well have been chronically fatigued during base-
line (control) trials, which could mask the degree of 
impairment resulting from the acute fatigue of being 
on call. This continues to be the greatest weakness in 
studies of fatigued health care providers.

 2.  Measuring actual clinical performance is difficult and 
was not attempted. Most studies had to rely on simple 
cognitive tasks that probed only short-term memory, 
immediate recall, and simple reaction time; the valid-
ity of using such simple tests to probe complex perfor-
mance has been challenged because these simple tests 
do not assess the higher-level cognitive functions most 
critical to skilled medical care.

 3.  Most of the performance tests were of very short dura-
tion (3 to 5 minutes). Studies have shown that if suffi-
ciently motivated, even fatigued subjects can perform 
well on short-duration tasks.

 4.  Practice effects were not adequately accounted for. If 
subjects have not learned a particular performance test 
sufficiently to achieve maximum performance, subse-
quent trials will almost certainly show improvement 
in performance because of further learning of the task.

  

Some studies requiring subjects to perform sustained 
vigilance tasks of long duration have, in fact, shown 
impairment in the performance of fatigued physicians. 
Tasks of this type, which require sustained attention to 
detail, are highly relevant to the anesthesia professional’s 
tasks, and they are the most sensitive to the effects of 
sleep loss and fatigue.

do aneStheSiologiStS Perceive fatigue aS a Problem? 
The survey by Gaba and associates revealed that more 
than 50% of respondents believed that they had made 
an error in clinical management that they thought was 
related to fatigue.237 In another survey of anesthesi-
ologists and CRNAs, the majority (61%) of respondents 
recalled having made an error in the administration of 
anesthesia that they attributed to fatigue.238 Data from 
these surveys and others reveal that issues of sleepiness 
and fatigue are perceived by anesthesia practitioners as 
being important causative factors in reducing anesthesia-
related patient safety.239

Howard and colleagues conducted a study of rested 
versus sleep-deprived anesthesiology residents by using 
a realistic patient simulator.214 Multiple measures of per-
formance were collected during this 4-hour experiment 
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(e.g., psychomotor tests, reaction to secondary task 
probes, response to clinical events). In the rested con-
dition, subjects had 4 consecutive days of sleep exten-
sion (showing up at work at 10:00 am), whereas in the 
sleep-deprived condition they had remained awake for 
25 hours (during a “pseudo”–on-call period) before per-
forming the simulated anesthetic. Subjects in the rested 
condition were able to increase their total sleep time 
more than 2 hours from baseline. Psychomotor tests 
revealed progressive impairment of alertness, mood, 
and performance over the course of the pseudo–on-call 
period, as well as on the experimental day, when com-
pared with the well-rested condition. Secondary task 
probe response times were slower after sleep depriva-
tion, although this reached statistical significance in just 
one of three probe types. No statistical difference in case 
management between conditions was reported—in fact, 
subjects in both conditions made significant errors. The 
behavioral alertness scores in the sleep-deprived con-
dition were different from those of subjects who had 
increased their sleep time. Even when well rested, the 
subjects in this experiment did not perform perfectly; 
however, they did not show any of the behavior indica-
tive of being sleepy (e.g., head nodding, eyes closing). 
Sleep-deprived subjects cycled (often rapidly) in and out 
of sleepy behavior, and the most impaired individuals 
showed such behavior for more than 25% of the experi-
ment (60 minutes).

fatigue countermeaSureS. Studies such as the ones 
described previously are establishing the true picture of 
sleepiness and fatigue in medical personnel. From stud-
ies of the performance of fatigued individuals in other 
domains, we know that professionals become increas-
ingly vulnerable to the degrading effects of sleepiness as 
the sleep debt accumulates. It may be difficult to deter-
mine a causal relationship between anesthesia profes-
sional fatigue and patient outcome. However, it is clear 
that if anesthesia professionals are not awake, they can-
not possibly be aware. Such a lapse in vigilance is unac-
ceptable. Furthermore, anesthesia professionals cannot 
prevent sleep by willpower alone because it is a funda-
mental physiologic drive. Demands for clinical services 
must be balanced against the potential for reduced vigi-
lance and error by seriously fatigued practitioners, anes-
thesia professionals, and surgeons alike.

Because fatigue is such a widespread and insidious 
problem, it is important to determine ways to counter-
act its effects. Strategies that institutions or practitioners 
can use to minimize the negative effects of sleepiness and 
fatigue on performance include the following:

 •  Education
 •  Improved sleep habits
 •  Rest breaks at work
 •  Strategic napping
 •  Medications
 •  Light therapy
  

Education. The first step in addressing sleepiness and 
fatigue of medical personnel is to educate practitioners 
and the administrators of health care institutions about 
the impact of sleep issues on work performance, mood, 



PART I: Introduction134
job satisfaction, and health (see Chapter 9). Education is 
a relatively simple and inexpensive countermeasure that 
can be implemented immediately. Educational programs 
covering sleep deprivation, circadian disruption and fa-
tigue, and countermeasures have been enthusiastically 
adopted by an increasing fraction of the aviation commu-
nity.240,241 Similar programs should be developed for the 
health care community. Education alone is sufficient for 
some individuals and institutions to change their work 
and sleep habits or their organizational and scheduling 
procedures. However, it is clear at both the individual and 
organization level that education will not be sufficient 
to address this issue fully. Other competing forces (e.g., 
measures of production versus safety) are very powerful 
and difficult for practitioners to manage.

improvEd slEEp Habits. The most important factor is to 
obtain adequate sleep—most adults need at least 8 hours. 
Good sleep habits include the following: regularity of 
bedtime and wake-up time; sufficient time for sustained 
and individually adequate sleep; restriction of alcohol, 
caffeine, and nicotine before bedtime; and use of exer-
cise, nutrition, and environmental factors so that they 
enhance rather than disturb sleep. A regular sleep sched-
ule is an important part of optimal sleep hygiene, but 
it is often not possible for medical personnel, given the 
requirement to cover clinical needs on a 24-hour basis. 
Medical personnel should make greater effort to maintain 
as constant a sleep schedule as possible and to maximize 
sleep opportunities before and after periods of reduced 
sleep.

Social drug use can have profound effects on sleep. 
Physicians frequently use caffeine to stay awake during 
on-call periods, but often its use could be more strategic. 
Strategic use (i.e., use when its alerting effects are needed) 
of caffeine requires knowledge about its onset and dura-
tion of action. Besides its alerting effects, caffeine pro-
duces an increase in awakenings and decreases the total 
nocturnal sleep time if ingested close to sleep opportu-
nities. Individuals who ingest large amounts of caffeine 
and who have nocturnal sleep disturbances should limit 
or cease their intake of caffeine. Long-term use of caf-
feine, common in our culture, produces tolerance to the 
alerting effect of the drug and hence should be avoided 
when using caffeine strategically. Nicotine is a stimulant 
that produces effects similar to those of caffeine. Alcohol 
is often used successfully to initiate sleep, but its effect 
on sleep architecture after sleep onset can be devastat-
ing. After ingestion of alcohol, frequent awakenings from 
sleep occur that can be associated with increased sympa-
thetic nervous system activity, often manifested as head-
ache, sweating, and tachycardia. Clearly, use of these 
substances should be restricted near bedtime.

Physicians often lack good nutritional habits, espe-
cially during long duty periods. Meals may be skipped 
or ingested quickly whenever there is adequate time. If 
one is hungry before bedtime, it is best to avoid eating or 
drinking heavily because this, too, can disturb sleep.

The effects of age can make optimum sleep habits diffi-
cult to achieve because sleep requirements do not change 
once reaching adulthood. The number of awakenings per 
night rises after the age of 45 years and results in decreased 
sleep efficiency (time in bed versus total sleep time). The 
ability to initiate sleep at any time during a 24-hour day 
is diminished after the age of 25 years, and “sleeping in” 
to make up for lost sleep is more difficult as individu-
als grow older. Sleep-related disorders such as breathing 
disruptions (obstructive sleep apnea) and periodic limb 
movements also become more common with age.

Ideally, the sleep setting should be a dark, quiet room 
devoid of sources of interruption such as pets, telephones, 
pagers, and children. The sleeping surface and environ-
mental temperature should be comfortable. Psychologi-
cal stressors increase baseline physiologic arousal and can 
impair the quality and quantity of sleep. For example, 
reviewing the previous day’s events or attempting to 
plan tomorrow’s activities while trying to fall asleep is 
not conducive to sleep. Effort should be made to separate 
the work of the day with a period of relaxation before 
attempting to initiate sleep.

rEst brEaks at Work. Although other industries have 
openly recognized the reality of decrements in vigilance 
resulting from fatigue and sleepiness, the health care  
system has not. Rest breaks and rotation of task duties are 
mandatory for air traffic controllers and are part of naval 
ship command procedures in an attempt to prevent po-
tential lapses in vigilance. Short breaks have been shown 
to increase productivity and job satisfaction, and they 
probably also help alleviate boredom. In anesthesia train-
ing programs, residents are frequently given rest breaks 
during the daytime, but this is often not the case with 
private practitioners. Private practice anesthesia typically 
does not provide the mechanisms for rest breaks or task 
duty rotation, in part because of fiscal issues. An “extra” 
anesthesia professional would be necessary to provide 
these opportunities on a regular basis.

The optimal timing and length of breaks are unknown, 
but periodic relief from duty should be taken when possi-
ble. Cooper and co-workers studied the effects of intraop-
erative exchange of anesthesia personnel.242,243 Although 
in some cases the process of relieving OR personnel 
caused a problem, it more frequently was associated with 
the discovery of a preexisting problem. The positive effect 
of relief of personnel probably depends on the quality of 
the handover briefing conducted by anesthesia profes-
sionals. Studies are currently being performed to address 
standardized handover of intraoperative care of patients.

If anesthesia professionals are unable to obtain a break 
during long work periods, they can take other measures to 
remain alert. They can engage other OR personnel in con-
versation (although this, too, can be distracting), thereby 
increasing the level of stimulation in the environment. 
Walking around and standing up are also techniques 
that decrease subjective (but not physiologic) sleepiness. 
If anesthesia professionals are having microsleep events, 
which may be noticed by other personnel rather than by 
the anesthesia professionals themselves, fatigue is already 
very severe, and complete sleep is imminent. In such a sit-
uation, the practitioner must secure additional assistance 
in surveillance of the patient and, if necessary, obtain 
relief to allow time for sleep.

stratEgic napping. If adequate sleep during the night 
cannot be obtained, naps can be used to decrease sleepi-
ness and improve performance. The optimal nap length 
for most individuals is about 45 minutes; this duration 
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acutely improves alertness, allows improved perfor-
mance, and minimizes the possibility of sleep inertia on 
awakening. Naps as short as 10 minutes have beneficial 
effects on alertness. A nap of 90 to 120 minutes allows a 
full sleep cycle and can additionally boost alertness and 
performance over that of shorter nap periods. Data from 
NASA studies of flight crews demonstrate that on the 
whole, napping is a useful countermeasure to fatigue and 
sleep deprivation.213

Smith-Coggins and associates studied the effect of naps 
during the night shift on health care providers working 
in a busy suburban university emergency department.241 
Workers were randomized to work a night shift without 
rest (as was the norm in this facility) or to receive a 40-min-
ute nap opportunity at 3 am. The investigators found 
that a nap taken at this time improved performance on 
some (but not all) measures. The most important result of 
this study may be the fact that the subjects were able to  
(1) use this strategy successfully in the real workplace and 
(2) improve alertness and performance.

Investigators at the VA Hospital at Palo Alto, Califor-
nia, have developed a Strategic Nap Program that has 
been successfully piloted at two sites within the Veterans’ 
Affairs system. This program has been implemented in 
ICU settings but is equally applicable to other high-risk, 
dynamic domains such as the OR. Components of the 
program include a formal educational program, program 
guidelines for the individual practitioner and the facility, 
and other guidance for implementation.

Certain issues complicate the appropriate use of naps 
by medical professionals. Physicians have an individual 
and cultural tendency to ignore or to minimize the effect 
of fatigue and sleep deprivation. The culture of medicine 
views work breaks and naps as signs of weakness. The 
military has addressed similar attitudes with the concept 
of “power napping.” Troops are strongly encouraged to 
take naps of 10 minutes to 1 hour when the situation 
permits to increase their strength and performance. This 
approach appropriately presents the idea of napping in 
a positive light as a sign of wisdom and strength rather 
than one of cowardice and frailty.

slEEp inErtia. Sleep inertia corresponds to the period 
of reduced ability to function optimally immediately on 
awakening.226,244 This phenomenon usually occurs when 
individuals are awakened out of slow-wave sleep and is 
manifested as grogginess and impaired performance last-
ing as long as 15 to 30 minutes after awakening. Sleep 
inertia can also occur after being awakened from normal 
sleep and is most common during the early morning cir-
cadian trough (2 to 6 am). Depending on the preexist-
ing level of sleepiness, individuals who take naps longer 
than 40 minutes are at greater risk for sleep inertia on 
awakening. Sleep inertia can be important to health care 
professionals who may be awakened out of deep sleep 
to provide emergency care to patients (e.g., emergency 
cesarean section or emergency intubation). If urgent 
work can be anticipated, the sleeping individual should 
be awakened with sufficient time (at least 15 minutes) to 
minimize the fogginess and decrement in performance 
associated with sleep inertia. If sleep inertia is unavoid-
able, it would be wise for the affected person to ask for 
help until the grogginess dissipates.
mEdications. A few studies have evaluated the use of 
sedative-hypnotics for promotion of sleep during non-
duty hours by nonmedical personnel (e.g., to assist in 
daytime sleep after a night shift). Many questions remain 
unanswered regarding the quality of sleep obtained after 
using hypnotics, the severity of hangover effects, and the 
potential risk of abuse. Melatonin, which is a hormone 
secreted by the pineal gland, may have promise as a non-
addictive daytime sleep-inducing agent, but the results of 
existing studies are controversial.

Stimulants may have a role in the maintenance of 
alertness during periods of extreme sleepiness. Modafinil 
is a nonamphetamine alertness-enhancing drug that has 
been approved for use in narcolepsy and shift work sleep 
disorder.245 The side effect profile of this drug is so prom-
ising that it has been studied extensively by the military 
and shift workers as a nonaddicting adjunct for alertness 
management. Its use in health care is also being studied 
but cannot be sanctioned at this point.246 The use of sed-
atives and potent stimulants to manipulate sleep is not 
considered an appropriate option for anesthesia profes-
sionals. Caffeine is used frequently to increase alertness 
temporarily, but caveats about its use exist, as discussed 
earlier. Caffeine should be used strategically to maximize 
its effect when needed. Strategic use of caffeine includes 
(1) knowledge of its onset (15 to 30 minutes) and dura-
tion of action (3 to 4 hours) and (2) use when alertness is 
required and the opportunity to sleep is minimal.

Countermeasures should be studied and implemented 
in health care. Major financial incentives support main-
taining the status quo.202 If anesthesiologists know that 
they are impaired (from fatigue or for any other reason), 
the assistance of a colleague should be enlisted so that 
patient safety is not negatively affected.

ligHt tHErapy. Timed cycles of bright light and dark-
ness have been used in certain circumstances to facili-
tate adaptation to shift work. Exposure to bright light 
(>7000 to 12,000 lux) and darkness at the appropriate 
points in the circadian cycle has been shown to reset the 
circadian pacemaker by 12 hours over a period of 2 to 
3 days.247 This important finding demonstrates the abil-
ity to make significant changes in the circadian system 
relatively quickly. However, resetting the circadian time-
keeper is critically dependent on the timing, intensity, 
and duration of exposure to light and to “total” dark-
ness. Being off by only an hour can prevent the desired 
effect. Adhering to such time-critical schedules for this 
treatment is probably impractical for anesthesia profes-
sionals, given the many work-related and social factors 
that affect their activities. Research on light treatment 
continues and may eventually result in more practical 
treatment regimens.

Aging
All individuals understand that their abilities cannot be 
maintained indefinitely as they age (see also Chapter 
80). On average, performance on laboratory tests of dis-
crete sensory-motor and cognitive skills can be shown 
to decrease with increasing age.248 However, large dif-
ferences are noted among individuals. Again, except at 
extreme points of performance failure (e.g., severe impair-
ment of vision or hearing), the contribution of isolated 



PART I: Introduction136
changes in physiologic or cognitive performance is dif-
ficult to relate to real work situations.249 For one thing, 
the work environment is often rich with redundant cues 
involving multiple sensory modalities. For another, tech-
nologic compensation may be possible, as with the use 
of hearing aids or glasses. Finally, along with possible 
physiologic changes of age typically comes greater expe-
rience with a variety of situations. For many individuals, 
the lessons learned from experience more than offset the 
modest degree of physiologic impairment that they face 
as they grow older. This compensation has, in fact, been 
documented for skilled typists, chess players, and bridge 
players. Middle-aged individuals can use their experience 
to solve everyday problems better than young individuals 
can; however, for older adults (on average), compensation 
by experience is no longer sufficient to offset cognitive 
slowing.249 Age takes a toll on short-term (or “working”) 
memory,250 and evidence indicates that aged workers are 
more sensitive to the interruptions in attention that are 
so prevalent in dynamic environments. Nevertheless, few 
of these deficits have been documented in complex work 
settings, largely because it is so difficult to measure per-
formance in these domains. The issue of the aging anes-
thesiologist has raised considerable controversy among 
anesthesiologists.

What do other industries do about this issue? From 1959 
until the end of 2007, U.S. and aviation regulations forced 
airline pilots to retire at 60 years of age regardless of their 
health or competence. When the “Age 60 Rule” was put in 
force, the rationale was that the “increased speeds and pas-
senger loads of commercial airliners placed greater demands 
on pilots with respect to their physical fitness and piloting 
skills.” Some experts may argue that the increasingly chal-
lenging nature of anesthesia practice also places greater 
demands on anesthesia professionals than ever before.

After intense debate and many studies since the 
1980s,251,252 with partially contradictory studies and few 
data suggesting that pilots between the ages of 60 and 65 
years are at greater risk, the Age 60 Rule was modified by 
law (HR 4343) at the end of 2007. The new rule allows air-
line pilots to continue flying until age 65 years, although 
for captains in international operations, a pilot younger 
than 60 years must be the copilot.

Federal Aviation Administration (FAA) regulations do 
require air transport pilots to pass “class I” medical exam-
inations every 6 months. However, the medical exami-
nation process appears to be largely aimed at identifying 
individuals with chronic medical conditions that place 
them at risk for sudden incapacitation (e.g., significant 
coronary heart disease). Pilot incapacitation during high-
workload phases of flight has been shown in simulator 
testing to lead to a significant rate of crashes, even when 
a second pilot is at the controls. These physical exami-
nations may weed out pilots with severe cognitive or 
sensory-motor deficiencies, but they are not designed to 
assess subtle aspects of changes in performance resulting 
from age. Of course, no requirements whatsoever exist for 
medical examination or certification of anesthesia pro-
fessionals, nor is there any limitation on the practice of 
anesthesia at any age.

It is likely that age alone does not independently cause 
a significant decrement in performance, but age correlates 
with other factors that are likely to affect performance. 
The concern about aging professionals revolves more 
around the loss of knowledge and skill as one becomes 
farther removed from initial training than around the 
loss of fundamental mental capacity. Thus, the originally 
well-trained practitioner who keeps abreast of the chang-
ing standard of care and who exercises emergency skills 
frequently is less likely to be affected by advancing age 
than is a marginal practitioner whose knowledge and 
skills were frozen immediately after completion of train-
ing and who practices in a low-complexity environment. 
The FAA regulations deal with this issue for air transport 
pilots by requiring frequent (every 6 months) evaluation 
of performance by FAA-certified check pilots. These eval-
uations are performed during actual flights and in realis-
tic simulators, and they, in essence, check fitness for duty 
regardless of age. Currently, no similar program exists 
in anesthesia to assess the competency of practitioners 
at any age, except for initial board certification, which is 
voluntary. Periodic maintenance of certification in anes-
thesiology is required by the American Board of Anes-
thesiology for diplomates attaining certification after the 
year 2000, but it is not mandatory to be board certified to 
practice anesthesia, and the recertification examinations 
are not as intense, as thorough, or as frequent as those 
required for air transport pilots. Thus, the issue of age-
related effects on anesthesia professional performance is 
likely to continue to be raised periodically for the foresee-
able future.

Illness and Drug Use
Every anesthesia professional is vulnerable to transient 
illnesses, which in some cases probably reduce perfor-
mance ability (see Chapter 110). All personnel are vul-
nerable to chronic medical conditions that could directly 
or indirectly affect their fitness and performance capa-
bility. The culture of the caring professions often leads 
individuals to continue to work with illnesses that would 
cause other professionals to stay at home or to seek medi-
cal advice. The performance-shaping effects of the illness 
can be exacerbated by the use of either over-the-counter 
or prescribed medications. The degree to which illnesses 
and medications affect professional performance in anes-
thesia is unknown.

A serious problem for anesthesia professionals is that 
of drug abuse (see Chapter 110).253-258 It is estimated that 
up to 8% of physicians could be classified as having alco-
holism. In an anonymous survey of anesthesia personnel 
from one institution, 75% of respondents reported drink-
ing alcohol on a regular basis. They reported drinking an 
average of 1.6 drinks per day 2.7 days per week. Just less 
than 10% of subjects reported having been “hung over” 
while conducting anesthesia, and 40% reported having 
given anesthesia within 12 hours of alcohol consump-
tion; 84% stated that alcohol use never adversely affected 
their clinical performance.

The degree to which small doses of alcohol or hang-
overs affect the performance of complex, real-world 
tasks is uncertain. Some studies of general aviation and 
navy pilots suggested that hangover effects can degrade 
performance even when more than 8 hours has elapsed 
since alcohol consumption and no blood alcohol level 
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is detectable.251,259-261 Nonetheless, although statisti-
cally significant, the changes in performance seen in 
these studies may not have been functionally significant. 
These studies also suggested interactions among age, 
workload, and hangover in causing decrements in perfor-
mance.251,259-261 However, the “aged” cohort was defined 
as 31 years or older and was compared with a cohort of 
pilots in their early 20s. Extrapolating these results to the 
anesthesia domain is difficult.

Nevertheless, the natural history of serious abuse of 
alcohol, cocaine, sedatives, or narcotics by anesthesia 
professionals is such that cognitive performance will at 
some point be seriously compromised. However, addic-
tion specialists frequently report that job performance 
is one of the last areas of life to become impaired.262,263 
For this reason, the period of time in which an addicted 
anesthesia professional’s performance in the OR is signifi-
cantly impaired is a relatively small fraction of the total 
time during which drugs are abused. Although this in no 
way excuses the practice of conducting anesthesia while 
under the influence of drugs, it may account for the fact 
that reports of addicted anesthesiologists are, unfortu-
nately, common, whereas reports of overt patient risk or 
harm resulting from an addicted physician’s errors are 
unusual.

Anesthesiology has been at the forefront in dealing 
with impaired medical personnel. Management of per-
sonnel discovered with a drug impairment is fairly stan-
dardized,256,264 but the question whether to return these 
individuals to anesthesia practice is increasingly contro-
versial, even when they return under carefully monitored 
reentry protocols.256 The main risk appears to be to the 
addict’s own safety, although questions about patient 
safety can never be eliminated.

Ultimately, in the current medical system the respon-
sibility rests with anesthesia professionals to ensure that 
their own performance level is sufficient for the work 
at hand. Pilots use a mnemonic checklist to review the 
effects of potential performance-shaping factors and are 
instructed not to fly if they are impaired for any reason. 
The difficulty in anesthesiology (and to some degree in 
aviation) is that the real-world organization and incen-
tives of many practice settings do not provide mecha-
nisms for personnel to excuse themselves if they are 
temporarily impaired. Ironically, better means may be 
available to identify and support a practitioner with a 
serious addiction than for the more common occurrences 
of profound sleep deprivation or impairment by a tran-
sient or chronic illness.

THE STUDY OF HUMAN PERFORMANCE

Study of human performance involves research para-
digms different from those typically used in the science 
of anesthesia. Many obstacles exist to obtaining hard, 
statistically valid data on human performance. There are 
no animal models for expert human performance and 
no “Sprague-Dawley anesthesiologists” to be studied in 
detail, nor can studies of professional performance be 
conducted with the psychologist’s typical experimental 
subject, the university undergraduate student. Recruiting 
expert anesthesia professionals to be the subjects of study 
is difficult and raises issues of selection bias concerning 
those who do volunteer. Especially if conducted during 
actual patient care, investigations of human performance 
are strongly influenced by concerns about litigation, cre-
dentialing, and confidentiality, thus making it difficult to 
execute optimal studies.

Furthermore, variability among individual anesthesia 
professionals is quite striking because different anesthesia 
professionals respond to the same situation in different 
ways, and each individual may act differently on differ-
ent days or at different times of the same day. The magni-
tude of this intraindividual variability is often nearly the 
same as the interindividual variability.

“Performance” itself is an intuitively meaningful con-
cept that is difficult to define precisely. No universal stan-
dards are available for the clinical decisions and actions 
of anesthesia professionals. They depend heavily on the 
context of specific situations. In addition, determining 
how anesthesia professionals perform their jobs, whether 
successfully or unsuccessfully, means delving into their 
mental processes. This cannot be measured easily. Experi-
mental designs can involve artificial laboratory tasks for 
which performance can be objectively measured, but 
these tasks will then be far removed from the real world 
of administering anesthesia. Conversely, investigating 
the actual performance of trained practitioners in the real 
world yields primarily subjective and indirect data. Under-
standing the anesthesia professional’s performance must 
be seen as analogous to solving a jigsaw puzzle. Pieces of 
the puzzle probably come from a variety of sources, none 
of which by itself captures the entire picture. These pieces 
include objective data from artificial laboratory tasks, 
prospective observation of routine patient care, analy-
sis of retrospective reports of near misses or anesthetic 
mishaps, and prospective observation of the response 
to simulated events. To achieve the best possible under-
standing of the situation, it is necessary to accept many 
data that seem uncomfortably subjective to the physical 
or biologic scientist. Because the research methodologies 
may be unfamiliar to anesthesia professionals, some pio-
neering studies of anesthesia professional performance 
are described in detail in this chapter.

WHY STUDY HUMAN PERFORMANCE  
IN ANESTHESIA?

How can improved understanding of the human per-
formance of anesthesia professionals help them provide 
patient care more safely, in a wider variety of clinical 
situations, with greater efficiency, and with increased sat-
isfaction to both patients and practitioners? The possibili-
ties include the following:

 1.  Improved operational protocols and enhanced training 
of anesthesia professionals. The way in which individu-
als conduct anesthesia is based, in part, on knowing the 
limits of their performance envelope. Anesthetic tech-
niques and OR practices should draw on anesthesia pro-
fessionals’ abilities and should mitigate their weaknesses. 
Anesthesia professionals’ abilities are strongly affected 
by training. Understanding the required performance 
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characteristics and inherent human limitations will lead 
to improved training, which will most fully develop 
the strengths and counter the existing vulnerabilities of 
the anesthesia professional. This process should make 
patient care safer, less stressful, and more efficient.

 2.  A more rational view of professional work and legal 
responsibility (see Chapters 10 and 11). Modern 
medicine, especially in the United States, is strongly 
influenced by medicolegal concerns. The litigation 
system has a major selection bias in that every case 
that comes before it involves an adverse outcome for 
a patient. The duty of the practitioner is to render care 
as a “reasonable and prudent” specialist in the area 
of anesthesia. What is reasonable and prudent? What 
type of performance is to be expected from appropri-
ately trained human beings in a complex and dynamic 
environment? By understanding human performance, 
it may be possible to generate a more rational view of 
what is and is not within the standard of care.

 3.  A more effective work environment. Anesthesia 
professionals now perform their tasks by using an 
array of technologies, most of which have not been 
designed to support the anesthesia professional’s 
work optimally. By understanding the anesthesia 
professional’s tasks and performance requirements, 
the workspace and tools could be improved for better 
support of the most difficult tasks. This, too, can lead 
to greater safety and to greater efficiency and work 
satisfaction.

 4.  A more efficient organizational system (see Chapter 4). 
Anesthesia is embedded within a larger system of orga-
nized medical care that involves interactions among 
numerous institutions, organizations, and professional 
domains. Understanding how the anesthesia profes-
sional’s work relates to the larger system may enable 
the development of more rational and efficient flow of 
information and organizational control.

  

Although anesthesiologists have been basing analysis 
of human performance on individual actions, decisions, 
and mental models and the influence of organizational 
factors and safety culture for some time (see survey arti-
cles1,2,265), their importance to health care in general has 
only relatively recently been appreciated.3,56

COGNITIVE PROCESS MODEL OF THE 
ANESTHESIA PROFESSIONAL

The empiric data can best be interpreted in accordance 
with an explicit model of the cognition involved in an 
anesthesia professional’s performance. Several investiga-
tors have written about the cognitive elements in anes-
thesiology.52,65,125,162,266-275 The model developed here 
is explicit, comprehensive, and specific to anesthesia. It 
is described in detail as a framework for understanding 
the empiric data and provides a vocabulary for discuss-
ing the elements of both successful and unsuccessful per-
formance by anesthesia professionals. This model draws 
heavily on the work of a number of other investigators 
who studied human performance in a variety of complex, 
dynamic worlds.138,275-278
DECISION MAKING INVOLVES MULTIPLE 
LEVELS OF MENTAL ACTIVITY

The entire model, which is shown in Figure 7-12, depicts 
the anesthesia professional as working at five different 
interacting cognitive levels to implement and control a 
core process of observation, decision making, action, and 
reevaluation (Box 7-9). The core process must then be 
integrated with the behavior of other team members and 
with the constraints of the work environment.

The division of mental activities into levels follows the 
work of Rasmussen and Reason.277,279,280 Having multiple 
levels supports parallel processing (performing more than 
one task at a time) and multitasking (performing only 
one task at a time but switching very rapidly from one 
task to another). The anesthesia task analyses,281-285 as 
well as the direct observations of anesthesia profession-
als in Toronto266 and Tübingen,286-289 have provided clear 
evidence for the occurrence of parallel processing and 
multitasking. Table 7-6 gives an overview of the mental 
activity levels.

At the sensorimotor level, activities involving sensory 
perception or motor actions take place with minimal 
conscious control; they are smooth, practiced, and highly 
integrated patterns of behavior. At the procedural level, 
the anesthesia professional performs regular routines in a 
familiar work situation. These routines have been derived 
and internalized from training and from previous work 
episodes. A level of abstract reasoning is used during 
preoperative planning, and intraoperatively it is used in 
unfamiliar situations for which no well-practiced exper-
tise or routine is available from previous encounters.

Dynamic Adaptation of the Anesthesia 
Professional’s Thought Processes
Rasmussen’s model277 was extended by the explicit addi-
tion of two additional levels of mental activity that 
provide for dynamic adaptation of the anesthesia pro-
fessional’s own thought processes. This ability to “think 
about thinking” to control one’s own mental activities 
strategically is called metacognition by psychologists, 
and it is thought to be an important component of work-
ing in complex, dynamic domains. Supervisory control 
is concerned with dynamically allocating finite attention 
between routine and nonroutine actions, among mul-
tiple problems or themes, and among the five cognitive 
levels. Resource management deals with the command 
and control of available resources, including teamwork 
and communication.

CORE PROCESS

An overview of the core process and its elements is given 
in Box 7-9. The elements are explained in detail in the 
following sections.

Observation
Management of rapidly changing situations requires the 
anesthesia professional to assess a wide variety of informa-
tion sources, including visual observation of the patient 
and the surgical field, visual inspection of a multitude of 
displays from electronic monitors, visual observation of 
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Figure 7-12. Cognitive process model of the anesthetist’s real-time problem-solving behavior (see text for a detailed description). Five 
levels of cognition operate in parallel. The core process involves a main loop (solid arrows) of observation, decision, action, and reevaluation. 
The core process is managed by two levels of metacognition that involve supervisory control, allocation of attention, and resource management 
(above the core process). Each component of the model requires different cognitive skills, and each component is vulnerable to a different set 
of performance failures or “errors.” BP, Blood pressure; CO, cardiac output; MAP, mean arterial pressure; SVR, systemic vascular resistance. (From 
Gaba DM, Fish KJ, Howard SK: Crisis management in anesthesiology. New York, 1994, Churchill Livingstone.)
the activities of nurses and the contents of suction canisters 
and sponges, listening for normal and abnormal sounds 
from the patient and equipment, interpretation of radio-
graphs, and reading of reports of laboratory test results. 
Because the human mind can attend closely to only one or 
two items at a time, the anesthesia professional’s supervi-
sory control level must decide what information to attend 
to and how frequently to observe it.

The multitasking involved in observing multiple data 
streams was probed by experiments measuring secondary 
task performance and vigilance. The realistic simulation 
studies demonstrated the large number of information 
sources actually used during the response to a critical event. 
Routine parts of the core process operate primarily at the 
sensory, motor, and procedural levels and are executed 
repetitively throughout the course of an anesthetic regi-
men. Results from the University of California, San Diego 
(UCSD), and from the Department of Veterans Affairs and 
Stanford University (UCSD/VA-Stanford group) concern-
ing the vigilance of experienced anesthesia professionals 
versus novices suggested that novices had not fully devel-
oped their core process as a highly automated function 
and thus were required to devote more mental resources 
to routine activities.
Verification
In the OR environment, the available information is not 
always reliable. Most monitoring is noninvasive and indi-
rect and is susceptible to artifacts (false data). Even direct 
clinical observations such as vision or auscultation can be 
ambiguous. Brief transients (true data of short duration) 
can occur that quickly correct themselves. To prevent 
them from triggering precipitous actions that may have 

 1.  Observation
 2.  Verification
 3.  Problem recognition
 4.  Prediction of future states
 5.  Decision making
 a.  Application of precompiled responses (recognition-primed 

decision making)
 b.  Decision making using heuristics and probability
 c.  Decision making including abstract reasoning
 6.  Action implementation
 7.  Reevaluation (avoiding fixation errors)
 8.  Start again with 1 (loop continues)

BOX 7-9 Elements of the Core Mental Process
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TABLE 7-6 LEVELS OF MENTAL ACTIVITY

Level of Control Explanation Comments

Resource management level Command and control of all resources,  
including teamwork and communication

Incident analysis shows a huge contribution of lack 
of resource management and communication 
skills to the development of incidents and 
accidents; the importance of these factors is 
reflected in the ACRM principles and simulation 
training courses (see Chapter 8)

Supervisory control level Metacognition: thinking about thinking Dynamic adaptation of the thought process, 
decision making (e.g., avoiding fixation errors), 
scheduling, and remembering actions (e.g., 
prospective memory tasks)

Abstract reasoning level Use of fundamental medical knowledge, search 
for high-level analogies, deductive reasoning

Often in parallel with other levels; in emergency 
situations often too slow and too sensitive to 
distractions in high-workload situations

Procedural level Precompiled responses, following algorithms, 
heuristics, “reflexes”

Recognition-primed decision making—experts are 
more often on this level; special errors may occur 
as a result of not checking for the appropriateness 
of the “procedure”; less experienced personnel 
may misuse this level for ill-considered, 
unadapted “cookbook medicine”

Sensorimotor level Use of all senses and manual actions; “feeling, 
doing, hearing”; sometimes subconscious 
control of actions

Experts perform smooth action sequences and 
control their actions by direct feedback from 
their senses (e.g., action sequences of placing an 
intravenous line or endotracheal intubation; skill-
based errors such as slips and lapses may occur)

ACRM, Anesthesia crisis resource management.
significant side effects, critical observations must be veri-
fied before the clinician acts on them. Verification uses a 
variety of methods, shown in Table 7-7.

If in doubt, it should always be assumed that the 
patient is at risk and that the parameter in question is real 
(“rule out the worst case”). The assumption of a technical 
artifact should be the last step.

Knowing when and how to verify data is a good 
illustration of strategic knowledge (metacognition). For 
example, the anesthesia professional must decide under 
what conditions it is useful to invest time, attention, and 
energy in establishing a new information source (e.g., a 
pulmonary artery catheter) in the middle of a case rather 
than relying on more indirect information sources that 
are already in place.

Problem Recognition
Anesthesia professionals are taught the importance of 
scanning their instruments and environment, but they 
must use these observations to decide whether the 
patient’s course is “on track” or whether a problem is 
occurring. If a problem is found, a decision must be made 
regarding its identity and its importance. This process 
of problem recognition (also known as situation assess-
ment) is a central feature of several theories of cognition 
in complex, dynamic worlds.162,290-292

Problem recognition involves matching sets of envi-
ronmental cues to patterns that are known to represent 
specific types of problems. Given the high uncertainty 
seen in anesthesia, the available information sources 
cannot always disclose the existence of a problem, and 
even if they do, they may not specify its identity or ori-
gin. The experiment by Westenskow and colleagues with 
the intelligent alarm system mainly probed these parts of 
problem recognition.293 In this experiment, subjects were 
already alerted to the existence of a problem by an alarm, 
so they could immediately focus their attention specifi-
cally on information sources concerning ventilation. In 
11 cases, the fault could not be identified, but compensa-
tion for the fault was successful, as described in the next 
paragraphs.

The supervisory control level mediates the decision 
when a clear-cut match or “diagnosis” cannot be made. 
Anesthesia professionals and other dynamic decision 
makers use approximation strategies to handle these 
ambiguous situations; psychologists term such strate-
gies heuristics.294 One heuristic is to categorize what is 
happening as one of several “generic” problems, each 
of which encompasses many different underlying con-
ditions. Another is to gamble on a single diagnosis (fre-
quency gambling279) by initially choosing the single most 
frequent candidate event. During preoperative planning, 
the anesthesia professional may adjust a mental “index 
of suspicion” for recognizing certain specific problems 
anticipated for that particular patient or surgical pro-
cedure. The anesthesia professional must also decide 
whether a single underlying diagnosis explains all the 
data or whether these data could have multiple causes. 
This decision is important because excessive attempts to 
refine the diagnosis can be very costly in terms of alloca-
tion of attention. By contrast, a premature diagnosis can 
lead to inadequate or erroneous treatment.

The use of heuristics is typical of expert anesthesia pro-
fessionals and often results in considerable time savings 
in dealing with problems. However, it is a double-edged 
sword. Both frequency gambling and inappropriate allo-
cation of attention solely to expected problems can seri-
ously undermine problem solving when these gambles 
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do not pay off if the reevaluation component of the core 
process does not correct the situation.

Prediction of Future States
Problems must be assessed in terms of their significance 
for the future states of the patient.162,290 Problems that 
are already critical or that can be predicted to evolve into 
critical incidents receive the highest priority. Prediction 
of future states also influences action planning by defin-
ing the timeframe available for required actions. Cook 
and colleagues described “going sour” incidents in which 
the future state of the patient was not adequately taken 
into account when early manifestations of problems were 
apparent.295 It is also known from research in psychol-
ogy that the human mind is not very well suited to pre-
dict future states, especially if things are changing in a 

TABLE 7-7 METHODS FOR VERIFICATION OF 
CRITICAL OBSERVATIONS

Method Explanation and Example

Repeating The observation or measurement is 
repeated to rule out a temporary 
wrong value (e.g., motion artifacts 
during noninvasive blood pressure 
measurement)

Checking trend 
information

The short-term trend is observed for 
plausibility of the actual value. Trends 
of physiologic parameters almost 
always follow curves, not steps

Observing a 
redundant channel

An existing redundant channel is 
checked (e.g., invasive arterial 
pressure and cuff pressure are 
redundant, or heart rate from an ECG 
and pulse oximeter)

Correlating Multiple related (but not redundant) 
variables are correlated to determine 
the plausibility of the parameter in 
question (e.g., if the ECG monitor 
shows a flat line and “asystole” but 
the invasive blood pressure curve 
shows waves)

Activating a new 
monitoring device

A new monitoring modality is installed 
(e.g., placing a pulmonary artery 
catheter). This also adds another 
parameter for the method of 
“correlating”

Recalibrating an 
instrument or 
testing its function

The quality and reliability of a 
measurement are checked, and 
its function is tested (e.g., if the 
CO2 detector shows no values, the 
anesthetist can exhale through it 
to see whether the device works). 
Observation of redundant channels 
can also help verify a value (see 
above)

Replacing an 
instrument

If doubt exists about the function of a 
device, an entirely new instrument or 
an alternative backup device may be 
installed

Asking for help If the decision on the values remains 
unclear, help should be sought early 
to obtain a second opinion from 
other trained personnel

ECG, Electrocardiogram.
nonlinear fashion. Under such circumstances, which are 
not uncommon for natural systems such as the human 
body, the rate of change is almost invariably underesti-
mated, and people are surprised at the outcome.51 Slow 
but steady and sustained blood loss in a child during sur-
gery may result in few or subtle changes in hemodynamics 
for some time until rapid decompensation occurs. If the 
weak signs of the developing problem were not detected, 
the ensuing catastrophe may seem to have occurred 
“suddenly.”

Decision Making
Having recognized a problem, how does an expert anes-
thesia professional respond? The classic paradigm of 
decision making posits a careful comparison of the evi-
dence with various causal hypotheses that can explain 
them.47 This is then followed by a careful analysis of 
all possible actions and solutions to the problem. This 
approach, although powerful, is relatively slow and 
does not work well with ambiguous or scant evidence. 
In complex, dynamic domains such as anesthesia, many 
problems require “decisions under uncertainty,”273,296 
with quick action to prevent a rapid cascade to a cata-
strophic adverse outcome. For these problems, deriving a 
solution through formal deductive reasoning from “first 
principles” is too slow.

Precompiled Responses and Abstract 
Reasoning
In complex, dynamic domains, the initial responses of 
experts to the majority of events stem from precompiled 
rules or response plans for dealing with a recognized 
event.279 This method is referred to as recognition-
primed decision making,276,297 because once the event is 
identified, the response is well known. In the anesthe-
sia domain, these responses are usually acquired through 
personal experience alone, although there is a growing 
realization that critical response protocols must be codi-
fied explicitly and taught systematically. Experienced 
anesthesia professionals have been observed to rearrange, 
recompile, and rehearse these responses mentally based 
on the patient’s condition, the surgical procedure, and 
the problems to be expected.298 Ideally, precompiled 
responses to common problems are retrieved appropri-
ately and executed rapidly. When the exact nature of 
the problem is not apparent, a set of generic responses 
appropriate to the overall situation may be invoked. For 
example, if a problem with ventilation is detected, the 
anesthesia professional may switch to manual ventilation 
at a higher fraction of inspired oxygen (FiO2) while con-
sidering further diagnostic actions.

However, experiments involving screen-only298 and 
realistic161,299-301 simulations have demonstrated that 
even experienced anesthesia professionals show great 
variability in their use of response procedures to critical 
situations. This finding led these investigators to target 
simulator-based training in the systematic training of 
responses to critical events.122,266,302-304

Even the ideal use of precompiled responses is destined 
to fail when the problem does not have the suspected 
cause or when it does not respond to the usual actions. 
Anesthesia cannot be administered purely by precompiled 
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“cookbook” procedures. Abstract reasoning about the 
problem through the use of fundamental medical 
knowledge still takes place in parallel with precompiled 
responses, even when quick action must be taken. This 
seems to involve a search for high-level analogies279 or 
true deductive reasoning using deep medical and techni-
cal knowledge and a thorough analysis of all possible solu-
tions. Anesthesia professionals managing simulated crises 
have linked their precompiled actions to abstract medical 
concepts.298 It is unclear whether this represents merely 
self-justification as opposed to true abstract reasoning, 
in part because the particular simulated crises they faced 
did not require novel abstract solutions. At this time, the 
degree to which abstract reasoning is necessary for optimal 
intraoperative crisis management is unknown.125,266,296

Taking Action
A hallmark of anesthesia practice is that anesthesia profes-
sionals do not just write orders in a patient’s chart; they 
are directly involved in implementing the desired actions.

Although such direct involvement has many benefits 
in timeliness and flexibility of action, it also poses risks. 
Implementation of action can usurp a large amount of the 
anesthesia professional’s attention and can be distracting. 
This is particularly an issue when other tasks have been 
interrupted or temporarily suspended. The “prospective 
memory” to complete these tasks can be erased. (For a 
more detailed explanation of prospective memory, see 
later.) In addition, anesthesia professionals engaged in a 
manual procedure are strongly constrained from perform-
ing other manual tasks, as demonstrated in several of the 
mental workload and vigilance studies described earlier.

Errors in executing a task are termed slips, as distin-
guished from errors in deciding what to do, which are 
termed mistakes.278 Slips are actions that do not occur as 
planned, such as turning the wrong switch or making a 
syringe swap. Thus, when critical incident221,305 and qual-
ity assurance studies described “technical errors” in using 
equipment, they were referring to slips, whereas “judgment 
errors” referred to mistakes. One particular type of execution 
error, termed a mode error,278 is becoming more frequent in 
all domains with the increased use of microprocessor-based 
instrumentation and devices.267 In a mode error, actions 
appropriate for one mode of a device’s operation are incor-
rect for another mode. An example in anesthesiology is the 
“bag/ventilator” selector valve in the anesthesia breathing 
circuit, which selects between two modes of ventilation. 
Failing to activate the ventilator when in the “ventilator 
mode” can be catastrophic. Mode errors can also occur with 
monitoring or drug delivery devices if they assign different 
functions to the same displays or switches depending on 
the mode of operation selected.

Particularly dangerous slips of execution can be 
addressed through the use of engineered safety devices 
that physically prevent incorrect actions.54 For example, 
newer anesthesia machines have interlocks that physi-
cally prevent the simultaneous administration of more 
than one volatile anesthetic drug. Other interlocks physi-
cally prevent the selection of a gas mixture containing 
less than 21% oxygen.

Certain very complex issues concerning human-
machine interactions and the ways in which technology 
affects behavior in complex patient care environments 
are beyond the scope of this chapter. Other publications 
address these issues.‡

Reevaluation and Situation Awareness
To cope with the rapid changes and profound diagnostic 
and therapeutic uncertainties seen during anesthesia, the 
core process must include repetitive reevaluation of the 
situation. Thus, the reevaluation step returns the anes-
thesia professional to the observation phase of the core 
process, but with specific assessments in mind (as shown 
in Box 7-7 at CRM key point 12, “Reevaluate repeatedly”).

The process of continually updating assessment of the 
situation and monitoring the efficacy of chosen actions 
is termed situation awareness.290-292,307,308 Situation 
awareness is a very interesting and important topic in 
analyzing performance and reasons for errors.162,309,310 
A review of situation awareness issues in anesthesiology 
has been published.162

MANAGEMENT AND COORDINATION  
OF THE CORE PROCESS

Empiric studies have clearly demonstrated that attention 
sharing is needed among cognitive levels, among tasks, 
and often among problems. The intensive demands on 
the anesthesia professional’s attention could easily swamp 
the available mental resources. Therefore, the anesthesia 
professional must strike a balance between acting quickly 
on every small perturbation (which requires a lot of atten-
tion) and adopting a more conservative “wait-and-see” 
attitude. This balance must be constantly shifted between 
these extremes as the situation changes. However, dur-
ing simulated crisis situations, some practitioners showed 
great reluctance to switch from business as usual to emer-
gency mode even when serious problems were detected. 
Erring too far in the direction of wait and see is an error 
that can be particularly catastrophic.

In addition to the attentional demands of the anesthe-
sia professional’s core tasks, the OR environment is full 
of distractions. Routine events, such as turning the OR 
table or repositioning the patient, distract attention from 
the main process of conducting the anesthesia. Noise is 
prevalent, with peak levels exceeding that of a freeway. 
Practitioners find false auditory alarms from monitors or 
other equipment extremely distracting.311-313 Other dis-
tractions include teaching in progress,314 incoming tele-
phone calls, background music, and conversation with 
OR personnel. Expert anesthesia professionals modulate 
the distractions by eliminating them when the workload 
is high and allowing them to occur when the workload is 
low (to improve morale and team building).

Active Management of Workload
One major aspect of strategic control of attention is the 
active management of workload. Rather than passively 
dealing with rising or falling workload, the anesthesia 
professional actively manages it. Schneider and Detwei-
ler187 and Gopher (position paper, Conference on Human 
Error in Anesthesia, Asilomar, Calif., 1991) described the 

‡References 35, 37, 39-43, 45, 46, 267, 306.
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theoretic basis for a variety of strategies of workload man-
agement. These strategies were addressed specifically for 
anesthesiology by several investigators.266,268 The anes-
thesia professional actively manages workload by the fol-
lowing techniques.

avoiding high-worKload SituationS. Experts may choose 
techniques and plans that reduce the workload (especially 
when their individual and team resources are limited), 
even when those plans are marginally inferior from a tech-
nical standpoint. For example, a single anesthesia profes-
sional may choose not to use a high-tech, high-workload 
monitor such as transesophageal echocardiography (TEE) 
because of the high workload required to use it properly.

diStributing worKload over time. The anesthesia pro-
fessional can prepare for future tasks when the current 
load is low (preloading) and can delay or shed low-priority 
tasks when the workload is high (offloading). Resources 
that require a significant amount of workload to prepare, 
such as intravenous infusions, are often made ready before 
the case starts. Multitasking is also a way to distribute 
work over time. Every task is made up of several subtasks, 
each of which has a finite duration. Because close atten-
tion may not be required during each of these subtasks, 
they can be interleaved with a fixed amount of attention 
(multiplexing). Multiplexed tasks must be scheduled and 
coordinated in real time at the supervisory control level.

diStributing worKload over PerSonnel. When work-
load cannot be distributed over time and when addi-
tional resources are available, tasks can be distributed 
to them. Some resources are internal to the individual 
anesthesia professional, whereas others require addi-
tional personnel. For example, a single anesthesia profes-
sional can simultaneously ventilate the patient by hand, 
assess cardiac rhythm, and discuss patient care with the 
surgeon. A single anesthesia professional cannot simulta-
neously insert a pulmonary artery catheter and ventilate 
the patient’s lungs by hand. If these tasks are to be per-
formed at the same time, they must be assigned to differ-
ent individuals.

changing the nature of the taSK. The nature of a task 
is not fixed. Surgery and anesthesia can sometimes be 
postponed or aborted. Tasks can be executed to differ-
ent standards of performance; as standards are loosened, 
the workload required to perform them is reduced. For 
example, during periods of massive blood loss, the 
anesthesia professional focuses primarily on adminis-
tering blood and fluids and on monitoring blood pres-
sure. In such cases, less critical tasks such as writing on 
the anesthesia record are offloaded to lessen the work-
load. The acceptable limits of blood pressure will also 
be widened.

Action Selection and Scheduling
At any time during an anesthetic regimen there may 
be multiple things to do, each of which is intrinsically 
appropriate, yet they cannot all be done at once. Simula-
tor experiments have shown that anesthesia profession-
als sometimes have difficulty selecting, planning, and 
scheduling actions optimally. The anesthesia professional 
must consider the following factors:

 1.  Preconditions are necessary for carrying out the actions 
(e.g., it is impossible to measure a thermodilution car-
diac output if no pulmonary artery catheter is in place).

 2.  Constraints are placed on the proposed actions (some 
actions are incompatible with other aspects of the situ-
ation; e.g., it is impossible to check the diameter of the 
pupils when the head is fully draped in the surgical field).

 3.  Side effects of the proposed actions often play a control-
ling role in choosing among possible drug therapies.

 4.  The rapidity and ease of implementation of proposed 
actions are factors; those that are easily and rapidly 
performed are preferred over those that require more 
time, attention, and skill.

 5.  Certainty of success of the actions is often traded off 
against rapidity and ease of implementation (under 
some circumstances, the higher certainty of success of 
a set of actions justifies the investment of time, atten-
tion, and resources needed to implement them).

 6.  The reversibility of the action and the cost of being 
wrong are considered, with rapidly reversible actions 
preferred over those that cannot be reversed, especially 
when potential side effects are significant.

 7.  The cost of the action in terms of attention, resources, 
and money is taken into account.

  

Experts in other complex, dynamic domains (specifi-
cally tank commanders and fire chiefs) have been observed 
to conduct a mental simulation of the actions that they are 
contemplating to determine whether their plans have hid-
den flaws.315 Anesthesia professionals have been observed 
to rehearse a plan mentally in advance of a case,268 but 
the degree to which this is done in real time is not known. 
Because most actions can be executed incrementally, as in 
titrating a drug in small aliquots, adverse consequences 
can often be discovered through repetitive reevaluation.

Resource Management
The ability of the anesthesia professional to command 
and control all the resources at hand to execute the anes-
thetic regimen as planned and to respond to problems 
that arise is termed resource management (another concept 
first described in aviation that applies equally well to anes-
thesiology; see the earlier section on CRM key points). 
Resource management involves translating the knowl-
edge of what needs to be done into effective team activity 
by taking into account the limitations of the complex and 
ill-structured OR, PACU, or ICU domain. Resource man-
agement explicitly requires teamwork and crew coordina-
tion. It is not enough for the anesthesia professional to 
know what to do or even to be able to do each task alone. 
The anesthesia professional can accomplish only so much 
in a given time, and some tasks can be performed only 
by other skilled personnel (e.g., laboratory tests, taking 
radiographs). When the task load exceeds the resources 
available, the anesthesia professional must mobilize help 
and distribute the tasks among those present. Many issues 
concerning optimum resource management and crew 
coordination are not yet well understood and are the 
focus of active research by cognitive scientists and experts 
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in many complex and dynamic domains.29,127-129,316-318 
Research in aviation has already demonstrated that many 
aircraft accidents are linked to failures on the part of crews 
with appropriate technical skills to manage the flight deck 
effectively.222 The hallmarks of resource management 
derived from these studies are discussed in detail in the 
earlier section on CRM key points.

dynamic Prioritization of taSKS. Complex multiple-
personnel simulations of anesthetic crises have been used 
to address the issue of resource management. Although 
the data from these simulations are still preliminary, it 
appears that poor supervisory control and resource man-
agement were substantial components of suboptimal 
management of the simulated crises.301 In other words, 
like the pilots, anesthesia professionals had the knowl-
edge and technical skill to manage the patient, but they 
failed to manage their environment properly to achieve 
success (hence termed CRM skills or nontechnical skills). 
(In aviation, such situations have often resulted in what 
is called “controlled flight into terrain.”)

Prospective Memory
Prospective memory describes one’s ability to remember in 
the future to perform an action.319 It is particularly prone 
to disruption by concurrent tasks or interruptions. Disrup-
tion of intentions or ongoing tasks is common in everyday 
life and has also been described in pilots and air traffic con-
trollers.320-324 In anesthesia, for example, if the anesthesia 
professional suspends ventilation temporarily (say to allow 
a radiograph to be taken), the intention to restart the ven-
tilator depends on prospective memory and can be easily 
forgotten. Chisholm and associates performed a study in 
an emergency department and looked for “interruptions” 
and “breaks in task.” They found that during a 3-hour 
period, the emergency physician was faced with more 
than 30 interruptions and more than 20 breaks in task. It 
is likely that similar results would be found in the ICU.325

A variety of methods may preserve prospective mem-
ory of intentions. Visual or auditory reminders can be 
used (physiologic monitor alarms often serve this purpose 
whether intended or not), although the effectiveness of 
such methods seems to be less than one would expect. 
Special actions—such as leaving one’s finger on the ven-
tilator switch—can be used to indicate that an important 
intention is pending.

FIXATION ERRORS

Faulty reevaluation, inadequate adaptation of the plan, or 
loss of situation awareness can result in a type of human 
error termed a fixation error.144,145 Fixation errors have 
been described by all the investigators conducting experi-
mental studies of responses of anesthesia professionals to 
abnormal situations.300,301,326 Avoiding fixation errors in 
the field of anesthesia is CRM key point 9 and is covered 
in the section on CRM key points.

HAZARDOUS ATTITUDES

Attitudes are important components of ability that 
can affect performance as strongly as can physiologic 
performance-shaping factors. Psychologists studying 
judgment in aviators have identified five types of atti-
tude as being particularly hazardous, and they have 
developed specific antidote thoughts for each hazard-
ous attitude.231 These attitudes as related to anesthesia 
are shown in Table 7-8. Aviation psychologists instruct 
pilots to verbalize the antidote thought whenever they 
find themselves thinking in a hazardous way.

The invulnerable and macho attitudes are particularly 
hazardous for anesthesia professionals. They are com-
pounded by production pressures to handle more cases 
in less time with fewer cancellations and less oppor-
tunity for preoperative evaluation. The feeling that a 
catastrophe “cannot happen to me” and that perfect 
performance can always be called on to avert a disaster 
can lead to cavalier behavior and poor planning. It can 
alter thresholds for believing that abnormal data repre-
sent a problem, thereby leading to the fixation error of 
“everything’s OK.” In 1984, Cooper wrote the following 
about studies of critical incidents in anesthesia:

Perhaps the most insidious hazard of anesthesia is its relative 
safety. The individual anesthesia professional rarely, on aver-
age, will be responsible for a serious iatrogenic complication. 
It is our impression from the process of collecting incidents, 
that most seemingly minor errors are not taken seriously and 
that risk management depends almost solely on the anesthe-
sia professional’s ability to react instinctively and flawlessly 
every time a problem arises.314

Expert human performance is the anesthesia profes-
sional’s most powerful tool to safeguard the patient. 
However, planning to avoid catastrophe is likely to be 
more successful than battling to avert it.

THE ANESTHESIA PROFESSIONAL’S TASKS

Investigation of a complex work environment typi-
cally starts with task analysis (reviews of this technique 
were published in the journal Human Factors327). One 
can perform an abstract analysis of the work goals 

TABLE 7-8 EXAMPLES OF HAZARDOUS 
ATTITUDES AND THEIR ANTIDOTE THOUGHTS

Hazardous Attitude Antidote Thoughts

Antiauthority: “Don’t tell me 
what to do. The policies are 
for someone else.”

“Follow the rules. They are 
usually right.”

Impulsivity: “Do something 
quickly—anything!”

“Not so fast. Think first.”

Invulnerability: “It won’t 
happen to me. It’s just a 
routine case.”

“It could happen to me. Serious 
problems can develop even 
in routine cases.”

Macho: “I’ll show you I can do 
it. I can intubate the trachea 
of anyone.”

“Taking chances is foolish. Plan 
for failure.”

Resignation: “What’s the use? 
It’s out of my hands. It’s up 
to the surgeon.”

“I’m not helpless. I can make 
a difference. There is always 
something else to try that 
might help.”
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and constraints and then derive the tasks required to 
achieve the goals. Alternatively, one can observe what 
skilled practitioners actually do in their work and clas-
sify these actions into task elements. Often the tech-
niques are combined. In this section the anesthesia 
professional’s tasks are examined in the abstract, and 
then the empiric task analysis approach is reviewed. 
The two distinct phases of anesthetic care are as fol-
lows: (1) preoperative evaluation, planning, and prepa-
ration; and (2) conduct of the anesthetic regimen and 
immediate postoperative care.

PREOPERATIVE EVALUATION AND 
PLANNING

Few data are available on how well anesthesia profession-
als identify important patient conditions through his-
tory taking and physical examination (see also Chapter 
38). A frequent organizational obstacle to the anesthesia 
professional’s evaluation task is difficulty obtaining the 
patient’s previous medical records. The performance of 
anesthesia professionals in selecting appropriate labora-
tory tests has been found to be relatively poor. Roizen 
and associates stated the following:

Even when physicians agree to reduce testing by using specific, 
agreed upon criteria for selectively ordering tests based on 
history and physical examination, they still make a surprising 
number of mistakes when ordering tests. Approximately 30% 
to 40% of patients who should have certain tests … do not 
get them, and 20% to 40% of patients who should not have 
tests are subjected to them.328

Roizen has argued for automation of routine patient 
questioning and selection of laboratory tests and has par-
ticipated in the development of commercial devices to do 
so. Whether these devices, in combination with human 
follow-up for patients with medical problems, will improve 
the efficiency and accuracy of preoperative evaluation 
remains to be determined. The performance of anesthesia 
professionals in interpreting ECGs and chest radiographs 
also appears to be poor relative to specialists in these fields. 
The extent to which this factor influences the design of 
anesthetic plans or patient outcomes is unknown.

ANESTHETIC PLAN

In constructing the plan, the anesthesia professional uses 
the preoperative evaluation of the patient to match the 
technical requirements of the surgical procedure and the 
physiologic characteristics of the patient to the mental, 
physical, and technologic resources available. A typical 
anesthetic plan contains several elements. For example, 
the plan for general anesthesia includes choices for the 
means of inducing anesthesia, securing the airway and 
ensuring proper ventilation, maintaining anesthesia, 
conducting emergence from anesthesia, and controlling 
postoperative pain. Skilled planning is as critical as skilled 
execution in safe patient care. If a significant feature of 
the situation is missed in formulating the plan, it can 
leave the patient vulnerable, regardless of how adeptly 
the plan is implemented.
The technical requirements of most surgical proce-
dures are well known. Most patients do not have medi-
cal problems that could significantly alter the anesthetic 
plan, although Gibby and associates found that 20% of 
outpatients, most of them with ASA physical status 1 or 2, 
had conditions identifiable through an anesthesia profes-
sional’s history and examination that required changes 
from a “standard” anesthetic plan.329 When a procedure 
is new or challenging, when the patient has significant 
underlying disease, or when needed resources are not 
available, creative planning may be needed to identify a 
set of physiologic goals for the anesthetic regimen. Rou-
tine anesthetic plans can be modified or combined to 
produce a compromise plan that best fits the goals and 
constraints of the situation.

The process of constructing anesthetic plans has been 
studied very little. Most of the existing literature on pre-
operative planning concentrates only on narrow medical 
and physiologic aspects of underlying diseases and their 
anesthetic ramifications. No systematic research has been 
conducted on how various tradeoffs are made or on how 
normal anesthetic processes are adapted to suit the needs 
of specific situations.

PRE-USE PREPARATION AND CHECKOUT  
OF EQUIPMENT

After the plan is established, the anesthesia professional 
must prepare the work environment. This involves 
obtaining the necessary equipment and supplies, assem-
bling infusions, preparing syringes of needed drugs, and 
conducting pre-use checkouts of life-support equipment 
(see Chapter 44). The performance of anesthesia pro-
fessionals at these tasks is not optimal. Buffington and 
co-workers demonstrated that only 3% of anesthesia 
professionals examining an anesthesia machine could 
identify all five faults with which it had been rigged; 
most practitioners found only two of the five.330 Nearly 
30% missed such major faults as complete absence of 
both unidirectional valve disks in a circle anesthesia 
breathing system and swap of the nitrous oxide and 
oxygen cylinders (made possible by a fault in the pin-
indexing system).

The Food and Drug Administration (FDA), in coopera-
tion with the ASA, the APSF, and experts from academics 
and industry, developed a set of recommendations for 
checkout of the anesthesia apparatus.331 This checklist 
was widely disseminated by the ASA and the APSF. How-
ever, it was found that use of the checkout procedure 
was minimal and that the extent of pre-use checkout 
by practitioners was extremely variable. A newer study 
was conducted to compare the checkout of anesthe-
sia machines by practitioners with and without use of 
the FDA checkout procedure.332 Most of the faults were 
detected by 50% or fewer participants, regardless of the 
checkout procedure used. Only for one fault, failure of 
the oxygen–nitrous oxide ratio protection system, did the 
FDA checklist offer significant advantages; when using 
it, the detection rate increased to 65%. Interestingly, 
34% of the faults that were not detected were missed by 
practitioners who had in fact correctly answered three 
out of three written test questions concerning that fault. 
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This finding suggests that although some of the perfor-
mance deficit may be related to lack of knowledge, a 
substantial proportion of it results from the inability to 
apply abstract knowledge to the practical performance of 
equipment checkout.

The original checklist was widely criticized, particu-
larly for its complexity.333 A streamlined version of the 
original checklist was published by the FDA in 1994.334 
A study of the new checklist, however, showed no sig-
nificant benefit from its use and a disturbingly low rate of 
detection of machine faults (≈50%).335 In another study, 
anesthesia professionals using a highly interactive elec-
tronic checklist (developed by Blike and Biddle) improved 
their detection of “easy faults” but still missed a high 
proportion of difficult faults.336 A study performed more 
recently to measure the influence of fatigue on perfor-
mance in a simulator showed that subjects in both the 
rested and fatigued conditions left out significant por-
tions of the machine checkout.214

In early 2013 the APSF issued a request for proposals 
to study the large-scale implementation of a more general 
preinduction checklist for anesthesia professionals that is 
aimed to catch a variety of preventable problems before 
the anesthetic is begun. The intention of the APSF is to 
make such preinduction checks adopted by the anesthesia 
community as a universal practice.

EMERGENCY CHECKLISTS OR EMERGENCY 
MANUALS

One aspect of preparedness to handle possible emergen-
cies is to rehearse their management mentally in advance 
(see also Chapters 33 and 102). Another approach con-
sists of the readiness and ability to use emergency cogni-
tive aids, particularly emergency checklists or emergency 
manuals (also known by similar terms, including emer-
gency response protocols, critical event algorithms, and 
so on). Despite many advances, the use of such cognitive 
aids is still not a regular part of the culture of medical 
work in many locales.

In 2003 the U.S. Department of Veterans Affairs 
National Center for Patient Safety developed a set of 
emergency checklists, in concert with the VA Palo Alto-
Stanford group, and derived from the catalog of critical 
incidents in the book Crisis Management in Anesthesiology. 
The VA Health Administration had placed a set of these 
checklists on plastic laminated sheets in every OR of 105 
hospitals. Other emergency checklists have been made 
available electronically.337,338 A study of the use of the VA 
cognitive aids suggested that they were beneficial to VA 
anesthesia professionals.339 Other research has demon-
strated that (1) medical and technical performance is bet-
ter during simulated crisis malignant hyperthermia when 
a cognitive aid is used340 and (2) it can be very helpful to 
the anesthesia professional leading the team if a “reader” 
is present whose job is to read the relevant aid to the team 
and keep track of whether the relevant tasks have been 
performed.341 A group from Boston has published two 
articles about simulation testing of 12 “crisis checklists” 
that demonstrated a substantial reduction in failure to 
adhere to well-recognized critical steps in patient man-
agement when the checklists were used.342,343

The Stanford Anesthesia Cognitive Aid Group 
(SACAG) has conducted many years of simulation test-
ing of cognitive aids meant for real-time intraoperative 
use,340,341 with increasing levels of optimization through 
graphic design. SACAG has produced the Emergency Man-
ual: Cognitive Aids for Perioperative Critical Events compris-
ing 23 optimized emergency checklists (Fig. 7-13). (Much 
of the work in the Emergency Manual was adapted from 
cognitive aids originally published in “Appendix of Crisis 
Management Algorithms in Anesthesia” in the Manual 
of Clinical Anesthesiology, edited by Stanford anesthesi-
ologists Larry Chu and Andrea Fuller and published by 
Lippincott Williams & Wilkins in 2011). In 2013 these 
cognitive aids were placed in all anesthetizing locations 
A B C

Figure 7-13. A, Front cover of the Stanford Anesthesia Cognitive Aid Group (SACAG) Emergency Manual. To reduce cost, the manual is printed 
on sealed paper; only the front and back pages are laminated. It can be hung by its strong metal grommet. On the front page, it shows the 
emergency events, thus making it easy to jump to the right page. Experience shows that clinicians must be familiarized with the manual in 
advance for optimal use. B and C, Two pages of the Emergency Manual checklist for “Anaphylaxis”: The content and the layout have been 
optimized through graphic layout and careful choice of words for easy and ergonomic use in actual operating room emergencies. (Photographs 
by D. Gaba.)
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in the Stanford family of teaching hospitals. The Emer-
gency Manual is now available free electronically through-
out the world as a downloadable portable document 
format (PDF) file under a Creative Commons Attribution; 
Non-Commercial; No-Derivatives License. Users are able 
to choose to print out the Emergency Manual locally, and 
instructions are given on choices of printing paper (e.g., 
nonflammable and able to be wiped with disinfectant), 
binding, and placement in perioperative patient care 
settings. The movement for the dissemination and use 
of such cognitive aids is growing. An Emergency Manual 
Implementation Collaborative has been started bringing 
together several leading centers in this arena to facilitate 
the development, testing, dissemination, adoption, and 
use of these resources.

EXECUTION AND ADAPTATION OF PLANS

Anesthetic plans are dynamic. The anesthesia pro-
fessional must monitor the plan as it is executed and 
must adapt it in response to dynamically changing 
events. The key features of this task are (1) checking 
for the achievement of milestones and (2) reactive plan 
adaptation. These features are shown schematically in 
Figure 7-14. At various points of a procedure, critical 
milestones must be achieved to keep the original plan 
unaltered. If a milestone is not achieved, the anesthe-
sia professional must decide whether to delay the next 
action in the sequence, modify the plan, or suspend or 
abort the procedure. On some occasions, the milestones 
are explicitly identified in advance, whereas in others 
the milestones are implicit.

The anesthesia professional must also react to a large 
number of other contingencies, some of which can be 
predicted in advance based on the patient’s history and 
the type of surgery, whereas others cannot be antici-
pated. Incoming data streams must be constantly scru-
tinized (see the “police cars” in Fig. 7-14) to determine 
whether an expected or unexpected contingency is 
occurring. If so, the existing plan may have to be modi-
fied. As plans are changed, actions may be taken that 
invalidate other aspects of the previous plan, thereby 
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requiring further adaptation of the plan. In some cases, 
even the original goals of the anesthetic plan may need 
to be adapted.

FREQUENCY OF EVENTS REQUIRING ACTIVE 
INTERVENTION BY THE ANESTHESIA 
PROFESSIONAL

The preceding analysis of Figure 7-14 suggests that 
anesthesia professionals must be prepared to react 
dynamically to changing events. How frequent is this 
requirement? In the Multicenter Study of General Anes-
thesia,344 86% of patients had at least one undesirable 
outcome. Although most events were minor and caused 
no injury to the patient, more than 5% of patients had 
one or more severe events requiring “significant therapy, 
with or without full recovery.” This incidence is probably 
a lower limit for severe events because the entry crite-
ria of the study precluded the enrollment of critically 
ill patients or emergency surgical procedures, for which 
the likelihood of severe problems requiring intervention 
would be expected to be high.

In another study by Cooper and associates,345 impact 
events, defined as “undesirable, unexpected, and which 
could cause at least moderate morbidity,” occurred in 
18% of patients either in the OR or in the PACU, and 3% 
of all cases involved a “serious” event. These figures are 
also probably lower limits because for technical reasons 
the study excluded patients going directly from surgery 
to an ICU.

Moller and coauthors reported 4439 “impact events” 
in 10,312 patients either in the OR (2441) or in the 
PACU (1998).346 Here again, some patients had several 
events, whereas others had none. The investigators did 
not compute the frequency of severe events, but overall, 
these data appear to be consistent with those from earlier 
studies.

MODEL OF EVENT EVOLUTION

The findings just discussed, as well as the larger system 
issues raised by Reason and Perrow, can be summarized in 
a model of event evolution (Fig. 7-15).65,125,266

Similar models incorporating some of the same fea-
tures have also been described.66,347 Underlying aspects 
of the system can generate latent failures. Either by 
random chance or because of interactions between the 
latent failures, an event may be triggered by one of 
four components of the operational system in the OR: 
the anesthesia professional, the surgeon, the patient, 
or the equipment. Anesthesia professionals have tradi-
tionally been most interested in events that they trigger 
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with modification from Gaba DM, Fish KJ, Howard SK: Crisis management in anesthesiology. New York, 1994, Churchill Livingstone.)
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themselves (e.g., esophageal intubation), but in fact, 
most events are initiated by a combination of underly-
ing patient disease and another of the triggering factors. 
Most problems are not directly harmful to the patient 
unless they evolve further. Possibilities for evolution of 
the problem include the following:

 1.  A single problem worsens and by itself evolves into an 
adverse outcome.

 2.  The problem begins to evolve but remains self-limited 
without any intervention.

 3.  Multiple small problems combine to trigger a problem 
that can evolve into an adverse outcome; the origi-
nal problems by themselves would not have evolved 
further.

 4.  A single problem triggers another problem that evolves 
into an adverse outcome.

 5.  An evolving problem should be able to be stopped, but 
the recovery pathway is faulty.

 6.  Two problems are triggered. Attention focused on one 
(minor) problem distracts attention from the (serious) 
evolution of another.

  

The system has a variety of interruption points at 
which the occurrence of problems can be prevented (pre-
operative evaluation of patients and pre-use checkout of 
equipment). Moreover, although anesthesiology is far 
more dynamic than many medical domains, it is rela-
tively slow in comparison with many human activities 
such as sports, driving, and combat flying. Thus, events 
often evolve slowly enough that the process of accident 
evolution can be thwarted before an adverse patient out-
come actually occurs. The interruption of accident evolu-
tion corresponds to the “defense-in-depth” in Reason’s 
“Swiss cheese” model80 and to recovery from a normal 
accident in Perrow’s paradigm (see Figs. 7-2 and 7-3 and 
the overview on NAT in Table 7-2).

In the prospective studies of intraoperative events 
cited earlier, the incidence of undesirable situations was 
surprisingly high, whereas the rate of actual patient harm 
was quite low. The patient’s safety was frequently pro-
tected only by the skilled intervention of a trained anes-
thesia professional. This is a markedly different picture 
from that in commercial aviation, although the accident 
rate in aviation is very low. Approximately 30,000 air-
line flights take place each day in the United States, and 
very few serious incidents or accidents occur, although 
the exact number is unknown. The total accident rate 
from all causes (not including terrorist acts) for sched-
uled airline flights from 2002 through 2011 was 0.29 
per 100,000 departures. Air carrier accidents with one 
or more fatalities occurred at a rate of 0.009 per 100,000 
departures. In fact, according to the National Transpor-
tation Safety Board, in the years 2007 to 2011 there was 
only a single fatal airline accident (http://www.ntsb.gov/ 
data/table6_2012.html).

The actual number of events in aviation matching the 
“impact event” criteria given earlier is not known, but it 
is probably at least 100 times greater than the number 
of accidents. Even so, this still makes aviation incidents 
far less frequent than the 3% to 5% rate of “significant” 
impact events in anesthesia. Based on these data, it is 
clear that the intraoperative management of abnormal, 
dynamically changing events remains the critical locus of 
anesthesia skill.

EMPIRIC STUDIES OF ANESTHESIA 
PROFESSIONALS’ TASKS

Since the 1970s, numerous studies of anesthesia profession-
als’ intraoperative activities have been conducted.§ In addi-
tion, an increasing number of studies have been performed 
in realistic simulation environments.2,21,24,220,352-368

The earliest studies used time-lapse photography of a 
handful of anesthetic cases with a frame-by-frame analy-
sis of tasks. One major finding of the first task analysis, by 
Drui and associates in 1973, was that “the anesthesiolo-
gist’s attention was often directed away from the patient-
surgical field.”369 In subsequent studies, it was found that 
approximately 40% to 50% of the time the anesthesia 
professional’s gaze was directed away from the patient 
or surgical field.281-283 McDonald and Dzwonczyk, study-
ing cases from 1981, classified direct patient activity as 
“one during which the anesthesia professional had con-
tact with the patient and a view of the surgical field.”282 
These investigators explicitly noted “observation of skin 
color,” “palpation of pulse,” and “auscultation of heart 
and breath sounds” as direct patient activities. Observing 
arterial pressure or the ECG and observing or adjusting 
the anesthesia machine or intravenous infusions were 
classified as indirect patient activities. In this study, 83% 
of the anesthesia professional’s time was spent on activi-
ties that were not direct patient activities. The same group 
repeated its study for cases from 1985 and demonstrated 
a much higher rate of direct patient monitoring than 
obtained in 1981 (44.8% versus 16.8%).283 This group 
attributed the difference to the change from manual ven-
tilation in 1981, which took up much of the anesthesia 
professional’s visual attention, to the use of mechanical 
ventilators in 1985, which freed the anesthesia profes-
sional to watch the patient.

It is true that looking at the patient and at the surgical 
field is a hallmark of an excellent clinician. Opponents of 
technology decry the degree to which monitors and thera-
peutic devices distract the anesthesia professional’s gaze 
from the patient. However, an important distinction must 
be made between the anesthesia professional’s attention, 
which surely must be directed to the patient’s needs, and 
the anesthesia professional’s gaze, which in fact may best 
serve the patient by being directed elsewhere. Many of the 
tasks cited in the study by McDonald and Dzwonczyk and 
their co-workers were highly related to management of 
the patient,283 even though they did not involve direct 
visualization of or contact with the patient. The critical 
question, which task analysis by itself cannot answer, is 
when anesthesia professionals gaze at the surgical field, 
how often are they gathering information, and how often 
are they just “watching the scenery”? Put more generally, 
what is the information content of the various observa-
tions being made, and what is their relation to action tasks 
and to the goals of conducting a safe anesthetic regimen?

§References 39, 43-46, 48, 214, 235, 275, 348-351.

http://www.ntsb.gov/aviation/Stats.htm
http://www.ntsb.gov/aviation/Stats.htm
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Intriguingly, Drui and associates had asked physicians 
who were helping code their films, “What information, 
if any, do you gain from the direct performance of this 
activity?”369 However, these investigators never described 
what information was available from each activity, 
although they seem to have assumed that turning the 
anesthesiologist’s gaze away from the patient and surgical 
field was bad. Boquet and co-workers not only studied the 
gaze of anesthesia professionals (by using a sophisticated 
eye-tracking system) but also asked consultant anesthesia 
professionals to grade the importance of different visual 
targets and manual tasks.281 “The patient” was assigned 
the maximal importance on the scale. However, “the 
surgical field,” which occupied 25% of the anesthesia 
professional’s time, was apparently not listed by the con-
sultants. Perhaps, in their minds, the surgical field was 
lumped together with the patient.

Another key finding of the study by Drui and co-work-
ers was that 40% of the anesthesia professional’s time was 
coded as “idle,” meaning that no obvious task was seen 
on that frame of film.369 In 1988, McDonald and Dzwon-
czyk stated that this and other “studies showed that the 
anaesthetist spends most time performing tasks that are 
either secondary or unrelated to patient care.”282 How-
ever, in their original article, Drui and associates correctly 
recognized that the absence of visually apparent activity 
did not mean that the anesthesia professional was truly 
idle; in fact, these investigators hypothesized that this 
time was used by anesthesia professionals to make the 
decisions on which the observable tasks were based.369

The most detailed task analyses took place in a 
series of studies carried out by the UCSD/VA-Stanford 
group.235,275,284,285,350,370 These analyses used progres-
sively more task categories (11 to 28 to 32) to analyze 
the activities of novice and experienced anesthesia pro-
fessionals in day surgery cases and the activities of senior 
residents during cardiac surgery. The studies showed that 
a small number of tasks, repeated frequently, occupied 
the majority of case time. Four tasks (observing monitors, 
recording, conversing with attending staff [for novice res-
idents], and adjusting monitors) accounted for 50.1% of 
the total case time in one study. Specific activities such as 
airway management (e.g., bag ventilation, laryngoscopy) 
occurred in brief, but intense clusters (Fig. 7-16). Given 
the larger number of task categories, the anesthesia pro-
fessional was rarely seen to be idle.

Studies by this group have attempted to determine 
whether a difference exists in task patterns between nov-
ice and experienced anesthesia professionals. Confirming 
a priori expectations, the investigators found that novices 
perform many of the same tasks as do experienced person-
nel at specific phases of an anesthetic regimen; however, 
the novices had a longer dwell time, on average, for each 
task. These studies also showed that experienced provid-
ers had lower heterogeneity of tasks and greater efficiency 
of tasks per unit time.371

Of note (but also not unexpected), novice residents 
spent more time speaking to their attending staff (11% 
of preintubation time) than did experienced residents or 
CRNAs. Experienced personnel observed the surgical field 
more than did the novices. The implications of this finding 
are not clear. Novices did take longer to complete patient 
preparation and induction of anesthesia, but it appeared 
that some of the extra time taken by novices working 
under supervision was offset by the efficiency of offload-
ing other concurrent tasks to the attending anesthesiolo-
gist such that preintubation time was increased by only 
6 minutes for novices.371 This group also reported that as 
the density of tasks per unit time increased, the dwell time 
on each task decreased, and vice versa. This finding has 
important implications for how anesthesia professionals 
allocate their attention (see the earlier section on manage-
ment and coordination of the core process).

Task Analysis and Action Density
An interdisciplinary research group consisting of the 
Work and Organisational Psychology Department of the 
Swiss Federal Institute of Technology in Zurich and the 
Center for Patient Safety and Simulation of the Depart-
ment of Anaesthesiology of the University of Tübingen 
performed several task analysis studies using the Flexible 
Interface Technique (FIT) system372 (Fig. 7-17), which 
facilitates analysis of multiple parallel and overlapping 
actions.286 The group produced a set of 41 observation 
codes—representing a single action (Table 7-9). Because 
the method allowed true capture of overlapping actions, 
it was possible to describe a valid task density in the anal-
ysis of anesthesia professionals’ action sequences.

Figures 7-18 and 7-19 show examples of observations 
of 24 real OR studies. The observation data contain many 
short-term fluctuations (dots); the moving average of 
action density of the previous 5 minutes was charted as 
well (line). Figure 7-18 shows a complete anesthesia pro-
cedure with obvious increases in action density during 
induction and emergence from anesthesia. Figure 7-19 
shows 2 final phases of cardiac cases involving cardio-
pulmonary bypass. The described task analysis technique 

Figure 7-16. Distribution of the anesthetist’s tasks during an 
actual ambulatory surgery procedure. The anesthetist was directly 
observed by an investigator who recorded a code number for each 
task as it was performed (there were 28 task codes). Certain tasks, 
such as bag ventilation, were clustered in specific phases of the case, 
whereas others, such as observing monitors, were repeated frequently 
throughout the procedure.
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Figure 7-17. Flexible Interface Tech-
nique system. The system allows 
easy reorganization of task analysis 
items and categories and can properly 
resolve overlapping actions. OR, oper-
ating room.
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TABLE 7-9 OBSERVATION CODES USED TO CLASSIFY TASKS AND ACTIONS

Task Group Actions

Monitoring Reading of patient record, observation of patient, observation of patient monitors, observation of 
anesthesia machine, observation of intravenous drip, observation of syringe pumps, measurement, 
scanning of area

Measures Placement of IV, drug administration, adjustment of IV, mask ventilation, intubation or extubation, 
adjustment of anesthesia machine, use of other equipment, quitting alarms, suctioning

Communication (1) Active conversation with nurse anesthetist, attending anesthetist, surgeon, OR nurse, patient, others;  
(2) responsive conversation with nurse anesthetist, attending anesthetist, surgeon, OR nurse, patient, 
others; and (3) response to pager

Documentation Patient chart labeling (drugs, drips, laboratory results)
Additional operations Positioning of patient, patient transfer, tasks of others (circulating nurse, orderly), arrangement of workplace, 

conversation with observer (“just looking”), miscellaneous, leaving OR (with possible audiovisual contact 
with OR)

IV, Intravenous line; OR, operating room.
was also used successfully by the Tübingen group to study 
action sequences in a simulator and compare them with 
findings in the real OR to demonstrate and evaluate the 
ecologic validity of simulators (see Chapter 8).

Automation
Early task analyses identified repetitive tasks that did not 
appear to offer substantial information content or ther-
apeutic benefit as candidates for automation. Drui and 
associates identified filling out anesthesia records, mea-
suring blood pressure, and adjusting intravenous infu-
sions.369 Kennedy and colleagues identified data display 
and trend plotting.373 Many of these tasks have in fact 
been automated since the 1990s. Loeb, from the Univer-
sity of California, Davis (UCD), showed that anesthesiol-
ogists typically observed monitors for approximately 1 to 
2 seconds every 10 to 20 seconds and that it usually took 
several observing cycles before they detected a subtle cue 
on the monitor.374 Gurushanthaiah and co-workers stud-
ied the effect of more sophisticated display modalities 
on detection of signals by anesthesiologists and found 
that histogram and polygon formats improved response 
latency in the laboratory setting over formats using raw 
numbers only.375 However, the applicability of these lab-
oratory finding to the more complex signal detection that 
must occur during patient care is uncertain. Incidentally, 
the experience in the field of aviation suggests that auto-
mation of both monitoring and therapeutic devices pro-
duces its own problems in human-machine interactions 
and may well be a causative or contributing factor in 
some adverse anesthetic events. Some of the same types 
of automation-related adverse events seen in aviation are 
now observed in anesthesiology.267

The impact of automation on task distribution is 
uncertain. The change to mechanical ventilation did 
affect the analyses of McDonald and Dzwonczyk,282 as 
detailed earlier. A study by Allard and co-workers showed 
no reduction in time spent recording when automated 
record-keeping devices were used.376 However, the UCSD/
VA-Stanford collaboration published data demonstrating 
a 20% reduction in the time spent record keeping when 
automated record keeping was in use during cardiac anes-
thesia.371 The investigators noted a slight, but not signifi-
cant increase in time spent on direct patient care activities 
when electronic record keeping was in use. No clear evi-
dence indicates that electronic record keeping will yield 
a marked enhancement of the anesthesia professional’s 
ability to perform other patient care tasks, although auto-
mated record keeping may yield other benefits. The UCD 
and UCSD/VA-Stanford groups demonstrated that elec-
tronic automated record keeping does not significantly 
reduce the vigilance of anesthesia professionals.377,378
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Figure 7-18. Action density diagram illustrating the derived parameter “action density” from induction of anesthesia to emergence in 
a real anesthetic case. The yellow line in the graph shows the overall action density and the dots show the moving average of the density. The 
blue line shows the contribution of one task group, “monitoring,” as an example. The table in the lower graph shows the composition of the data 
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Figure 7-19. Action density during separation from cardiopulmonary bypass (CPB) without and with complications. The graph on the 
left is the density diagram of an uncomplicated case (case B) with a “flat” action density diagram during (between the two vertical lines) and after 
separation from CPB. In contrast, case C, shown in the graph on the right, had a complicated weaning from CPB; a very high action density is 
followed by an elevated density with further peaks after separation.
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MENTAL WORKLOAD OF ADMINISTERING 
ANESTHESIA

The observable tasks do not tell the whole story of what the 
anesthesia professional is doing. As Drui and co-workers  
suggested, mental activity is going on even when the 
anesthesia professional appears idle.369 What, then, is the 
mental workload of administering anesthesia? Mental 
workload is another concept that is readily understood 
but difficult to define precisely. Various ways exist to 
measure mental workload, none of which are ideal.

Primary Task Performance Measure
The primary task performance measure assesses the 
subject’s performance on standard work tasks as they 
are made progressively more difficult by increasing the 
number of tasks, task density, or task complexity. At first 
the subject is able to keep up with the increasing task 
load, but at some point the workload exceeds the abil-
ity to manage it, and performance on the standard tasks 
decreases. The disadvantage of the primary task perfor-
mance measure is that in many complex task domains 
no accepted way exists to measure the subject’s perfor-
mance on the primary work tasks objectively except by 
loading to the point of catastrophic performance failure, 
which is easily detected. In actual high-risk domains, 
one cannot allow primary task performance to degrade, 
and one certainly cannot allow it to fail catastrophically. 
Although experiments of this type are in principle fea-
sible with anesthesia simulators, they have not yet been 
attempted.

Secondary Task Probing
A more useful technique, secondary task probing, tests 
the subject with a minimally intrusive secondary task 
that is added to the primary work tasks. The secondary 
task is a simple one for which performance can be objec-
tively measured, and the subject is instructed that the pri-
mary tasks of patient care take absolute precedence over 
the secondary task. Therefore, assuming that the second-
ary task requires some of the same mental resources as 
the primary task, the performance of the subject on the 
secondary task is an indirect reflection of the spare capac-
ity available to deal with it; thus, it is an inverse measure 
of primary task workload (the greater the spare capacity, 
the lower the primary workload). Secondary tasks such 
as reaction time (with or without choice), finger tapping, 
and mental arithmetic have been used for this technique 
in the psychology laboratory, in high-fidelity simulators, 
and in some field studies of actual work situations.

Gaba and Lee presented two-digit addition problems 
on a computer screen placed in the anesthesia workspace 
at random approximately every 45 seconds.379 The delay 
in responding to problems and the number of problems 
skipped were logged over time and correlated with a con-
current six-category task analysis. The dynamic ebb and 
flow of mental workload during cases of varying com-
plexity was documented. For example, cardiopulmonary 
bypass was confirmed as a time of very low workload for 
the anesthesia professional, whereas induction of anes-
thesia was confirmed as a period of high workload. Man-
ual tasks and conversing with the attending physician 
were correlated with a delayed or absent response to the 
secondary task.

Subsequent studies by the UCSD/VA-Stanford 
group284,285 and the UCD group374,378,380 used the reac-
tion time to a changing display in or around the clinical 
monitors as a secondary task to assess mental workload, 
vigilance, or both. For the UCSD/VA-Stanford group, the 
display was a red light placed next to the main physiologic 
monitor. This secondary task was analogous to but totally 
separate from the standard tasks of clinical work. When 
the secondary task was embedded in the regular work 
tasks, it was called an embedded task. The UCD group 
used a secondary task involving recognition of changes 
in the alphanumeric display of an unused channel of an 
actual clinical monitor (a parameter labeled “Vig” on the 
monitor changed values from “5” to “10”). This task was 
only partially embedded because although it did involve 
an actual clinical monitor, it displayed on an otherwise 
unused channel and was not of clinical significance. The 
VA-Stanford group has experimented with fully embedded 
secondary tasks during simulator anesthetic cases in which 
the values of actual clinical variables can be manipulated at 
will to evaluate the subject’s response time to the excursion 
of data values beyond predefined reporting thresholds.

The mean response time to the red light used by the 
UCSD/VA-Stanford group was markedly less than 60 sec-
onds for experienced subjects in both the induction and 
postinduction (maintenance) phases, but it was much 
higher for novice residents during the induction phase 
(Fig. 7-20). The probe was not given frequently enough to 
track the ebb and flow of workload. The response to the 
UCD task typically (56%) occurred within 60 seconds, but 
16% of stimuli overall (27% during the induction period) 
were not responded to within 5 minutes. The conclusion 
was that spare capacity may be limited by the workload of 
the case during certain periods of anesthesia care.

These workload studies have several problems. One is 
interference with the “response channel.” If responding 
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Figure 7-20. A test of the anesthetist’s vigilance. Shown is the 
mean reaction time of novice residents and experienced anesthetists 
in response to the illumination of a red light placed next to the electro-
cardiogram monitor display during actual ambulatory surgery proce-
dures. In both groups the reaction was faster in the maintenance phase 
than during induction of anesthesia. Novices reacted significantly more 
slowly than did experienced anesthetists. Because the distribution of 
reaction times was skewed and nongaussian, error bars are not shown, 
and nonparametric statistics were used for hypothesis testing.
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to the probe requires manual activity with a mouse or 
keyboard (as in the studies of Gaba and Lee and the UCD 
group), it cannot be performed whenever the subject is 
occupied with a manual task. This is especially true during 
a sterile procedure. Therefore, it may be impossible to dis-
tinguish between a high primary task load (i.e., no spare 
capacity to address the secondary task) and a low primary 
task load that happens to usurp the manual response 
channel. However, in the study by Gaba and Lee, 37% of 
the problems that were skipped for lack of spare capacity 
did not occur during a manual task.379 All the UCSD/VA-
Stanford studies have allowed multiple response channels 
(manual, voice, and gesture), so there was no response 
channel interference; however, the potential for interfer-
ence remains in the UCD studies.

An additional problem with these studies is that 
even these simple secondary tasks were intrusive when 
repeated frequently. Thus, a tradeoff was seen between 
temporal resolution of the measurement and its intru-
siveness. Controversy also exists about whether these 
probes measure “vigilance” or “workload,” although the 
same techniques probably measure both aspects of per-
formance. When probes occur infrequently, are subtle, 
have multiple response channels, and are performed with 
a low level of existing workload, they are more likely 
to measure vigilance; when they are frequent, readily 
detectable, require a manual response, and are performed 
during a high-workload period, they probably are more 
indicative of spare capacity and workload.

Slagle and colleagues carried out an assessment of an 
established clinical task analysis methodology regarding 
intrarater and interrater reliability.349 These investiga-
tors had a trained observer rating 20 routine anesthesia 
cases, by first rating cases in the OR and then rating the 
same cases from a videotape, with another observer rating 
the same videotapes twice. A computerized task analysis 
program with 38 task categories was used. The results 
showed good intrarater reliability and also high concor-
dance between real-time and video analyses. This finding 
is important because real-time observation is unfeasible 
in many circumstances. This study had problems in 
analyzing parallel tasks because the technique of “tog-
gling between the task categories at a rate proportional 
to the time spent on each task” resulted in large differ-
ences in “task duration” and “task occurrences” between 
the two raters. This problem of recording parallel tasks 
(two or more) was solved by Manser and colleagues in 
Tübingen.286,287,381

Subjective Measures
A third modality of workload assessment consists of sub-
jective measures in which individuals are asked, either 
in retrospect or in real time, how much load they were 
or are under during actual work situations. Subjective 
measures complement objective measurements because 
the subjective perceptions of the anesthesia professional 
may be an important source of stress and anxiety; con-
versely, an anesthesia professional may subjectively 
underestimate the workload in settings in which objec-
tive measurements demonstrate a marked reduction in 
spare capacity.

Various scales have been proposed to measure dimen-
sions of mental workload that are, in theory, different. 
However, Gaba and Lee adapted a set of workload scales 
from those used at NASA and showed that workload rat-
ings on each of the scales were highly correlated.379 In sub-
sequent studies by the UCSD/VA-Stanford group, a single 
dimension of overall load was assessed by using an asym-
metric numeric scale that minimized biases caused by a 
tendency to group responses at the middle and extremes 
of symmetric scales. This group demonstrated that a neu-
tral observer can estimate the subjective workload of the 
anesthesia professional in real time with high correla-
tion to the self-rated workload of the subject.284 Again, as 
could be expected, subjective workload was highest during 
induction and emergence from anesthesia, especially for 
novices.

Physiologic Measures
The final set of techniques for assessing workload con-
sists of physiologic measures. Visual or auditory evoked 
potentials have been used successfully to assess mental 
workload, but this technique can be used only in a static 
laboratory environment. Heart rate is a relatively easily 
measured variable that may be altered by mental work-
load. Toung and associates showed that the anesthesia 
professional’s heart rate increases at the time of intuba-
tion, and the amount of increase is inversely related to the 
amount of overall medical training.382 Azar and co-workers 
found that anesthesia faculty members’ heart rate and 
blood pressure increased during induction of anesthesia, 
and significant ST-segment depression developed in one 
individual.383 Bitetti and colleagues confirmed that heart 
rate changes occurred during anesthesia but did not 
always correlate with contemporaneous self-recordings 
of “stress.”384

Because of the many factors that affect heart rate, the 
beat-to-beat variability of the heart rate is thought to be a 
better indicator of mental workload. The frequency com-
ponents of heart rate variability can be separated by spec-
tral analysis; a component at 0.1 Hz has been linked to 
mental workload. Although several groups have acquired 
heart rate data on anesthesiologists, none has reported an 
analysis of the workload-related frequency components.

APPLICATIONS OF TASK ANALYSIS AND 
WORKLOAD METHODOLOGIES

The results of task analyses and workload measurements 
have primarily provided objective confirmation of several 
intuitive beliefs about anesthesia practice. The real impor-
tance of these studies is that a coherent methodology has 
been developed that may be useful for studying a variety 
of interesting questions.287,385 The question of the impact 
of electronic automated record-keeping systems was 
addressed earlier. Another question concerns TEE. This 
monitoring modality has become commonplace during 
cardiac anesthesia and anesthesia for other patients with 
cardiovascular disease who undergo complex operations. 
It is widely recognized that evaluating TEE images and 
manipulating the TEE probe require substantial visual 
and mental attention.

The UCSD/VA-Stanford group has published data sug-
gesting that vigilance (as measured by response latency 
to illumination of a red light) was substantially lower 
when the anesthesiologist was involved in manipulating, 
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Figure 7-21. Vigilance test data during anesthetic tasks with and without automated record keeping. The range of data is shown for each 
of four task categories in electronic automated record keeping (EARK) and manual record keeping (MAN). Each box contains 50% of the data 
for that subgroup (the upper limit of the box is the 75th percentile; the lower limit is the 25th percentile), whereas the maximum and minimum 
are shown by the upper and lower horizontal bars. The response latency during record keeping was not significantly different between EARK and 
MAN. In both record-keeping groups, subjects had significantly slower responses when observing or adjusting the transesophageal echocardio-
gram (TEE) than when recording, observing monitors, or adjusting intravenous lines (IVs). Subjects in both groups had faster response latency 
when observing the monitoring array, which contained a red light, than when performing the other three tasks. *P < .05; †P < .05. (From Weinger 
MB, Herdon OW, Gaba DM: The effect of electronic record keeping and transesophageal echocardiography on task distribution, workload, and vigilance 
during cardiac anesthesia, Anesthesiology 87:144-145, 1997.)
adjusting, or examining the TEE images than when other 
patient care tasks were being performed (Fig. 7-21).377 This 
finding may reflect, in part, the layout of the workspace. 
The TEE machine is large and is often placed near the 
left side of the head of the OR table, whereas the anes-
thesia machine and attendant monitors, by convention, 
are typically placed near the right side of the head of 
the table. Remote displays slaved to the primary moni-
tor are also more likely to be on the patient’s right side. 
This arrangement makes it physically difficult to glance 
from one modality to another. The degree to which the 
mental concentration required to use TEE itself detracts 
from vigilance for other signals remains to be determined 
explicitly.

It is important to differentiate the various uses of TEE. 
When TEE is used to answer specific clinical questions 
triggered by events or milestones during the procedure, 
the value of the information may be worth an invest-
ment of effort despite the reduction in overall vigilance. 
When TEE is used as a continuous monitor for myocar-
dial ischemia or during a detailed routine examination, 
the reduction in vigilance must be considered when 
evaluating the potential benefits of the technology. 
Some practitioners describe special ways to handle the 
attention required for TEE, including tightening alarm 
thresholds (to provide audio warnings of changed val-
ues) and assigning specific patient monitoring functions 
to another individual while conducting the initial TEE 
placement and examination.

Many other interesting questions on the performance 
of anesthesia professionals are still unanswered and can be 
addressed with the techniques of task analysis and work-
load and vigilance assessment, including the following:

 1.  How do task load and task density differ between pri-
vate practice settings and academic settings?
 2.  Do characteristic “patterns” for experts and novices 
(or should we say for “good” and “bad” anesthesiolo-
gists?) exist in the analysis of tasks and their densities? 
And if yes,

 a.  How do the work patterns of novices change to become 
those of “experts”? How can the training of novices be 
focused to support these changes best? Is suboptimal 
performance of novices detectable through analysis of 
task distributions and mental workload?

 b.  Can work patterns be linked to safe anesthetic 
practice, or can special patterns be linked to unsafe 
behavior? Perhaps this could be done by assessing 
high-workload simulator scenarios. In a proactive 
safety culture, this would allow us to identify such 
colleagues and train them individually.

 3.  How much task load can the average anesthesia pro-
fessional handle? How are tasks distributed among 
personnel (e.g., between resident and faculty, between 
CRNA and supervisor, and among staff anesthesia pro-
fessionals) during the high-workload periods of patient 
care? This question is just beginning to be addressed 
by applying the task analysis techniques described 
earlier to videotapes of actual anesthetic cases. With 
use of these tapes, the task sequences of multiple anes-
thesia personnel can be elicited separately, as can the 
communications used to coordinate their activities.

OTHER STUDIES OF “VIGILANCE” AND 
DECISION MAKING BY ANESTHESIA 
PROFESSIONALS

STUDIES OF “VIGILANCE”

The dominant metaphor for the mental activity of the 
anesthesia professional has been that of a vigilance task. 
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“Vigilance” is the motto on the seal of the ASA. What is 
vigilance, and to what degree does it capture the complex 
nature of the anesthesia professional’s work? “Vigilance, 
or sustained attention, refers to the ability of observers 
to maintain their focus of attention and to remain alert 
to stimuli for prolonged periods of time” (J. Warm, pre-
sentation at the Panel on Vigilance, ASA annual meeting, 
1992). The literature concerning vigilance is abundant. 
Many laboratory studies have demonstrated decrements 
in vigilance during prolonged vigilance tasks that are 
exacerbated or ameliorated by a variety of factors. These 
studies have generated considerable controversy. Some 
psychologists believe that the results of laboratory studies 
of vigilance have little application to complex real-world 
task domains.386,387 Certainly, the anesthesia profession-
al’s work involves vigilance as a necessary component 
because no meaningful work can be accomplished if new 
stimuli are not perceived. However, the anesthesia pro-
fessional’s task is much more complex than just vigilant 
alertness to stimuli. Therefore, vigilance is a necessary but 
not sufficient condition for appropriate performance.65

Several studies have attempted to quantitate the vigi-
lance of anesthesia professionals to changes in clinically 
important variables by using low-fidelity simulation. 
Beatty and associates had anesthesia professionals watch 
for changes in displays of six vital signs on a video moni-
tor.388 Denisco and colleagues used videotapes contain-
ing abnormal changes in anesthesia flow meter settings 
and physiologic monitor displays.389 The raw reaction 
times were not reported—only the “vigilance scores.” 
Such studies purported to demonstrate a degradation in 
performance for sleep-deprived and fatigued residents, 
but these studies had methodologic flaws. For example, 
in the study of Denisco and colleagues, the subjects were 
never told the threshold of change for them to report.389

In addition, the work environment of the anesthesia 
professional is much more complex than that presented 
in these low-fidelity simulations. Although it can be 
argued that complexity will worsen vigilance, such is not 
necessarily the case. Complexity can combat boredom, 
which is a distinct possibility in vigilance experiments. 
In addition, the real work environment often provides 
redundant data cues on changes that offer multiple pos-
sibilities for their detection.

A study of rested anesthesia professionals using realis-
tic anesthesia simulation measured detection times (first 
awareness of a problem) for a variety of intraoperative 
events embedded within a realistic case situation.214 An 
event that caused alarms to sound immediately, such as 
ventricular tachycardia or fibrillation, was detected in 
10 seconds or less (thus confirming its veracity, but act-
ing on it took longer in many instances). Another event, 
occlusion of the intravenous line, was detectable only by 
visual observation in the direction opposite the anesthesia 
machine and monitors. This event took several minutes 
(on average) to detect, but it was corrected quickly after 
detection. The redundancy of cues in the task domain 
was confirmed in that 6 different observational modali-
ties were used by at least 1 of the 19 residents studied to 
detect endobronchial intubation initially.

Other vigilance studies have focused on detecting the 
loss of an existing monitoring modality during actual 
patient care. In one study,390 the esophageal stethoscope 
was occluded with a clamp after a staged distraction 
(conversation or a loud noise). Subjects most commonly 
detected the occlusion by observing the clamp, rather 
than by noting a loss of sound. Although this study pur-
ported to show a difference in vigilance related to the 
use of automatic blood pressure measurement devices, 
the artificial distraction could have biased the results; the 
subjects typically failed to hear the loss of sounds, and a 
significant result was reported for only one group of resi-
dents, arbitrarily stratified by length of training. Another 
study,391 which evaluated reaction time to loss of esoph-
ageal stethoscopy more carefully, showed that 13% of 
occlusions were detected after 1 minute. However, this 
study required a manual response, and the investigators 
noted that in some instances of delay, the subject was 
involved in a manual clinical activity such as administer-
ing blood or drugs.

Apparent reductions in vigilance could result either 
from a reduction in “spare capacity” to attend to the 
stimuli immediately or from a reduction in the overall 
alertness of the anesthesia professional. Enhancements 
in the display and annunciation of relevant information 
would be a useful ameliorative strategy in the first case, 
whereas this strategy would not be useful if the anesthesia 
professional’s overall alertness were impaired, such as by 
sleep deprivation or illness. The influence and impact of 
fatigue and possible countermeasures are covered in the 
earlier section on performance-shaping factors.

EMPIRIC STUDIES OF COMPLEX DECISION 
MAKING AND ACTION BY ANESTHESIA 
PROFESSIONALS

Traditional concepts of decision making in medicine have 
concentrated on relatively static, well-structured deci-
sions. For example, should patient A with an elevated 
blood pressure be treated for hypertension with drug X,  
or should no treatment be started? Other investigators 
have looked only at “diagnosis” as an isolated task (spe-
cifically, “diagnostic explanation”) both in internal medi-
cine392-394 and in radiology. These approaches to decision 
making have not captured the unique aspects of dyna-
mism, time pressure, and uncertainty seen in anesthesiol-
ogy. Since the 1980s, a paradigm has emerged regarding 
decision making and action in complex real-world situ-
ations.47,276,290 The cognitive model of dynamic decision 
making was described previously. Several teams from 
inside the anesthesiology profession and from the human 
performance community have been striving to develop 
a more comprehensive understanding of the complex 
performance of anesthesia professionals. Their work has 
been based on a small number of new experiments (often 
involving medium- or high-fidelity anesthesia simulators), 
reinterpretation of previous experiments, direct and indi-
rect observation of the conduct of anesthesia, and extrap-
olations from other industries to anesthesiology. Each 
experiment has probed several aspects of decision making 
and action, which are described in the following section.

Responding to Simulated Critical Incidents
Many studies using simulations have been performed and 
published. Because the results of later studies are largely 
in accord with those of the original studies, we describe 
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the original studies as examples that also represent some 
of the more recent literature.20,21,395-404

Using a realistic hands-on anesthesia simulator, Gaba 
and DeAnda studied the response of anesthesia trainees 
and experienced anesthesia faculty and private practitio-
ners to six preplanned critical incidents of differing type 
and severity123,300,405:

 1.  Breathing hoses too short to turn the table 180 degrees, 
as requested by the surgeon

 2.  Endobronchial intubation (EI) resulting from surgical 
manipulation of the tube

 3.  Occlusion of intravenous tubing
 4.  Atrial fibrillation (AF) with a rapid ventricular response 

and hypotension
 5.  Disconnection between the endotracheal tube and the 

breathing circuit
 6.  Ventricular tachycardia or fibrillation
  
These investigators measured the detection time (as 
described in the section on vigilance) and the correc-
tion time (the time from the event’s onset until any one 
of a predefined set of corrective actions was first taken). 
They assessed the information sources by which subjects 
detected the incidents and then confirmed and diagnosed 
the problem. They asked subjects to “think aloud” to per-
mit subjective analysis of their decision-making strategies. 
A summary of the data is shown in Figure 7-22. Major 
findings from this set of studies included the following:

 1.  Events differed from each other in their inherent ease of 
solution. Some events (e.g., airway disconnection) were 
detected rapidly and corrected. Some problems (e.g., 
intravenous occlusion) were difficult to detect, but once 
they were detected, diagnosis and therapy were achieved 
rapidly. Other problems (EI, AF) were easy to detect by 
using one of several redundant information sources as 
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Figure 7-22. Response times of anesthesiologists with different levels of experience to four simulated critical incidents: A, endobronchial intubation; 
B, intravenous (IV) occlusion; C, atrial fibrillation; and D, airway disconnection. Detection time is represented by yellow circles and correction time by 
blue circles (see text for definitions of these times). Unless an overlap exists between response times, each circle represents a single individual. The scale 
of response times is different for each event. Variability among incidents and among individuals is substantial. Despite a trend to better performance 
with increased experience, major errors were made by individuals in all groups. CA1, First-year clinical anesthesia residents; CA2, second-year clinical 
anesthesia residents. (From DeAnda A, Gaba DM: Role of experience in the response to simulated critical incidents, Anesth Analg 72:308-315, 1991.)
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the first clue (6 for EI; 4 for AF), but they required addi-
tional time (7 to 8 minutes for EI; 1.5 to 4.5 minutes for 
AF) to confirm the abnormality, establish a diagnosis, 
and initiate appropriate therapy. Diagnosis and plan-
ning and monitoring of therapy used a large number of 
information sources (11 for EI; 9 for AF).

 2.  For each incident, considerable interindividual vari-
ability was found in detection and correction times, in 
information sources used, and in actions taken. Each 
experience group contained some who required exces-
sive time to solve the problem or who never solved it. 
In addition, in each experience group at least one indi-
vidual made major errors that could have had a substan-
tial negative impact on a patient’s clinical outcome. For 
example, one faculty member never used electrical coun-
tershock to treat ventricular fibrillation. One private 
practitioner treated the EI as though it were “broncho-
spasm” and never assessed the symmetry of ventilation. 
One resident never found the airway disconnection.

 3.  The average performance of the anesthesia profession-
als tended to improve with experience, although this 
varied by incident. The performance of the experi-
enced groups was not definitively better than that of 
the second-year residents (who were in their final year 
of training at that time). Many (but not all) novice resi-
dents performed indistinguishably from more experi-
enced subjects.

 4.  The elements of suboptimal performance were both 
technical and cognitive. Technical problems included 
choosing defibrillation energies appropriate for inter-
nal paddles when using external paddles, ampule 
swap, and failure to inflate the endotracheal tube cuff 
that resulted in a leak. Cognitive problems included 
failure to allocate attention to the most critical prob-
lems and fixation errors.

  

Schwid and O’Donnell, from the University of Wash-
ington, used the Anesthesia Simulator Consultant (ASC) 
screen-only simulator (Anesoft Corp., Issaquah, Wash.) 
(Table 7-10) to perform an experiment similar to those 
of Gaba and DeAnda with a realistic simulator.298 This 
method enabled them to evaluate some elements of anes-
thesia professional behavior more carefully, albeit with 
the limitations imposed by presenting the OR “on the 
screen.” After working on several practice cases without 
critical incidents, each subject was asked to manage 3 or 4 
cases involving a total of 4 serious critical events (esopha-
geal intubation, myocardial ischemia, anaphylaxis, and 
cardiac arrest). The progression of each event was medi-
ated by the interaction of physiologic and pharmaco-
logic models with the actions taken by the subject. The 
anesthesiologists studied had varying experience levels. 
One group was made up of 10 anesthesia residents with 
at least 1 year of anesthesia training, whereas the other 2 
groups contained 10 anesthesia faculty members and 10 
private practitioners, respectively.

Major findings of the study included the following:

 1.  Significant errors in diagnosis or treatment were made 
in every experience group. The errors occurred in both 
diagnosis of problems and in deciding on and imple-
menting appropriate treatment. For example, 60% of 
subjects did not make the diagnosis of anaphylaxis 
despite available information on heart rate, blood pres-
sure, wheezing, increased peak inspiratory pressure, 
and the presence of a rash. In managing myocardial 
ischemia, multiple failures occurred (Table 7-11).

 2.  Thirty percent of subjects did not compensate for 
severe abnormalities while considering diagnostic 
maneuvers.

 3.  Fixation errors in which initial diagnoses and plans 
were never revised were frequent, even when they 
were clearly wrong.

  

Westenskow and colleagues used a test lung and 
remotely activated faults in the breathing circuit to test the 
anesthesia professional’s ability to identify faults related 
to ventilation and the anesthesia breathing circuit after 
hearing an alarm.293 One group of subjects used standard 
alarms, set to factory defaults, on an anesthesia machine, 
which included a capnograph. The other group used the 
same anesthesia machine with the alarms disabled along 
TABLE 7-10 INCIDENCE OF TOTALLY CORRECT DIAGNOSIS OR TREATMENT OF SIMULATED CRITICAL 
INCIDENTS WITH USE OF THE ANESTHESIA SIMULATOR CONSULTANT 

Incident Anesthesia Residents (%) Anesthesia Attendings (%) Anesthesiologists in Practice (%)

Diagnosis of esophageal intubation 80 100 100
Treatment of myocardial ischemia 20 40 20
Diagnosis of anaphylaxis 20 60 40
Treatment of cardiac arrest 40 30 20

From Schwid HA, O’Donnell D: Anesthesiologists’ management of simulated critical incidents, Anesthesiology 76:495-501, 1992.

TABLE 7-11 FAILURE RATE IN THE MANAGEMENT OF SIMULATED MYOCARDIAL ISCHEMIA WITH THE 
ANESTHESIA SIMULATOR CONSULTANT 

Incident Anesthesia Residents (%) Anesthesia Attendings (%) Anesthesiologists in Practice (%)

Untreated tachycardia 30 50 70
Untreated hypotension 40 60 20
Inappropriate drug 20 10 0
Inability to recall infusion dose 50 20 10
Inability to calculate infusion rate 70 40 40

From Schwid HA, O’Donnell D: Anesthesiologists’ management of simulated critical incidents, Anesthesiology 76:495-501, 1992.
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with a neural network–based intelligent alarm and fault 
identification system. The mean “human response time,” 
which was the time between sounding of the first alarm 
and identification of the event, ranged from approxi-
mately 15 seconds for airway disconnection to approxi-
mately 90 seconds for an endotracheal tube cuff leak. 
The 10 anesthesiologists tested with the standard alarm 
setup were unable to identify the fault within 2 minutes 
on 11 occasions—5 cuff leaks, 3 airway obstructions, and 
3 stuck-open expiratory valves. However, in such circum-
stances they did take appropriate compensatory actions 
while continuing to search for the cause (e.g., increasing 
fresh gas flow to compensate for a cuff leak).

The intelligent alarm apparatus used data from three 
sensors (in-line capnograph, spirometer, and airway pres-
sure). A neural network determined whether any of seven 
faults was present and, if so, displayed a text message 
specifying the fault, as well as an animated diagram of 
the lung, airway, and anesthesia breathing circuit with 
the faulty component highlighted in red. The smart 
alarm system took slightly longer on average to detect a 
fault than did the conventional alarm system (25 versus 
21 seconds), but the human response time was markedly 
reduced for three of the seven faults. No statistically sig-
nificant differences were noted between anesthesia resi-
dents and faculty members with either alarm system.

The investigators suggested that the more specific 
alarm messages in their intelligent alarm system could 
direct the attention of the anesthesia professional to the 
occurrence of specific problems and in so doing would 
decrease workload and reduce the likelihood of fixating 
on inappropriate information. They stated that such a 
system’s advantages would be even greater in a more real-
istic clinical environment in which the anesthesia profes-
sional has multiple complex tasks and not just detection 
and identification of ventilation-related events.

Loeb and Fitch developed and tested an auditory dis-
play of six physiologic variables.406 Encouraged by the 
popularity of the pulse oximeter’s pulse tone,407-409 these 
workers investigated whether the addition of auditory 
cues would enhance the rate and speed of detection of 
predefined events. The results showed that the combined 
display (visual and auditory) lead to faster detection of 
events, even though the rate for correct identification 
of the event was slightly higher in the “visual only” 
display (80% versus 88%). It seems a potential exists to 
improve the rate of detection of changes in physiologic 
variables with more sophisticated display modalities, 
thereby enhancing the “effective vigilance” of anesthesia 
professionals.

Complex, Multiple-Personnel Simulations  
of Anesthetic Crises
Once again, the literature now contains numerous stud-
ies of more complex simulations of intraoperative events 
with multiple anesthesia professionals interacting either 
with “confederate” actors in the roles of other clinicians 
(e.g. surgeons, nurses), or in some cases with actual clini-
cians in those roles. Again, because much of the more 
recent literature recapitulates findings of the pioneering 
studies, we describe those studies but refer the reader to 
newer studies.339,343,400,401,410-413
In the process of evaluating a new type of training for 
anesthesia professionals involving crisis management, 
Howard and colleagues collected anecdotal data on the 
responses of teams of anesthesia professionals, surgeons, 
and nurses to planned (and unplanned) critical events.122 
These experiments largely confirmed the results of the 
studies described earlier and extended them to include 
more complex management issues and team interactions. 
Howard and colleagues found a substantial incidence of 
difficulties managing multiple problems simultaneously, 
applying attention to the most critical needs, acting as 
team leader, communicating with personnel, and using 
all available OR resources to best advantage.

Botney and associates analyzed similar videotapes 
from 18 different simulator training sessions on crisis 
management.414 In a single event, a volatile anesthetic 
vaporizer had been left on at 4% and was hidden beneath 
a printout from the noninvasive blood pressure monitor. 
Simultaneously, a mechanical failure of the capnograph 
occurred and made it impossible to confirm endotracheal 
intubation with carbon dioxide measurements. This event 
purposefully presented an invitation to become fixated 
on the endotracheal tube while ignoring other relevant 
information. Five of 18 subjects never discovered the vol-
atile anesthetic overdose despite catastrophic effects on 
blood pressure and heart rate and clear evidence that the 
endotracheal tube was correctly placed. Of those who did 
detect the vaporizer setting, the average time to detection 
was nearly 4 minutes, with some subjects taking longer 
than 12 minutes.

In the second event studied, a loss of pipeline oxygen 
supply occurred while an anesthesia professional was 
assuming the care of a critically ill patient who required 
an FiO2 of 100% to achieve satisfactory blood oxygen-
ation. The oxygen cylinder on the machine was empty 
(i.e., it had not been checked by the initial anesthesia pro-
fessional, who had left the case after becoming ill). The 
pipeline failure was quickly detected (19 seconds), but 
the responses to it were extremely variable and showed 
a variety of problems. Five of 18 anesthesia professionals 
closed the anesthesia circuit (which preserves the existing 
oxygen in the circuit), but all 5 subsequently switched 
to ventilation with a self-inflating bag using room air or 
to mouth-to-tube ventilation. Five of 18 could not open 
the reserve oxygen cylinder because they could not locate 
the tank wrench attached to the machine (it tended to 
rest between two gas cylinders). Several teams had trouble 
mounting a new oxygen tank on the anesthesia machine; 
problems with the gasket disk were frequent. The indi-
viduals did not appear to have a well-formulated plan for 
managing this event, and they did not optimally coordi-
nate their actions with their assistants or with the other 
OR personnel.

A study by Byrne and Jones looked at differences in the 
performance of experienced and less experienced anes-
thesia professionals.356 Using a self-developed patient 
simulator system, these investigators measured time to 
treatment and deficiencies in patient care in 180 simu-
lations. The results showed significant differences only 
between the first and second year. As seen in other stud-
ies,365 significant errors occurred at all levels of experi-
ence, and most of the anesthesia professionals deviated 
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from established guidelines. These studies underscore the 
importance of recurrent training for experienced anesthe-
sia professionals and the truism that experience is not a 
substitute for excellence.

The reader is referred to Chapter 8 for discussion of 
newer studies with the use of patient simulators and 
performance assessment as such.¶

Indirect Observation of Anesthesia 
Professionals Involved in Difficult Cases
An unusual approach involving indirect observation of 
actual cases was used by Cook and colleagues at the Ohio 
State University in Columbus.295 Rather than collecting 
data on the case itself, these investigators transcribed the 
discussions of interesting cases occurring at a weekly qual-
ity assurance conference. These investigators argued that 
this approach allowed them to apply a “neutral observer 
criterion” to the behavior of the anesthesia professional. 
The investigators acknowledged the risks of hindsight 
bias and selection bias with this methodology, but they 
suggested that their technique provided a unique win-
dow on human performance issues.

Fifty-seven cases were analyzed, 21 of which had a full 
cognitive analysis in the final report. From the presenta-
tion and discussion of a case, the investigators classified 
evolution of the events into 1 of 5 categories: acute inci-
dent, going-sour incident, inevitable outcome incident, 
difficult-airway incident, and no-incident incident. For 
each case, the cognitive analysis was “based on using 
knowledge about the cognitive demands of the task 
domain and data about practitioner activities to analyze 
the practitioner’s information-processing strategies and 
goals, given the resources and constraints of the situa-
tion.” The investigators postulated a cognitive cycle as a 
component of data-driven activation of knowledge and 
knowledge-driven observation and action.

Cook and colleagues called attention to several issues 
that surfaced in their cognitive analysis of these cases, 
including the following295:

 1.  Multiple themes. Many cases involved several lines 
of concern simultaneously, each of which could have 
interacted with another (e.g., tight coupling). Each 
theme had multiple means available to deal with it. 
Maintaining “situation awareness” was important. The 
multiple themes sometimes generated competing or 
conflicting goals. Adaptive planning (as described in 
the section on abstract task analysis) was sometimes 
required.

 2.  Unusual situations. The greatest expertise was seen 
with infrequent or unusual situations rather than with 
typical situations.

 3.  Allocation of attention. Allocation of attention to rel-
evant stimuli or to the most important “theme” was 
an important issue. The attentional shifts were not 
always well supported by existing alarm and display 
technologies.

 4.  Cognitive workload. Anesthesia professionals 
attempted to reduce their cognitive workload when-
ever possible.

¶References 17, 25, 160, 166, 358, 365, 415-419.
 5.  Team interaction. Cooperative work, team interaction, 
and communications issues were problems in sev-
eral cases. These stemmed from both individual and 
organizational failures to coordinate information and 
efforts from different organizational components (e.g., 
ICU and OR, surgeons and anesthesiologists).

Direct Observation of Anesthesia 
Professionals
A team of cognitive scientists and anesthesiologists at the 
University of Toronto conducted direct observations of 
anesthesiologists and obtained verbal “think aloud” pro-
tocols during actual case management.266 The group in 
Tübingen also performed direct observations for their task 
analysis studies.287,377 Devitt and co-workers performed 
a study to assess the validity of performance assessment 
during simulated scenarios.24

Video Analysis of Actual Trauma 
Resuscitation and Anesthesia
Mackenzie and Xiao and their colleagues pioneered in the 
analysis of actual clinical care of anesthesia professionals 
captured on videotape, with a focus on trauma resuscita-
tion and anesthesia for trauma patients at the Maryland 
Shock Trauma Unit in Baltimore.420-424 Their sophisti-
cated recording system captures audio, video, and vital 
signs data and requires only that the clinicians insert a 
videotape to start the whole system.425 Analysis of these 
cases has revealed inadequacies in the availability and 
arrangement of monitoring equipment, as well as nonex-
istent or ambiguous communication. Meanwhile, a few 
groups around the world have started to use video for task 
analysis and assessment of performance for research and 
training, which are not detailed here.168,214,311,349,381,426-432

Problems faced by all investigators are the lack of an 
accepted standard for objective or subjective evaluation 
of anesthesia professional performance and the absence 
of an agreed-on methodology for analyzing and describ-
ing anesthesia professional performance. Several of the 
previously mentioned groups are working on method-
ologies for evaluating technical and behavioral aspects of 
performance.# Measurement of complex performance is a 
difficult problem, and it is likely to be some time until a 
metric for assessment of performance is well established.

#References 25, 89, 91, 160, 161, 235, 275, 286, 349, 360, 371, 377.
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The link between health care worker fatigue and adverse events is 
well documented, with a substantial number of studies indicating 
that the practice of extended work hours contributes to high levels 
of worker fatigue and reduced productivity. These studies and others 
show that fatigue increases the risk of adverse events, compromises 
patient safety, and increases risk to personal safety and well-being.1-5 
While it is acknowledged that many factors contribute to fatigue, 
including but not limited to insufficient staffing and excessive 
workloads, the purpose of this Sentinel Event Alert is to address the 
effects and risks of an extended work day and of cumulative days of 
extended work hours.

the impaCt of fatigue

Fatigue resulting from an inadequate amount of sleep or insuf-
ficient quality of sleep over an extended period can lead to a 
number of problems, including:

 •  Lapses in attention and inability to stay focused
 •  Reduced motivation
 •  Compromised problem solving
 •  Confusion
 •  Irritability
 •  Memory lapses
 •  Impaired communication
 •  Slowed or faulty information processing and judgment
 •  Diminished reaction time
 •  Indifference and loss of empathy6

CoNtriButiNg faCtors to fatigue aNd risks to patieNts

Shift length and work schedules have a significant effect on health 
care providers’ quantity and quality of sleep and, consequently, on 
their job performance, as well as on the safety of their patients and 
their individual safety. This fact has been borne out in numerous 
studies. Findings from a groundbreaking 2004 study of 393 nurses 
over more than 5300 shifts—the first in a series of studies of nurse 
fatigue and patient safety—showed that nurses who work shifts of 
12.5 hours or longer are 3 times more likely to make an error in 
patient care.7 Additional studies showed that longer shift length 
increases the risk of errors and close calls and is associated with 
decreased vigilance,7 and that nurses suffer higher rates of occupa-
tional injury when working shifts in excess of 12 hours.8 Still, while 
the dangers of extended work hours (more than 12 hours) are well 
known, the health care industry has been slow to adopt changes, 
particularly with regard to nursing.

“An overwhelming number of studies keep saying the same 
thing—once you pass a certain point, the risk of mistakes increases 
significantly,” says Ann Rogers, PhD, RN, FAAN, a nationally 
renowned sleep medicine expert with Emory University’s Nell 
Hodgson Woodruff School of Nursing. “We have been slow to  
accept that we have physical limits and biologically we are not 
built to do the things we are trying to do.”

Resident physician duty hours have also been the focus of many 
studies. While the Accreditation Council for Graduate Medical 
Education (ACGME) implemented duty hour restrictions in July 
2003 that limited work shifts to a maximum of 30 hours and no 

more than 80 hours of work per week, numerous subsequent stud-
ies indicated that risks to patient safety and personal injury remain 
high for resident physicians working recurrent 24-hour shifts.9,10 
In September 2010, the ACGME published the final version of 
new standards, which became effective in July 2011 (www.acgme-
2010standards.org).

An article in the November 2007 Joint Commission Journal on 
Quality and Patient Safety concluded that evidence strongly suggests 
that extended-duration work shifts significantly increase fatigue and 
impair performance and safety.11 The article reported that residents 
who work traditional schedules with recurrent 24-hour shifts:

 •  Make 36% more serious preventable adverse events than indi-
viduals who work no more than 16 consecutive hours.12

 •  Make five times as many serious diagnostic errors.12

 •  Have twice as many on-the-job attentional failures at night.13

 •  Experience 61% more needlestick and other sharp injuries after 
their twentieth consecutive hour of work.14

 •  Experience a 1.5- to 2-standard deviation deterioration in 
performance relative to baseline rested performance on both 
clinical and nonclinical tasks.15

 •  Report making 300% more fatigue-related preventable adverse 
events that led to a patient’s death.16

A subsequent 2009 study also revealed an increased rate of com-
plications among post-nighttime surgical procedures performed by 
attending physicians who had slept less than 6 hours.17

“We have a culture of working long hours, and the impact of 
fatigue has not been a part of our consciousness,” says Christopher 
P. Landrigan, MD, MPH, director of the Sleep and Patient Safety 
Program, Brigham and Women’s Hospital. The author of several 
research studies exploring the effects of provider sleep deprivation 
on patient and provider safety, Dr. Landrigan stresses the importance 
of reduced work hours for all health care workers and the need for 
widespread education of health care providers to recognize their 
limits. “Most are unaware of sleep and circadian biology and the 
degree that it affects performance. And, most do not realize how 
much research supports the need to make changes.”18,19

aCtioNs suggested By the JoiNt CommissioN

There are some evidence-based actions that health care organiza-
tions can take to help mitigate the risks of fatigue that result from 
extended work hours—and, therefore, protect patients from 
preventable adverse outcomes.

For all organizations:

 1.  Assess your organization for fatigue-related risks. This includes 
an assessment of off-shift hours and consecutive shift work and 
a review of staffing and other relevant policies to ensure they 
address extended work shifts and hours.

 2.  Since patient hand-offs are a time of high-risk—especially 
for fatigued staff—assess your organization’s hand-off pro-
cesses and procedures to ensure that they adequately protect 
patients.20

 3.  Invite staff input into designing work schedules to minimize the 
potential for fatigue.
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 4.  Create and implement a fatigue management plan that includes 
scientific strategies for fighting fatigue. These strategies can 
include: engaging in conversations with others (not just listening 
and nodding); doing something that involves physical action (even 
if it is just stretching); strategic caffeine consumption (don’t use caf-
feine when you’re already alert, and avoid caffeine near bedtime); 
taking short naps (less than 45 minutes).21,22 These strategies are 
derived from studies conducted by the National Aeronautics and 
Space Administration (NASA) that state that people can maximize 
their success by trying different combinations of countermeasures 
to find what works for them. The NASA studies stress that the 
only way to counteract the severe consequences of sleepiness is 
to sleep.21 Strategies for determining shift durations and using 
caffeine to combat fatigue can be found in Chapter 40 of Patient 
Safety and Quality: An Evidence-Based Handbook for Nurses.23

 5.  Educate staff about sleep hygiene and the effects of fatigue on 
patient safety. Sleep hygiene includes getting enough sleep and 
taking naps, practicing good sleep habits (for example, engag-
ing in a relaxing presleep routine, such as yoga or reading), and 
avoiding food, alcohol, or stimulants (such as caffeine) that can 
impact sleep.21,22

Safety culture (for all organizations):

 6.  Provide opportunities for staff to express concerns about 
fatigue. Support staff when appropriate concerns about fatigue 
are raised, and take action to address those concerns.

 7.  Encourage teamwork as a strategy to support staff members 
who work extended work shifts or hours and to protect patients 
from potential harm.20 For example, use a system of  
independent second checks for critical tasks or complex 
patients.

 8.  Consider fatigue as a potentially contributing factor when 
reviewing all adverse events.

For organizations with a current policy that allows for sleep 
breaks for staff defined as essential by the organization:

 9.  Assess the environment provided for sleep breaks to ensure that 
it fully protects sleep. Fully protecting sleep requires the provi-
sion of basic measures to ensure good quality sleep, includ-
ing providing uninterrupted coverage of all responsibilities 
(including carrying pagers and phones, and coverage of both 
admissions and all continuing care by another provider) and 
providing a cool, dark, quiet, comfortable room and, if neces-
sary, use of eye mask and ear plugs.

See relevant Joint Commission requirements: LD.01.03.01 
element of performance 5, LD.03.06.01 EP 3, LD.04.01.01 EP 2, 
LD.04.04.05 EP 13, PI.02.01.01 EPs 12-14, (hospital and long-term 
care); NR.02.01.01 EP 1-6, NR.02.02.01 EP 1-4, (hospital).
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Patient Simulation
MARCUS RALL • DAVID M. GABA • PETER DIECKMANN • CHRISTOPH BERNHARD EICH

K e y  P o i n t s

 •  Simulators and the use of simulation have become integral parts of medical 
education, training, and research. The pace of developments and applications is 
fast, and the results are promising.

 •  The different types of simulators are either primarily computer screen–based 
simulators (microsimulators) or mannequin-based simulators. Mannequin-based 
simulators can be divided into script-based and model-based simulators.

 •  The development of mobile and less expensive simulator models allowed for 
substantial expansion of simulator training to areas and locales where this training 
could not be afforded previously. The greatest obstacles to providing simulation 
training are not the simulator hardware but rather are (1) obtaining access to the 
learner population for the requisite time and (2) providing appropriately trained 
and skilled instructors to prepare, conduct, and evaluate the simulation sessions.

 •  The anesthesia crisis resource management (ACRM) course model with its ACRM key 
points (see also Chapter 7) is popular worldwide for human factor–based simulation 
training in anesthesia. Curricula should use scenarios that are tailored to the stated 
teaching goals, rather than focusing solely on achieving maximum “realism.”

 •  Simulation training has been adapted by many other fields outside anesthesia 
(e.g., emergency medicine, neonatal care, and intensive care, as well as for 
medical and nursing students).

 •  Simulation has proved valuable in research to study human factors and failure 
modes during anesthesia care, in the development of new treatment concepts 
(e.g., checklist use and telemedicine), and in the support of bioengineering system 
development (e.g., device beta-testing, educating the manufacturers’ workforce).

 •  Research continues on the use of simulation for performance assessment.
 •  Assessment of nontechnical skills (or behavioral markers) has evolved considerably 

and can be accomplished with a reliability that matches that of many other 
subjective judgments in patient care. Systems for rating nontechnical skills have 
been introduced and tested in anesthesia and other fields

 •  The most important component of high-fidelity simulation training is the self-
reflective (often video-assisted) debriefing session after the clinical scenario. 
The quality of debriefing strongly depends on the skills and experience of the 
instructor. Most methods of debriefing stress open-ended questions and inquiry to 
trigger insightful analysis by the learner group

 •  A simulator is just a tool to accomplish learning objectives that are difficult to 
achieve during real patient care. The design of curricula and scenarios and the 
ability of instructors to create appropriate learning situations are the factors that 
determine whether the simulation tool is effective in achieving the relevant goals.
How can clinicians experience the difficulties of patient 
care without putting patients at undue risk? How can we 
assess the abilities of clinicians as individuals and teams 
when each patient is unique? These questions have chal-
lenged medicine for years. These and related questions 
have begun to be answered in health care by the applica-
tion of approaches relatively new to medicine but bor-
rowed from years of successful service in other industries 
167

facing similar problems. These approaches focus on simu-
lation, a technique well known in the military, aviation, 
space flight, and nuclear power industries.

Simulation refers to the artificial replication of suffi-
cient elements of a real-world domain to achieve a stated 
goal. The goals can include understanding the domain 
better, training personnel to deal with the domain, or 
testing the capacity of personnel to work in the domain. 
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The fidelity of a simulation refers to how closely it repli-
cates the domain and is determined by the number of 
elements that are replicated and the discrepancy between 
each element and the real world. The fidelity required 
depends on the stated goals. Some goals can be achieved 
with minimal fidelity, whereas others require very high 
fidelity.

Simulation has probably been a part of human activity 
since prehistoric times. Rehearsal for hunting activities 
and warfare was most likely an occasion for simulating 
the behavior of prey or enemy warriors. Technologic 
simulation probably dates back to the dawn of technol-
ogy itself. Good and Gravenstein pointed to the medieval 
quintain as a technologic device that crudely simulated 
the behavior of an opponent during sword fighting.1 
If the swordsman did not duck at the appropriate time 
after striking a blow, he would be hit by a component 
of the quintain. In modern times, preparation for war-
fare has been an equally powerful spur to the develop-
ment of simulation technologies, especially for aviation, 
shipping, and the operation of armored vehicles. These 
technologies have been adopted by their civilian counter-
parts, but they have attained their most extensive use in 
commercial aviation.

SIMULATION IN AVIATION

Although some aircraft simulators were built between 
1910 and 1927, none of them could provide the proper 
feel of the aircraft because they could not dynami-
cally reproduce its behavior. In 1930, Link filed a pat-
ent for a pneumatically driven aircraft simulator. The 
Link Trainer was a standard for flight training before 
World War II, but the war accelerated its use and the 
further development of flight simulators. In the 1950s, 
electronic controls replaced pneumatic ones through 
analog, digital, and hybrid computers. The aircraft simu-
lator achieved its modern form in the late 1960s, but it 
has been continuously refined. Aviation simulators are 
so realistic now that pilots with experience flying one 
aircraft are routinely certified to fly totally new or dif-
ferent aircraft, even if they have never flown the actual 
aircraft without passengers on board. Similar stories of 
the development of simulators can be told for numerous 
other industries.

USES OF SIMULATORS

Although simulators originally were used to provide basic 
instruction on the operation of aircraft controls, the vari-
ety of uses of simulators in general has expanded greatly. 
Box 8-1 lists possible uses of simulators in all types of 
complex work situations. Simulation is a powerful generic 
tool for dealing with human performance issues (e.g., 
training, testing, and research) (see Chapter 7), for inves-
tigating human-machine interactions, and for the design 
and validation of equipment. As described later in this 
chapter, each of these uses is potentially relevant to anes-
thesiology. A few books are devoted solely to the topic 
of simulation and its use in and outside of anesthesia.2-4
TWELVE DIMENSIONS OF SIMULATION

Current and future applications of simulation can be cat-
egorized by 12 dimensions, each of which represents a dif-
ferent attribute of simulation (Fig. 8-1).5 Some dimensions 
have a clear gradient and direction, whereas others have 
only categoric differences. The total number of unique 
combinations across all the dimensions is very large (on 
the order of 412 to 512—4 million to 48 million). Some 
combinations overlap strongly with others, and some 
are inappropriate or irrelevant, so the actual number of 
meaningful combinations is much lower. Nonetheless, 
although the demonstrated applications of simulation in 
health care have been quite diverse, the range of possible 
applications (a large number, although quite a bit smaller 
than millions) has by no means been fully examined.

DIMENSION 1: PURPOSE AND AIMS  
OF THE SIMULATION ACTIVITY

The most obvious application of simulation is to improve 
the education and training of clinicians, but other pur-
poses also are important. As used in this chapter, educa-
tion emphasizes conceptual knowledge, basic skills, and 
an introduction to work practices. Training emphasizes 
the actual tasks and work to be performed. Simulation 
can be used to assess performance and competence of 
individual clinicians and teams, both for low-stakes or 
formative testing and (to a lesser degree) for high-stakes 
certification testing.6,7 Simulation rehearsals are now 
being explored as adjuncts to actual clinical practice; 
for example, surgeons or an entire operative team can 
rehearse an unusually complex operation in advance by 
using a simulation of the specific patient.8-10 Simulators 
can be powerful tools for research and evaluation with 
regard to organizational practices (patient care protocols) 
and for the investigation of human factors (e.g., of perfor-
mance-shaping factors, such as fatigue,11 or of the user 
interface and operation of medical equipment in high-
hazard clinical settings12). Simulation-based empiric 
tests of the usability of clinical equipment already have 
been used in designing equipment that is currently for 

Team training, as human factor or crisis resource management 
training

Training in dynamic plant control
Training in diagnostic skills
Dynamic mockup for design evaluation
Test bed for checking operating instructions
Environment in which task analysis can be conducted (e.g., on 

diagnostic strategies)
Test bed for new applications (e.g., telemedicine tools such as 

the Guardian Angel System)
Source of data on human errors relevant to risk and reliability 

assessment
Vehicle for (compulsory) testing/assessment and recertification 

of operators

BOX 8-1 Use of Simulators in Complex Work 
Environments

Modified from Singleton WT: The mind at work. Cambridge, 1989, Cambridge 
University Press.
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1.  Spectrum of the purpose of simulation 

Education Training Performance 
Assessment

Clinical 
Rehearsal

Research
(Human Factors)

2.  Spectrum of the unit of participation in the simulation

Individual         Crew                         Team Work Unit Organization

Neonates Infants Children; Teens Adults Elderly End of Life

Conceptual 
Understanding

Knows*

Technical Skills
Knows How*
Shows How*

Does

Decision-Making Skills
Meta-Cognition
Static   Dynamic

Attitudes & Behaviors
Teamwork

Professionalism

3.  Spectrum of the experience levels of simulation participants

School
Primary

Secondary

College;
University

Initial Professional 
Education

Residency or
On-the-Job 

Training

Continuing 
Education and 

Training

Verbal
Role-Playing

A

Standardized 
Patients
(Actor)

Part-Task Trainer
Physical

Virtual Reality

Computer Patient
Computer screen;

Screen-Based 
Virtual  World

Electronic Patient
Replica of Clinical Site;

Mannequin-Based;
Full Virtual Reality

7.  Spectrum of the age of patients being simulated

6.  Spectrum of knowledge, skill, behavior being addressed

8.  Spectrum of the technology applicable or required for simulations

9.  Spectrum of site of simulation

Home or Office 
Multimedia

Screen-Only 
Simulations

School or 
Library

Multimedia
Screen-Only 
Simulations

Dedicated Laboratory
Physical Part-Task

Trainers
Virtual Reality 
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In-Hospital
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(Medicine/
Pediatrics)

Procedural
(Surgery, 
OB/GYN)

Dynamic, 
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4.  Spectrum of health care domains in which to apply simulation

5.  Spectrum of health care disciplines and personnel who participate in the simulation

Aides;
Clerks

Allied Health;
Technicians

Nurses
(Including Advanced 

Practice Nurses)

Physicians Managers;
Executives; 

Trustees

Regulators;
Legislators

Figure 8-1. The 12 dimensions of simulation applications. A, Dimensions 1 to 9. *These terms are used according to Miller’s pyramid of learning. 
Continued
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None Automatic Critique 
by Simulator
Real-Time
Delayed

Instructor Critique 
of Records of Prior 

Simulation 
Sessions

Real-time Critique
Pause/start
Real-Time 
Mentoring

Video-Based   
Post-hoc 

Debriefing
Individual/Group

The application
is rarely 

implemented. 

A few institutions 
conduct the 

application on an 
intermittent, 

voluntary basis.
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in a few domains 

with some 
institutions making 

it mandatory.  

The application is 
widely used and is 

often required.

The application 
is completely 

embedded as a 
formal requirement 
in all institutions.

11.  Spectrum of feedback method accompanying simulation

12.  Spectrum of organizational, professional, and societal embedding of simulation

10.  Spectrum of extent of direct participation in simulation 

Remote 
Viewing 

Only
No Interaction

Remote Viewing 
with Verbal 
Interaction

Simulation-Based 
M&M Conference

Remote Viewing 
with Hands-on 

Interaction
Remote Haptic 
Surgical Trainer

Direct On-site 
Hands-On 

Participation
Replica clinical sites
Full Video capture

Immersive 
Participation

In-situ Simulation
Mobile Simulation

Figure 8-1, cont’d B, Dimensions 10 to 12. Any particular application can be represented as a point or range on each spectrum (shown by 
diamonds). This figure illustrates a specific application—multidisciplinary crisis resource management (CRM)–oriented decision making and teamwork 
training for adult intensive care unit (ICU) personnel. ED, Emergency department; M&M, morbidity and mortality; OB/GYN, obstetrics and gynecol-
ogy; OR, operating room.
sale; ultimately, such practices may be required by regu-
latory agencies before approval of new devices.

Simulation can be a bottom-up tool for changing the 
culture of health care concerning patient safety. First, it 
allows hands-on training of junior and senior clinicians 
in practices that enact the desired culture of safety.13 Sim-
ulation also can be a rallying point about culture change 
and patient safety that can bring together experienced 
clinicians from various disciplines and domains (who 
may be captured because the simulations are clinically 
challenging), along with health care administrators, risk 
managers, and experts on human factors, organizational 
behavior, or institutional change.

DIMENSION 2: UNIT OF PARTICIPATION  
IN THE SIMULATION

Many simulation applications are targeted at indi-
viduals. These may be especially useful for teaching 
knowledge and basic skills or for practice on specific 
psychomotor tasks. As in other high-hazard industries, 
individual skill is a fundamental building block, but a 
considerable emphasis is applied at higher organiza-
tional levels, in various forms of teamwork and inter-
personal relations (often summarized under the rubric of 
crisis resource management (CRM) adapted from aviation 
cockpit resource management.) (For more on human fac-
tors and CRM concepts, see Chapter 7.)14,15 CRM is based 
on empiric findings that individual performance is not 
sufficient to achieve optimal safety.16 Team training may 
be addressed first to crews (also known as single-discipline 
teams), consisting of multiple individuals from a sin-
gle discipline, and then to teams (or multidisciplinary 
teams).17 Addressing teamwork in the single-discipline 
approach that trains crews to work in teams, in contrast 
to the combined team training of multiple disciplines 
together, has advantages and disadvantages.18 For maxi-
mal benefit, these approaches are used in a complemen-
tary fashion.

Teams exist in actual work units in an organization (e.g., 
a specific intensive care unit [ICU]), each of which is its 
own target for training. Growing interest and experience 
have also been shown in applying simulation to nonclini-
cal personnel and work units in health care organizations 
(e.g., to managers or executives)19 and to organizations as 
a whole (e.g., entire hospitals or networks).

DIMENSION 3: EXPERIENCE LEVEL  
OF SIMULATION PARTICIPANTS

Simulation can be applied along the entire continuum of 
education of clinical personnel and the public at large. 
It can be used with early learners, such as schoolchil-
dren, or with lay adults to facilitate bioscience instruc-
tion, to interest individuals in biomedical careers, or to 
explain health care issues and practices. The major roles 
of simulation have been, and will continue to be, to edu-
cate, train, and provide rehearsal for individuals actually 
involved in the delivery of health care. Simulation is 
relevant from the earliest level of vocational or profes-
sional education (students) and during apprenticeship 
training (interns and residents), and it is increasingly 
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used for experienced personnel undergoing periodic 
refresher training. Simulation can be applied regularly to 
practicing clinicians (as individuals, teams, or organiza-
tions) regardless of their seniority,20,21 thus providing an 
integrated accumulation of experiences that should have 
long-term synergism.

DIMENSION 4: HEALTH CARE DOMAIN  
IN WHICH THE SIMULATION IS APPLIED

Simulation techniques can be applied across nearly all 
health care domains. Although much of the attention on 
simulation has focused on technical and procedural skills 
applicable in surgery,11,18,19,21 obstetrics,22,23 invasive car-
diology,24,25 and other related fields, another bastion of 
simulation has been recreating whole patients for dynamic 
domains involving high-hazard and invasive intervention, 
such as anesthesia,26,27 critical care,28,29 and emergency 
medicine.30-33 Immersive techniques can be used in imag-
ing-intensive domains, such as radiology and pathology, 
and interactive simulations are relevant in the interven-
tional sides of such arenas.34 In many domains, simulation 
techniques have been useful for addressing nontechnical 
skills and professionalism issues, such as communicating 
with patients and co-workers, or addressing issues such as 
ethics or end-of-life care.

DIMENSION 5: HEALTH CARE DISCIPLINES 
OF PERSONNEL PARTICIPATING IN THE 
SIMULATION

Simulation is applicable to all disciplines of health care, 
not only to physicians. In anesthesiology, simulation has 
been applied to anesthesiologists, certified registered nurse 
anesthetists, and anesthesia technicians. Simulation is not 
limited to clinical personnel. It also may be directed at 
managers, executives, hospital trustees, regulators, and leg-
islators. For these groups, simulation can convey the com-
plexities of clinical work, and it can be used to exercise and 
probe the organizational practices of clinical institutions 
at multiple levels.

DIMENSION 6: TYPE OF KNOWLEDGE, 
SKILL, ATTITUDES, OR BEHAVIOR 
ADDRESSED IN SIMULATION

Simulations can be used to help learners acquire new 
knowledge and to understand conceptual relations and 
dynamics better. Physiologic simulations allow students 
to watch cardiovascular and respiratory functions unfold 
over time and respond to interventions—in essence 
bringing life textbooks, diagrams, and graphs. The next 
step on the spectrum is acquisition of skills to accompany 
knowledge. Some skills follow immediately from concep-
tual knowledge (e.g., cardiac auscultation), whereas oth-
ers involve intricate and complex psychomotor activities 
(e.g., catheter placement or basic surgical skills). Isolated 
skills must be assembled into a new layer of clinical prac-
tices. An understanding of the concepts of general sur-
gery cannot be combined only with basic techniques of 
dissecting and suturing or manipulation of instruments 
to create a capable laparoscopic surgeon. Basic skills must 
be integrated into actual clinical techniques. Simulation 
may have considerable power in this process, especially 
because it can readily provide experience with even 
uncommon anatomic or clinical presentations. In the 
current health care system, for most invasive procedures, 
novices at a task typically first perform the task on a real 
patient, albeit under some degree of supervision. These 
novices climb the learning curve and work on patients 
while under varying levels of guidance. Simulation offers 
the possibility of having novices practice extensively 
before they begin supervised work on real patients in 
apprenticeship-like situations.

In this way and others, simulation is applicable to cli-
nicians throughout their careers to support lifelong learn-
ing. It can be used to refresh skills for procedures that 
are not performed often. Knowledge, skills, and practices 
honed as individuals must be linked into effective team-
work in diverse clinical teams, which must operate safely 
in work units and larger organizations.35-37 Perpetual 
rehearsal of responses to challenging events is needed 
because the team or organization must be practiced in 
handling these responses as a coherent unit.

DIMENSION 7: AGE OF THE PATIENT  
BEING SIMULATED

Simulation is applicable to nearly every type and age of 
patient, literally from cradle to grave. Simulation may be 
particularly useful for pediatric patients and clinical activ-
ities because neonates and infants have smaller physio-
logic reserves than do most adults.38,39 Fully interactive 
neonatal and pediatric patient simulators are now avail-
able. Simulation also addresses issues of older adults and 
end-of-life issues for every age.

DIMENSION 8: TECHNOLOGY APPLICABLE 
OR REQUIRED FOR SIMULATIONS

To accomplish these goals, various technologies (includ-
ing no technology) are relevant for simulation. Verbal 
simulations (“what if” discussions), paper and pencil 
exercises, and experiences with actors playing standard-
ized patients39-41 require no technology, but they can 
effectively evoke or recreate challenging clinical situa-
tions. Similarly, very low technology—even pieces of fruit 
or simple dolls—can be used for training in some manual 
tasks. Certain aspects of complex tasks and experiences 
can be recreated successfully with little technology. Some 
education and training on teamwork can be accomplished 
with role playing, analysis of videos, or drills with simple 
mannequins.42

Ultimately, learning and practicing complex manual 
skills (e.g., surgery, cardiac catheterization) or practic-
ing the dynamic management of life-threatening clini-
cal situations that include risky or noxious interventions 
(e.g., intubation or defibrillation) can be fully accom-
plished only using either animals—for reasons of cost 
and issues of animal rights, this approach is becoming 
very difficult—or technology to recreate the patient and 
the clinical environment. The different types of simula-
tion technologies relevant to anesthesiology are discussed 
later in this chapter.
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DIMENSION 9: SITE OF SIMULATION 
PARTICIPATION

Some types of simulation—those that use videos, com-
puter programs, or the Web—can be conducted in the 
privacy of the learner’s home or office using his or her 
own equipment. More advanced screen-based simulators 
may need more powerful computer facilities available in 
a medical library or learning center. Part-task trainers and 
virtual reality simulators are usually fielded in a dedicated 
skills laboratory. Mannequin-based simulation also can 
be used in a skills laboratory, although the more complex 
recreations of actual clinical tasks require either a dedi-
cated patient simulation center with fully equipped repli-
cas of clinical spaces or the ability to bring the simulator 
into an actual work setting (in situ simulation). Perform-
ing clinical simulations in situ, as opposed to in a dedi-
cated center, has advantages and disadvantages. Using 
the actual site allows training of the entire unit with all 
its personnel, procedures, and equipment. The availabil-
ity of actual clinical sites is limited, and the simulation 
activity may distract from real patient care. The dedicated 
simulation center is a more controlled and available envi-
ronment, which allows more comprehensive recording of 
sessions and imposes no distraction from real activities. 
For large-scale simulations (e.g., disaster drills), the entire 
organization becomes the site of training.

Video conferencing and advanced networking may 
allow even advanced types of simulation to be conducted 
remotely (see dimension 10). The collaborative use of 
virtual reality surgical simulators in real time already has 
occurred, even in locations separated by thousands of 
miles (see later for more on the site of the simulator).

DIMENSION 10: EXTENT OF DIRECT 
PARTICIPATION IN SIMULATION

Most simulations—even screen-based simulators or 
part-task trainers—were initially envisioned as highly 
interactive activities with significant direct hands-on par-
ticipation virtual on-site setting. Not all learning requires 
direct participation, however. Some learning can occur 
merely by viewing a simulation involving others because 
the viewer can readily imagine being in the shoes of 
the participants. A further step is to involve remote 
viewers either in the simulation itself or in debriefings 
about what transpired. Several centers have been using 
videoconferencing to conduct simulation-based exer-
cises, including morbidity and mortality conferences.43 
Because the simulator can be paused, restarted, or other-
wise controlled, the remote audience can readily obtain 
more information from the on-site participants, debate 
the proper course of action, and discuss with those in the 
simulator how best to proceed.

DIMENSION 11: FEEDBACK METHOD 
ACCOMPANYING SIMULATION

One can learn a great deal just from simulation experiences 
themselves, without any additional feedback. For many 
simulations, specific feedback is provided to maximize 
learning. On screen-based simulators or virtual reality 
systems, the simulator itself can provide feedback about 
the participant’s actions or decisions,44 particularly for 
manual tasks for which clear metrics of performance are 
readily delineated.45,46 More commonly, human instruc-
tors provide feedback. This can be as simple as having 
the instructor review records of previous sessions that the 
learner has completed alone. For many target populations 
and applications, an instructor provides real-time guid-
ance and feedback to participants while the simulation is 
ongoing. The ability to start, pause, and restart the simu-
lation can be valuable. For the most complex uses of sim-
ulation, especially when training experienced personnel, 
the typical form of feedback is a detailed postsimulation 
debriefing session, often using audio-video recordings of 
the scenario. Waiting until after the scenario is finished 
allows experienced personnel to apply their collective 
skills without interruption and then allows them to see 
and discuss the advantages and disadvantages of their 
behaviors, decisions, and actions.

DIMENSION 12: ORGANIZATIONAL, 
PROFESSIONAL, AND SOCIETAL 
EMBEDDING OF SIMULATION

The final important dimension is the degree to which the 
simulation application is embedded into an organization 
or industry.47 Being highly embedded may mean that the 
simulation is a formal requirement of the institution or is 
mandated by the governmental regulator. Another aspect 
of embedding may be that—for early learners—the initial 
(steep) part of the learning curve is required to occur in a 
simulation setting before the learners are allowed to work 
on real patients under supervision. In addition, complete 
embedding of simulation into the workplace means that 
simulation training is a normal part of the work schedule, 
rather than being an add-on activity attended in the spare 
time of clinicians.

CONCEPTUAL ISSUES ABOUT PATIENT 
SIMULATION

“The key is the program, not the hardware,” was a truth 
about simulation learned early in aviation. Using simu-
lators in a goal-oriented way is at least as much about 
the conceptual aspects of the technique as it is about the 
technology of the simulation devices. An understanding 
of the conceptual and theoretical aspects of the use of 
simulation techniques can be helpful for determining 
the right applications of the technique and the impor-
tant matchups that must be made in the design and con-
duct of simulation exercises to obtain the best results. 
When used most effectively, simulation can be—to bor-
row a line from the band U2—”even better than the real 
thing.”21 The concepts discussed in this section concern 
the nature of realism and reality as they apply to simu-
lation and the way that these issues relate to the goals 
of simulation endeavors to generate a complex social 
undertaking. The ideas and concepts presented here are 
largely contributed by Peter Dieckmann and his adapta-
tion of broader psychological concepts to simulation in 
medicine.
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REALITY AND REALISM OF SIMULATION

Unless we are dreaming about it or we are an unrepentant 
solipsist, a simulation exercise is always real (it is actu-
ally happening), but it may or may not be a realistic rep-
lication of the reality that is the target of the exercise. 
Realism addresses the question of how closely a replica-
tion of a situation resembles the target. A key distinction 
is between a simulator (a device) and a simulation (the 
exercise in which the device is used). A simulator could 
be indistinguishable from a real human being (e.g., an 
actor playing a standardized patient) and yet be used in 
an implausible and useless fashion. Conversely, certain 
kinds of realism (see later) can be evoked by simulation 
exercises that use very simple simulators or even no simu-
lator at all (as in role playing, when the participants in a 
sense become the simulator). Merely creating a realistic 
simulation does not guarantee meaning or utility (e.g., 
learning).18,19 A closely related aspect concerns the ques-
tions of relevance and the social character of simulation.

THREE DISTINCT DIMENSIONS FOR 
SIMULATION REALISM

Simulator realism and simulation realism, using a vari-
ety of terms and concepts, are subtly different and often 
overlapping. These include physical fidelity (the device 
replicates physical aspects of the human body), environ-
mental fidelity (the simulation room looks like an oper-
ating room), equipment fidelity (the clinical equipment 
works like or is the real thing), and psychological fidelity22 
(the simulation evokes behaviors similar to the real situ-
ation), as well as a variety of forms of validity, such as 
face validity (looks and feels real to participants), content 
validity (the exercise covers content relevant to the target 
situation), construct validity (the simulation can replicate 
performance or behavior according to predefined con-
structs about work in real situations), and predictive valid-
ity (performance during a simulation exercise predicts 
performance in an analogous real situation).23,24

The results of studies trying to investigate roots and 
effects of simulation realism are not conclusive partly 
because each study may concentrate on a different aspect 
of this complex whole. It is simply not true that maxi-
mum “realism” is either needed or desired for every type 
of simulation endeavor. For some applications with some 
target populations, it can be highly advantageous to 
reduce the realism to heighten the learning experience.25

In 2007, we published an article attempting to clar-
ify some issues about realism, reality, relevance, and the 
purposes of conducting simulations.18 We applied the 
model of thinking about reality by the German psychol-
ogist Laucken to the realism of simulation.18 Laucken 
described three modes of thinking—physical, semantic, 
and phenomenal, which were renamed physical, concep-
tual, and emotional and experiential modes by colleagues 
in Boston.26

Physical Mode
The physical mode concerns aspects of the simulation that 
can be measured in fundamental physical and chemi-
cal terms and dimensions (e.g., centimeters, grams, and 
seconds). The weight of the mannequin, the force gen-
erated during chest compressions, and the duration of a 
scenario all are physical aspects of the simulation reality. 
Existing simulator mannequins have many unrealistic 
physical elements despite their roughly human shape: 
they are made of plastic, not flesh and bone; they may 
have unusual mechanical noises detectable during auscul-
tation of the chest; the “skin” does not change color. Some 
physical properties are not readily detectable and can be 
manipulated. Some clinical equipment used in manne-
quin-based simulation is fully functional and physically 
identical to the real thing, although in some cases, func-
tional physical limitations may have been introduced for 
convenience or for safety.23 Labeled syringes may contain 
only water instead of opioids, or a real defibrillator may 
have been modified so that it does not actually deliver 
a shock (one manufacturer sells a “Hollywood defibrilla-
tor”). That certain physical properties and functions have 
been altered is not usually apparent to participants, at 
least without special briefings or labels.

Semantic Mode
The semantic mode of thinking concerns concepts and 
their relationships. Within the semantic mode, a simu-
lation of hemorrhage could be described in conceptual 
terms as “bleeding” of flow rate x beginning at time y 
occurring at site z and associated with a blood pressure of 
b that is a decrease from the prior value of a. In this mode 
of thinking, it is irrelevant how the information is trans-
mitted or represented. The same pieces of information 
could be represented using a vital signs monitor, a verbal 
description, or the tactile perception of decreasingly pal-
pable pulses. The semantic recoding of physical objects is 
the cornerstone of simulation. It allows the simulation 
exercise to represent a real situation, and it allows water-
filled syringes to be treated as if they contain a drug.

Phenomenal Mode
The phenomenal mode deals with the experience, includ-
ing emotions and beliefs triggered by the situation. For 
many purposes, providing high phenomenal realism is 
the key goal, and the physical realism and semantic real-
ism are merely means to this end.

RELEVANCE VERSUS REALITY

A naïve view of simulation would suggest that greater real-
ism in all modes would lead to better achievement of the 
goals of simulation; this view has been criticized repeat-
edly.22,27,28 Simulation is a complex social endeavor, 
conducted with different target populations for different 
purposes. The relevance of a simulation exercise concerns 
the match between the characteristics of the exercise and 
the reasons for which the exercise is conducted. Differ-
ent elements of realism are emphasized or sacrificed to 
maximize the relevance of a simulation exercise. When 
training on invasive procedures, it is typical to forgo phe-
nomenal realism and emphasize physical and semantic 
realism so that psychomotor skills can be the focus.

Semantic realism may be sacrificed, especially to 
help early learners. Situations that could become lethal 
(e.g., trigger cardiac arrest) very quickly may be slowed 
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down so that inexperienced clinicians can try to think 
their way out of the problem. If such a situation were 
allowed to evolve at its normal speed, it would transi-
tion to management of cardiac arrest before the par-
ticipants could deal with the original problem. Other 
realism- sacrificing strategies for early learners include 
cognitive scaffolding, which provides various forms of 
assistance or cues to help these learners as they struggle 
with decision making and therapy selection. It is impor-
tant to select which aspects of the simulation are the 
most relevant to reach the training goal and should be 
focused on in terms of optimizing their realism in the 
different modes.

SETTING OF THE SIMULATION EXERCISE

Simulation exercises have a purpose and are generally 
integrated into a larger training context (often a course or 
a series of exercises) that influences how these exercises 
are conducted, how they are perceived by participants, 
and what kind of effects they may have. This context has 
been called the simulation setting. The typical elements of 
the simulation setting are discussed next and are shown 
graphically in Figure 8-2.
  

Setting introduction (SI): The introduction delivers general 
information on how the exercise will be conducted, 
logistical information, and some of the known pitfalls 
of the course. Through this introduction and other 
components of the course, group norms are established 
explicitly and implicitly.

Simulator briefing (SB) or familiarization: Participants need 
to be familiar with the simulator and the simulated 
environment through explanations, demonstrations, 
and hands-on time. They learn how to use the 
simulator, what it can and cannot do, what is normal 
(e.g., normal breath sounds), and how they can interact 
with the environment (e.g., how to call for help, how 
to request information about the patient that is not 
directly available in the simulation environment). 
The familiarization session also is an opportunity for 
participants to practice the information gathering 
they must conduct when first entering a new work 
environment (e.g., for locum tenens practice).

Theory input (T): Most exercises have didactic and 
theory components on relevant content information. 
Sometimes this material is made available in advance 
through readings or online exercises. It may be presented 
before or after a simulation session. Sometimes didactic 
or group-work modules are put in place at different 
junctures of the course or series.

Breaks (B): For complex courses (e.g., anesthesia CRM 
[ACRM]), breaks are important for socialization among 
participants and with instructors. Breaks also provide a 
venue for informal sharing and storytelling.

Case briefing (C): In many simulation scenarios, participants 
receive a briefing about the upcoming case. Sometimes 
this is done explicitly before entering the scenario; 
sometimes it is embedded into a natural hand-off of the 
case from one clinician to another.

Simulation scenario (S): Most simulation exercises involve 
a scenario that posits a given clinical situation and 
challenges to be posed to participants. Commonly, 
the possible evolutions of the scenario are delineated 
in advance by instructors, although occasionally an 
intrinsically challenging situation is started and then 
allowed to play out naturally, depending on how the 
participants react.

Debriefing (D): Most scenarios are followed by some form 
of debriefing or feedback. In some courses, feedback is 
only minimal, whereas other courses have a dedicated 
debriefing session (as long as or longer than the 
scenario itself) after each scenario (see the later section 
on debriefing for more detail).

Ending (E): Especially for multiple-scenario courses, a 
separate final session may be included to end the course. 
This is an opportunity to summarize issues that were 
covered, to address questions, and to consider how best 
to apply the principles covered to real patient care.

  

Components of a course are expected to have a cumu-
lative effect. Similarly, problems in early portions of a 
course (e.g., an inability to create an open learning atmo-
sphere during the introduction) can carry over into later 
Setting
intro

SI SB T C S D E

Simulator
briefing

Case
briefing

Debriefing EndingTheory Scenario

Figure 8-2. The simulator setting. A simulation course consists of different modules or different phases (e.g., setting introduction [SI], simula-
tor familiarization, scenarios [S], debriefings [D]). This figure shows a typical flow for a course with repeated loops back from debriefing to case 
briefing (C) for each scenario. The different modules are interrelated, and problems arising in one module can affect other modules (thin arrows). 
For example, it could be difficult to conduct an open, constructive debriefing if the scenario were irrelevant, or the simulator briefing insufficient, 
and or the instructor did not succeed in creating an open atmosphere in the beginning of the course. E, Ending; SB, simulator briefing; T, theory. 
(Courtesy P. Dieckmann.)
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phases. Inadequate familiarization briefings leave par-
ticipants confused as they try to perform “clinical work” 
with the patient replaced by a mannequin.

SITE OF SIMULATION

Over decades of experience, many different variants of 
simulation have evolved. One particularly rich set of vari-
ations involves the site of simulation. The types of sites 
currently in use are described; the advantages and disad-
vantages of each are summarized in Table 8-1. Many of 
these variants are not mutually exclusive and can be com-
bined in different hybrids. They are often administratively 
linked—a simulation group that operates a dedicated 
center often also conducts in situ, mobile, and moving 
patient simulation exercises at various times for different 
target populations and applications.

DEDICATED SIMULATION CENTER

One or more simulators may be used in a dedicated sim-
ulation facility, typically in rooms that can partially or 
fully replicate, in a relatively generic fashion, various clin-
ical environments (e.g., operating room, ICU, labor and 
delivery, emergency department). (For more details see 
the later section on characteristics of simulation centers.)

IN SITU SIMULATION

In situ simulation is conducted in an actual clinical work-
place; the simulator replaces a patient. In situ simulation 
is a necessity in the absence of a dedicated center, and it 
can be used in any clinical environment. It is especially 
useful for unusual workplaces that are difficult to recreate 
realistically in a simulation center, such as a catheteriza-
tion laboratory, computed tomography scanner, ambu-
lance, or air rescue aircraft (Figs. 8-3 to 8-9). Most in situ 
simulation is performed mobile as a temporary setup, but 
increasingly in situ simulation is established as residential 
simulation, in which a simulator is permanently installed 
in a clinical workplace (e.g., creating a simulation-specific 
room in the actual ICU).

MOVING THE SIMULATED PATIENT FROM 
ONE SITE OR CARE TO ANOTHER

The advent of completely portable and wireless simula-
tors supports exercises in which the simulated patient 
can be moved from one clinical site to another (see also 
TABLE 8-1 SITE OF SIMULATION

Site of Simulation Explanation Advantages Disadvantages

Dedicated center Fixed facility not part of an 
actual clinical work unit

Equipment permanently installed Inability to recreate exact work unit, 
equipment, supplies of diverse target 
populations

Facilitation of complex audiovisual 
systems

Possible difficulties for clinicians to be 
free to attend training

Ease of scheduling
Personnel not readily available  

for clinical work
No interference with actual clinical 

work
Multipurpose use

Temporary in situ Actual work unit; temporary 
setup and takedown

Real clinical site Difficulties in scheduling—may need 
site for clinical use

Probing or training of personnel in 
their actual work unit and using real 
equipment and supplies

Interference with actual clinical work; 
personnel readily drafted to return to 
clinical work

Ready ability for clinicians to attend  
in proximity to their work

Great effort of setup and takedown; 
minimal audiovisual system

Residential in situ Actual work unit; permanent 
facility

Same as temporary in situ High cost of creating a permanent 
simulation bed in a clinical work 
unit

Possible distraction from real clinical 
work; personnel possibly drafted

Patient movement 
simulations

Simulated transport from site 
to site

The challenging clinical work of 
transport itself

Requirement for multiple simulation 
sites

Replication of natural flow of  
patients and handoffs between 
teams

Technologic limitations of portable 
wireless simulators

Mobile simulation Travel of simulation systems  
and instructor crew to client 
(or neutral) sites

Simulation expertise brought to those 
who cannot or wish not to invest in 
it themselves

Possibly high transport costs (driver, 
fuel, vehicle)

For in situ use, all advantages thereof For in situ use, all disadvantages thereof 
plus even greater effort for setup and 
takedown
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Chapter 90). The patient could be brought into the emer-
gency department by ambulance; taken to a computed 
tomography scanner, interventional radiology, or oper-
ating room; and finally transferred to an ICU. Under 
what circumstances such movements are worth the effort 
remains to be determined.

MOBILE SIMULATION: “HAVE  
SIMULATOR—WILL TRAVEL”

Mobile simulation means that the simulator and the audio-
visual gear are moved (made mobile) outside the origi-
nating institution for purposes of the simulation event. 

Figure 8-3. In situ mobile simulation in a catheterization laboratory. 
The simulator is placed on the catheterization laboratory tables, sur-
rounded by the x-ray machines, thus complicating treatment of the 
patient by limiting space. The vital signs monitor is connected to the 
real monitors, providing relevant data to the catheterization labora-
tory team. The simulator is controlled from the catheterization labora-
tory control room. Multiple mobile cameras and a scan converter for 
vital signs provide a live video transmission to a temporary debriefing 
area for the nonactive part of the training group and allow for crisis 
resource management–based debriefings. (Photograph by M. Rall.)

Figure 8-4. In situ mobile simulation in a dentist chair. The simulator 
was equipped with artificial teeth gum and a chalk tooth preparation 
to drill, thereby simulating the dentist’s procedures (administering 
anesthetic or drilling). Then emergencies developed, and the team 
response was trained, focusing on crisis resource management key 
points and important medical aspects, including automated external 
defibrillator use. (Photograph by M. Rall.)
Figure 8-5. In situ mobile simulation team training in an ambulance. 
The limitations regarding space to work and move around inside an 
ambulance are very important. This situation represents a classic need 
for in situ training of prehospital teams (in Germany consisting of three 
paramedics and a prehospital emergency physician). In addition, take-
over scenarios (e.g., the helicopter team is taking over a patient from 
the ground-based team) are a challenge for crisis resource manage-
ment expertise (e.g., information transfer and continuous patient treat-
ment). (Photograph taken by M. Rall at an air rescue center in Germany.)

Figure 8-6. In situ mobile simulation team training in a helicopter. 
The mobile simulation control room with several cameras and micro-
phones is set up outside the helicopter and also provides a multiper-
spective view inside to monitor the scenario and react to activities 
performed. (Photograph taken by M. Rall at Airmed 2008 with the  
German Air Rescue (DRF) team.)



Chapter 8: Patient Simulation 177
A B

Figure 8-7. A, In situ mobile simulation training in a simulated apartment for prehospital teams. Apartment (living space) scenarios are very 
common for prehospital teams and require adaptation to local space availability and other circumstances (e.g., bystanders, dogs). B, Emergency 
department simulation with the prehospital team handing over a patient to the hospital staff—always a phase of high-demand and goal-oriented 
interactions. From a crisis resource management (CRM) training perspective, this scenario is a very good opportunity to highlight problems and 
unsafe practices (in the sense of high reliability) and to show good team performances using video clips of a scenario. (A, Photograph taken by M. 
Rall at a CRM training session with the South Tyrolean White Cross in Bolzano, Italy. B, Photograph taken by M. Rall during an instructor training course.)
In other words, the simulator comes to the participants. 
Mobile simulation can be conducted as in situ simulation 
in an actual site of a remote client institution, by setting 
up for simulation in conference rooms or hotel meeting 
rooms, or by having a simulation facility built into a truck 
or bus. The built-in mobile facility saves time in setup and 
takedown. It also is possible to conduct simulated field 
exercises by setting up the simulator outside (e.g., in a 
parking lot or athletic field).

ADVANTAGES AND DISADVANTAGES  
OF DIFFERENT APPROACHES

The advantages and disadvantages of different approaches 
are summarized in Table 8-1. Sites that lack a dedicated 

Figure 8-8. In situ mobile simulation in an intensive care unit (ICU)/
intermediate medical care unit location. The training in actual clinical 
areas also is especially useful for ICU-like surroundings. Crisis resource 
management–based trainings are very important to showcase these 
highly complex problems and the interactions needed to coordinate 
high-performing ICU teams. The training also allows for checking the 
local arrangement of equipment and possibilities to react to certain 
emergencies. There are already a few examples of residential in situ 
simulation in ICUs (see text). (Photograph by M. Rall.)
simulation center have no practical alternative either to 
perform in situ simulation or to be a client for mobile 
simulation. Simulation in the dedicated center facilitates 
scheduled training and the use of complex audiovisual 
gear. Simulators can be preset, tested, and ready to go. 
Briefing and debriefing facilities are immediately at hand. 
In a dedicated center, it is common to use inexpensive dis-
carded, flawed, or outdated clinical equipment and sup-
plies. The major disadvantage to a dedicated center is that 
regardless of how well equipped it is, it can never replicate 
the equipment, layout, and clinical processes of actual 
clinical workplaces. In addition, participants know that 

Figure 8-9. In situ mobile crisis resource management (CRM)–
focused simulation team training inside an actual operating room. 
This debriefing room is temporarily set up in an induction room. The 
use of videos for debriefing (here on a 42-inch flat panel placed over 
the basin) is highly recommended. Training inside a hospital often 
includes training actual teams and training a large proportion of 
employees with the same setup. These mass training sessions seem to 
have a much greater impact and longer-lasting effects of the lessons 
learned, including CRM behaviors (see text on subthreshold training). 
(Photograph by team TuPASS [Center for Patient Safety and Simulation, 
University Hospital, Tübingen, Germany], who performed at a full team 
training of the anesthesia department at Steinenberg Medical Center, 
Reutlingen, Germany.)
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they are in a simulation center, and this knowledge may 
alter their demeanor and reduce the impact of training.

In situ simulation seems ideal in that it probes and 
challenges personnel and systems as they actually exist, 
thus unmasking real issues of patient care. It is available, 
in principle, to all sites, even those without a dedicated 
center, and it is conducive to short courses and unan-
nounced mock event drills. In situ simulation has disad-
vantages, however. It is difficult to organize, schedule, 
and control. The clinical area planned for simulation 
may not be vacant or may be needed on short notice. 
The simulations can be distracting to real patient care sur-
rounding them, staff members engaged in the simulation 
are prone to being pulled into clinical duty, and train-
ing sessions may be constantly interrupted. Most clinical 
supplies must be taken from the stocks of the work unit 
to prevent mixups with outdated simulation supplies, 
thereby adding expense. The audiovisual gear that can 
be deployed in a real clinical site has major limitations.  
A permanent in situ facility may provide the best of both 
worlds. Such an arrangement offers unique opportunities, 
such as the ability to replay immediately difficult cases in 
the simulator next door, the possibility to use low work-
load times for spur-of-the-moment simulation sessions, 
and the ability to conduct long-term simulations (team 
members responsible for a simulated ICU patient over 
days or weeks). The major drawback to this approach is 
that addressing diverse clinical domains requires such a 
site in every domain, and this could be extremely costly.

TEAM TRAINING, SINGLE DISCIPLINE, 
AND CREWS

Each discipline in health care can be considered a crew 
containing one or more individuals. Several crews may 
work together closely as a team. The operating room 
team consists of an anesthesia crew, a surgery crew, and 
a nursing crew (and crews of technicians and support 
personnel).

Further complementarity exists regarding the homoge-
neity of the target population in simulations. When the 
simulation is intended to go beyond specific medical and 
technical skills for individuals (as in CRM-oriented simu-
lations) and to involve nontechnical skills and teamwork, 
we distinguish between single-discipline approaches 
(training crews to work in teams) and true combined 
team (multidisciplinary) training.

The importance of teamwork and team training is 
widely accepted,29-34 although team training is still not 
widely implemented. The prerequisites for effective team-
work (e.g., team leadership, mutual performance monitor-
ing, backup behavior, adaptability and team orientation,34 
and the concept of team cognition) are discussed in  
Chapter 7.

SINGLE DISCIPLINE

Training for single-discipline crews (e.g., anesthesiolo-
gists) involves curricula in which all participants are from 
a single discipline, and other crew members’ roles are 
played either by instructors and confederates or by other 
simulation participants. This approach allows tailoring 
simulations to challenge skills, knowledge, and situations 
specific to the discipline, including material that may be of 
little relevance to other crews and in the context of a wide 
variety of clinical situations (e.g., cardiac, orthopedic, or 
general surgery; labor and delivery; intensive care). Single-
discipline training can emphasize generic skills of dynamic 
decision making, resource management, leadership, and 
teamwork applicable to any challenging clinical situation. 
In the single-discipline approach, scenarios can be designed 
that present specific types of personalities and behaviors by 
other crew or team members, rather than relying on the ad 
hoc behavior of real personnel from those disciplines. Even 
without actual personnel from other disciplines, training 
crews to work in teams also provides a degree of cross-dis-
cipline understanding by allowing participants to discuss 
other team members’ views of the same situation.

For dedicated center simulations, single-discipline ses-
sions are simpler logistically because only one discipline 
needs to be present, rather than scheduling someone from 
each of the disciplines. In addition, simulations can be 
applied to some disciplines even in domains where cred-
ible simulators for the work of each team member are not 
yet available. The single-discipline approach may be of 
particular relevance for trainees who, when finished with 
their training, will go on to work in many different set-
tings and with many different kinds of personnel. It also 
may be of greatest value for individuals who do not work 
in fixed crews or teams and who must acquire generic 
teamwork skills that can be used with all co-workers.

COMBINED TEAM TRAINING

The complementary approach is to conduct combined 
team training, in which all participants of the team, from 
crews of several different disciplines (e.g., surgeons, nurses, 
anesthesiologists), undergo training together. Combined 
team training allows for more natural team interactions 
and reinforces understanding across disciplines. Successful 
examples of such undertakings have been reported in many 
fields, including obstetrics (combining obstetrics, anesthe-
sia, nursing, and neonatology and pediatrics) and inten-
sive care (combining physicians from multiple disciplines 
with nursing, respiratory therapy, and pharmacy).31,35-48

Combined team training may be most effective when a 
specific group of individuals is to work together clinically 
as a dedicated team. In dedicated simulation centers, 
combined team training can be difficult to schedule, and 
it may require instructors from several of the disciplines 
to conduct the debriefings. Combined team simulations 
may be easiest to organize when they are conducted as 
unannounced mock events that activate the actual bed-
side team (e.g., ward or unit team, rapid response team, 
or code team). In such situations, the real combined team 
is mobilized as they would be in real life.

DEBRIEFING FOR SIMULATION TRAINING

Debriefing refers to a special time and format for talking 
about an episode of action in the past; it is the counter-
point to a briefing, which occurs before an action or task. 



The term originally came from the military, for after-
action reviews of real missions and simulations. In medi-
cine, the debriefing concept was introduced to simulation 
training by Gaba and colleagues as part of the whole 
concept of CRM-based simulation training for anesthe-
sia teams.17,49 This section focuses on debriefings in the 
context of simulation team training.

DEBRIEFING—HEART AND SOUL  
OF SIMULATION TRAININGS

In aviation and health care simulations, debriefing after 
a simulation team training session is a key element— 
perhaps the most important element—of simulation 
training.45 Debriefing offers an unparalleled opportunity 
to reflect and discuss openly and understand other team 
member’s intentions, thoughts, and problems. Much of 
the learning occurs in this self-reflective episode. Eventu-
ally, these routines will be applied to clinical medicine 
(e.g., surgical team timeout).

NEW WAY OF TEACHING

Debriefing, as described in aviation and introduced and 
refined for medicine by Gaba and others,46,50 requires a 
complete understanding by instructors of their role in 
promoting learning (see Chapter 9).51 The philosophy of 
teaching and learning in a debriefing of a CRM-based sim-
ulation course differs from the traditional clinical teach-
ing style (Table 8-2). The instructor’s role is to facilitate 
the learning process, by directing the participants to the 
most interesting and important areas for consideration 
and stimulating discussion among participants to find the 
underlying issues and to seek solutions for future events of 

s
m
m
v
n
i
f
s
t
e
e
t

T

A
t
m
a
w
m
s

a
d
w
l
t
F

i
t
a
c

TABLE 8-2 TRADITIONAL TEACHING VERSUS 
FACILITATION IN SIMULATION TRAINING COURSES

Traditional Teaching: 
“Teacher”

Debriefing Facilitation: “Instructor/
Facilitator”

Focus on theoretical 
knowledge

Focus on human factors and CRM 
aspects

Focus on what Focus on why and deeper analysis of 
why it did (not) work

Teacher is the best 
(expert)

Instructor just moderates, uses 
knowledge of participants

Teacher tells participants 
what to do

Instructor helps participants to find 
what they could have done and 
what would be the best way

Teacher knows what 
is important for 
participants

Instructor helps to self-reflect and 
gain realistic self-awareness and 
consciousness

Instructor guides toward interesting 
areas

Talks most Stimulates discussion among 
participants

Domain expert CRM expert
No teaching training Extensive instructor training
No video Use of video of own and others’ 

scenarios
Teacher knows what has 

been learned (or not)
Instructor may not be aware of all 

aspects that participants take home

CRM, Crisis resource management.
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imilar type. Facilitation is a new way of teaching and often 
ust be learned by instructors, even though they have 
any years of traditional teaching experience. The use of 

ideo for debriefing can advance the self-reflective compo-
ent of debriefings, but it requires additional expertise to 

ntegrate it successfully with self-reflection.52-57 Generally, 
aculty members intending to be primary debriefers need 
pecial training and practice in this teaching method (see 
he later section on instructor qualification).52,56-64 Sev-
ral simulation centers conduct instructor training that 
mphasizes debriefing skills, and debriefing is a frequent 
opic of workshops at large simulation conferences.

ECHNIQUE OF DEBRIEFING

lthough debriefing styles and philosophies differ at cen-
ers around the world, a common ground is shared by 

ost centers: debriefing should stimulate self-reflection, 
nd it should analyze how something happened and 
hat the underlying concepts for doing so were, rather than 
erely finding out what happened. Usually the debriefing 

ession lasts at least as long as the scenario itself.
Detailed discussions about the different techniques 

ppear in the literature.45,46,51,65-68 To prepare a good 
ebriefing, the instructor is challenged during the scenario 
ith performing several tasks in the control room, such as 

istening to trainees, talking to the instructor team, con-
rolling the simulator, and making notes for the debriefing. 
igure 8-10 illustrates the different levels of attendance.

Debriefings by nature have different phases, as shown 
n Table 8-3. The phases are not meant to be followed in 
his time sequence and order. Often two or more phases 
re covered for one problem of the scenario—especially 
linical problems are covered while discussing how and 

igure 8-10. The multiple levels of work for crisis resource man-
gement (CRM)–based instructors in the control room. The reflec-
ions in the one-way mirror of the control room make the multiple 
evels of activity transparent. The team of instructors has to control 
he simulation as such, but team members also make notes for the 
RM-based debriefing. The scenario inside and the audio streams 

telephone call) must be monitored. In addition, the instructors must 
eal with simulation team role players and instructor trainees inside 
he control room. These complex tasks need some training and good 
eam organization on the part of the simulation center team. (Pho-
ograph by B. Schaedle, at a PaedSim training at University Hospital, 
übingen, Germany.)
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TABLE 8-3 PHASES OF DEBRIEFINGS: ISSUES RELEVANT TO CRISIS RESOURCE MANAGEMENT–BASED 
SIMULATION DEBRIEFING

Phase of Debriefing Explanation

Ending the scenario When possible, the scenario should not be stopped too early. Participants should be allowed 
to realize the natural end of the scenario. Ideally, it should not be terminated when 
participants are in the thick of it.

Scenario-to-debriefing transition Most sites use “hot” debriefing, in which participants enter the debriefing room immediately 
from the simulation room. This allows the instructor to hear and see participants’ direct 
reactions. Another option is to give the participants a few minutes to discuss the scenario 
itself while the instructor is planning the debriefing.

Emotional venting All participants who were actively involved are given the opportunity to say how they felt 
during the scenario. This vents pent-up feelings and may be a time to deal with anomalies 
in the scenario (e.g., simulator malfunction).

Descriptive phase Participants describe what happened (or portions of the video are replayed). Different points 
of view (e.g., “hot seat” versus first responder versus surgeon confederate) are shared.

Self-identification of issues It can be useful, before anyone else, including the instructor, is allowed to critique the 
scenario, to allow active participants to say whether they themselves detected any errors 
or actions that they would do differently. It can be painful and rude to critique participants 
about something they are aware of themselves.

Discussion of clinical content Any major issues of clinical treatment and related crisis resource management points should 
be covered. A debriefing should not end without discussing and clarifying any significant 
clinical errors and ensuring that participants understand the correct management.

Analysis Debriefings should provide considerable analysis of why things happened vis-à-vis the 
intentions of all parties, as well as alternatives and their pros and cons.

Opportunities for systems improvement Based on the analyses, participants can be asked to suggest how the system can be changed 
to improve handling of similar situations in the future.

Transfer to the “real world” Participants can discuss how lessons from the scenario or debriefing can be applied in the 
real clinical world. They should discuss barriers to improvement and ways to overcome 
them.

Providing a “take-home message” from the 
scenario and debriefing

A summary of the key points of the debriefing, either by the instructor or the participants 
themselves, can be useful.

Terminating the debriefing Debriefings are rich in content and could extend beyond the time available. Marking the 
end of the debriefing can be a useful transition to preparing for the next scenario or to the 
end-of-day activities.
when they happened (analysis). Then another prob-
lem is analyzed and discussed in terms of different 
phases. Nevertheless, at the end of a good debriefing, 
all phases should have been covered according to their 
respective importance. No debriefing style is associated 
with a proven better learning outcome, and there may 
never be definitive data on the techniques because of 
the nature of the topic—reflective practice of high-level 
cognition.

USE OF VIDEO FOR DEBRIEFINGS

Although the value is not proved, segments of video 
recordings to support and deepen debriefing as a learning 
and self-awareness experience are frequently used.57,69 
Anesthesia does not allow for much self-reflection and 
feedback during routine clinical work. Experienced col-
leagues typically work alone, and there is often little feed-
back from other anesthesiologists or from other operating 
room personnel. This situation is changing, however, 
with the use of automatic anesthetic records and infor-
mation technology (see Chapters 1, 4, 5, and 6).

The lack of feedback leaves a large theoretical gap 
between the way individuals think they perform and 
how they act in reality. Video sequences can correct this 
gap and provide an awareness of how participants have 
really acted. In addition, one’s own video recordings 
can be compared with the recordings of other partici-
pants (either their own course coparticipants or trigger 
videos meant to stimulate discussion). “Live transmis-
sion” of scenarios to participants not actively involved 
in the scenario also is useful. When this technique is 
used, the observers can be given special tasks (e.g., look 
for CRM key points 10 and 11 in Box 8-4). A study in 
Tübingen, Germany evaluated the use of so-called col-
laboration scripts in the passive phase of watching oth-
ers perform.

The video should be used in the service of the debrief-
ing, rather than the other way around. We believe that 
if the discussion is active and on target, it is useless 
to interrupt it just to show a video. Video may have 
a greater impact during participants’ first simulation 
experiences. Here they are sometimes struck by what 
can be revealed on seeing themselves and others work. 
As they gain more experience with simulation, and 
when debriefers are experienced, participants may not 
need exposure to the video to hone in on key issues to 
discuss.

CLINICAL APPLICATION OF DEBRIEFING 
METHOD

The application of the previously described debriefing 
techniques to the discussion of real-world clinical critical 
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incidents seems very promising. Applying the debriefing 
technique learned in the simulator after a critical incident 
in short debriefing circles of the involved clinical team 
has proved quite valuable.41,50,70,71-73

SCENARIO DESIGN

The design of scenarios for interactive simulation team 
trainings is demanding and typically differs from prepar-
ing training exercises for traditional curricula, such as 
megacode trainings in advanced life support. Full simu-
lation scenarios are complex enough that their design is 
usually an iterative process by which the scenarios are 
continually improved through experience.

This section can give only an overview of the impor-
tant aspects of scenario design for realistic simulation 
team training. The reader is referred to detailed pub-
lished examples of scenarios in Simulation in Healthcare,74 
as well to more detailed literature about the principles 
of scenario design.3,75 The topic also is covered exten-
sively in most of the instructor training curricula that 
are offered at sites around the world. International and 
regional simulation meetings (International Meeting 
on Simulation in Healthcare [IMSH] of the Society for 
Simulation in Healthcare [SSH], Society in Europe for 
Simulation Applied to Medicine [SESAM]) often pro-
vide workshops on scenario design, and the user groups 
of the major simulator manufacturers also have work-
shops on the topic (see the later section on simulation 
societies).

GOAL ORIENTED

Scenarios usually are designed to achieve learning objec-
tives or other goals, such as a formal needs analysis of 
the relevant target group for training concerning clinical 
and technical skills or nontechnical CRM skills, or both 
(see Chapter 7). Alternatively, simulation-savvy clinician 
educators may intuitively know what kinds of scenarios 
are likely to be valuable for their participant populations, 
or they may have learned about good examples in their 
instructor training or in the literature. The cases are not 
as important as the nature of the underlying challenges 
that they pose to participants. Train the causes, not the 
cases.

Scenarios should be relevant to the trainees. This rel-
evance is more important than realism and depends on 
many factors, including the trainees’ backgrounds and 
experience and the method of conducting the scenario 
and related parts of the simulation course (e.g., familiar-
ization, case briefing, role players).

CONSTRAINTS AND LIMITATIONS

It is easy to suggest a scenario on paper but more difficult 
to translate it into an effective scenario for actual use. 
Limitations and constraints must be considered, includ-
ing features and limitations of the simulators avail-
able, personnel resources at hand, the props or external 
systems that would be needed to engage participants, 
and the time available for the proposed scenario. In 
our experience, most scenarios are first generated with 
an idea that may be small or undeveloped. The idea is 
fleshed out by discussion and on paper in an iterative 
fashion, with limitations addressed either by creative 
redesign of the proposed situation or by minor techni-
cal modifications using the simulator software or simu-
lation environment. The new scenario usually is tested 
out first by instructors and simulationists (the technical 
staff members who operate the simulators and prepare 
the environment). It can be pilot tested with a volun-
teer group of participants from the target population. 
The first one or two sessions typically will reveal many 
problems and flaws in the original scenario layout. After 
a scenario has been designed and tested, it is advisable 
to add comments and suggestions for improvement con-
tinuously after each training session.

SCENARIO TEMPLATES

Many centers have developed templates for the design of 
their scenarios. Figure 8-11 is an example of a summary 
sheet of the template used by M. Rall and P. Dieckmann 
and taught during their instructor courses. The full ver-
sion of it is available online (www.inpass.de/download/
scenarioscript.html). Other scenario templates are pop-
ular, including the Duke University template (simcen-
ter.duke.edu/SimTemplate1203.doc). The peer-reviewed 
journal Simulation in Healthcare publishes “Simulation 
Case Reports,” which contain detailed scenario descrip-
tions. Some professional societies have created scenario 
repositories for members; the American Society of Anes-
thesiologists (ASA) Simulation Committee has a reposi-
tory for scenarios to be shared among its ASA-endorsed 
simulation programs.

INSTRUCTOR QUALIFICATION

Teaching with simulation covers a diverse spectrum of 
applications. In some cases, it is similar to teaching at the 
bedside, only the patient is a simulator, in which case the 
skills needed are nearly identical to those used in ordi-
nary clinical supervision and teaching. Special implica-
tions exist for instructing in courses that involve complex 
realistic scenarios, with multiple personnel in crews and 
teams, using video-facilitated debriefings in small groups, 
and with a focus on human factors and CRM principles 
and countermeasures. In such courses, the skills needed 
to be a successful instructor go considerably beyond 
those typically used by teaching clinicians. Quality of 
the instructors is the essential element for any simulation 
course: “The key is the program, not the hardware.”10 
Ensuring instructor competence in using simulation and 
in debriefing facilitation skills is very important.

Advanced simulation course formats generally closely 
reflect Kolb’s circle of adult experiential learning: (1) self-
experience (participate in the scenario) or vicarious expe-
rience (observe scenario live), (2) reflect on experience 
(debriefing), (3) abstract conceptualization (debriefing, 
relate to theoretical material), and (4) active experimen-
tation (future scenarios and use of skills in real cases)76 
(Fig. 8-12).

http://www.inpass.de/download/scenarioscript.html
http://www.inpass.de/download/scenarioscript.html
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Scenario Script

Developed by P. Dieckmann & M. Rall, Germany

Quick reference: Scenario name

Major problem Medicine CRM

Learning goal Medicine CRM

Staffing Simulator team Participants

Narrative
description

Case briefing All participants “Hot seats” only

Simulator setup
Mannequin preparation

Room setup

Simulator
operation

Scenario lifesavers

Props needed

Figure 8-11. A scenario design template. The figure shows the summary page of a scenario design template, which has more space and details 
in the full version. The template also includes a script to explain the different fields and their best use. The template is a regular part of the instruc-
tor training courses. It can be obtained in a more detailed version from www.inpass.de/download/scenarioscript.html. (scenario script template by  
P. Dieckmann and M. Rall.)
TASKS OF INSTRUCTORS

The tasks of a simulation instructor differ from the tasks 
of a classic medical educator or a trainer for part-task or 
skills training. The most prominent differences are the 
following:
  

 •  Need to brief the course participants about an unfamiliar 
environment

 •  Creation of relevant, plausible scenarios to reach the 
intended learning goals

 •  Theatrical aspects of enacting complex realistic scenarios
 •  Need for simultaneous control of the simulator, the 

simulation personnel (instructors, actors, and confe-
derates), and learning objectives during multiperson 
complex scenarios with built-in problems and chal-
lenges and an uncertain flow pathway of action by 
participants

 •  Need to provide debriefing and feedback after the 
scenario, often assisted by replay of video recordings, 
primarily using a facilitation style in small groups and 
handling group dynamics and individual sensitivities

 •  Concentration largely on CRM nontechnical skills of 
decision making, team management, interpersonal 
relationships, communication, and professionalism

INSTRUCTOR TRAINING

For such complex instructor skills, formal training seems 
warranted. David Gaba pioneered instructor training for 
CRM-oriented simulation courses in a consortium of the 
Veterans Affairs (VA)–Stanford Simulation Center (Palo 
Alto, CA) with the Boston Center for Medical Simulation 
and the University of Toronto Sunnybrooke Simulation 
Center. This consortium spread the ideas and format of 
CRM simulation instructor training around the world. 
Marcus Rall has been running instructor courses in coop-
eration with Peter Dieckmann for more than 1000 inter-
national participants. Many institutions offer different 
instructor courses nationally and internationally (ranging 

http://www.inpass.de/download/scenarioscript.html
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from 2 to 6 days in length, depending on the course and 
its scope); the reader is referred to the simulation societ-
ies for information about such courses (SSH, SESAM). The 
process and impact of instructor training are being evalu-
ated, much as the process of simulation training itself 
is being assessed. Some early evidence is emerging that 
such courses have value. In addition, shorter introduc-
tory courses on instructor skills are offered every year at 
the international health care simulation meetings (e.g., 
SSH’s IMSH conference or the SESAM annual meeting), 
and many workshops at the meetings cover topics such as 
debriefing, instructor training, and CRM training.

Box 8-2 presents an example of learning objectives for an 
instructor training course. For experiences and effects of the 
instructor course by Dieckmann and Rall, a poster presented 
at the IMSH 2006 with a short description of the InFacT 
course and results from a response-shift bias analysis can be 
downloaded from the following website: www.inpass.de/ 
download/infactposter.html. The most difficult task for 
traditional medical teachers is to learn to stop instructing 
and start facilitating—guiding participants toward a deep 
learning experience.

CERTIFICATION OF INSTRUCTORS

The original simulation instructors were self-taught 
in these skills, and the programs or centers that they 
founded were pioneers in this field (see also the later sec-
tions on pitfalls of performance assessment and the use of 
simulation for high-stakes evaluation). Now, simulation 
has become widespread. How can programs of different 
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Figure 8-12. Simulation team training with live video transmission 
as an ideal representation of Kolb’s learning circle. During the sce-
nario, trainees have a hands-on experience. This is actively reflected 
in the debriefing. The live video to the nonactive group in the current 
scenario allows useful reflective observation. During the debriefing, 
all trainees have a phase of conceptualization, in which the instructor 
uses generalizations of factors and root causes to show how behav-
ior developed as it did in the scenario (deep learning). During the 
feedback in the debriefing, but also in the next active scenarios, par-
ticipants have opportunities to apply and experiment with the newly 
learned input. (Modified from Kolb DA: Experiential learning: experi-
ence as the source of learning and development. Englewood Cliffs, NJ, 
1984, Prentice-Hall.)
levels of maturity, experience, and quality be differenti-
ated? Several systems of program approval have emerged, 
some of them of particular interest to anesthesia profes-
sionals. The ASA in 2008 began a process to endorse anes-
thesia simulation programs (the ASA chose not to use the 
term accredit) (see also Chapter 1). Centers were origi-
nally endorsed for their ability to deliver high-quality 
continuing medical education (CME) to ASA members. 
After reaching agreement with the American Board of 
Anesthesiology (ABA) in 2010, this ASA Simulation Edu-
cation Network (SEN) rapidly transformed into a group 
of programs capable of conducting the semistandard-
ized Maintenance of Certification in Anesthesia (MOCA) 
Simulation Course, a component of Part IV of the ABA 
MOCA process. As of May, 2013, the ASA had endorsed 
36 programs, each of which was reviewed and approved 
by the ASA Committee on Simulation Education (now 
considered a Simulation Education Editorial Board) after 
completion of a detailed application documenting the 
capability and experience of their simulation instructors, 
leadership, facilities, and procedures (for ASA members, 
see http://www.asahq.org/For-Members/Education-and-
Events/Simulation-Education.aspx). The American Col-
lege of Surgeons (ACS) has an accreditation program for 
Surgical Education Institutes, of which simulation in vari-
ous forms is an important component. Many anesthesia 
simulation programs are partners in their institution’s 
ACS accreditation package. The SSH offers a more com-
prehensive set of accreditations. Most anesthesia simula-
tion programs, even those in the ASA SEN, have chosen 
not to obtain SSH accreditation and have relied instead 
on the anesthesia-focused endorsement.

Should instructors receive documented formal train-
ing and certification? The SSH offers a Certification for 

Understand how it feels to be a participant in a simulation 
scenario and to be debriefed in a group while seeing oneself on 
video.

Understand the interdependent influence of the different 
course phases (see Fig. 8-2), and apply this knowledge to a 
simulation course.

Reflect on the changing instructional styles that can be appli-
cable to simulation courses (instruction—facilitation).

Understand basic concepts of human factors, systems theory, 
and organizational safety.

Be able to detect, explain, and discuss crisis resource manage-
ment key points in the debriefing of scenarios.

Use recorded video of scenarios well, and select the most 
relevant portions for replay and discussion.

Be able to facilitate a debriefing in a nonjudgmental atmos-
phere with appropriate boundaries.

Understand how to manage the individual sensitivities and 
group dynamics of participants during debriefing.

Be able to focus debriefing on the analysis of what happened, 
why things happened the way they did, and how to apply these 
lessons to real patient care.

BOX 8-2 Learning Objectives for Crisis 
Resource Management–Oriented Simulation 
Instructor Courses

Modified from the learning objectives of former instructor courses by Gaba, Rall, and 
Dieckmann.

http://www.inpass.de/download/infactposter.html
http://www.inpass.de/download/infactposter.html
http://www.asahq.org/For-Members/Education-and-Events/Simulation-Education.aspx
http://www.asahq.org/For-Members/Education-and-Events/Simulation-Education.aspx
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Healthcare Simulation Educator (CHSE). It is largely ori-
ented to those relatively new to simulation, to document 
their experience, skills, and knowledge (a written test is 
given). However, most anesthesia simulation personnel 
have not and are not planning to obtain SSH CHSE certi-
fication. The ASA SEN endorsement process examines the 
simulation background of instructors, as well as the pro-
cess by which each site trains and approves new instruc-
tors for their program.

It is likely that the skills and certification needed (if any) 
for an instructor will vary greatly with the particular course 
or curriculum being taught. Competence in conducting a 
video-based CRM debriefing would not be needed, and 
would not help, to teach specific manual procedures (e.g., 
airway management or central venous cannulation) using 
part-task trainers. Instructor certification, whether internal 
to a program or external, could ultimately be connected 
to the specific types of courses each individual is capable 
of conducting. A tiered instructor certification system also 
would likely provide for advancement from novice instruc-
tor to grand master as experience and special training are 
acquired.

CLASSIFICATION OF PATIENT 
SIMULATORS

No accepted classification scheme has been devised for the 
use of patient simulators in anesthesia. Any classification 
involves some overlapping and gray areas.47 Cumin and 
Merry published a review about available simulators.77 
The following classification and definitions are used in 
this chapter. In addition to simulators, computer-assisted 
instruction programs and computer-based training 
devices are available. Although training devices may rep-
licate certain portions of the clinical domain, they do not 
attempt to replicate the bulk of the work environment. 
Some individuals consider the screen-only microsimulator 
(also known as a screen-based simulator) to be a training 
device and not a simulator. Computer-assisted instruc-
tion programs and training devices are not reviewed in 
this chapter. This chapter addresses patient simulators in 
anesthesia that present the overall patient as would be 
seen by anesthesiologists, intensivists, or others. Devices 
related purely to emergency medicine, surgical or proce-
dural simulators that present only the technical work of 
surgery or invasive manipulations (e.g., bronchoscopy, 
intravenous access), and partial-task screen-based simula-
tors (e.g., Gas Man, Med Man Simulations, Inc, Boston) 
are not discussed here.

In this chapter, a patient simulator is a system that pres-
ents a patient and a clinical work environment of imme-
diate relevance to anesthesiologists (e.g., operating room, 
postanesthesia care unit, ICU) in one of the following 
ways:
  

 1.  In actual physical reality, defined as a mannequin-
based simulator (former and still commonly used 
synonyms are full-scale simulator, hands-on simula-
tor, realistic simulator, high-fidelity simulator). These 
simulators can be subdivided in terms of the way that 
vital signs monitoring is accomplished (interfacing to 
real clinical monitoring devices or using its own vir-
tual replica of a monitor screen) and in terms of the 
primary control logic of the simulator (by individual 
controls and scripts or by using physiologic and phar-
macologic modeling).

 2.  On a computer screen only, defined as a screen-only or 
screen-based simulator (some anesthesiologists prefer 
the term microsimulator).

 3.  Using virtual reality, defined as a virtual reality simula-
tor. In such a device, parts or all of the patient and envi-
ronment are presented to the user by three-dimensional 
representations with or without “touch” to create a more 
immersive experience. A screen-only simulator could be 
viewed as a very limited virtual reality simulator.

COMPONENTS OF A PATIENT SIMULATOR

A patient simulator system contains several components 
(Fig. 8-13).47 A set of outputs makes up a representation 
of the patient, the clinical environment, and diagnostic 
and therapeutic equipment. For screen-only simulators, 
this representation is generated graphically on the com-
puter screen. For mannequin-based simulators, the rep-
resentation is generated by using a patient mannequin, 
in addition to either actual clinical equipment or virtual 
replicas of monitor screens, placed (typically) in a recre-
ated actual clinical setting. The mannequin and, where 
appropriate, the clinical equipment are stimulated 
or actuated by interface hardware. Mannequin-based 
simulators often use physical stimulation of clinical 
equipment in addition to electronic stimulation. The 
mannequin can actually be ventilated with any desired 
mixture of inspired gases. Carbon dioxide and other 
gases can be introduced physically by the simulator into 
the mannequin’s lungs to provide the desired elements 
of gas exchange. A real respiratory gas analyzer can be 
used to measure the inspired and expired gases. The cur-
rently available features of full-scale, mannequin-based 
patient simulators are presented in Table 8-4.

Any simulator must have control logic by which 
changes in the simulated patient’s condition can be 
generated, controlled, and sent to the appropriate out-
put of the representation. Originally, the control logic 
was embedded in the software as a fixed sequence of 
events, or it consisted largely of continuous input from 
the instructor working from a script. Some current 
simulators use upgraded types of manual control logic 
that allow scripting of combinations of changes in 
control input. Other current simulators incorporate a 
more sophisticated technique using mathematic differ-
ence equations that model a patient’s physiology and 
pharmacology to provide the bulk of the control logic. 
These models can be tailored to represent different 
patients with different pathophysiologic abnormalities.

Not all states or changes in a patient can be mod-
eled by differential equations. Ventricular fibrillation is 
a totally different state of heart rhythm that does not 
evolve continuously from normal rhythms. No model 
can predict exactly when a patient will have a myocardial 
infarction or when an ischemic heart will begin to fibril-
late. A model can predict only factors that increase the 
likelihood of such events. Most simulators incorporate 
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Figure 8-13. Schematic diagram of the generic architecture of patient simulator systems. The simulator generates a representation of the patient 
and the work environment with appropriate interface hardware, display technologies, or both. The representation is perceived by the anesthesi-
ologist, whose actions are input to the simulator through physical actions or input devices. The behavior of the simulated scenario is manipulated 
by the instructor or operator through a workstation that allows selection of different patients, abnormal events, and other features of the simulated 
patient. The control may be manual, script based, or model based with manual adaptation to reach optimal learning outcomes. ICU, intensive 
care unit; OR, operating room. (Diagram by D.M. Gaba.)

TABLE 8-4 FUNCTIONALITY OF CURRENT MANNEQUIN-BASED SIMULATOR SYSTEMS*

Clinical Area Features and Functions Remarks

Airway Appropriate pharyngeal and glottic anatomy The airway often provides an acceptable seal for ETT; 
the seal for supraglottic airway devices can be 
variable, but it generally does allow positive pressure 
ventilation.

The facemask seal is often difficult, as is placement of 
the ETT.

Cricotomy of modest anatomic realism; the tissue does 
not feel like real skin and lacks a subcutaneous fat 
layer; no bleeding occurs; however, the simulation 
does allow going through the physical steps of 
inserting a subglottic surgical airway.

Placement of facemask, ETT, LMA, LT, Combitube
Laryngospasm, tongue and airway swelling, 

cervical immobility, jaw closure, breakable teeth
Cricothyrotomy
Transtracheal jet ventilation
Bronchial anatomy (to the lobar bronchus level)

Head Eyelid movement, pupil dilation, and reaction to 
light or medications

Patient voice and sounds such as coughing and 
vomiting (through built-in loudspeaker)

The live voice is preferred to the prerecorded audio clips 
because of higher flexibility in scenarios.

Palpable carotid pulses
Cyanosis represented by blue light at the edge of 

the mouth
The blue light is a cue that the patient is cyanotic, but it 

does not physically replicate the appearance of cyanosis.
Tearing, sweating

Chest Physiologic and pathophysiologic heart and breath 
sounds

Spontaneous breathing with chest wall movement

Breath and heart sounds through loudspeakers; sounds 
contain artifacts and mechanical noise. Often sound 
level depends on position of stethoscope relative to 
loudspeaker.

Bronchospasm
Adjustable pulmonary compliance
Adjustable airway resistance
Pneumothorax
Needle thoracotomy and chest tube placement As for cricothyrotomy the anatomy is not very realistic, 

but the mannequin may allow performance of these 
procedures.

Defibrillation, transthoracic pacing ECG
Chest compressions

Continued on following page
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TABLE 8-4 FUNCTIONALITY OF CURRENT MANNEQUIN-BASED SIMULATOR SYSTEMS (Continued)

Clinical Area Features and Functions Remarks

Extremities Palpable pulses (dependent on arterial pressure)
Cuff blood pressure by auscultation, palpation, or 

oscillometry
Modules for fractures and wound modules
Intravenous line placement
Thumb twitch in response to peripheral nerve 

stimulation
Arm movement Most current simulators do not provide even limited 

robotic movement of limbs.
Representations of tonic-clonic seizure activity These representations are cues that lack anatomic 

reality.
Monitoring (waveforms  

or numeric readouts)
ECG (including abnormalities in morphology and 

rhythm)
SpO2

Most simulators provide a simulated virtual vital signs 
display; some can interface to actual clinical monitors.

Invasive blood pressure
CVP, PAP, PCWP
Cardiac output
Temperature
CO2 (may be actual CO2 exhalation)
Anesthetic gases (may have actual uptake and 

distribution of agents)
Cardiopulmonary bypass Some simulators include(d) a virtual cardiopulmonary 

bypass machine.
Automation and sensors Chest compressions

Ventilation rate and volume
Defibrillation and pacing (including energy 

measurement)
Gas analyzer (inspired O2, anesthetics)
Drug recognition (drug identification and amount)

CVP, Central venous pressure; ECG, electrocardiogram; ETT, endotracheal tube; LMA, laryngeal mask airway; LT, larynx tube; PAP, positive airway pressure; 
PCWP, pulmonary capillary wedge pressure; SpO2, saturation of peripheral oxygen.

*The features listed are each present in some existing simulators, but not all features are present on any single device. Sets of features depend on the 
device and model.
other modeling techniques in addition to the basic physi-
ologic and pharmacologic mathematic equations, includ-
ing finite-state models, instructor initiation of abnormal 
events, and manual modulation of modeled parameters. 
In finite-state models, different underlying clinical states 
are defined, each of which has appropriate entry condi-
tions and transition conditions to other states. When an 
entry or transition condition is met, a new state becomes 
active and may directly trigger new observable phenom-
ena (e.g., ventricular fibrillation) or may alter constants 
in the mathematic models that then evolve in time.78-80

The control logic of most simulators is manipulated 
through an instructor or operator’s station that allows 
the instructor to create specific patients, select and imple-
ment abnormal events and faults, and monitor the prog-
ress of the simulation session. The system may have a 
remote-controlled, handheld instructor or operator’s 
station in addition to the main instructor or operator’s 
station. The instructor or operator’s station typically pro-
vides logs of physiologic changes and the anesthesiolo-
gist’s response, and it may provide graphics to support 
the analysis of a simulation run. Some screen-based sim-
ulators provide advice and tutorials linked to the man-
agement of simulated events. With mannequin-based 
simulators, especially for applications in which complete 
work environments are recreated, it is common to obtain 
detailed records of the simulation and the actions taken 
from video and audio recordings of the personnel work-
ing in the replicated clinical environment.

Modern simulators still do not provide many of the 
desired features listed in Box 8-3. Many different simu-
lator systems are available. No single system is the best 
choice for all uses, so the decision about the type of simu-
lator required must be based on the objectives and needs 
of the application. In our experience, the success of a sim-
ulator program is not determined primarily by the type of 
the simulator used, but mostly by the enthusiasm, skill, 
and creativity of instructors, as well as the time and effort 
devoted to preparing and performing credible simulation 
scenarios.27

In general, a good way to feed information to participants about 
various phenomena that cannot be simulated physically is to 
announce the missing signs and symptoms by loudspeaker from 
the control room to the scenario room. Such information is 
transmitted at the semantic level of reality and is usually incor-
porated by participants into their mental model of the simula-
tion (although occasional misunderstandings or mismatches 
occur between what is observed physically and the information 
 announced by loudspeaker).

Audio Announcements Are Very Powerful 
Simulation Tools
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VIRTUAL REALITY SIMULATORS

Virtual reality refers to a set of techniques in which one 
interacts with a synthetic (virtual) environment that exists 
solely in the computer.81 In the typical conception of virtual 
reality, representation of the synthetic environment is fed 
directly to the eyes (three-dimensional head-mounted dis-
plays), the ears, and possibly the hands and limbs (special 
instrumented gloves and sensors). The actions of the user in 
the environment are translated directly from typical physi-
cal activities, not through manipulating a special pointing 
device. Realization of this ideal is a continuum involving 
compromises in these input-output modalities. At one end 
of the continuum, which we call a complete virtual reality 
simulation, the participant is immersed in a virtual world 
that fully replicates at least three sensory inputs—full three-
dimensional vision, hearing, and touch (the last is more 
technically known as a haptic-kinesthetic system)81—and 
allows complete physical interaction with the world. The 
“holodeck” of Star Trek would be an example.

At the other extreme of the continuum is a screen-
based simulator that generates a limited virtual setting, 
with its output restricted to a screen display, and provides 
interaction with the virtual world only through a point-
ing device. Screen-based simulators provide an interface 
to the human sensory system that is very far from physi-
cal reality, whereas a complete virtual reality simulation 
may be, in its most advanced form, nearly indistinguish-
able from the real world. A partial virtual reality simulator 
would replicate fewer senses (or less complete replication, 
such as a three-dimensional visual representation on a 
two-dimensional screen) or could restrict physical inter-
action with the world, or both. Finally, one can imagine 
hybrids of realistic simulators and virtual reality simula-
tors (sometimes called mixed reality) in which the vir-
tual reality representation is overlaid onto a real physical 
environment.

Some surgical and procedural part-task trainers 
and simulators, such as those used for laparoscopic, 

Advanced skin signs such as
Change in skin color to cyanotic or pale
Improved diaphoresis
Change in skin temperature (e.g., as a result of shock or fever)
Rash, hives, or generalized edema

Regurgitation, vomiting, airway bleeding or secretions
Physical coughing (currently only sounds are simulated)
Realistic convulsions
Purposeful movements of extremities
Improved or possible support for spinal, epidural, or other 

regional anesthesia procedures
Improved EEG signals (e.g., for BIS, AEP, PSI)
Improved intracranial pressure
Support for physical central venous and arterial cannulation
Improved fetal and maternal cardiotocogram

BOX 8-3 Desirable Features of Future 
Mannequin-Based Simulator Systems*

AEP, Auditory evoked potential; BIS, bispectral index; EEG, electroencephalographic; 
PSI, patient state index.

* This list contains features that are not currently incorporated. Some features may be 
under development and could be available after publication of this book. In addi-
tion, some features are currently available as third-party or homemade add-ons.
endoscopic, or endovascular procedures, could be con-
sidered virtual reality because the real procedure is per-
formed only using a video display that can be recreated 
by the simulator. A comprehensive virtual reality patient 
simulator would be very complicated, however, because it 
requires the following:
  

Complete computer model of the patient, the environment, 
and the function of every object in the environment 
that could be used (e.g., monitoring devices, carts)

Means of tracking visual, audio, and touch fields of the 
user to determine what is to be displayed and to identify 
what physical actions are being performed

Appropriate display hardware for every sensory modality 
and appropriate input hardware for each action 
pathway (e.g., touch, speech)

Hardware to compute all the models, to conduct the 
tracking, and to produce all the output to the display 
hardware in real time

  

Immersive virtual reality is a rapidly developing field. 
It has stimulated intense interest in numerous domains, 
particularly space flight, the military, and entertain-
ment. Although the potential of this approach is very 
exciting, virtual reality is still under development. Pro-
totype virtual reality patient simulators in anesthesia or 
intensive care have been discussed informally, but as of 
this writing, no published experience with any meaning-
ful immersive virtual reality patient simulation system 
exists.

A related type of simulation is the virtual environment 
or virtual world. According to Wikipedia, a virtual world 
is a computer-based simulated environment intended for 
its users to inhabit and interact through avatars (users’ 
graphic [often perspective three-dimensional] representa-
tion of their selves). Such systems typically allow mul-
tiple participants to control their own avatars (including 
speech) simultaneously over a network and to interact 
verbally and by virtual physical actions within a com-
monly perceived virtual environment. This technology 
currently portrays the virtual world as perspective three-
dimensional images on a computer screen with sound. 
Virtual worlds have been commonly used for games (the 
popular World of Warcraft game has 9 million monthly 
subscribers), whereas other virtual worlds encompass 
online communities (e.g., Second Life, in which the pri-
mary activity is socializing, although commerce and edu-
cation take place).

In a medical virtual world, the patient may be an auto-
mated avatar controlled by the computer, or the patient 
may be an avatar inhabited by a human participant (an 
unusual case of an actor playing a standardized patient). 
Virtual worlds are starting to be used in health care, espe-
cially for acute care settings such as the ICU, the emer-
gency department, or field resuscitation.

Although virtual reality simulators have many theo-
retical advantages over screen-based and mannequin-
based simulators (e.g., more overall realism in some 
cases, instantaneous reset of the environment), these 
advantages are currently offset by the immaturity 
of the field. Despite considerable hype about virtual 
reality, such systems are now either very limited in 
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capability or very expensive, and in most cases, they 
are both limited and expensive. A true virtual reality 
immersion experience in a patient care setting compa-
rable to that obtainable with a mannequin-based simu-
lator is not yet on the horizon. Nonetheless, it is likely 
that virtual reality techniques eventually will eclipse 
other types of simulators. In the 1990s, Gaba predicted 
that this would occur by 2020, but the rate of develop-
ment of immersive virtual reality has been slower than 
expected.82,83

DEVELOPMENT OF PATIENT SIMULATORS

The descriptions given in the following sections are very 
brief, and the introduction of new or upgraded features 
in all the simulation systems continues steadily. For up-
to-date information about any of the current systems, the 
reader is advised to contact the manufacturers or develop-
ers directly.

The history of the development of patient  simulators—
particularly the mannequin-based simulators that are in 
wide use—has been well covered in several review articles 
and book chapters.5,84-86 The history is of some relevance 
to anesthesiology because of the dominant role played 
by anesthesiologists in the early development of man-
nequin-based simulation. Anesthesiologists continue to 
play a major role in this field today, far out of proportion 
to their numbers relative to other medical domains.

In the late 1960s, a mannequin-based simulator—Sim 
One—was produced by an aerospace company working 
with anesthesiologists at the University of Southern Cali-
fornia. For that era, it was a technologic marvel and was 
years ahead of its time.87 The Sim One project drifted into 
oblivion, however, largely because the medical professions 
were not ready to understand the applicability of simula-
tion to key issues of training, research, and assessment, 
especially regarding the importance of human factors.

Several patient simulators were developed and intro-
duced in the middle to late 1980s. Each was an indepen-
dent development, and none had any direct connection 
with the Sim One project. Several factors led to these 
advances. Most prominent was the new availability of 
powerful (comparable to advanced minicomputers of a 
decade earlier) personal computers (PCs) at a relatively 
cheap price. The popularity of various simulators for 
PCs (e.g., flight simulators, driving simulators) showed 
that simulation of complex systems was possible with a 
PC, and a screen-based simulator could give users some 
degree of feel that they had been in the environment. On 
the applications side, the public and the anesthesia pro-
fession had become more aware of the utility of simula-
tion-based training for military and commercial aviation, 
space flight, automobile driving, shipping, military com-
mand and control, and the operation of nuclear power 
plants. Media coverage of the space program and cor-
rective responses to the 1979 Three Mile Island nuclear 
power plant accident in Pennsylvania highlighted the role 
of simulators. Another pivotal factor was growing interest 
in anesthesiology in studying the anesthesiologist’s per-
formance and the human factors and ergonomics of the 
anesthesia work environment (see Chapter 7).88-91
SCREEN-BASED SIMULATORS 
(MICROSIMULATORS)

Beginning in the mid-1980s, several screen-based simula-
tors were developed by anesthesiologists. These included 
part-task trainers that simulated isolated aspects of anes-
thesia, such as the uptake and distribution of anesthetic 
gases in the body given different physiologic and physical 
chemistry situations (the well-known Gas Man simulator 
has excelled in this role). Other overall-task screen-based 
simulators represented nearly all aspects of the patient 
and clinical environment. Originally, the control logic 
was based heavily on mathematic models of physiology 
and pharmacology; some of the screen-based simulators 
have converted to control largely from scripts and finite-
state models. Originally, the patient was represented by 
drawings or animations, but increasingly in these systems 
the representation of the patient is by photographs or 
videos. Vital signs appear on virtual monitors that may 
mimic real clinical devices. Actions are selected typically 
using a graphic user interface, pointing and clicking on 
menus and buttons, and using sliders and numeric entry 
boxes to allow control of most kinds of interventions that 
clinicians use on a regular basis.

EXPERIENCE WITH PATIENT SIMULATORS 
IN ANESTHESIA

Several companies now offer mannequin-based patient 
simulators with a wide range of capabilities (the term fidel-
ity is reserved for the apparent veracity of the simulation; 
the simulator device has a set of features or capabilities) 
and with different user interfaces and control logics. Most 
simulators in use today (coming from several vendors) are 
considered medium-capability devices. They do approxi-
mately 70% as much as a top-of-the-line simulator, but 
at approximately 15% of the cost of the most expensive 
simulators. This value proposition has been persuasive 
to most customers, although for certain applications the 
high-end simulators still may be required.

The new patient simulators have been in use in anesthe-
sia since the 1990s, and considerable collective experience 
with the devices already has been achieved. This section 
and subsequent sections cover the use of simulators for 
education, training, evaluation, and research (the last espe-
cially in decision making and human factors). The results 
of simulator studies with regard to human performance 
and patient safety are discussed primarily in Chapter 7.

SIMULATION FOR EDUCATION AND 
TRAINING OF HEALTH CARE PERSONNEL

The various available patient simulators offer an unparal-
leled opportunity for students to experience physiologic 
and pathophysiologic reactions in a realistic manner. 
Different objectives are possible for teaching sessions.  
A study by Morgan and Cleave-Hogg concluded that “the 
simulator environment is somehow unique and allows 
different behaviors to be assessed.”92 The objectives of 
education are to provide conceptual understanding and an 
introduction to skills, whereas the objective of training is to 
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implement specific skills and behaviors applicable directly 
to real-world surroundings. Consistency in objectives is 
important for evaluating education and training; if we are 
teaching conceptual understanding, but assessing specific 
skills, we may obtain misleading results.93

A Best Evidence Medical Education (BEME, www. 
bemecollaboration.org) review by Issenberg and col-
leagues concluded that high-fidelity medical simulations 
are educationally effective, but only if the right conditions 
are met, as follows24:
 •  Educational feedback is provided.
 •  Repetitive practice is used or is allowed.
 •  Simulation is integrated sensibly into the standard 

curriculum.
 •  The range of task difficulty can be adapted to the level 

of the learner.

SIMULATION FOR EDUCATION AND 
TRAINING OF MEDICAL AND OTHER 
HEALTH PROFESSION STUDENTS

The structured review about simulation effects on sim-
ulation-based medical education by Issenberg and col-
leagues showed the following: (1) the methodologic 
quality of educational research is often weak; and (2) in 
the high-quality studies that were evaluated, the effect 
between hours of simulator practice and learning out-
comes equaled a dose-response relationship.24 Studies 
by Coates and associates94 and Gordon and co-workers95 
showed that simulator education for medical students on 
patient management skills related to dyspnea was supe-
rior to problem-based learning.

Various curricula exist,68,93,96-106 including the following:
  

 •  Educational sessions and demonstrations on basic 
cardiopulmonary physiology or pharmacology; in some 
institutions, these sessions replace animal laboratory 
exercises.107

 •  Introduction to integrated management (i.e., inter-
weaving of diagnosis and treatment) of critically ill 
patients; this training is offered to immediate preclinical 
medical students as part of their preparation for clinical 
medicine courses.

 •  Anesthesia practicum for clinical students during 
anesthesia or intensive care clerkships.

 •  Problem-solving skills training; simulation has been 
tested as a means of educating and training students 
in the appropriate response to specific critical events. 
Morgan and Cleave-Hogg tested simulation versus 
instructor-facilitated viewing of a videotape for this 
purpose and found no difference between the two.108 
The generalizability of this finding has been questioned, 
however.93

 •  Adaptation of curricula originally aimed at experienced 
trainees or practicing clinicians to students; interest 
is increasing in providing early exposure to medical 
students, and possibly students of nursing or allied health 
professions, to interdisciplinary team aspects of medical 
practice. The aim is to inculcate concepts of teamwork 
and communication at the earliest stages of education 
and training as a vehicle to implement long-term culture 
change in the health care system.  
A stimulating critical overview of medical education 
in general was written by Hodges and was provocatively 
titled “Medical Education and the maintenance of Incom-
petence” (emphasis added).109 The article points out that 
any type of education runs a risk of creating or maintain-
ing incompetence in certain areas, especially areas that are 
ignored by the actual educational program. Objective 
structured clinical examination–style methods in particu-
lar are criticized because students may learn to pass the 
objective structured clinical examination but still have 
even gross incompetence in important aspects of real 
patient care that are not covered by the objective struc-
tured clinical examination rating scale. Simulation offers 
the promise of targeting more thorough integration of 
different kinds of skills into a better representation of the 
realities of clinical care. Nonetheless, we recommend that 
all simulation instructors be especially cognizant of the 
risks that Hodges articulates.

ANESTHESIA CRISIS RESOURCE 
MANAGEMENT

In 1989, based on the cognitive process model presented 
in Chapter 7 and the research results of Cooper and co-
workers,88,110 Howard and associates111 and Gaba89,90 of 
the VA-Stanford group identified gaps in the training of 
anesthesiologists regarding several critical aspects of deci-
sion making and crisis management that were not system-
atically taught during standard residency or postgraduate 
education. These gaps were (1) inadequate learning of 
precompiled plans for dealing with perioperative events; 
(2) inadequate skills of metacognition and allocation of 
attention; and (3) inadequate skill in resource manage-
ment behavior, including leadership, communication, 
workload management, monitoring, and cross check-
ing of all available information. Historically, it had been 
assumed that anesthesiologists would acquire these plans 
and skills by osmosis, solely by experience and by observ-
ing role models who had these qualities. As indicated in 
a previous section, the aviation field had learned that 
such skills were not acquired unless specifically taught, 
and CRM training was created to address these issues for 
flight crews. The VA-Stanford group modeled their ACRM 
training after CRM,111 and this approach has been highly 
influential. ACRM-like curricula are taught at simulation 
centers around the world, not only in anesthesia, but also 
in many other domains of health care, including ICU, 
emergency medicine, labor and delivery, trauma, and 
field responders.* Figure 8-14 shows a typical ACRM team 
training scenario.

To target the identified gaps in training, approximately 
40% of the emphasis of ACRM is on the medical and 
technical management of specific high-risk perioperative 
situations, but at least 60% of the emphasis is on generic 
principles of crisis management that apply to nearly every 
complex patient care situation. The key teaching points of 
ACRM are shown in Box 8-4. These points are emphasized 
during the ACRM simulation course, and their occur-
rence or omission is highlighted during the video-assisted 
debriefing sessions (see more on CRM in Chapter 7).

* References 17, 34, 37, 39, 41, 42, 68, 84, 112-129.

http://www.bemecollaboration.org
http://www.bemecollaboration.org
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A working group of the original ACRM centers (VA-Stan-
ford, Boston CMS, Toronto Sunnybrooke) promulgated a 
set of criteria to be met by a curriculum to be called either 
“ACRM” or “ACRM-like.” Box 8-5 presents an excerpt of 
the criteria. The full set of criteria is available at http:// 
med.stanford.edu/VAsimulator/acrm/.

These criteria delineate that special training is needed 
for instructors in ACRM-like curricula. Experience sug-
gests that the most difficult aspect of ACRM instructing 
is debriefing, and new instructors require a significant 
period of experience, preferably under supervision by 
more senior instructors, before being ready to be fully 
independent instructors. Several groups working sepa-
rately or collectively have developed comprehensive 
training programs on simulation instruction, including 
substantial modules on debriefing and scenario design.

 1.  Know the environment.
 2.  Anticipate and plan.
 3.  Call for help early.
 4.  Exercise leadership and followership with assertiveness.
 5.  Distribute the workload (10 seconds for 10 minutes).
 6.  Mobilize all available resources.
 7.  Communicate effectively.
 8.  Use all available information.
 9.  Prevent and manage fixation errors.
 10.  Cross check and double check (never assume anything).
 11.  Use cognitive aids.
 12.  Reevaluate repeatedly (apply the 10 seconds for 10 minutes 

concept).
 13.  Use good teamwork.
 14.  Allocate attention wisely.
 15.  Set priorities dynamically.

BOX 8-4 Key Points in Anesthesia Crisis 
Resource Management*

* Detailed explanation of crisis resource management key points is given in Chapter 7.

Figure 8-14. Anesthesia crisis resource management team training 
scenario. A full operating room team (enacted surgeons and nurses) 
is performing a complicated endoscopic surgical procedure (replayed 
on screen). The anesthesia team consisting of the trainee (“hot seat”) 
and the nurse must solve complex problems. Video cameras (ceiling), 
microphones, and loudspeakers provide the necessary connectivity 
and debriefing tools. (Photogtaph taken by M. Rall at the Center for 
Patient Safety and Simulation, University Hospital, Tübingen, Germany.)
ACRM-like curricula use several teaching modalities to 
achieve these goals, including the following:
  

 •  A comprehensive textbook on anesthesia crisis 
management: Crisis Management in Anesthesiology. This 
book includes didactic material on ACRM principles 
and a comprehensive catalog of critical incidents in 

Objectives

Learn generic principles of complex problem solving, decision 
making, resource management, and teamwork behavior.

Improve participants’ medical and technical, cognitive, and 
social skills in the recognition and treatment of realistic, complex 
medical situations.

Enhance capacity for reflection, self-discovery, and teamwork 
and for building a personalized tool kit of attitudes, behaviors, 
and skills.

Aim

Prevent, ameliorate, and resolve critical incidents.

setting chArActeristics

A realistic simulation environment replicates a relevant work set-
ting (or an actual patient care setting with in situ simulation).

Personnel will represent those persons found in the typical 
work environment of the participant, including nurses, surgeons, 
and technicians.

The bulk of the training course consists of realistic simulations 
followed by detailed debriefings.

Primary participants can request and receive help from other 
participants.

Participants may rotate among various roles during different 
scenarios to gain fresh perspectives.

Simulation scenarios may be supplemented by additional 
modalities, including activities such as assigned readings, didactic 
presentations, analysis of videotapes, role playing, or group 
discussions.

Training involves significant time (>4 hours, typically ≥8 hours) 
and is conducted with a small group of participants.

cOntent chArActeristics

Scenarios require participants to engage in appropriate profes-
sional interactions.

At least 50% of the emphasis of the course is on crisis resource 
management behavior (nontechnical skills), rather than medical 
or technical issues (nontechnical skills are discussed in Chapter 
7).

Observation only is not equivalent to actual participation in 
the course.

FAculty chArActeristics

Training is intense and entails a high level of involvement of fac-
ulty with the participants and a low participant-to-faculty ratio.

Faculty members, especially those leading debriefing, have 
special training or experience in conducting crisis resource 
management–oriented training.

DebrieFing chArActeristics

Debriefings are performed with the whole group of participants 
together and use (as appropriate) audio-video recordings of the 
simulation sessions.

Debriefings emphasize constructive critique and analysis 
in which the participants are given the greatest opportunity 
possible to speak and to critique and to learn from each other 
(debriefing facilitation).

BOX 8-5 Characteristics of Anesthesia Crisis 
Resource Management–Like Simulator Training

http://anesthesia.stanford.edu/VASimulator/ACRM_Criteria.htm
http://anesthesia.stanford.edu/VASimulator/ACRM_Criteria.htm
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TABLE 8-5 EVALUATION OF ANESTHESIA CRISIS RESOURCE MANAGEMENT COURSE IN HARVARD ANESTHESIA 
SIMULATION TRAINING 

Attending Staff (n = 30) Residents and Fellows (n = 34)

Rating Scale
Evaluation of Simulator 

Environment (%)
Value of ACRM  

Course (%)
Evaluation of Simulator 

Environment (%)
Value of ACRM  

Course (%)

Less favorable 1 13 3 9 1
2 10 3 6 2
3 15 15 11 4
4 10 25 28 28

More favorable 5 33 54 46 75

Modified from Holzman RS, Cooper JB, Gaba DM, et al: Anesthesia crisis resource management: real-life simulation training in operating room crises,  
J Clin Anesth 7:675-687, 1995.

ACRM, Anesthesia crisis resource management.
anesthesia that provides guidelines for preventing, 
recognizing, and managing 83 perioperative situations 
in a uniform format. The catalog section of the text 
is intended to provide study material to increase 
anesthesiologists’ stock of precompiled response plans 
to common and uncommon situations. This textbook 
has been translated into Japanese and German.

 •  A brief presentation reviewing the principles of CRM 
and patient safety.

 •  Analysis of a videotape of an aviation accident.
 •  Small group exercises analyzing a videotape of an 

actual patient care mishap or analyzing written or 
video presentations about difficult cases.

 •  Several hours of complex multifaceted realistic sim-
ulations in which training participants rotate through 
different roles, including primary anesthesiologist, 
first responder (called cold, with no knowledge of the 
situation), and scrub nurse. Other personnel play the 
roles of surgeons, nurses, and technicians as in a real 
operating room. Each situation is followed by a detailed 
debriefing with video feedback (see the earlier discussion 
of debriefing).

  

Several publications have detailed the response of par-
ticipants with varying levels of experience to ACRM train-
ing.111,125 Participants have been extremely positive about 
their experience in the ACRM course, and most believe 
that it contributes to their safe practice of anesthesia. Table 
8-5 shows the results of one of the earliest studies on that 
topic. At VA-Stanford, ACRM has been extended to a mul-
tilevel course conducted over several years (i.e., ACRM 1, 
2, 3). As the course levels progress, the scenarios become 
more complex and involve subspecialties of anesthesia. In 
addition, additional teaching modules cover other impor-
tant aspects of organizational safety, such as systems think-
ing in morbidity and mortality conference settings or peer 
review settings, follow-up response to severe adverse peri-
operative events, and disclosure to the patient or family of 
bad news after an adverse event.

ACRM courses and ACRM-like variants are now offered 
worldwide and are often mandatory for trainees (and in 
some cases for experienced personnel). In Denmark, ACRM-
like training courses are a legal requirement for nurse anes-
thetists (3-day course) and for first-year (2-day course) and 
third-year residents (4-day course), in addition to some 
other simulator training courses (e.g., difficult airway). 
Further plans are being made to require simulation training 
for ICU and recovery room nurses and ICU residents.130-132 
Salas and colleagues published an excellent critical overview 
about prerequisites for effective CRM training.32

SIMULATION FOR TRAINING  
OF ANESTHESIA RESIDENTS

Simulation is now a widely used technique in the train-
ing of anesthesia residents (see also Chapter 9). It is used 
in various ways—for technical training on particular pro-
cedures or patient care protocols (especially for airway 
management), for supplementing didactic instruction 
about anesthesia equipment, and for training on issues of 
decision making and nontechnical skills as outlined ear-
lier concerning ACRM. Nearly every anesthesia residency 
program in the United States offers some cogent simula-
tion training experiences, although the scope, frequency, 
and target content vary.

Other disciplines and other countries may not have 
adequate simulation training coverage during residency, 
as evidenced by a study by Hayes and colleagues.133 This 
study examined the perception of Canadian internal 
medicine residents to be qualified for their service on the 
cardiac arrest team: 49% felt inadequately trained, 50% 
believed that the provided advanced life support course 
did not prepare them enough to lead the arrest team, and 
almost none received postevent debriefing or feedback.133

SPECIAL CONSIDERATIONS IN PEDIATRIC 
SIMULATION

A sizable body of international experience with simu-
lation in pediatric settings now exists (see Chapter 
93).41,59,127,134,135-140 A study by Overly and co-workers 
that assessed airway management skills in pediatric resi-
dents identified many areas of concern about residents’ 
abilities.141 The authors concluded that high-fidelity 
simulation can be used to assess residents’ airway man-
agement, and that the training program was effective to 
teach these skills.

Many centers use pediatric simulators predominantly 
for training of the management of critical incidents and 
medical emergencies. These simulations target trainees 
and specialists in anesthesia and pediatric critical care 
medicine. Because of the frequent organizational and 
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clinical overlap among personnel engaged in pediatric 
anesthesia, critical care, and emergency medicine, mul-
tispecialty personnel (physician crews from different 
specialties), and multidisciplinary personnel (crews from 
different professional disciplines), team training can be 
particularly helpful to prevent failures of cooperation 
at treatment interfaces (Figs. 8-15 and 8-16). A review 
by Eppich and colleagues on team training in pediatric 
acute care settings underlined the impact and effective-
ness of team training for pediatric teams.34 The American 
Academy of Pediatrics specifically recommends team-
work and communication training for all health care 
professionals in pediatric emergency settings, and the 
American Heart Association has included a team concept 
video and eight elements of team dynamics in its training 
programs.142-144

In contrast to adult medicine, the demand in pediat-
rics for simulation has been largely to address particular 
points of medical knowledge and technical skill, perhaps 
because many medical staff have little experience with 
pediatric care, especially for cases involving neonates and 
infants (Box 8-6).145 Many simulation courses in pediatric 
anesthesia or intensive care need extensive involvement 
by experienced pediatric clinicians. More senior clinical 
personnel who work regularly in pediatric settings may 
be comfortable with their pediatric clinical skills, but they 

Figure 8-15. Pediatric full team simulation training. The primary 
trainees (anesthesia) must solve problems with the infant simulator 
while urologic surgical team members perform the procedure. (Photo-
graph provided by C. Eich.)
may be more interested in the generic nontechnical skills 
that are equally applicable to pediatric and adult care.142

A positive correlation exists between the difficulty of 
pediatric scenarios and the participants’ own perception 
of the learning effect.145 Scenarios that participants rarely 
encounter in their clinical practice (e.g., an infant in cir-
culatory shock secondary to extensive thermal injury) on 
the one hand are thought to be threatening, but on the 
other hand are considered to be particularly beneficial in 
terms of training effect. A commonplace but interesting 
aspect inherent in pediatric simulation is the incorpora-
tion of role play by family members. Although family 
members may be present in adult medicine, their pres-
ence in pediatrics is nearly ubiquitous.146 This presence 
can put further strain and stress on the provider, thus 
making it particularly useful to add family role players 
(either trained actors or instructors or even the partici-
pants themselves) to pediatric simulation scenarios.134

Figure 8-16. Neonatal crisis resource management and resuscitation 
training at a neonatal emergency workplace. All treatment steps must 
be performed in the simulation to show the need to coordinate and 
delegate. The experienced instructor (on the right side of the infant) 
is taking part as a team member, whereas another instructor team is 
in the control room, to preside over simulation control and debrief-
ing videos. (Photograph taken at Stanford Simulation Center, Stanford 
University, Palo Alto, Calif.)

Huge discrepancy between high degree of required clinical profi-
ciency and an often limited level of expertise

Strong demand for training on medical-technical aspects of 
management—recommendation to participate in a pediatric 
advanced life support course before simulation team training 
course

Need to familiarize with parental presence during pediatric anes-
thetic care by combination of simulation and role play

Requirement by the small patient of an even better organiza-
tion of the work environment and task responsibilities (in situ 
training)

High-impact multidisciplinary team training, including crisis 
resource management

High level of interest in assessment and certification of trainees 
and subspecialists for work in pediatric anesthesia

BOX 8-6 Unique Aspects of Simulation in 
Pediatric Anesthesia
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CONTINUING MEDICAL EDUCATION

Most simulation centers offer CME for experienced prac-
titioners, and nearly all aspects of simulation training for 
residents (except novice training) can be expanded for this 
purpose. Several studies have shown that experienced anes-
thesiologists also have deficiencies in the management of 
critical patient situations and make severe errors compa-
rable to those of anesthesia residents.80,132,147-151 A study 
by Jacobsen and associates in Denmark,152 involving 42 
specialist anesthesiologists, showed major deficiencies in 
the diagnosis and treatment of anaphylactic shock and in 
application of the ACRM principles when a score adopted 
from Gaba and Howard was used.85,153 Because crisis situa-
tions are rare during routine clinical work, these results are 
not unexpected. In addition, experience in terms of years 
on the job and hierarchy probably do not correspond to 
expertise and excellence. Crisis management training with 
simulators should be started early in education and training 
and applied on a recurring basis during practice.

An aspect of CME training in the United States is that 
it is regulated separately by each state, and it is nearly uni-
formly based only on the number of hours spent in the 
activity. Reading a short article and answering a handful 
of questions can generate 1 hour of credit, as can sitting 
through a lecture. Simulation training is generally much 
more interactive and much more intensive than other 
activities. In Australia and Germany, CME requirements 
are expressed in terms of points to be accrued. Simula-
tion training counts for a large number of points per hour 
spent, commensurate with its intensity, which may make 
simulation-based CME financially competitive relative to 
simpler methods.

The ASA has established a standing Simulation Edito-
rial Board. The ASA offers an endorsement (analogous to 
but different from an accreditation) of simulation pro-
grams that can show their capability to offer excellent 
CME curricula to ASA members. The Committee began 
reviewing applicants for endorsement in 2008.

At the Harvard University hospitals, the captive insurer, 
Harvard Risk Management Foundation, has taken unprec-
edented steps to link simulation-based CME training to 
discounts for medical malpractice premium rates for expe-
rienced clinicians in anesthesia and in obstetrics (J. Cooper, 
personal communication, 2005). This forward-thinking 
program is now being adopted by other malpractice car-
riers. In some jurisdictions, risk managers have chosen to 
invest directly in simulation activities at their institution, 
rather than to use the premium discount approach.

USE OF PATIENT SIMULATION FOR 
TRAINING HEALTH CARE PERSONNEL 
OUTSIDE ANESTHESIA

Anesthesiology remains a driving force in the use of simu-
lation in health care, but simulation has spread to nearly 
every discipline and domain. It has proved particularly 
applicable to other areas that share the cognitive profile of 
anesthesiology—dynamic decision making (played out over 
seconds, minutes, and hours), with complex teams, wield-
ing highly lethal interventions. ACRM-like training has 
been performed in settings that include, but are not lim-
ited to, intensive care,129,154 emergency medicine and emer-
gency field responders,155-160 trauma medicine and surgery, 
neonatology (neonatal resuscitation and neonatal ICU), 
labor and delivery (see Fig. 8-16),161,162 cardiac arrest and 
rapid response teams,163-165 and radiology. Simulation is 
such a diverse technique that it is equally applicable—using 
different modalities of simulation—to nearly all domains. 
Knudson and colleagues found a significant improvement 
in overall and teamwork scores in surgical residents taking 
care of critically injured simulated trauma patients if the 
residents had undergone CRM-like simulation training.35

The military and the U.S. Department of Homeland Secu-
rity also have been heavy users of simulation in health care; 
simulation has been applied to the initial training of new 
field medics and to the recurrent training of experienced 
clinicians and clinical teams.166 Figure 8-17 shows a room 
with 10 simulators in a training center for military medics 
that has more than 100 simulator mannequins altogether. 
In 2013, a first instructor course for North Atlantic Treaty 
Organization (NATO) Special Operations Forces (SOF) was 
held at NATO headquarters in Brussels to bring together 
medical experts from the U.S. SOF, the NATO SOF, and 
some civilian instructor experts (including M. Rall). By now 
several such instructor courses have followed.

Simulation is now used more frequently in training 
for the management of chemical, biologic, or nuclear 
threats from accidents, weapons of mass destruction, or 
terrorism. One group in Tübingen, Germany, used their 
simulator to test the constraints of treating patients in 
full chemical protection gear (publication of the results 
is in preparation) to optimize the strategies of the Ger-
man Ministry of Internal Affairs for dealing with terror 
attacks or chemical plant disasters (Figs. 8-18 and 8-19) 
(see Chapter 83). Several investigators have performed 
multidisciplinary studies with combined simulation 
modalities (script-based simulators, model-based manne-
quin simulators, and simulated acted patients) to teach 
the management of victims of an attack with weapons 
of mass destruction and terrorism.74,75 The demand for 
such training is substantial in nations engaged in active 

Figure 8-17. Simulation-based training center for military medics. 
The room is equipped with 10 SimMan training stations. During train-
ing sessions, one instructor team is sitting at each foot of each man-
nequin. Teaching is provided on scene during the sessions.
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military conflicts or with an ongoing need to prepare for 
war or terrorist attacks (e.g., the United States and Israel).

USE OF PATIENT SIMULATION FOR 
RESEARCH

Research in simulation falls into two categories: (1) research 
about simulation—testing or improving the techniques, 
technologies, and pedagogy of simulation; and (2) research 
that uses simulation as a tool to study other things, such 
as human performance, clinical cognition, or clinical 
care processes (see Chapter 7). Box 8-7 provides a sam-
pling of these second types of questions. As a research 
tool, simulation offers some unique features, and it can 
be thought of as a complementary window on the clinical 

Figure 8-18. Realistic patient simulation as a test bed for studying 
the performance of medical rescue teams in full chemical protection 
gear. Teams wore normal uniforms or full protection suits while per-
forming basic resuscitation actions (e.g., placement of intravenous 
lines, drawing up drugs, intubation). (Photograph taken by M. Rall at 
the Center for Patient Safety and Simulation, Tübingen, Germany.)

Figure 8-19. In rescue situations with full protective gear, commu-
nication within the team and with the patient is difficult. (Photograph 
taken by M. Rall from a video screen at the Center for Patient Safety and 
Simulation, Tübingen, Germany.)
world relative to other modalities. One can study clini-
cal work by using prospective observation of real cases. 
This has the benefit of being prospective, but by nature, 
more cases in most domains would be unremarkable, and 
one would mostly observe the routine and banal. For 

cOgnitive science OF DynAmic DecisiOn mAking (see chApter 7)

What is the interaction of precompiled procedural knowledge 
versus deep medical knowledge and abstract reasoning?

How does supervisory control of observation relate to vigi-
lance, data overload, and visual scanning patterns?

What is the information content of watching the surgical field?
How are optimal action planning and scheduling implemented?
How does reevaluation fail and result in fixation errors?

humAn-mAchine interActiOns

What is the distraction penalty for false alarms?
Do integrated monitors and displays have an advantage over 

multiple stand-alone devices and displays?
How easy to use are the controls and displays of existing 

anesthesia equipment in standard case situations and in crisis 
situations?

teAching AnesthesiA in the OperAting rOOm (see AlsO chApters 4 
AnD 9)

How much teaching can be accomplished in the operating room 
without sacrificing the anesthesia crew’s vigilance?

How well can faculty members detect and categorize the 
performance of anesthesia trainees?

What teaching styles are best integrated with case manage-
ment in the operating room?

issues OF teAmwOrk

How does an anesthesia crew (attending anesthesiologist plus 
resident or certified registered nurse anesthetist) interact during 
case and crisis management?

How is workload distributed among individuals?
How do crew members communicate with each other, and 

how do they communicate with other members of the operating 
room team?

eFFects OF perFOrmAnce-shAping FActOrs On AnesthesiOlOgist 
perFOrmAnce

How do sleep deprivation, fatigue, aging, and the carryover 
effects of over-the-counter medications, coffee, or alcohol affect 
the performance of anesthesiologists?

intelligent DecisiOn suppOrt

Can smart alarm systems or artificial intelligence provide correct 
and clinically meaningful decision support in the operating room 
or intensive care unit?

DevelOpment OF new Devices AnD ApplicAtiOns: reseArch regArDing 
techniques OF simulAtiOn

How well do simulators resemble the operating room and pro-
voke the same actions as used in the operating room (ecologic 
validity of simulators)?

How much does debriefing add to learning from simula-
tion? Are specific techniques of debriefing (e.g., use of video, 
participant-centered discussion) of significant utility?

How does the setting of simulation scenarios influence aspects 
of perceived reality, and how does it influence transfer into the 
real world?

Does simulation training lead to better clinical practice and 
improved clinical outcomes?

BOX 8-7 Research Issues That Can Be 
Addressed by Using Simulation
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TABLE 8-6 TRANSLATIONAL RESEARCH LEVELS OF SIMULATION-BASED TRAINING

Level
Description of Study Methodology (Typically in a With/
Without Simulation Training Intervention Study Design) Comments or Examples

0 No measurement of learner performance Questionnaire of reaction to simulation or 
change in knowledge

1 Performance measured during simulation only Can they do better in a simulation?
2 Performance measured during actual clinical care Can they do better in clinical practice
3 Measurement of improvement in patient outcome Do patients actually fare better?
3′
(cost effectiveness)

Measurement of the cost of the intervention and the outcome 
and monetary benefit

Does the intervention yield a net saving 
of money (with/without also improving 
outcome)?

4 Measurement of dissemination of the intervention to sites 
beyond trial sites

Can the intervention be spread elsewhere 
successfully?

5 Measurement of the adoption of the intervention in regular 
practice

Can the intervention be widely adopted?

6 Measurement of population health outcome Will it make an impact on the patient population 
as a whole?
some purposes, this study would be more than sufficient. 
Another source of information is in case reports of chal-
lenging cases, whether the challenges were expected or 
unexpected. These also are real cases, and they are out of 
the ordinary, but the data obtained from such retrospec-
tive reports are usually scant and biased.

Simulation provides an alternative view of clinical 
work that can be prospective and about challenging cases, 
albeit simulated cases. The simulation centers around 
the world probably have the largest experience by far of 
observing anesthesiologists managing (simulated) malig-
nant hyperthermia. It is difficult to imagine how else 
one could gather systematic data about how clinicians 
work while managing this uncommon, life-threatening 
situation.

An important milestone for simulation-based research 
of both types was the initial publication by the Soci-
ety for Simulation in Healthcare in 2007 of their peer-
reviewed journal, Simulation in Healthcare (David Gaba is 
the founding editor-in-chief of the journal). In addition, 
for research that is linked tightly to a specific clinical 
domain, the traditional medical specialty journals have 
become more welcoming to articles about simulation or 
that use simulation as an experimental technique.

Cooperation between simulation directors or instruc-
tors and psychologists, human factors engineers, or edu-
cators has proved useful in research and training. Such 
collaborations have helped delineate the theoretical 
foundations of simulation-based experiential learning, 
improve the understanding of debriefing, and research 
on work psychology and human performance in health 
care.† Many institutions have integrated psychologists or 
educators, or both, into their simulation center staff.120 
Ways to make such collaborations fruitful and rewarding 
also have been described.

APPLYING THE TRANSLATIONAL RESEARCH 
PARADIGM TO SIMULATION

The concepts of a continuum of research from funda-
mental science through clinical trials to widespread use 

† References 18, 19, 25, 26, 47, 167, 168.
in patient care and of potential translational blocks were 
articulated by Sung and colleagues in 2003.169 From this 
publication emerged various nomenclatures for the differ-
ent levels of the research continuum in terms of increas-
ing level of translation. William McGaghie, PhD, then 
at Northwestern University, first adapted the T levels of 
translational research to the arenas of medical education 
and simulation in health care, comprising T1, T2, T3, and 
T3′ (Table 8-6).170-172

Gaba then adapted additional levels mentioned in other 
sources,173 including the website of the U.S. National Can-
cer Institute (http://www.cancer.gov/researchandfunding
/trwg/TRWG-definition-and-TR-continuum), and added 
levels of T0, T4, T5, and T6 (see Table 8-6). Researchers in 
simulation are now encouraged to use this terminology 
in describing and comparing their research protocols and 
results. At this point, most studies of simulation-based 
learning are at level T0 or T1. A few studies have been 
at T2 and only a handful at T3 or T3′. Levels T4 and T5 
can be considered implementation science, but few stud-
ies of implementation have been performed. The field is 
encouraged to move toward higher levels of translational 
research whenever possible. However, doing so will be 
very difficult, especially in going to the T3 level. Many 
applications of simulation in anesthesiology especially 
focus on preparing anesthesia professionals to prevent 
and manage uncommon but serious adverse events more 
effectively. The rarity of such events and the many con-
founding variables that affect patient outcome will make 
intervention studies very difficult to perform.174 These 
studies would perforce need to be large, long, and compli-
cated. To date, almost all studies have been too short and 
too unsystematic, with weak interventions and without 
adequate control of confounding variables. Unlike many 
types of clinical trials, which are funded by the pharma-
ceutical industry, which is willing to invest heavily even 
in complex trials because of the high direct payoff when a 
blockbuster drug is found, simulation interventions have 
no equivalent funding sources. Obtaining level 1A evi-
dence (multiple randomized controlled trials) of simula-
tion’s impact on patient outcome may well take studies of 
thousands to hundreds of thousands of patients, cared for 
by hundreds or thousands of clinicians, with simulation 

http://www.cancer.gov/researchandfunding/trwg/TRWG-definition-and-TR-continuum
http://www.cancer.gov/researchandfunding/trwg/TRWG-definition-and-TR-continuum
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interventions that are powerful, comprehensive, sus-
tained, and also linked to performance assessment (and 
remediation) of individual clinicians. As yet, no agency 
or commercial firm is willing to fund these kinds of large, 
long, and complex studies.174

USE OF PATIENT SIMULATION IN 
SUPPORT OF BIOMEDICAL INDUSTRIES

Various simulation activities have been undertaken by 
the pharmaceutical or medical equipment industries. 
Numerous centers (perhaps the University of Florida at 
Gainesville was the first) offer training to executives and 
sales representatives of equipment and pharmaceutical 
manufacturers. The simulator allows these individu-
als to gain some understanding of the clinician’s task 
demands during patient care and the situations in which 
their company’s drugs or devices could be useful. At 
the Boston Center for Medical Simulation, this course 
is dubbed “Anesthesia for Amateurs.” Other industrial 
uses include training personnel in the use of novel phar-
maceuticals. Simulators have been featured in a mul-
tifaceted approach to launch the opioid remifentanil. 
Simulators were used to train the manufacturer’s repre-
sentatives and clinicians in safe use of the drug, and it 
was possible to train anesthesiologists in the application 
of remifentanil with the simulator before remifentanil 
was approved by the U.S. Food and Drug Administration 
(W.B. Murray, personal communication, 1998.) Besides 
offering important educational benefits, industrial activ-
ities are an important source of income for simulation 
centers to help defray the costs of training students and 
residents.

Simulators have been used to conduct research on 
human factors issues in the development of new moni-
toring and therapeutic devices. The simulator also pro-
vides a unique test bed and demonstration modality for 
preprocurement evaluation of the usability of medical 
devices from different manufacturers. In our own hospi-
tals (Stanford University, Palo Alto, Calif., and Tübingen, 
Germany), simulators enabled us to conduct evalua-
tions of prototype monitoring systems that were not yet 
approved for clinical use and could not be evaluated in a 
preprocurement clinical trial.

OTHER USES OF SIMULATORS

Other unique applications of simulators have surfaced. 
Some centers use simulators for conducting outreach pro-
grams with high school or college students interested in 
health care. Simulators have been used to help produce 
educational videos on various patient safety issues. Hold-
ing a “legislator day” in a simulator center to familiarize 
legislators with the demands of dynamic patient care has 
been suggested.

Simulators have been used as adjuncts in medicolegal 
proceedings.175 Current patient simulators cannot predict 
the exact physiologic behavior of a specific patient, but 
they can be used to illustrate typical perioperative situa-
tions and the role of different monitors and therapeutic 
actions and to provide context for the patient manage-
ment questions of the litigation.

EFFECTIVENESS OF SIMULATION 
TRAINING

Flanagan and associates provided a thorough review of 
the literature to date on the efficacy of simulation-based 
training for learning and assessment.176 The investigators 
identified more than 3500 articles, of which 458 were 
included in the review. The conclusion was that “simula-
tion makes a valuable contribution to learning for stu-
dents, trainees and clinicians. It enables learning of both 
routine and non-routine procedures and management of 
patients.”176 They further concluded that simulation is 
widely used in teaching and learning, is increasingly used 
for formative and low-stakes assessments, and is rarely 
used (but under growing consideration for) high-stakes 
summative assessment. These investigators also observed 
that the range of simulation modalities used for these 
activities varies widely.176 Similar to the BEME review by 
Issenberg and colleagues,24 Flanagan and associates found 
that many studies lacked a robust design, and that the 
level of outcome effectiveness as measured with a modi-
fied Kirkpatrick scale rarely exceeded 3 out of 6, with 
most at the level of 2 or lower.

The most important question concerning simulator-
based training in anesthesia is its cost effectiveness. This 
complicated question has two independent components. 
The first component pertains to the impact and benefit of 
the training on the performance abilities of participants, 
and the second is the cost to achieve that impact. In prin-
ciple, simulation has many advantages as a training tool, 
as follows177:
  

 •  No risk is posed to a patient.
 •  Exercises in routine procedures can be repeated 

intensively, whereas situations and events involving 
uncommon but serious problems can be presented at 
will.

 •  Participants can learn to use actual complex devices 
(with a hands-on simulator).

 •  The same situation can be presented independently to 
multiple subjects for evaluating individual or group 
performance.

 •  Errors can be allowed to occur that in a clinical setting 
would require immediate intervention by a supervisor.

 •  The simulation can be frozen to allow discussion 
of the situation and its management, and it can be 
restarted or begun anew to show alternative strategies 
or techniques.

 •  Recording, replay, and critique of performance are 
facilitated because patient safety or confidentiality is 
not an issue.

  

The fidelity required of the simulator and the choice 
between screen-only and realistic simulators depend on 
the intended goals of the training and the relevant tar-
get population. A spectrum of computer-based training 
is possible. Computer-assisted instruction programs and 
part-task trainers can be used to teach basic concepts and 
technical material, such as the uptake and distribution 
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of inhaled anesthetics or the pharmacokinetics of intra-
venous drugs. These uses are appropriate for students, 
novices, advanced residents, and experienced practitio-
ners. Screen-only simulators are inexpensive and easy 
to use. They allow the presentation of and practice with 
the concepts and procedures involved in managing nor-
mal and abnormal case situations. They also are useful 
for numerous user populations. Realistic simulators can 
be used to capture the full complexity of the real task 
domain, including human-machine interactions and the 
complications of working with multiple personnel. They 
are most appropriately used for residents and experienced 
practitioners. Regardless of the device used, the simulator 
is only a teaching tool that must be coupled with an effec-
tive curriculum for its use.24

The evaluations conducted suggest that simulator-
based training is a powerful technique that novice and 
experienced anesthesiologists believe to be highly benefi-
cial and that participants and instructors alike believe may 
improve clinical performance. As the developers of Sim 
One 7 pointed out, when simulation provides an oppor-
tunity to teach material that cannot be taught in another 
way, as for the systematic instruction of anesthesiologists 
in handling severe critical events such as cardiac arrest, 
anaphylaxis, or malignant hyperthermia, there is nothing 
with which to compare the simulator. Assessing whether 
the actual outcome of patients can be affected by this or 
any other training modality would be extremely difficult 
and expensive. Individuals investigating simulator-based 
training do not believe that definitive outcome studies 
of this type are logistically feasible.178 Determining the 
impact of a given type of simulator training on the inter-
mediate variables of performance and ability is feasible, 
but it would not be easy. The Leiden group provided 
data supporting the contention that simulation training 
improves performance in handling a malignant hyper-
thermia situation. The potential exists, however, for sub-
stantial bias when attempting to measure the impact of 
simulator training by using performance in the simulator 
as a criterion. The control procedures used by the Leiden 
group alleviate this bias, but they cannot eliminate it.179

Perhaps of even greater importance, no methodology 
is currently accepted for measuring the clinical perfor-
mance of anesthesiologists either in the simulator or in 
actual practice.180 Ironically, the simulator itself provides 
a tool for presenting the same calibrated situation to mul-
tiple anesthesiologists and may be a crucial tool in devel-
oping such performance measures. Many groups around 
the world are trying to refine performance measurement 
tools,123,162,181-200 but no gold standard measurement is 
yet available to assess a simulation’s effectiveness (see the 
later section on evaluation of performance).180

HOW SIMULATION CAN BE MORE 
EFFECTIVE

Health care has not yet scratched the surface of assess-
ing the impact of simulation-based training. Most sim-
ulation is currently targeted at students and trainees  
(i.e., residents), although programs targeting experienced 
personnel are growing. The assessment of the impact of 
simulation to date can be seen using the following analogy 
to drug development and testing. Suppose we wished to 
test whether a purported antihypertensive drug actually 
succeeded in reducing blood pressure in patients and, 
more importantly, whether it reduced the occurrence of 
adverse cardiovascular events, such as myocardial infarc-
tion and stroke. Imagine then that we proceeded as fol-
lows: Administer a relatively small dose of this drug only 
a few times per year. Acknowledge variable compliance in 
taking even these few doses of drug. Immerse all subjects 
in an environment full of stress and other factors predis-
posing to cardiovascular events. Use only a few patients, 
and follow them for a very short time.

Using this methodology, would anyone wonder if no 
significant effect was found even for a drug otherwise 
known to be effective? Simulation in health care has so 
far been tested in this way: very small, short-term studies 
of infrequent (often short) simulation sessions, whose les-
sons are not fully reinforced in real clinical environments 
full of production pressure and stress. In truth, the ques-
tion is not, Does one run through a simulation course 
make a practitioner better? To follow the lead of other 
industries of intrinsic hazard, such as commercial avia-
tion or nuclear power production, the real question is, 
What is the impact on health care as an industry adopting 
a comprehensive integrated strategy of intensive simula-
tion-based training and continued performance assess-
ment of clinical personnel, over a long period of time? 
This is the approach in aviation, in which no matter how 
senior and how experienced pilots are, they still undergo 
training and assessment in simulation every year, for the 
entirety of their careers.

Even so, industries such as aviation do not have any-
thing resembling level 1A evidence for the benefits of sim-
ulation, even though such studies could be grafted onto 
the existing structure of yearly training and testing. It is 
unlikely that aviation would ever attempt randomized 
trials. For one thing, as the saying goes, pilots are the first 
ones at the scene of the accident. It seems unlikely that 
pilots would forgo simulation training and assessment 
when their own lives are on the line. For another thing, 
the public has come to expect a regulatory safety floor 
imposed by the government to ensure the competence of 
pilots. The regulator is unlikely to forgo its requirement for 
mandatory training and testing of pilots. If such require-
ments continue, there may be only two options: conduct 
these exercises in real airplanes, with the attendant costs 
(e.g., fuel) and risks; or conduct them using simulation. 
With health care heading in that direction,36,37,41,44,201-205 
we may be able to assess the impact of more effective sim-
ulation programs, although we may lose a control group 
that has never experienced simulation.

AVOIDING SUBTHRESHOLD TRAINING 
EFFECTS

To date, simulation training has largely been employed in 
small doses given intermittently, not sustained over the 
long term, and ignoring many personnel who are crucial 
in the chain of patient care. When conducted this way, 
simulation training may not achieve a critical mass and 
may produce a subthreshold effect. It seems likely that 
a long-term cumulative effect would be achieved only 
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Figure 8-20. Validity of simula-
tor systems versus the operating 
room (OR). The same anesthesiolo-
gists were observed in the OR and 
in the simulator environment with 
full enactment of the OR personnel, 
surgical team, and anesthesia nurse. 
Even though the two settings have 
some interesting differences, the 
overall ecologic validity of the simu-
lator is good. (Courtesy of T. Manser, 
ETH Zurich, and University Hospital, 
Tübingen, Germany.)
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Perhaps it is worth the inherent logistical difficulties 
and costs to undertake bulk training (>75% of personnel 
trained in a short time, rather than starting a program of 
training a few individuals a month and achieving a high 
penetration rate only in months or years). Where the 
training is about teamwork and behavioral issues (CRM 
focused), this may be especially important, so that the les-
sons taught in the simulator are continuously reinforced 
by experiences in real patient care. The hope is that creat-
ing a critical mass of adherents to CRM principles through 
simulation would create self-sustaining reinforcement of 
safety-oriented behaviors that continues with only occa-
sional refresher sessions of simulation.

An analogy for that effect would be the starting of a 
fire with wood logs: If you take away the match too early, 
you do not light the fire, and all you get is a black mark 
on the wood, but if you keep the match on the wood 
long enough (similar to activation energy), the fire starts 
to burn and spread to all logs without any more input—
similar to what we would like to see with CRM team 
behaviors.

ECOLOGIC VALIDITY OF SIMULATORS 
COMPARED WITH THE OPERATING ROOM

The question whether full-scale simulators are an ecolog-
ically valid representation of the operating room (i.e., to 
what extent “the environment experienced by the sub-
jects in a scientific investigation has the properties it is 
supposed or assumed to have by the experimenter”206) 
was investigated by an interdisciplinary research group 
in Tübingen, Germany and Zurich167 (see also Chapter 
4). If the actions in the simulator resemble the actions 
in real operating room environments (behavioral valid-
ity), it is much more likely that the results of research 
conducted in a simulator setting or lessons learned in 
the simulator environment will be transferable to the 
context of actual patient care. The group developed an 
improved task analysis method that allows the recording 
of overlapping activities (41 actions from 5 categories—
monitoring, actions, communication, documentation, 
and other) to analyze and describe the performance of 
anesthesia.207

This method is described in more detail in Chapter 7. 
Each of the six anesthesiologists participating in the study 
was observed during two clinical cases and during three 
comparable simulator cases (one routine and two involv-
ing critical incidents). Analysis of the study showed good 
comparability of the different action categories (Fig. 8-20). 
The interpretation of the group was that overall compa-
rability between the operating room and the simulator 
setting is good, thereby indicating high ecologic validity 
for simulators in anesthesia. The results of the study also 
showed few, but distinct variations in the task structure 
of operating room and simulator cases. These variations 
were mostly the result of organizational factors (e.g., fewer 
additional tasks required in the simulator). These studies 
provide objective confirmation of the favorable subjective 
impressions of realistic simulation scenarios by anesthesi-
ologists of varying levels of experience.148,149,187,189,208-210

Some differences between simulation and real patient 
care are inherent to simulation. Subjects realize that they 
are in a simulator and are likely to be hypervigilant (e.g., 
many participants neglect documentation in the simula-
tor while waiting for a disaster to happen). In addition, 
some organizational factors are usually different in the 
simulator from the real operating room (e.g., reflected in 
fewer additional tasks in the simulator compared with 
the real operating room in the study of Manser and Rall). 
Careful and creative scenario design and introductory 
briefings may mitigate the hypervigilance and organiza-
tional effects.45,211

EVALUATION OF CLINICAL PERFORMANCE 
DURING SIMULATION SCENARIOS

The introduction of patient simulators allowed the study 
of human performance when responding to critical events 
(see Chapter 7). Techniques are needed to assess anesthe-
siologists’ performance.212 Performance can be divided 
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into two components: medical or technical performance, 
which is the appropriateness and thoroughness of the 
medical and technical response to the critical event; and 
behavioural or nontechnical213 performance, which is 
the appropriate use of sound crisis management behav-
iors (e.g., leadership, communication, distribution of 
workload).214,215 (See Chapter 7 on CRM.) Assessment of 
medical and technical responses has resulted in technical 
scores suggested by different authors.179,180,188,189,216-219

Simulation offers some benefits in assessing medical or 
technical performance. Because the nature and cause of the 
critical incident are known, one can construct in advance 
a list of appropriate technical activities. Relative weighting 
of the importance of the different activities can be applied 
to reflect the fact that different activities, even if appro-
priate, differ in their importance. This weighting can be 
done either in advance of data collection, or post hoc (but 
in an appropriately blinded fashion). For example, when 
assessing medical or technical performance in managing 
malignant hyperthermia, termination of the trigger agent 
and administration of intravenous dantrolene would be 
highly important, indeed essential, items. Cooling mea-
sures, hyperventilation, and bicarbonate therapy would 
be among many appropriate (but less critical) responses. 
One also can predict in advance specific technical errors. 
For example, for malignant hyperthermia management, 
these could include diluting dantrolene with the wrong 
diluent or an insufficient quantity of diluent. These errors 
are known to plague clinicians unfamiliar with therapy 
for malignant hyperthermia.

Can the clinical outcome of the simulator’s math-
ematic physiology model (if present) predict how a real 
patient would have fared under the clinician’s care? Even 
when mathematic models are used, they are insufficient 
to predict what would happen to any actual patient after 
complex sequences of therapy and more subtle patient 
care judgments. The models have not proven to be robust 
enough for such purposes and have shown a lack of 
reproducible outcomes even when the same patient in 
the simulation is given identical perturbations and treat-
ments at exactly the same times.

In situations of extremely poor (or good) performance, 
the model’s predicted outcome may properly indicate fail-
ure or success of performance. For example, a subject who 
shows totally erroneous decision making (e.g., failure to 
defibrillate a simulated patient with ventricular fibrilla-
tion) unmistakably allows a patient’s state to deteriorate 
quickly. However, the converse may not be true. Perfect 
decision making in resuscitation of a real patient cannot 
guarantee that electric countershock would successfully 
restore a normal cardiac rhythm. We suggest that even 
with model-driven simulators, the clinical outcome of the 
simulated patient is at best one datum that can be used to 
assess the performance of the anesthesia professional on a 
simulation scenario. For the foreseeable future, any cred-
ible performance measurement technique must involve 
many subjective and semiobjective judgments by clini-
cal experts. Many empiric studies have attempted to use 
simulation for different forms of performance assessment 
in various domains and disciplines.‡

‡ References 11, 31, 35, 38, 42, 75, 141, 149, 190, 201, 204, 220-246.
PITFALLS OF PERFORMANCE ASSESSMENT

Previous trials, experience in other industries, and theo-
retical analysis suggest that simulation offers substantial 
opportunities to facilitate performance assessment. The 
following issues must be resolved, however, to make per-
formance assessment a robust capacity:
  

Technical versus nontechnical (CRM) skills. As indicated 
in previous sections, it is feasible (if difficult) to assess 
a technical response to specific events and generic 
nontechnical behaviors (CRM). For which kinds of 
assessments is it appropriate to measure only technical 
performance, only nontechnical performance, or some 
combination of the two?

Number of scenarios. How many different scenarios are 
needed to achieve robust performance assessment 
of individuals in all relevant aspects (technical and 
nontechnical) of patient care? The literature suggests 
that having a larger number of scenarios is more 
effective in improving the reliability of ratings than is 
having a larger number of raters.247-249

Rating individuals versus rating crews or teams. Anesthe siologists 
work as individuals and in crews and teams with other 
anesthesiologists and with surgeons, nurses, technicians, 
and others. Should the performance of individuals 
working alone be assessed? Should anesthe siologists be 
able to call for and use help in solving problems? If so, can 
one still rate the individual when working with a team?

Performance fluctuation. How can performance that fluc-
tuates substantially over time be aggregated into a single 
rating? This issue was recognized by Gaba and colleagues 
as a major apparent source of interrater disagreement.215 
It is not addressed by the Anaesthetists’ Non-Technical 
Skills (ANTS) system.190,250 Which techniques would best 
address this issue, especially as applied to scenarios that 
represent the actual complexity of clinical practice?

Criterion thresholds. What level of performance should be 
set as criterion thresholds for different purposes? Can 
benchmarks of performance be established by truly 
expert clinicians (recognizing that years of experience 
and hierarchic rank are not surrogates for expertise or 
skill)? Similarly, how does the rating system deal with 
single actions or behaviors that were lethal or harmful 
in the presence of otherwise good performance? If 
used for formative assessment, a rating system should 
indicate the successes of the examinee and the failures. 
If used for summative or high-stakes assessment, 
however, it may be critical to ensure that the examinee 
who risks harming a simulated patient cannot outscore 
another examinee whose overall performance is less 
strong but who at least did not endanger the patient. 
Not performing chest compressions in a cardiac arrest 
situation would be such criterion for exclusion.

Appropriate statistical analysis of validity, interrater reliability, 
and reproducibility of these assessments. Various statistical 
tests and approaches have been used to evaluate these 
characteristics. The data on performance show various 
levels of interrater variance and high interindividual (and 
interteam) variability.149,179,187-189,208,215,251 As detailed 
by Gaba and colleagues,215 some interrater reliability 
statistics are more stringent than others, especially in 
terms of the nature of the “by chance” benchmark. No 
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firm consensus has been reached regarding which tests 
are most appropriate to answer key questions about 
simulation-based performance assessment. Some of the 
rating systems (including ANTS) have used less stringent 
tests of interrater reliability. Generalizability theory 
offers a set of statistical techniques to sort out the impact 
of scenario, subject, rater, number of scenarios, and 
other facets on such assessments.252,253 This technique 
also specifies how comparisons can be made against 
reference performance levels or as relative comparisons 
between subjects without a fixed benchmark.

  

Although simulation should enable performance 
assessment, a robust set of performance measures of anes-
thesiologists’ skill would be difficult to develop,254 even 
if the simulator is used as a tool to present standardized 
patient scenarios.255

Klemola and Norros published a newer way of looking 
at performance that involves anesthesiologists’ habit of 
actions.256 These authors distinguished between “reactive 
habits” (conservative, self-contained, reluctant to con-
struct subjective evaluations) and “interpretative habits” 
(creative, interactive, continuous integrative reasoning). 
This article showed that many issues must be considered 
when discussing the best method of education and evalua-
tion. Additional issues include defining and assessing pro-
fessional competence. A more consultant-based method 
was introduced by Greaves and Grant,257 who compiled 
an inventory of characteristics of the anesthesiologist’s 
practice. Epstein and Hundert provided a review.258

USE OF SIMULATORS FOR THE 
EVALUATION AND TESTING OF 
ANESTHESIA PROFESSIONALS

The use of simulation as a tool for performance assessment 
has presumed advantages: scenarios are known, errors can 
be allowed to occur and play out, and intensive recording 
and archiving of performance is possible; all these features 
provide a window on performance that is otherwise unat-
tainable.259 Scoring or certifying competence by using the 
simulator is more problematic than using the simulator 
as a teaching tool, however. Anesthesiologists have long 
discussed the possibility of using the simulator as a tool 
for examinations, either for graduation from a residency 
or for ABA certification. In Israel, a simulation examina-
tion has become part of the board certification process.260

Despite these difficulties, the use of anesthesia simu-
lators to assist in evaluating performance is likely to 
increase in the future.§

Even though simulation is currently used for some high-
stakes examinations, the challenges remain the same:
  

It requires independent evaluation of the simulation scenarios 
and assessment of the predictive power of the subjective 
judgments made by experts scoring the examinee.

One obstacle is the lack of any well-accepted standard for 
performance evaluation.

§ References 36, 37, 112, 201, 203, 227, 261-264.
Another difficulty with using simulation for board certifi-
cation testing is that the operating room equipment would 
rarely be the same as that used by the candidate, and the 
operating room staff’s operational protocols could differ 
from the protocols familiar to the candi date. In the training 
situation, these difficulties can be overlooked as part of 
the global suspension of disbelief needed to maximize 
the benefits of simulator training. In the test situation, 
these differences potentially could skew the results. This 
issue could be addressed by allowing candidates preparing 
to take their exam ination to undergo sufficient practice 
sessions to familiarize themselves fully with the standard 
simulation environment used for the test.

  

Another situation of simulation-based performance 
assessment would be for the evaluation of trainees or 
experienced clinicians who have been placed on proba-
tion or for whom dismissal from their position is already 
a distinct possibility. For these clinicians, the burden of 
proof is on them to show their skills. Simulation could 
offer a more controlled environment for these clinicians 
to do so. The same could be true for practitioners who 
wish to return to clinical work after a hiatus.

The existing systems of performance evaluation, which 
use a haphazard composite of subjective judgment of 
clinical competency in clinical work along with written 
and oral examinations, has itself never been validated. 
Many experts believe that the written examination does 
not correlate well with clinical ability, and the degree to 
which the oral examination process tests actual clinical 
skill is unknown. Simulation could offer candidates the 
opportunity to show their clinical abilities in a controlled 
clinical domain; appropriate scenarios can also probe lan-
guage skills and the ability to act as an effective consul-
tant to other clinicians.263-265

In the United States, the ABA has been monitoring 
the progress of simulation for training and performance 
assessment. The ABA now requires attendance at a simu-
lation training course at an ASA-endorsed simulation pro-
gram in the 10-year cycle of MOCA for ABA diplomates266 
(Box 8-8). The course must be at least 6 hours in length, 
must provide every attendee a chance to be the primary 
anesthesiologist for a scenario, and must cover cases of 
hemodynamic instability, hypoxemia, and issues of 
teamwork and communication, and include postscenario 
debriefing. However, except for the formative assessment 
intrinsic to debriefing, the MOCA simulation course 
does not involve any performance assessment of partic-
ipants and is specifically not an examination. The ABA 
announced in late 2012 that it will transition by 2017 
to a new format for the Part 2 Examination, named the 
APPLIED Examination, to include an Objective Standard-
ized Clinical Examination (OSCE) component along with 
the traditional structured oral examination component. 
An eight-member OSCE Development Advisory Panel 
has been selected, and it contains many individuals with 
extensive experience in simulation. The OSCEs may use 
part-task trainers, actors playing standardized patients or 
other role players, and other elements within the broad 
scope of simulation. It appears that the OSCEs will not 
use full-blown mannequin-based simulations.
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Thus, reasonable arguments can be made that the field 
of performance assessment has advanced sufficiently to 
allow consideration of simulation-based examinations, 
including full mannequin-based simulations, even for 
high-stakes purposes, especially considering the limita-
tions of the current systems of written and oral exami-
nation.263 Nonetheless, simulation-based performance 
assessment remains a controversial topic for discussion 
in the simulation and clinical anesthesiology communi-
ties. The anesthesia professions should be careful about 
how they may introduce simulation-based performance 
evaluation.267 The controversy should not divert atten-
tion from the most common application of simulation, 
which is to improve clinical performance through train-
ing individuals and team to prevent and manage adverse 
clinical events.

CHARACTERISTICS OF SIMULATION 
CENTERS

Although one can install a simulator in a laboratory or 
conference room, or conduct only in situ simulation, 

The simulation course must be held at a site endorsed by the 
American Society of Anesthesiologists (ASA), with a curricu-
lum meeting minimum standards set by the ASA. Although 
not specifying anesthesia crisis resource management (ACRM) 
directly, the standards for the U.S. Maintenance of Certification 
in Anesthesia (MOCA) simulation are clearly derived from the 
ACRM simulation courses that have become common around 
the world:
  

 •  A minimum of 6 hours of total course instruction
 •  Active participation in realistic (mannequin-based) simulation 

scenarios
 •  Postscenario instructor-facilitated peer debriefing
 •  Management of difficult patient-care scenarios, including at 

least scenarios involving the following: (1) hemodynamic insta-
bility; and (2) hypoxemia of any cause, including management 
of the difficult airway

 •  An emphasis on teamwork and communication
 •  All participants have at least one opportunity to be the primary 

anesthesiologist in charge (i.e., the “hot seat”)
 •  The instructor‐to‐student ratio must be no greater than 1:5 

(i.e., at least one instructor per five participants)
  

The first 2 years’ experience with the MOCA simulation course 
showed that participants consistently found the experience to be 
realistic, relevant, and likely to result in practice change.266,274 
During or after the course, participants must declare what 
changes they intend to make to their practice. They are queried 
electronically by the ASA 30 to 90 days after the course to deter-
mine whether they made those changes and/or what barriers 
they encountered in trying to do so. These data are analyzed by 
the ASA Simulation Editorial Board to attempt to determine the 
likely impact of MOCA simulation on clinical care by American 
Board of Anesthesiology diplomates.

BOX 8-8 Simulation as a Required Element of 
Part IV of the U.S. Maintenance of Certification 
in Anesthesia Program by the American Board 
of Anesthesiology (See Also Chapter 1)
many institutions have chosen to construct complete 
simulation centers. Figures 8-21 and 8-22 show floor plans 
of medium-sized centers (two to four simulation rooms) 
for mannequin-based simulation. Typically, these centers 
provide a separate control room to allow complex simu-
lations to be presented without an instructor intruding 
on the simulated case. The center also provides a debrief-
ing room where videotapes of the simulation session 
can be reviewed. Some centers have elaborate computer-
controlled audio-video systems allowing the recording of 
multiple views with real-time annotation rapid search to 
annotated portions of the recording. Figure 8-23 shows 
the simulator control room with advanced audio-video 
equipment at Rall’s Center for Patient Safety and Simula-
tion (TuPASS) in Tübingen, Germany.

Universities and hospitals or hospital networks are 
increasingly constructing very large multidisciplinary 
and multimodal simulation facilities. Often, these facil-
ities combine all the types of simulation and immer-
sive learning in one large unit, including actors playing 
standardized patients (usually in clinic settings), man-
nequin-based simulation, part-task and surgical and 
procedural trainers, wet and dry work (e.g., plaster 
casting or procedures on food products), and different 
forms of virtual reality. Sometimes these also incorpo-
rate facilities for dissection of cadavers or the use of 
anesthetized animals. Having all forms of simulation 
together also fosters hybrid techniques, as when an 
actor playing a standardized patient is combined with 
a part-task trainer, or when a surgical simulator is com-
bined with a mannequin-based patient simulator. Large 
multidisciplinary facilities may have anesthesiologists 
in leadership positions. Figure 8-24 shows the floor 
plan of the center for immersive learning at Stanford 
University.

The cost structure of a simulation center is a com-
plex issue (see the next section). The cost varies greatly 
depending on the scope of the facility and its programs, 
the nature of the target populations, and the extent of 
use by the different possible stakeholder groups. How 
the costs are allocated to different elements of an institu-
tion or consortium is equally complicated and depends 
highly on local conditions. No one formula for success 
exists. In some models, the center is wholly responsible 
for its own costs but is completely free to generate and 
retain revenue. At the other extreme is a model whereby 
the host institution bears all costs of operating a cen-
tral core facility, but it also collects any and all revenues 
and may even tax components of the institution (e.g., 
departments) to offset the costs. Perhaps most com-
mon are mixed models in which the central authority 
bears the costs of initial construction and outfitting 
(often funded by philanthropy) and some portion of the 
ongoing infrastructure (simulation operations person-
nel, capital refurbishment, utilities), and each user (e.g., 
department) is responsible for providing instructors and 
paying for the marginal costs of any specific course or 
application. To date, few, if any, centers truly generate a 
profit, but many sites have successfully garnered exter-
nal funds to offset some of the costs of training their 
own key target populations.
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COSTS

What are the costs of simulator-based training? These 
costs depend on many of the same factors that determine 
the curriculum, as follows:
  

Types of training involved, ranging from technology 
in-service to training in basic anesthesia skills, critical 
incident management, or CRM

Target populations for the training, whether equipment 
technicians, medical students, novice residents, 
experienced residents, nurse anesthetists, teaching 
faculty, or private practitioners

Organizational and financial characteristics of the 
institution

  

The hardware and software costs of the screen-only 
simulators are quite low (a few hundred dollars), whereas 
the equivalent cost of a complete hands-on simulator is 
higher. The prices of commercial simulators range from 
approximately $25,000 for intermediate-capability sim-
ulators to more than $150,000, depending on features; 
one should contact the manufacturers for detailed infor-
mation. Cumin and Merry reported on available simula-
tors.77 This cost does not include the necessary clinical 
equipment (which might run as high as $150,000) and 
space.268 Even these large expenditures do not dominate 
in the cost equation, however, because the capital equip-
ment can be amortized over a relatively long useful life, 
with appropriate provisions for service and upgrades.

The dominant cost is likely to be the salaries of 
expert instructors and trainees. An expert must oversee 
the curriculum, but the type of training and the target 
population determine the amount of expert instruction 

Figure 8-23. Simulator control room. On the left side is the simulator 
workstation for control of the simulator system itself. In the middle is 
the audio control desk with integrated control of the simulated patient 
voice and several wireless headset channels and the remote mixer. 
On the right are flat screens for selection and control of the multiple 
views of the video cameras. For anesthesia crisis resource management 
courses, a multiquad-split view, including the vital sign monitor, is 
digitally recorded on a hard disk and used for playback. Marks allow 
jumping to interesting scenes without fast forward or rewind delay. 
(Photograph taken by M. Rall in the control room of the Center for Patient 
Safety and Simulation [TuPASS], Tübingen, Germany.)
required. A single faculty member can review the summa-
ries of exercises performed by residents on a screen-based 
simulator in a few hours per resident per year. Nonphysi-
cian instructors may be suitable for some task training 
or for drill and practice sessions. A single instructor can 
use the simulator to show pulmonary or cardiovascular 
physiology to a whole class of medical students. For train-
ing novice residents in basic anesthesia skills, it may be 
possible to have senior residents or fellows conduct the 
sessions at a low marginal cost. For training experienced 
residents and practitioners in complex material, such as 
the handling of critical events, no substitute for expert 
instructors is likely to exist. The cost of expert instruc-
tion depends on the organizational arrangements of the 
institution. In a teaching institution where faculty mem-
bers all have at least some time allocated for teaching or 
scholarly activities, some faculty may choose to fulfill this 
requirement in simulation-based teaching or scholarship. 
When further staffing is needed, payment for clinical 
release time may be needed.

Another organizational factor that affects cost has to 
do with making trainees available for what can be com-
plex, exhausting, and lengthy training sessions. Remov-
ing residents from revenue-producing work for training 
purposes is expensive. If simulator training could allow 
residents or other anesthesiologists to work more safely 
and efficiently, the benefit would outweigh the cost. 
Some residency programs provide protected time for 
education of residents (e.g., one half day per week). In 
such cases, residents should be available for educational 
activities, but faculty time may be even more scarce. 
Many anesthesia programs have used simulation train-
ing as a recruiting tool for residency candidates, although 
some experts believe that with the high proportion of 
programs that already have simulation activities (the 
scope and quality of which are difficult for applicants 
to judge), the competitive value of simulation has disap-
peared. Programs that lack such facilities and activities 
would be the exception and would likely be seen nega-
tively by applicants.

Signs indicate that simulation team training may also 
improve job satisfaction and effectiveness of routine care, 
as well as contributing to reduced illness leave and job 
fluctuations.269

Without question, simulation-based training is more 
costly than exhorting learners to read or putting them in 
a room with a lecturer. Simulation-based training allows 
a host of issues to be addressed that cannot be easily 
tackled in other ways. It is our belief—one that has been 
borne out by programs “voting with their feet” since the 
1990s—that if simulator-based training is deemed to be 
desirable, innovative changes in organization will evolve 
to allow it to occur.

PROLIFERATION OF SIMULATION 
CENTERS

Currently, despite the lack of definitive cost-effectiveness  
data, training with realistic simulators is under way in 
many sites around the world,270 and many of these sites 
choose to conduct high-end crisis management and 
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critical incident training sessions. Some useful websites 
of simulation centers and other resources are listed at 
the end of the chapter (Appendix 8-1). These programs 
have already voted with their feet on the issue of cost 
versus benefit. With so many centers exploring the 
realities of simulation training, we can expect to see 
additional data on efficacy and cost within the next 
few years. A definitive study is in principle possible, 
but it would require a very large number of subjects 
evaluated by multiple raters and would be complex  
and costly.
Still other factors complicate assessment of the effec-
tiveness of simulator-based training. Studying the impact 
of a single session of a course that uses a new technology 
and a new approach to training may underestimate the 
course’s impact when it is used on a regular and repeti-
tive basis. It is widely believed in commercial aviation 
that CRM training must begin with the initial training 
of pilots and must be continued throughout their career. 
Social psychologists Helmreich and Foushee, two of the 
main architects of CRM training, wrote: “Data indicate 
that even intensive initial CRM training constitutes only 
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an awareness phase and introduction to the concepts, 
and that continuing reinforcement is essential to produce 
long-term changes in human factors practice.” Similarly, 
United Airlines states in its CRM manual: “Command/
Leadership/Resource management [United’s terminol-
ogy for CRM] cannot be a one-shot approach. It has to 
be a coordinated long range program. It must therefore 
be an integral part of the entire training effort: new hire 
training, transition and upgrade programs, and recurrent 
training.”271

Finally, the principles and procedures taught in train-
ing must be reinforced within the operational environ-
ment. Simulator-based safety training can be totally 
negated if production pressures or latent failures in the 
workplace make it impossible to implement its teachings 
effectively.

It is still too early to make definitive statements about 
either the benefits or the costs of simulator-based training 
in anesthesia. To some extent, a catch-22 is involved. One 
cannot attempt to determine the true cost effectiveness 
until simulation is widespread enough for complex and 
expensive studies to be undertaken and until more expe-
rience has been gained on the different organizational 
aspects of providing the training. Many institutions are 
likely to shy away from taking the risk until the cost effec-
tiveness is proven.

SIMULATION SOCIETIES: SOCIETY FOR 
SIMULATION IN HEALTH CARE AND 
SOCIETY IN EUROPE FOR SIMULATION 
APPLIED TO MEDICINE

One measure of the evolving maturity of simulation in 
health care consists of the formation and growth of pro-
fessional societies focused on this topic. Although anes-
thesiology was the medical field that initiated work on 
the fully interactive mannequin-based simulator and that 
dominated the early developments in the field, simula-
tion is a broad strategy that has now been widely adopted 
by many different disciplines and domains in health care. 
For the most part, simulation professional societies have 
sprung up as explicitly multidisciplinary organizations. 
Major leadership roles in these societies have been played 
by anesthesiologists and engineers associated with anes-
thesiology, however.

The largest simulation organization is the Soci-
ety for Simulation in Healthcare (SSH; www.ssih.org), 
which was founded in 2004 as the outgrowth of the 
group that had operated the International Meeting on 
Medical Simulation for several years as a satellite to 
the annual meeting of the Society for Technology in 
Anesthesia. Under the new auspices of SSH, the meet-
ing was transformed into the International Meeting 
on Simulation in Healthcare (IMSH), encompassing all 
health care disciplines and domains, not just medicine. 
Regular scientific congresses on simulation had been 
under way since the mid-1990s (the Rochester Con-
ferences on Simulation in Anesthesia). Although they 
originally had approximately 100 attendees, Society in 
Europe for Simulation Applied to Medicine (SESAM) 
meetings have now approximately 400 attendees. The 
IMSH meeting in 2014 had nearly 3000 attendees. This 
number places it in the category of a medium-sized 
scientific meeting; to put this in the context of anes-
thesiology, it would rank as the third largest scientific 
meeting in the United States, falling below only the 
ASA meeting and the New York Postgraduate Assembly 
in Anesthesiology (PGA) conference, but ranking ahead 
of the International Anesthesia Research Society (IARS) 
annual meeting.

Another sign of the mainstream nature of simulation 
is that the SSH has published a quarterly peer-reviewed 
journal, Simulation in Healthcare, since 2006. This journal 
was approved for indexing by PubMed in 2008. It is an 
official publication of many international professional 
societies of simulation in health care, including SESAM 
(www.sesam.ws), the Australian Society for Simulation in 
Healthcare, and the Association of Standardized Patient 
Educators. The organizations have become affiliates of 
the SSH.

Another sign of maturity is the emergence of a trade 
organization for simulation in health care dedicated 
to educating and influencing policy makers, primarily 
concerning federal legislation and health policy. The 
Advanced Initiatives in Medical Simulation (AIMS) is 
a 501c6 organization that is allowed to lobby the U.S. 
government. What was previously seemingly the prov-
ince of a few technologically minded anesthesiologists 
has blossomed into a substantial industry and profes-
sion with all the trappings of organizations, meetings, 
journals, and even lobbyists.

FUTURE OF PATIENT SIMULATION  
IN ANESTHESIA

The future is now—we are it.272

Although nearly 3 decades of consistent development 
have passed, the field of simulation in health care is still 
relatively new.5,17,273 Thousands of simulators are in use 
around the world, many targeting anesthesiology and 
critical care, but the fraction of clinicians in these fields 
who have undergone a meaningful simulation experience 
is still small.

Simulators have become more sophisticated, and users 
now can choose from many different models offered 
by multiple manufacturers. Improvements in simula-
tors depend on the demand for the devices and on the 
tradeoff between fidelity and cost. Many otherwise desir-
able improvements may be too costly for their expected 
impact. Technologic advances are likely to be targeted 
at portability and reliability, rather than at supporting 
increasingly esoteric feature sets. Many users have opted 
for simpler and cheaper simulators that use direct con-
trol, modest scripts, and finite state machines to control 
the changing state of the simulated patient, rather than 
complex mathematic models. This is partly because the 
production and use of robust mathematic models have 
been more difficult than anticipated.

In contrast to aeronautical engineers, physicians do 
not design and build the systems that they wish to model. 

http://www.ssih.org
http://www.sesam.ws
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The fundamental differential equations of fluid mechan-
ics and aerodynamics are firmly established, allowing 
supercomputers to provide technically meaningful simu-
lations as replacements for many wind tunnel tests. There 
are still wind tunnel tests, however, and test flights of 
actual prototype aircraft. Sophisticated instrumentation 
can be built into test structures to define their behavior 
accurately. Physicians will never have this type of knowl-
edge about the human body. The advantages and disad-
vantages of the various types of control logic for different 
applications are still being sorted out.

Interest has been growing in purely virtual reality sim-
ulations, often of a type similar to massive online games 
or to the popular Second Life system. Participating with 
others in the same virtual world, linked by the Internet, 
is appealing for many purposes. Such simulations are 
only as good as the “engines” that drive the underlying 
patients that may be found there, and the quality of the 
data provided and interventions and choices supported 
for implementation in these settings. Virtual reality pro-
ponents imagine a virtual reality so realistic that it rivals, 
or is indistinguishable from, the real world. This would 
approach the Star Trek holodeck. Although we once pre-
dicted that such systems could be in place by 2020, the 
development of such high-veracity virtual reality has not 
proceeded as quickly as previously imagined, and it is 
unclear whether full virtual reality of this nature will be 
available in the next decade.

Patient simulation has now become a regular part of 
initial and recurrent training of most anesthesia profes-
sionals and many other clinicians in the United States, 
Australia, and the United Kingdom and some other Euro-
pean countries. With patient simulation, the human 
error–based CRM concept was introduced to medicine as 
ACRM training, which revolutionized traditional meth-
ods and content of teaching and learning. The anesthesia 
community can be proud of its pioneering role in devel-
oping patient simulation technology and simulation-
based training curricula, and anesthesiologists and others 
working with them continue to play dominant leadership 
roles in many settings of simulation, even those devoted 
to fields outside anesthesia.

If it can be shown that fully integrated simulation 
team training with a significant focus on human factors 
and CRM improves patient safety and acute care qual-
ity, and if this type of training is also shown to increase 
employee satisfaction and effectiveness of routine work, 
then we may expect a substantial increase in simulation 
team training as a de facto mandatory feature of clinical 
work because no one could afford not to use simulation 
in this way. Whether unequivocal data to this effect can 
be acquired or not remains to be seen.
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 •  ASA Simulation Education Network
 •  Many resources on simulation and links to ASA-endorsed 

simulation centers
 •  http://www.asahq.org/For-Members/Education-

and-Events/Simulation-Education/Endorsed-Simulation-
Centers.aspx

 •  Society for Simulation in Healthcare (SSH; largest simulation 
annual meeting IMSH; see website of SSH)

 •  www.ssih.org
 •  Journal Simulation in Healthcare, Elsevier
 •  Website of the Instructor Certification programme of SSH
 •  Detailed list of Standards & Elements
 •  http://ssih.org/uploads/static_pages/PDFs/Certification/CH

SE%20Standards.pdf
 •  https://ssih.org/certification
 •  Criteria for Accredition of Simulation Centers by SSH
 •  http://ssih.org/uploads/static_pages/PDFs/Accred/2013

_AccreditationStandards.pdf
 •  http://ssih.org/accreditation/how-to-apply
 •  Society in Europe for Simulation in Medicine SESAM
 •  www.sesam-web.org
 •  Stanford Simulation Site
 •  http://cisl.stanford.edu
 •  Neonatal Sim Center at Stanford
 •  Center for Advanced Pediatric and Perinatal Education
 •  http://cape.lpch.org/
 •  Penn State Medical Center (lists of available simulator systems 

and links to manufacturers)
 •  http://www.hmc.psu.edu/simulation/  

APPENDIX 8-1 Links and Useful Resources

http://www.asahq.org/For-Members/Education-and-Events/Simulation-Education/Endorsed-Simulation-Centers.aspx
http://www.asahq.org/For-Members/Education-and-Events/Simulation-Education/Endorsed-Simulation-Centers.aspx
http://www.asahq.org/For-Members/Education-and-Events/Simulation-Education/Endorsed-Simulation-Centers.aspx
http://www.ssih.org
http://ssih.org/uploads/static_pages/PDFs/Certification/CHSE%20Standards.pdf
http://ssih.org/uploads/static_pages/PDFs/Certification/CHSE%20Standards.pdf
https://ssih.org/certification
http://ssih.org/uploads/static_pages/PDFs/Accred/2013_AccreditationStandards.pdf
http://ssih.org/uploads/static_pages/PDFs/Accred/2013_AccreditationStandards.pdf
http://ssih.org/accreditation/how-to-apply
http://www.sesam-web.org
http://med.stanford.edu/VAsimulator/
http://cape.lpch.org/
http://www.hmc.psu.edu/simulation/
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Teaching Anesthesia
MANUEL PARDO, Jr. • RANDALL M. SCHELL

K e y  P o i n t s

 •  Clinician educators are challenged with having to provide meaningful educational 
experiences for residents and students in an increasingly complex health care 
environment, under pressure to be clinically efficient and yet to ensure high quality 
and safe patient care.

 •  Additional challenges in anesthesia education include the need to integrate 
increasingly complex knowledge, to provide adequate clinical experiences (in 
the face of reduced trainee hours), to ensure acquisition of broad skills, to assess 
learners in a fair and comprehensive manner, and to ensure patient safety.

 •  To develop competence in any aspect of clinical care, learners must have a deep 
foundation of factual knowledge, understand facts and ideas in the context of a 
conceptual framework, and organize their knowledge to facilitate retrieval and 
application.

 •  Competency-based medical education is an approach that incorporates trainee 
outcomes in the design, implementation, assessment, and evaluation of medical 
education.

 •  Competency-based education principles can be combined with a model of skill 
acquisition to develop a framework for performance assessment. The Dreyfus 
model describes five stages of development ranging from novice to master.

 •  The educator in anesthesiology may encounter a wide variety of learners, 
including anesthesia residents and fellows, medical students, student registered 
nurse anesthetists, anesthesiologist assistants, and anesthesiologists in continuing 
medical education courses. In addition to training anesthesia providers, the 
educator in anesthesiology must also be able to provide appropriate experiences 
for other trainees in specialties such as otolaryngology, head and neck surgery, 
plastic and reconstructive surgery, orthopedic surgery, oral-maxillofacial surgery, 
and emergency medicine.

 •  Residency programs in the United States are accredited by the Accreditation Council 
for Graduate Medical Education (ACGME). In addition, the ACGME offers accreditation 
for anesthesia fellowships in critical care medicine, pain medicine, pediatric 
anesthesiology, adult cardiothoracic anesthesiology, and obstetric anesthesiology.

 •  The ACGME established a framework for “milestones” of competency 
development and advocated for implementation of common evaluation tools in 
each discipline to document resident achievement of the milestones.

 •  Resident duty hours have been the focus of much discussion and considerable 
debate in graduate medical education for several decades. The ACGME recently 
added additional restrictions on duty hours.

 •  The ACGME requirements also address new standards for supervision, teamwork, 
transitions of care, fitness for duty, alertness management, and fatigue mitigation 
that affect the educational environment.

 •  Good clinical teaching is multifactorial with emphasis on the noncognitive aspects 
of teaching (e.g., developing positive relationships with students, creating a 
supportive learning environment, communication skills, and enthusiasm) more so 
than the cognitive aspects (e.g., clinical knowledge and reasoning).

 •  Experienced clinical teachers make use of “teaching scripts” to guide many of 
their teaching interactions. A teaching script includes three to five teaching points 
with supporting material, an overview of common errors made by learners, and 
effective ways to create a framework for understanding.
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K e y  P o i n t s — c o n t ’ d

 •  The amount of self-study by residents correlates with scores on anesthesia 
resident in-training examinations (ITEs). ITE scores predict subsequent 
performance on certifying examinations.

 •  Advances in education technology provide new models to deliver content 
(e-Learning, podcasts), teach and assess (simulations), provide collaborative 
learning environments (wikis), and increase classroom interactivity (audience 
response systems).

 •  Although delivery of anesthesia is the primary responsibility of anesthesiologists, 
education, responsibility, and leadership in the entire perioperative environment 
is important. In addition, anesthesiologists frequently have the responsibility for 
critical care medicine and both inpatient and outpatient pain medicine.

 •  Advances in the education of anesthesia providers are occurring all over the 
world (see Chapter 2). While this chapter emphasizes American educational 
principles, anesthesia educational approaches and systems are extensively being 
improved in accordance with the increasing complexity of anesthesiology and its 
responsibilities.
BACKGROUND AND HISTORY OF 
ANESTHESIA EDUCATION (ALSO SEE 
CHAPTER 1)

Education in the medical specialty of anesthesiology 
began after the initial public demonstration of ether as a 
method to reduce pain during a surgical procedure. Based 
on that introduction to the use of volatile anesthetics, in 
1850, John Collins Warren, a general surgeon at the Mas-
sachusetts General Hospital, delivered an address to the 
American Medical Association on the progress of surgery, 
including practical advice on how to administer ether 
safely.1 He outlined nine steps, many of which remain 
critical elements in the safe administration of anesthe-
sia today. His steps included recommendations regarding 
the need for the patient to be fasting, supine position-
ing, monitoring of pulse and respirations, evaluating the 
level of muscle relaxation as a sign of anesthetic depth, 
and avoiding cautery when administering ether anesthe-
sia because of the risk of fire. These principles provided 
the foundation upon which to begin to train physicians 
in the practice of anesthesiology. Despite the acknowl-
edgement of the need for training regarding anesthesia 
administration and safety, formal training programs in 
anesthesiology did not become the norm until the twen-
tieth century. Initially, implementation of anesthesia 
care was provided by medical students, interns, and ward 
nurses, none of whom had any formal or informal train-
ing or experience in anesthesia. Although some of the 
steps described by Warren were addressed, the “art and 
science” of anesthesia practice were undervalued. In fact, 
at institutions such as the Mayo Clinic in Rochester, Min-
nesota, surgeons William and Charles Mayo believed that 
nurses were better suited to provide anesthesia since “the 
intern was naturally more interested in what the surgeon 
was doing.”2

The first formal anesthesia training program was 
developed by Ralph Waters at the University of Wiscon-
sin in the late 1920s.3 The program included didactic 
elements such as case conferences, Grand Rounds, and 
literature reviews, for the most part based on models 
from other specialties. Anesthesia residents, who spent 
3 years in training, were responsible for patient care, 
research, and teaching of medical students and interns. 
Many of the graduates of the training program at the 
University of Wisconsin went on to become chairs of 
other academic departments, disseminating Water’s 
model for academic anesthesiology in the United States, 
Canada, and the United Kingdom.4 Although anesthe-
siology was recognized as a critical skill in caring for 
surgical patients, anesthesiology was considered a sub-
ordinate medical specialty to surgery. Few departments 
of anesthesiology existed in any U.S. medical schools, 
and the majority of anesthesia training programs were 
apprenticeships managed as a division of the Depart-
ment of Surgery.

Certification in anesthesiology followed a similar 
course to the formal educational programs. The American 
Board of Anesthesiology (ABA) was established in 1938, 
initially as a subordinate board to the American Board of 
Surgery. The transition to a separately recognized medical 
specialty followed shortly thereafter with the ABA becom-
ing an independent board in 1939. The ABA helped define 
the training and clinical experience required to practice 
anesthesiology by specifying that anesthesiologists had 
to complete at least 3 years of postgraduate training, have 
some experience in clinical practice, and pass a series of 
examinations (written, oral, and practical) to achieve dip-
lomate status.5 Despite the ABA definition of a curriculum 
and continuum to achieve board certification, for many 
of the early years, most residencies were more apprentice-
ships than formal educational programs.

Medical education and health care delivery have been 
transformed since the days of the first training program 
and the founding of the ABA. This chapter addresses the 
principles of education in anesthesiology during formal 
residency and fellowship programs and throughout one’s 
career, with an emphasis on both learning and teaching 
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the principles and practices of anesthesia. Although these 
principles and practices are relevant to almost any anes-
thesia practice, the chapter uses specific examples that 
for the most part reflect the approach to training in the 
United States. See Chapter 2 for international perspec-
tives on anesthesia training.

CHALLENGES IN MEDICAL EDUCATION

Education and training in anesthesiology and all other 
medical specialties has evolved considerably since the 
administration of the first ether anesthetic. Because of 
the many changes in patient population, surgical and 
other approaches to managing clinical problems and the 
major advances in anesthesia care, the concept that clini-
cal experience alone is adequate to prepare the anesthesia 
provider, is not sufficient. The concept of an appren-
ticeship in anesthesiology—or the notion that one can 
isolate oneself behind the “ether screen” disinterested 
in what a surgeon or other physician is doing—is not 
an acceptable model of care or training. Anesthesiology 
has a sound scientific foundation and as a result has fos-
tered development of new technologies and approaches 
to clinical care within and beyond the operating room 
that allow patients with complex underlying comorbidi-
ties to safely undergo procedures that were previously not 
possible. While our understanding of the principles and 
practice of anesthesia evolved with exponential increases 
in medical knowledge, these other advances in medical 
technology and changes in health care delivery have cre-
ated opportunities and challenges related to anesthesia 
training. For example, whereas medical education con-
tinues to be focused on hospitalized patients, particularly 
those undergoing procedures in an operating room, an 
increasing amount of patient care has shifted to settings 
less familiar to the anesthesiologist, including the outpa-
tient setting. Anesthesia practice is no longer restricted to 
the surgical suite. At the same time, the clinical instruc-
tors are under pressure to generate additional income 
from patient care activities and to improve efficiency of 
care. Health care systems focus on financial viability and 
must respond to external pressures to demonstrate qual-
ity of care. Accrediting agencies such as The Joint Com-
mission and Centers for Medicare & Medicaid Services 
provide increasing scrutiny of many aspects of clinical 
care. Against this backdrop, the Carnegie Foundation for 
the Advancement of Teaching issued a report calling for 
reform of medical school and residency, 100 years after 
their influential Flexner Report of 1910.6 They identified 
four goals for medical education:

 1.  Standardization and individualization: standardizing 
learning outcomes through assessment of competen-
cies, while also individualizing the learning process

 2.  Integration: connecting formal knowledge to clinical 
experience; integrating basic, clinical, and social sci-
ences; incorporating interprofessional and teamwork 
education into the curriculum

 3.  Habits of inquiry and improvement: preparing learners 
to develop expertise, engaging learners in challenging 
problems including quality improvement and patient 
safety
 4.  Formation of professional identity: offering feedback 
and assessment of professionalism, promoting rela-
tionships with supportive faculty who encourage high 
standards, creating collaborative learning environ-
ments committed to excellence and improvement

  

The challenges in anesthesia education reflect these 
larger issues (Box 9-1).7

LEARNING PRINCIPLES AND LEARNING 
STYLES

A basic understanding of the science of learning can 
provide context for teachers as they try to meet these 
challenges. Over the last 40 years, research on learning, 
cognitive psychology, social psychology, and anthropol-
ogy has resulted in an evolving understanding of the sci-
entific basis of learning. The National Academy of Sciences 
prepared a monograph synthesizing this literature.8 The 
key findings, which are relevant to learners of all levels in 
all disciplines, include the following learning principles:

 1.  Learners bring preconceptions about how the world 
works. If their initial understanding is not engaged, they 
might fail to understand the material that is presented.

 2.  To develop competence in a topic, learners must 
have a deep foundation of factual knowledge, under-
stand facts and ideas in the context of a conceptual 
framework, and organize their knowledge to facilitate 
retrieval and application.

 3.  Metacognition refers to the learner’s ability to moni-
tor the state of their knowledge of a particular topic. A 
metacognitive approach to instruction can help learn-
ers take control of their learning by defining goals and 
monitoring progress toward achieving them.

  

Quantity of Knowledge

 •  Exponential growth in knowledge—impossible to master the 
anesthesia literature

adeQuate Patient Care exPerienCes

 •  Duty hour restrictions affect amount and continuity of patient 
care

 •  Health system emphasis on efficiency can exert pressure to 
minimize trainee involvement

 •  Appropriate use of education technology (e.g., computer, 
Internet, simulation) or other means to supplement direct 
patient care experiences

learner assessment

 •  Competency-based education expected by accreditation bodies
 •  New assessment methods (e.g., milestones) require faculty 

training to obtain meaningful measurements

Patient safety in era of Cost Containment

 •  Providing adequate supervision of trainees
 •  Promoting learner autonomy and preparedness for indepen-

dent practice  

BOX 9-1 Challenges in Anesthesia Education

Adapted from Bould MD, Naik VN, Hamstra SJ: Review article: new directions 
in medical education related to anesthesiology and perioperative medicine, 
Can J Anaesth 59:136-150, 2012.
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Key aspects of the learning environment are displayed 
in Figure 9-1. Examples of strategies in the application 
of these learning principles in anesthesia teaching are 
shown in Table 9-1.

A learning style refers to the complex way that an indi-
vidual prefers to acquire and process information. The 
VARK learning style uses the learner’s preferred sensory 
mode of receiving information.9 The visual learner is said 
to process new information best when it is visually pre-
sented, such as with tables, graphs, and diagrams. The 
auditory learner processes new information best by listen-
ing, explaining ideas to others, or engaging in group dis-
cussions. The read/write learner prefers to use textbooks, 
handouts, and note taking when receiving new informa-
tion. The kinesthetic learner processes new information 
best when it can be touched or manipulated, such as with 
concrete, multisensory experiences. This learner responds 
well to laboratory demonstrations and experiments, and 
they will likely enjoy participating in simulation activities.

There is no evidence that matching teaching style to 
the learning style of an individual improves learning out-
comes in medical education. The rationale for teachers to 
understand learning styles is to be cognizant of instruc-
tional methods that correspond to the varied learning 
styles in a group of learners. In addition, knowledge of 
a particular student’s preferred learning style can help a 
teacher explain a difficult or challenging topic.

ANESTHESIA LEARNERS

Although anesthesia education is generally defined in 
terms of the training of anesthesiologists through formal 
residency programs, the learner may be at any of a num-
ber of levels of experience and training. In some cases, the 
learners are from other specialties or professions for which 
anesthesia training and care are critical elements. With the 
continuing advances in the science and practice of anes-
thesiology, the need for continuing education by practic-
ing anesthesiologists, as well as the need for retraining, has 
taken on greater importance. As a result, the anesthesia 
educator will encounter a wide variety of learners, includ-
ing anesthesia residents and fellows, medical students, 
student registered nurse anesthetists, and anesthesiolo-
gist assistants (AAs). In addition, the training programs of 
specialties such as otolaryngology, head and neck surgery, 
plastic and reconstructive surgery, orthopedic surgery, 
and oral-maxillofacial surgery require anesthesia rota-
tion experiences. Practicing anesthesiologists also require 
continuing medical education and ongoing documenta-
tion of clinical competence. As a result, the educator must 
understand the background, experience, and goals of each 
learner and develop a curriculum to address their needs.

It is a challenge to address the educational needs of 
such a diverse group of trainees. One approach is to 
consider the learner’s professional practice after for-
mal training is concluded, and the specific anesthesiol-
ogy knowledge that will be most relevant. In addition, 
the educator should determine the current state of the 
learner’s knowledge about anesthesiology in order to 
design the appropriate learning experience. For example, 

TABLE 9-1 APPLYING LEARNING PRINCIPLES IN 
ANESTHESIA TEACHING: EXAMPLES

Learning Principle Teaching Strategies

Teachers must 
determine learners’ 
preexisting 
understanding

Use open-ended questions
In lecture setting, use pretest or 

audience response system as first step
In case discussion, allow learners to 

share prior experience after case stem 
is first introduced

Teachers must 
know common 
conceptual barriers 
(misconceptions) 
and effective 
strategies for 
teaching

Use a variety of teaching materials (e.g., 
textbooks, web pages, simulations, 
videos, podcasts)

Use a variety of teaching methods (e.g., 
demonstrations, discussions) rather 
than just one (e.g., lecture)

Learning environment 
should be 
knowledge centered

Emphasize practical application of 
knowledge (e.g., if studying basic 
science topic, find clinical application)
Draw links from what is being learned 
to examples in practice that learner 
wants to become competent at.

Learning environment 
should be 
assessment centered

 To review a topic, use practice 
questions instead of simply restudying 
topic
For residents who will take American 
Board of Anesthesiology board 
examinations, show how topic being 
discussed was covered on previous 
examinations (e.g., examinations 
keywords)
              Knowledge
• Curriculum: what is taught,
why it's taught, what is expertise

(Interactive)

 Learners
• Build on prior knowledge
• Develop conceptual framework
• Organize knowledge

         Teacher
• Content knowledge
• Teaching knowledge

Learning environment
• Community of

teachers and learners
• Positive learning climate

              Assessment
• Aligned with curriculum
• Self-assessment to

promote metacognition
• Frequent formative feedback
• Summative assessment

Figure 9-1. Key aspects of the learning environment.
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an otolaryngology–head and neck surgery resident may 
participate in a 1-month anesthesiology rotation as an 
intern. Appropriate goals of the experience may include 
preoperative evaluation, airway assessment, and predic-
tion of difficult mask ventilation and tracheal intubation. 
Topics such as regional anesthesia or epidural anesthesia 
are likely to be less relevant to this group of learners.

Continuing education and the training of nonanesthe-
siologists in some aspects of anesthesia care are important, 
but the primary focus of this chapter is on the training of 
medical students and anesthesia residents and fellows in 
the United States. For these trainees, the elements of an 
anesthesia curriculum include formal and informal didac-
tics, appropriate clinical assignments, and other learning 
activities. The curriculum is generally conducted over a 
defined time span, which can vary from 1 to 2 weeks for 
a medical student rotation to 3 to 5 years for anesthe-
sia residents and fellows. The specific educational goals, 
clinical exposure, and didactic sessions vary considerably 
for each level of training.

MEDICAL STUDENTS

The foundation of an anesthesiologist’s medical knowl-
edge and clinical skills is established during medical 

TABLE 9-2 NUMBER OF MEDICAL STUDENTS 
AND FULL-TIME FACULTY (TOTAL AND 
ANESTHESIOLOGY-SPECIFIC) IN U.S. MEDICAL 
SCHOOLS 

Academic 
Year

Number 
of Medical 
Students

Total 
Number of 
Full-Time 
Faculty

Number (% of Total 
Faculty) of Full-Time 
Anesthesiology 
Faculty

1990 65,081 72,320 3393 (4.7)
1995 67,030 90,016 4535 (5)
2000 66,500 102,446 4979 (4.9)
2005 68,280 119,025 5471 (4.6)
2010 75,394 133,452 6469 (4.8%)

Data from Rowley B, et al: Graduate medical education in the United States, 
JAMA 264:822-832, 1990; Graduate medical education, JAMA 274: 
755-762, 1995; Graduate medical education, JAMA 284:1159-1172, 2000; 
Graduate medical education, JAMA 294:1129-1143, 2005; Brotherton SE, 
Etzel SI: Graduate medical education 2006-2007, JAMA 298:1081-1096, 
2007; Brotherton SE, Etzel SI: Graduate medical education 2010-2011, 
JAMA 306:1015-1030, 2011; and The Association of American Medical 
Colleges. Available at <http://www.aamc.org>. (Accessed 28.02.13.)
school. Therefore, anesthesia educators must be aware of 
the medical student curriculum and how clinical skills are 
being taught. Table 9-2 displays the number of medical 
students, full-time faculty members, and anesthesiology 
faculty members in the United States. Anesthesiologists 
represent a small percentage of medical school faculty 
members, but should be involved in medical school curric-
ulum committees to understand the school’s curriculum 
management process and potentially influence the cur-
riculum to incorporate anesthesia experiences. Although 
many medical schools do not mandate an anesthesia 
clerkship for its students, there are several advantages to a 
required (“core”) clerkship in anesthesia.10 While provid-
ing exposure to the practice of anesthesia may seem the 
most obvious, a focus on topics of relevance to all medical 
students may be more appealing to medical school cur-
riculum planners. Topics within the expertise of the anes-
thesiologist include applied cardiovascular and pulmonary 
physiology, clinical pharmacology, pain management, 
preoperative evaluation, care of the critically ill patient, 
and basic and advanced cardiac life support. In addition, 
anesthesiologists are capable of teaching basic procedural 
skills such as airway management and vascular access 
placement. Besides providing teaching content, anesthe-
siologists can influence medical student attitudes toward 
anesthesia. Finally, although many factors affect specialty 
choice, students who choose anesthesiology careers are 
more likely to have taken an anesthesiology clerkship.11

The traditional clerkship model is a one-discipline 
experience, typically inpatient-focused during the lat-
ter half of the undergraduate medical curriculum. A 
traditional anesthesia clerkship would include clini-
cal assignments focusing on intraoperative patient care 
plus didactic sessions covering predetermined topics. An 
example of the structure of a 2-week anesthesia clerkship 
is shown in Table 9-3. A new model for the structure of 
the core clinical clerkship year is the longitudinal, inte-
grated clerkship.12 The term longitudinal refers to the 6- to 
12-month period that students spend in a multidisci-
plinary setting. The organizing principle of this model is 
continuity. The integration of disciplines takes place via 
an integrated schedule of discipline-based experiences or 
by having the student see the variety of patients seen by a 
primary care physician.12 This approach allows a student 
to appreciate a patient’s perspective of the health care 
system, and it provides the opportunity to care for the 
patient through an entire illness episode even if different 
TABLE 9-3 SAMPLE SCHEDULE FOR 2-WEEK MEDICAL STUDENT ANESTHESIA CLERKSHIP

Monday Tuesday Wednesday Thursday Friday

Week 1 Orientation
Airway workshop
Sedation lecture

Clinical assignment Preoperative assessment  
lecture

Clinical assignment

Clinical 
assignment

Clinical 
assignment

Week 2 Simulation/crisis  
management session

Clinical assignment

Case conference
Clinical assignment

Grand rounds conference
Clinical assignment
Acute pain lecture
Mechanical ventilation lecture

Clinical 
assignment

Clinical 
assignment

Reflections 
session

Learning activities:
 •  Clinical assignment—clinical teaching by faculty and residents
 •  Interactive workshops—airway management, simulation/crisis management, reflections
 •  Lectures—sedation, preoperative assessment, acute pain, mechanical ventilation
 •  Case-based conferences—case conference, grand rounds

http://www.aamc.org


specialty care is needed. An example of how to integrate 
the discipline of anesthesia into a longitudinal integrated 
clerkship is shown in Box 9-2. One obvious disadvantage 
is the time lag between anesthesia clinical experiences, 
but the continuity of the faculty preceptor allows a focus 
on the learning goals not yet achieved by the student. 
Many factors influence the rate of adoption of longitu-
dinal clerkship models, including financial implications 
and the need for faculty time and training.

GENERATIONAL DIFFERENCES IN LEARNERS

The focus on learner-centered educational environments 
has implications for teachers and learners. Teachers 
should be aware that the new generation of learners has 
been taught with different approaches to meeting learn-
ing objectives using more interactive teaching approaches 
and technology. Teachers are undoubtedly aware that 
there are generational differences in today’s learners. In 
medical schools, most students are members of one of 
two generational cohorts: Generation X (born between 
1965 and 1980) and Millennial (born between 1981 and 
1999). One medical school surveyed more than 800 grad-
uates who matriculated between 1989 to 1994 and 2001 
to 2004.13 The survey tool was the 16 Personality Factor 
Questionnaire, which measures 16 independent dimen-
sions of personality. Millennial students scored signifi-
cantly higher than Generation X students on factors such 
as rule-consciousness, emotional stability, sensitivity, and 
perfectionism. Generation X students scored higher than 
Millennial students on self-reliance. It is unclear how 
(or whether) medical schools, residency, and fellowship 
programs should adapt to the new generation of learn-
ers. Educators have questioned whether changing person-
alities should lead to changes in the teaching of medical 
professionalism, advising and mentoring programs, and 
faculty development.13

Teachers should be aware of generational changes in 
their learners, but learners should be aware of the expecta-
tions for excellence of their teachers. At the resident level, 
there are several features that have characterized excel-
lence (Box 9-3).14 Another framework is to consider the 
seven core tasks that may be required of a teacher (Table 

 •  Time period of clerkship: 1 year
 •  Time assigned to anesthesiology: 6 days
 •  Didactic sessions: six lectures, simulation workshop
 •  Continuity of anesthesia preceptor: one preceptor for all 6 days
 •  Required patient care experiences and learning goals
 •  Orthopedic surgery patient: exposure to regional anesthesia, 

laryngeal mask placement
 •  General surgery patient: basic anesthesia drug pharmacol-

ogy, airway management, approach to postoperative pain
 •  Major spine surgery patient: monitoring, approach to 

transfusion
 •  Gastric bypass patient: approach to difficult airway manage-

ment, postoperative pain, and patient safety  

BOX 9-2 Example of Longitudinal Anesthesia 
Clerkship Experience

Adapted from Sullivan KR, Rollins MD: Innovations in anaesthesia medical 
student clerkships, Best Pract Res Clin Anaesthesiol 26:23-32, 2012.
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9-4), and to determine the corresponding task required of 
the learner (Table 9-5).15

RESIDENT AND FELLOW EDUCATION

ROLE OF THE ABA, ACGME, SCHOOL, AND 
DEPARTMENT

The educational curriculum and core competencies in 
anesthesia residencies are defined by the Accreditation 
Council for Graduate Medical Education (ACGME) and 
the ABA. The residency programs in the United States 

 1.  Great fund of knowledge and the ability to apply that knowl-
edge to patient care

 2.  Skill in performing essential tasks of daily practice
 3.  Curiosity and love of learning; seeking to understand “how” 

and “why”
 4.  Approach to errors: making the most of their own mistakes 

and those of others, and use to improve their practice
 5.  Conscientiousness: effective and efficient use of time; enjoy 

doing a good job for patients and colleagues
 6.  High degree of personal initiative; doing what is required and 

then going beyond
 7.  Reliability: when asked to do something, they can be relied 

upon to see that it gets done
 8.  Affable: tend to be liked by most because they treat people 

fairly and respectfully and have a genuine interest in the well-
being of others

 9.  Character: honest, unselfish, understanding of others, 
trustworthy  

BOX 9-3 Select Features That Characterize 
Excellence Among Resident Learners

Adapted from Gunderman R: Achieving excellence in medical education. ed 
2, London, 2011, Springer.

TABLE 9-4 REQUIRED TEACHING TASKS  
AND DESCRIPTIONS 

Task Description

Teach in clinical 
setting

Teach appropriate knowledge, skills, 
attitudes

Teach large and 
small groups

Prepare and deliver lecture; choose and 
manage appropriate small group format

Facilitate and 
manage learning

Assist trainee in achieving learning goals; 
advise and mentor for career goals

Plan learning Manage the curriculum development 
process, from needs assessment to 
implementation

Develop and work 
with learning 
resources

Create instructional materials, including 
handouts and multimedia resources; 
use appropriate technology including 
Internet-based and clinical simulation

Assess trainees Use appropriate assessment tools for 
learning setting and assessment goal

Evaluate courses 
and undertake 
research in 
education

Use appropriate methods to evaluate 
courses, teachers, and resource materials; 
encourage research in medical education

Adapted from Hesketh EA, Bagnall G, Buckley EG, et al: A framework for 
developing excellence as a clinical educator, Med Educ 35:555-564, 2001.
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are accredited by the ACGME. In addition, the ACGME 
offers accreditation for the following anesthesia fellow-
ships: critical care medicine, pain medicine, pediatric 
anesthesiology, adult cardiothoracic anesthesiology, 
and obstetric anesthesiology. The number of anesthesio-
logy core residency and ACGME subspecialty trainees 
is shown in Tables 9-6 and 9-7. The ACGME sets forth 
common program requirements that address issues rel-
evant to all graduate medical education training pro-
grams, including institutional responsibilities, program 
personnel and resources, resident appointments, edu-
cational program, evaluation, resident duty hours in 
the learning and working environment, and program 
innovations.16

While the ACGME accredits residency programs, 
the ABA provides certification to individual anesthe-
siologists. Anesthesia residents are offered an annual 
in-training examination (ITE). After conclusion of resi-
dency training, an eligible resident takes the ABA Part 
1 (written) and Part 2 (oral) examination. In 2012, the 
ABA divided the Part 1 examination into two parts. The 
Basic Examination (written, multiple choice), focus-
ing on basic science and basic clinical aspects of anes-
thetic practice, is taken at the start of CA-2 year, and 
an Advanced Examination (written, multiple choice), 
focusing on clinical aspects of anesthetic practice and 
emphasizing subspecialty-based practice and advanced 
clinical issues, is taken after completion of residency.17 
The Applied (oral) Examination is currently scheduled 
to begin in 2016. It will be taken after successful com-
pletion of the Basic and Advanced Examinations, and 
it will include an objective structured clinical examina-
tion (OSCE) component. The ABA publishes a content 
outline that is used to determine subject matter for the 
ITE, as well as for the Basic and Advanced Examinations 
that are part of the certification process (Appendix 9-1). 
It is a common practice for training programs to address 
many of these topics in the didactic elements of the cur-
riculum. The ABA also grants certification in anesthe-
siology subspecialties including critical care medicine, 
TABLE 9-5 TEACHING TASKS AND LEARNER ROLES 

Teaching Task Learner Role Learner Description

Teach in clinical 
setting

Clinical learner Be a “cognitive apprentice.” Observe and apply thinking processes used by clinicians. 
Apply skills learned; discover and reflect on new concepts.

Teach large and 
small groups

Information receiver Ensure understanding, relate to prior knowledge (e.g., use textbooks or other resources). 
Teaching peers may help solidify understanding. Ask questions: “Why is this  
subject being presented?” and “What do I know about this subject?” Note problems 
of understanding and ask questions.

Facilitate and 
manage 
learning

Teaching facilitator, 
mentee

Should not be an “empty box” passively receiving information. Should act as teacher’s 
facilitator, listening but ready to react. Intention to learn should be clear. Help lead 
teacher to the point most important for progress. As mentee, learner should give teacher 
urge and motivation to continue working with interest and enthusiasm. Do this by being 
present, curious, and involved.

Plan learning Curriculum co-planner, 
active participator

Learner should understand demanding nature of medical curriculum, should make effort 
to keep up with pace of instruction, and alert teacher if pace is too rapid or slow. Learner 
should participate actively in curriculum.

Develop and work 
with learning 
resources

Resource consumer Use (“consume”) learning resources, including those offered by teacher and external 
resources. Main challenge is often what not to consume, given proliferation of 
information available on the Internet.

Assess trainees Teacher’s assessor Should strive for valid, reliable, fair, and congruent way to assess whether teacher delivers 
course or instruction effectively. Also need to assess teacher’s professional interactions.

Evaluate courses 
and undertake 
research in 
education

Curriculum evaluator Provide feedback on courses and curriculum to enable teacher to adapt or modify 
curriculum to meet learner needs.

Adapted from Karakitsiou DE, Markou A, Kyriakou P, et al: The good student is more than a listener—The 12+1 roles of the medical student, Med Teach 34:e1-8, 
2012.

TABLE 9-6 NUMBER OF ANESTHESIOLOGY SPECIALTY AND SUBSPECIALTY GRADUATE MEDICAL EDUCATION 
PROGRAMS, RESIDENTS, AND FELLOWS: CORE ANESTHESIOLOGY RESIDENCIES AND RESIDENTS IN GME 
PROGRAMS IN THE UNITED STATES ACCREDITED BY THE ACGME

Academic Year

Number of Accredited 
Core Anesthesiology 
Residency Programs

Total Number of 
Core Anesthesiology 
Residents on Duty

Number (%) of Core 
Anesthesiology Residents 
on Duty Who Are U.S. 
Medical Graduates

Number of Residencies/ 
Residents on Duty in All ACGME-
Accredited and Combined 
Specialty GME Programs

1990 157 4362 3871 (88.7) 4144/69,798
1995 149 5490 4395 (81.1) 4245/85,732
2000 134 3837 1627 (42.4) 4268/85,460
2005 132 4785 3450 (72.1) 4151/86,975
2010 132 5322 4212 (79.1) 4128/91,963

ACGME, Accreditation Council for Graduate Medical Education; GME, Graduate Medical Education.
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pain medicine, hospice and palliative medicine, sleep 
medicine, and pediatric anesthesiology. The number of 
certificates issued is published by the American Board of 
Medical Specialties (ABMS), of which the ABA is 1 of 24 
medical specialty member boards18 (Table 9-8).

Although the ABA and ACGME provide content and pro-
gram requirements, this alone does not ensure that anesthe-
siologists are trained to meet the current and future needs of 
our specialty. Both organizations have approved innovative 
approaches to training residents, including integrating core 
residency and fellowship programs and combining core 
residency and research training to foster academic careers.

The roles of the department and school involve provid-
ing a variety of resources for training programs. Depart-
ment faculty members are the primary teachers and 
evaluators for residents. Department chairs must ensure 
that an appropriate amount of nonclinical time is allo-
cated to meet the administrative and teaching needs of 
faculty. Resident (and ACGME fellow) salaries are largely 
funded by Medicare, although there is a cap on the 
total number of positions funded. If Medicare funding 
decreases and hospitals do not provide financial support, 
then departments have to fund positions or decrease the 
number of residents. The institution (department, school, 
or teaching hospital) must also provide adequate space 
and equipment for the education program, including 
classrooms, study areas, office space, and on-call facilities.

RESIDENT EDUCATION

Over the past few years, medical education has been refo-
cused on documentation of specific competencies as a 
measure of proficiency and a guide to advancing from one 
level of training to another. This concept of deconstructing 
the abilities of a professional into parts, called competen-
cies, was first described over 60 years ago as a way to focus 
on the outcome of an education program. In medical edu-
cation, competency-based approaches gained prominence 
TABLE 9-8 AMERICAN BOARD OF MEDICAL SPECIALTIES CERTIFICATES ISSUED 

Discipline Before 1997 1997-2006 2000-2006 2007-2011

Anesthesiology* 28,515 12,012 7,592 7,832
Critical care medicine† — 480 267 301
Pain medicine‡ — 1941 1233 1032
Hospice and palliative medicine§ — — — 59
Sleep medicine¶ — — — 4
Pediatric anesthesiology# — — — —
All specialties 602,578 242,684 167,656 127,009
All subspecialties — 76,782 51,057 54,454

Data from 2012 Reference handbook and certificate statistics, Evanston, IL, 2012, American Board of Medical Specialties.
*First American Board of Medical Specialties (ABMS) certificate issued in 1938; first time-limited (10 years) certificate issued in 2000
†First ABMS certificate issued in 1986; first time-limited (10 years) certificate issued in 2000.
‡First ABMS certificate issued in 1993; first time-limited (10 years) certificate issued in 1993.
§First ABMS certificate issued in 2008; first time-limited (10 years) certificate issued in 2008.
¶First ABMS certificate issued in 2011; first time-limited (10 years) certificate issued in 2011.
#First ABMS certificate issued in 2013; first time-limited (10 years) certificate to be issued in 2013.

TABLE 9-7 NUMBER OF ANESTHESIOLOGY SPECIALTY AND SUBSPECIALTY GRADUATE MEDICAL EDUCATION 
PROGRAMS, RESIDENTS, AND FELLOWS: SUBSPECIALTY ANESTHESIOLOGY FELLOWSHIPS AND FELLOWS IN 
ACGME-ACCREDITED GME PROGRAMS IN THE UNITED STATES 

Academic 
Year

Number of Accredited Subspecialty 
Anesthesiology Fellowship Programs

Total Number 
of Subspecialty 
Anesthesiology 
Fellows on Duty

Subspecialty 
Anesthesiology Fellows 
on Duty Who Are U.S. 
Medical Graduates

Number of Subspecialty 
Programs/Fellows on Duty in 
All ACGME-Accredited GME 
Programs

1990 Critical care medicine, 27 7 4 (57.1) 2447/8,006
1995 Critical care medicine, 46

Pain medicine, 55
70
112

52 (74.3)
83 (74.1)

3264/12,100

2000 Critical care medicine, 53
Pain medicine, 98
Pediatric anesthesiology, 37

59
215
63

29 (49.2)
100 (46.5)
33 (52.4)

3678/12,529

2005 Critical care medicine, 47
Pain medicine, 95
Pediatric anesthesiology, 43

43
190
91

20 (46.5)
88 (46.3)
43 (47.3)

4095/14,316

2010 Adult cardiothoracic anesthesiology, 47
Critical care medicine, 46
Pain medicine, 92
Pediatric anesthesiology, 46

69
80
244
143

42 (60.9)
41 (51.3)
172 (70.5)
104 (72.7)

4747/17,877

United States, JAMA 264:822-832, 1990; Graduate medical education, JAMA 274:755-762, 1995; Graduate medical education, JAMA 284:1159-1172, 2000; 
Graduate medical education, JAMA 294:1129-1143, 2005; Brotherton SE, Etzel SI: Graduate medical education 2006-2007, JAMA 298:1081-1096, 2007; 
Brotherton SE, Etzel SI: Graduate medical education 2009-2010, JAMA 304:1255-1270, 2010.

ACGME, Accreditation Council for Graduate Medical Education; GME, graduate medical education.
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when they were adopted as a framework for evaluation in 
the United States, Canada, and Scotland—and now in many 
other countries. Competency-based medical education refers 
to an “outcomes-based approach to the design, implemen-
tation, assessment, and evaluation of medical education 
programs, using an organizing framework of competen-
cies.”19 A competency refers to an observable ability of a 
health professional (e.g., knowledge, skills, attitudes) that 
can be measured and assessed. The term competent refers 
to “possessing the required abilities in all domains in a 
certain context at a defined stage of medical education or 
practice.”19 To have value as a tool for documenting capa-
bilities, a competency must be able to be observed, mea-
sured, and assessed, rather than simply described.

The main principles of competency-based medical 
education (CBME) include the following19:

 1.  Focus on outcomes: This includes ensuring that every 
graduate is prepared for practice and that they are 
competent in all domains of their intended practice.

 2.  Emphasis on abilities: Curriculum is organized around 
competencies or abilities rather than long lists of 
knowledge objectives.

 3.  De-emphasis on time-based training: CBME can shift 
focus to the abilities actually acquired during training 
rather than time spent in training.

 4.  Promotion of greater learner centeredness: CBME 
encourages learners to take responsibility for their 
progress through training by mapping out a transpar-
ent pathway from predefined milestone to milestone 
on the path to becoming competent, and beyond.

  

The terms competence and competency can be confus-
ing when one considers the spectrum of performance of a 
given practitioner.20 To simplify the terminology, a com-
petency can be considered a skill, and competence can be 
considered a point on the spectrum of performance. For 
example, nasogastric tube insertion is a patient care com-
petency. An intern may be competent (has the ability) to 
insert the nasogastric tube (the competency), but may not 
be an expert at the procedure. Thus, although ensuring 
that practitioners are competent may be a goal of CBME, 
teachers (and learners) should also be concerned with 
developing higher (i.e., more skillful) levels of perfor-
mance. In addition, one may be competent at one point 
in time, but not maintain competence, or can be compe-
tent to perform a task in one setting but not another. One 
might also be competent under ideal circumstances with-
out pressure or stress, but not maintain the same level of 
competence in urgent or emergent situations.

ACGME CORE COMPETENCIES

In 1999, the ACGME began its Outcome Project to change 
the focus of residency accreditation from the structure and 
process of training to the outcomes of training—that is, 
competency-based medical education.21 In the first phase 
of the Outcome Project, programs defined objectives to 
demonstrate learning in the competencies. In phase 2, 
programs integrated competencies into their curriculum 
and assessment. In phase 3, programs were to use resident 
performance data as a means for program improvement. 
In phase 4, the ACGME intends to focus on identifying 
benchmark programs. The deconstruction of the work of a 
physician to six core competencies (patient care, medical 
knowledge, professionalism, interpersonal and commu-
nication skills, systems-based practice, and practice-based 
learning and improvement) occurred after considering 84 
potential physician competencies in 13 categories.22 Since 
then, the six core competencies have also been adopted by 
medical schools, certifying boards (including the American 
Board of Anesthesiology), continuing medical education 
programs, the American Osteopathic Association, and The 
Joint Commission. The ACGME competencies are incorpo-
rated in the common program requirements for all special-
ties. The specific language used is contained in Appendix 
9-2. Two of the competencies (Systems-Based Practice and 
Practice-Based Learning and Improvement) can be difficult 
to understand based on their name alone, especially for 
individuals who have not used those terms in other set-
tings. Examples of how the work of an anesthesiologist can 
be described by competencies are provided in Table 9-9. 
Specialty-specific Residency Review Committees (RRCs) 
determine the program requirements for both residen-
cies and fellowships. The specialty program requirements 
must incorporate all aspects of the ACGME core program 
requirements. Key structural elements of the Anesthesiol-
ogy Program Requirements are listed in Box 9-4.

The widespread adoption of the competency model 
was accompanied by a proliferation of assessment tools to 
assess resident achievement of the competencies. In 2000, 
the ACGME, in conjunction with the ABMS, published a 
Toolbox of Assessment Methods that listed 13 assessment 
tools: 360-degree evaluation, chart stimulated recall oral 
examination, checklist evaluation, global rating, objec-
tive structured clinical examination, case/procedure logs, 
patient surveys, portfolios, medical record review, simula-
tions, standardized oral examinations, standardized patient 
examination, and written examination.16 A review of four 
evaluation tools (global ratings, 360-degree evaluations, 
direct observation, and portfolios) sought to determine 

TABLE 9-9 ACGME COMPETENCIES AND 
ANESTHESIA CARE—EXAMPLES

Anesthesia Event Relevant ACGME Competencies

Evaluate patient in 
preoperative clinic

Patient Care, Interpersonal and 
Communication Skills

Determine dose of 
intravenous anesthetic

Medical Knowledge

Place internal jugular 
central venous line

Patient Care

Interact with operating 
room and PACU nurses

Professionalism, Interpersonal, and 
Communication Skills

Patient with nerve 
injury—refer to quality 
improvement/patient 
safety committee

Systems-Based Practice

Patient with central line 
infection—compare 
prevention strategy with 
medical literature

Practice-Based Learning and 
Improvement

ACGME, Accreditation Council for Graduate Medical Education; PACU, 
postanesthetic care unit.
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whether the six general competencies can be measured 
independently of one another in a reliable and valid man-
ner.23 The studies did not find a method to assess the com-
petencies as independent constructs, with the exception 
of medical knowledge. Instead, the available assessment 
tools related to several different competencies. For example, 
one large study examined global evaluations from more 
than 1300 residents in 92 specialties.24 Whereas the global 
evaluations asked faculty to rate residents on items in all 
six competencies, analysis of the ratings found that two 
independent factors could explain most of the variance in 
the evaluations. The two factors were described as “medi-
cal knowledge, patient care and systems-based care” and 
“interpersonal communication skills and professionalism.” 
Although it is not clear that current evaluation tools can 
discriminate between individual competencies, it is possible 
that they can discriminate among different levels of perfor-
mance within a single competency or a subset of one.25

ASSESSMENT AND MILESTONES

The principles of competency-based education can be 
combined with a model of skill acquisition to develop a 
richer framework for performance assessment. One such 
framework, the Dreyfus model, arose from a U.S. Air 
Force–sponsored research study examining the skill acqui-
sition of pilots.26 It described five stages of development 
ranging from novice to master. In health care, the model 
has been adapted to describe both physician and nursing 
skills acquisition.20,27 The principles of the Dreyfus model 
are highlighted in Table 9-10. For individuals to progress 
to the expert stage, they need supervision, training, and 
opportunities for deliberate professional practice.20,28

Another framework of clinical skills assessment is 
known as Miller’s Pyramid. Miller, a widely respected 
medical education researcher, acknowledged that “no sin-
gle assessment method can provide all the data required 
for judgment of anything so complex as the delivery of 
professional services by a successful physician.”29 He sug-
gested a framework within which assessment could occur 

 •  Duration of training: 12 months of clinical base year, 36 
months of clinical anesthesia (CA-1, CA-2, and CA-3 years)

 •  Required rotation experiences:
 •  Two months of obstetric anesthesia
 •  Two months of pediatric anesthesia
 •  Two months of neuroanesthesia
 •  Two months of cardiothoracic anesthesia
 •  Four months of critical care medicine
 •  Three months of pain medicine (may include 1 month of 

acute perioperative pain, 1 month of chronic pain, and 1 
month of regional analgesia)

 •  One month preoperative evaluation clinic
 •  Two weeks postanesthesia care unit  

BOX 9-4 Key Structural Elements in 
Anesthesiology Program Requirements

From ACGME Program Requirements for Graduate Medical Education in 
Anesthesiology. <http://www.acgme.org/acgmeweb/Portals/0/PFAssets/
ProgramRequirements/040_anesthesiology_f07012011.pdf>. (Accessed 
14.03.13.)
(Table 9-11) and noted “the inescapable truth that exami-
nations drive the educational system.” Miller’s Pyramid 
has served as a useful tool for considering the progres-
sion of learners and the types of assessment needed to 
judge performance. There are several criticisms of the 
model.20,28 First, the original description of “knows how” 
was labeled “competence” and “shows how” was labeled 
“performance.” These terms are misleading when viewed 
in the context of competency-based medical educa-
tion and the Dreyfus model of performance assessment. 
Second, the behavior of a learner in a workplace-based 
assessment, such as direct observation, may be influenced 
by their knowledge of being observed and may not nec-
essarily reflect their actual behavior. Third, the model 
implies that a learner’s inability to “show how” (e.g., 
intubate a mannequin airway) should translate to an 
inability to “do” in an actual patient; however, this might 
reflect a lack of fidelity in the mannequin rather than a 

TABLE 9-10 PRINCIPLES OF DREYFUS MODEL OF 
SKILL DEVELOPMENT IN PHYSICIANS 

Level of 
Performance Description and Attributes of Performance

Novice Rules and protocols guide performance
Uses analytical reasoning to solve problems
Minimal ability to filter and prioritize information
Unable to manage complexity

Advanced 
Beginner

Is able to sort through rules and information to 
determine relevance based on past experience

Uses both analytic reasoning and pattern 
recognition to solve problems

Able to achieve partial resolution of complex tasks
Competent More expansive experience leads to more frequent 

use of pattern recognition to solve problems
May need analytic reasoning for complex or 

uncommon problems
Task seen as one construct (i.e., able to see big 

picture)
Seeks out and applies advice from experts and 

uses it effectively
Reliesy on deliberate planning and experience 

and less on intuition
Proficient Breadth of experience allows extensive use of 

pattern recognition; clinical problem solving 
seems intuitive

Routinely meets acceptable clinical standards
Comfortable with evolving situations, can 

extrapolate from known to unknown situation
May need to fall back on analytic reasoning for 

certain problems
Expert Performance based on experience and intuition

Achieves excellent performance
Is open to notice the unexpected
Can discriminate features not fitting 

recognizable patterns
In complex situations, moves easily between 

analytic and intuitive solutions

Adapted from Carraccio CL, Benson BJ, Nixon LJ, Derstine PL: From the educa-
tional bench to the clinical bedside: translating the Dreyfus developmental 
model to the learning of clinical skills, Acad Med 83:761-767, 2008; 
and Khan K, Ramachandran S: Conceptual framework for performance 
assessment: competency, competence and performance in the context 
of assessments in healthcare—deciphering the terminology, Med Teach 
34:920-928, 2012.

http://www.acgme.org/acgmeweb/Portals/0/PFAssets/ProgramRequirements/040_anesthesiology_f07012011.pdf
http://www.acgme.org/acgmeweb/Portals/0/PFAssets/ProgramRequirements/040_anesthesiology_f07012011.pdf
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lack of learner skill. Finally, another implication is that if 
a learner does a skill appropriately and successfully, that 
level of skill has been attained and can be applied to all 
practice settings. However, it is clear that performance is 
highly dependent on context.28 For example, the abil-
ity to place a central venous catheter before elective sur-
gery might not translate to successful performance of the 
same procedure on a semiconscious injured patient in the 
emergency department.

TABLE 9-11 MILLER’S PYRAMID FRAMEWORK 
FOR CLINICAL ASSESSMENT 

Level of 
Pyramid 
(Highest 
to Lowest) Description

Possible Assessment 
Approach

Does What learner does in 
clinical practice

Direct observation, 
workplace evaluations

Shows 
how

Learner shows how 
(i.e., performs )

Simulations, objective 
structured clinical 
examination, 
standardized patient

Knows 
how

Learner must 
know how to 
use knowledge 
accumulated

Case presentations, 
essays

Knows Learner knows what is 
required to carry out 
professional function

Cognitive examination

Adapted from van der Vleuten CP, Schuwirth LW, Scheele F, et al: The assess-
ment of professional competence: building blocks for theory development, 
Best Pract Res Clin Obstet Gynaecol 24:703-719, 2010; and Miller GE: 
The assessment of clinical skills/competence/performance, Acad Med 
65:S63-67, 1990.
To advance the core competencies approach, the ACGME 
adopted the Dreyfus model of skill acquisition to create a 
framework for milestones of competency development and 
advocated for implementation of common evaluation tools 
in each discipline to document resident achievement of the 
milestones.30 Programs will use milestones in the resident 
evaluation and feedback process, and the ACGME will use 
milestones as part of the accreditation of the residency pro-
gram. An example of a patient care milestone for various 
levels of anesthesia residents is shown in Table 9-12.

CURRICULUM DEVELOPMENT

The curriculum for anesthesia residency training is com-
posed of clinical assignments (clinical rotations) that 
include general and subspecialty rotations. Each rota-
tion should have specific goals and learning objectives, as 
well as teaching and assessment methods and educational 
resources. A sample set of goals and objectives for a rotation 
is provided in Appendix 9-3. As a resident advances through 
training, the rotations should become progressively more 
challenging. The resident should also assume progressive 
responsibility for patient care and be appropriately super-
vised during the entire training period.

To ensure that the anesthesia resident has a satisfactory 
breadth of clinical experiences, the program requirements 
provide a list of minimum numbers of key patient care 
encounters that should be achieved by the end of train-
ing (Box 9-5). Throughout the training period, the resident 
should gain experience caring for patients with complex 
comorbid illnesses undergoing complicated surgical proce-
dures. By the end of training, it is expected that the resident 
will exhibit sound clinical judgment in a variety of clinical 
circumstances and can function in a leadership role on the 
TABLE 9-12 EXAMPLE OF ANESTHESIA RESIDENT MILESTONES: PATIENT CARE COMPETENCY—ANESTHETIC 
CHOICE AND CONDUCT 

Level 1 (end CBY)
Level 2 (Before 
Subspecialty Rotations)

Level 3 (Completed 
Subspecialty Rotations)

Level 4 (Ready to 
Graduate)

Level 5 (After 
Beginning 
Independent Practice)

Formulates patient 
care plans 
that include 
consideration of 
underlying clinical 
conditions, 
past medical 
history, and 
patient, medical, 
or surgical risk 
factors

Formulates anesthetic plans 
for patients undergoing 
routine procedures that 
include consideration 
of underlying clinical 
conditions; past 
medical history; patient, 
anesthetic, and surgical 
risk factors; and patient 
choice

Formulates anesthetic 
plans for patients 
undergoing common 
subspecialty 
procedures that 
include consideration 
of medical, anesthetic, 
and surgical risk factors 
and that take into 
consideration a patient’s 
anesthetic preference

Formulates and tailors 
anesthetic plans that 
include consideration of 
medical, anesthetic, and 
surgical risk factors and 
patient preference for 
patients with complex 
medical issues undergoing 
complex procedures with 
conditional independence

Independently 
formulates anesthetic 
plans that include 
consideration of 
medical, anesthetic, 
and surgical risk 
factors, as well as 
patient preference, 
for complex patients 
and procedures

Adapts to new 
settings for 
delivery of patient 
care

Conducts routine anesthetics, 
including management of 
commonly encountered 
physiologic alterations 
associated with anesthetic 
care, with indirect 
supervision

Adapts to new settings for 
delivery of anesthetic care

Conducts subspecialty 
anesthetics with 
indirect supervision, 
but may require direct 
supervision for more 
complex procedures 
and patients

Conducts complex 
anesthetics with 
conditional independence; 
may supervise others 
in the management of 
complex clinical problems

Conducts complex 
anesthetic 
management 
independently

From Anesthesiology Residency Review Committee: The Anesthesiology Milestone Project. December 2013. <http://www.acgme.org/acgmeweb/Portals/0/
PDFs/Milestones/AnesthesiologyMilestones.pdf>. (Accessed 19.04.14.)

CBY, Clinical Base Year.

http://www.acgme.org/acgmeweb/Portals/0/PDFs/Milestones/AnesthesiologyMilestones.pdf
http://www.acgme.org/acgmeweb/Portals/0/PDFs/Milestones/AnesthesiologyMilestones.pdf
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care team. The didactic and clinical teaching in a residency 
program is designed to address subject matter listed in the 
ABA content outline. In addition, the ACGME program 
requirements stipulate a few topics that must be in the resi-
dency curriculum, including recognizing fatigue and sleep 
deprivation, alertness management and fatigue mitigation 
processes, practice management, geriatric patient care, and 
management of the ambulatory surgery patient.

Anesthesia residents in the United States are offered an 
annual in-training examination (ITE) by the ABA. Indepen-
dent study, including assigned reading, has traditionally 
been used as the main method of preparation. One study 
assessed the relationship between the amount of indepen-
dent reading by residents in one program, and their ITE 
scores.31 The average weekly self-study time was 8 ± 3.6 
hours (range, 1 to 20 hours). Linear regression revealed a 
positive correlation between hours of self-study and ITE-
scaled score (correlation coefficient 0.64; p < 0.0001). The 
correlation seems intuitively obvious, but this relation-
ship had not been confirmed in anesthesiology training. 
Another expectation is that ITE performance will predict 
performance on the ABA Part 1 (written, multiple choice) 
examination. This expectation was confirmed in a 2010 
study revealing that the ITE score in clinical anesthesia 
year 1 (CA-1) was a significant predictor of both Part 1 and 
Part 2 (oral) examination performance.32 There are mul-
tiple other factors involved in ITE performance, including 
prior performance on national examinations, program 
didactics, and study habits of trainees.

WORK HOURS AND IMPLICATIONS FOR 
ANESTHESIA TRAINING

The duty hours of residents have been a subject of con-
siderable debate in graduate medical education for several 
decades. For many years, a resident might remain on duty 
in the hospital overnight (“take call”) every other night. 
On the day after call, the resident could remain in the hos-
pital until the evening to provide patient care. In a given 

 1.  40 patients undergoing vaginal delivery
 2.  20 patients undergoing cesarean section
 3.  20 patients undergoing cardiac surgery
 4.  20 patients undergoing open or endovascular procedures on 

major blood vessels
 5.  20 patients undergoing noncardiac intrathoracic surgery
 6.  20 patients undergoing intracerebral procedures
 7.  20 patients undergoing procedures for complex, life-threat-

ening injuries
 8.  40 patients undergoing surgical procedures in whom epi-

dural anesthetics are used
 9.  40 patients undergoing surgical procedures with spinal 

anesthetics
 10.  40 patients undergoing surgical procedures in whom 

peripheral nerve blocks are used  

BOX 9-5 Minimum Clinical Experience  
for Anesthesia Resident

From ACGME Program Requirements for Graduate Medical Education in Anes-
thesiology. <http://www.acgme.org/acgmeweb/Portals/0/ 
PFAssets/ProgramRequirements/040_anesthesiology_f07012011.pdf>. 
 (Accessed 14-03-2013.)
week, a resident might spend over 120 hours on duty. This 
culture of dedication to patient care had advantages, but 
there was no doubt that limitations of performance accom-
panied sleep deprivation. A 1971 study showed that sleep-
deprived interns (mean of 1.8 hours sleep) were twice as 
likely to fail to recognize cardiac arrhythmias on an elec-
trocardiogram than a rested intern with 7 hours of sleep.33 
The 1984 death of college student Libby Zion brought 
resident duty hours to the national spotlight.34 Zion was 
admitted to New York Hospital with fever, tremors, and 
disorientation. She was given intravenous hydration and 
meperidine, which likely caused a drug reaction with an 
antidepressant drug she was taking, phenelzine. She devel-
oped extreme fever and died of cardiac arrest. A Manhattan 
grand jury investigation criticized the 36-hour duty peri-
ods worked by the residents, and inadequate supervision 
by attending physicians.35 The New York Health Commis-
sioner formed a committee that became known as the Bell 
Commission, which recommended an 80-hour per week 
limit on resident duty hours, a maximum of 24 consecutive 
hours on duty, and the requirement for senior physicians 
to be present in the hospital. These recommendations were 
incorporated into the New York State Health Code in 1989.

The ACGME also formed task forces and provided posi-
tion statements on duty hours. In 1992, the ACGME man-
dated that all programs require one 24-hour period per 
week without patient care responsibilities, with assignment 
to call duty limited to every third night. While the 1992 
ACGME rules did not specify hourly limits on resident duty 
hours, many individual specialty RRCs imposed such lim-
its, including internal medicine, dermatology, ophthalmol-
ogy, and emergency medicine. Most of these RRCs chose 80 
hours as the weekly limit, with emergency medicine setting 
a limit of 72 hours. There was additional pressure for change. 
In 2001, a petition requested that the Occupational Safety 
and Health Administration (OSHA) regulate duty hours of 
residents because of its potential role as a workplace health 
hazard. Also in 2001, the U.S. Congress considered legisla-
tion to limit resident work hours. In 2003, the ACGME set 
a maximum limit of 80 hours per week on the duty hours 
of all residents in all specialties. They also set a maximum 
of 24 hours of continuous duty, plus 6 hours for continuity 
and transfer of care. While one intent of duty-hour regula-
tions was to improve patient safety, it was not clear that 
overall patient safety had improved. This was not unex-
pected given the many factors that affect patient outcomes 
and the complexity of the modern health care system. The 
U.S. Congress requested that the Institute of Medicine, the 
health arm of the National Academy of Sciences, study 
the relationship between resident duty hours and patient 
safety. In 2008, the Institute of Medicine released a report 
titled “Resident Duty Hours: Enhancing Sleep, Supervision, 
and Safety.” The report “asserts that revisions to medical 
residents’ workloads and duty hours are necessary to bet-
ter protect patients against fatigue-related errors and to 
enhance the learning environment for doctors in training. 
The report recommends that residency programs provide 
regular opportunities for sleep each day and each week 
during resident training.”36 In 2011, the ACGME revised 
its common program requirements to include additional 
restrictions on duty hours, the most notable being a reduc-
tion of continuous duty for interns to a maximum of 16 

http://www.acgme.org/acgmeweb/Portals/0/PFAssets/ProgramRequirements/040_anesthesiology_f07012011.pdf
http://www.acgme.org/acgmeweb/Portals/0/PFAssets/ProgramRequirements/040_anesthesiology_f07012011.pdf
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ours. A summary of current duty hour regulations is listed  
 Box 9-6. The ACGME also addressed other aspects of 

atient safety, including new standards for supervision, 
eamwork, transitions of care, fitness for duty, alertness 

anagement, and fatigue mitigation.37

In 2011, the ACGME defined three different levels of 
upervision that apply during training: direct, indirect, and 
versight.16 With direct supervision, the supervising physi-
ian is physically present with both resident and patient. 
here are two types of indirect supervision. Under “indirect 
ith direct supervision immediately available,” the super-
ising physician is physically present at the patient care 
ite and can immediately provide direct supervision. Under 
indirect with direct supervision available,” the supervising 
hysician is not physically present at the patient care site, 
ut is immediately available by telephone, and is available 
o provide direct supervision. With oversight supervision, 
he supervising physician is available to provide review 
nd feedback after patient care has been delivered.

Since the implementation of the ACGME 2011 duty 
our regulations, residents and residency program direc-

ors have been surveyed to determine their perceptions of 
he changes. (Table 9-13).38,39 Of note, the majority of resi-
ents and program directors surveyed believed that patient 
afety and availability of supervision were unchanged. 
erceived quality of life for interns was improved, though 
uality of life for senior residents was believed to be worse. 
n addition, preparation for more senior resident roles 
as perceived to be worse. Other notable survey results 

maximum Hours of worK Per weeK

 •  Duty hours must be limited to 80 hours per week, inclusive of 
all in-house call activities and all moonlighting.*

duty Periods

 •  Residents must be scheduled for a minimum of 1 day free of 
duty every week.*

 •  Duty periods of PGY-1 residents must not exceed 16 hours.
 •  Duty periods of PGY-2 residents and above may be scheduled 

to a maximum of 24 hours of continuous duty in the hospital.
 •  It is essential for patient safety and resident education that 

effective transitions in care occur. Residents may be allowed to 
remain on-site to accomplish these tasks; however, this period 
must be no longer than an additional 4 hours.

 •  In unusual circumstances, residents, on their own initiative, can 
remain beyond their scheduled period of duty to continue to 
provide care to a single patient.

 •  PGY-1 residents should have 10 hours, and must have 8 hours, 
free of duty between scheduled duty periods. PGY-1 residents 
are not permitted to moonlight.

 •  Intermediate-level residents should have 10 hours free of duty, 
and must have 8 hours between scheduled duty periods. They 
must have at least 14 hours free of duty after 24 hours of in-
house duty.

 •  PGY-2 residents and above must be scheduled for in-house call 
no more frequently than every third night.*

 •  Residents must not be scheduled for more than 6 consecutive 
nights of night float.  

BOX 9-6 ACGME Duty Hour Regulations

rom ACGME Common Program Requirements. Effective July 1, 2011. <http://
www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR07012007.
pdf>. (Accessed 14-03-2013.)

 When averaged over a 4-week period. PGY=Postgraduate year
 included a marked increase in the frequency of handoffs 
in care, increased assumption of junior resident work by 
senior residents, and a marked increase in the use of phy-
sician extender (nurse practitioner or physician assistant) 
coverage.38,39 While these perceptions relate to the initial 
experience with the new regulations, it is clear that addi-
tional work will be needed to determine their effect on the 
achievement of milestones and readiness for independent 
practice, which is the ultimate goal of a residency program.

ANESTHESIA FELLOWSHIP TRAINING

As the specialty of anesthesiology has advanced, a num-
ber of subspecialties have developed over the past 25 to 30 
years that focus on the care of selected patient populations 
and on the scientific underpinnings of these subsets of the 
medical specialty of anesthesiology. Many of the subspe-
cialty fellowships are accredited by ACGME, including criti-
cal care medicine, pain medicine, pediatric anesthesiology, 
adult cardiothoracic anesthesiology, and obstetric anesthe-
siology. The accreditation process requires formal educa-
tional curriculum and compliance with the many rules and 
regulations expected of the core residency program (com-
petencies, milestones, duty hour restrictions). Subspecial-
ties for which the ABA has developed special qualifications 
with formal examination have a content outline describing 
the educational requirements. For accredited subspecial-
ties for which there is no formal qualifying examination, 
the curriculum is defined by each subspecialty, although 
there is no formal oversight of each educational program. 
As a result, the teachers have a great deal of flexibility in 

TABLE 9-13 RESIDENT AND PROGRAM DIRECTOR  
PERCEPTIONS OF 2011 DUTY HOUR REQUIREMENTS 

Variable Resident Perception*
Program Director 
Perception†

Patient safety Worse: 27%
Unchanged: 53%
Improved: 20%

Worse: 36%
Unchanged: 57%
Improved: 7%

Resident 
education

Worse: 41%
Unchanged: 43%
Improved: 16%

Worse: 65%
Unchanged: 27%
Improved: 8%

Preparation 
for senior 
resident role

Worse: 52%
Unchanged: 38%
Improved: 11%

Worse: 73%
Unchanged: 25%
Improved: 2%

Quality of life 
for senior 
resident (or 
intern)

Worse: 50% (18%)
Unchanged: 37% (20%)
Improved: 14% (62%)

Worse: 18%
Unchanged: 33%
Improved: 50%

Supervision Worse: 8%
Unchanged: 74%
Improved: 18%

Worse: 5%
Unchanged: 62%
Improved: 33%

Frequency of 
handoffs

Decrease: 3%
Unchanged: 26%
Increased: 72%

Decrease: 3%
Unchanged: 10%
Increased: 88%

Data abstracted from Drolet BC, Christopher DA, Fischer SA: Residents’ 
response to duty-hour regulations–a follow-up national survey, N Engl J 
Med 366:e35, 2012; and Drolet BC, Khokhar MT, Fischer SA: The 2011 
duty-hour requirements–a survey of residency program directors, N Engl J 
Med 368:694-697, 2013.

*Resident responses: 6202 (23% response rate).
†Program director responses: 549 (75% response rate).

http://www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR07012007.pdf
http://www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR07012007.pdf
http://www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR07012007.pdf
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defining the content outline. More importantly, many 
subspecialties are not accredited by ACGME and have no 
oversight of the trainees by the ABA. For example, neuroan-
esthesia training programs are not accredited by ACGME, 
nor do they have formalized didactic or clinical curricula to 
guide each program and the faculty. As a result, the faculty 
has a great deal of leeway in defining the clinical experi-
ences and didactic and other educational initiatives, as well 
as a great deal of responsibility to ensure that the training 
is evidence-based and comprehensive.

The implication for teaching anesthesia fellows in non-
ACGME–accredited programs such as neuroanesthesia is 
that each individual program must define their own curric-
ulum, clinical experiences, mentorship, and scholarly activ-
ity requirements. The lack of accepted standards and an 
oversight system can lead to significant variability in expe-
riences among fellows in one program and among fellows 
in different programs. Another important issue for unac-
credited fellowships is the service-versus-education balance. 
A fellow could spend a significant amount of time in junior 
attending roles that are not in their designated subspecialty 
area, thereby diluting their educational experience.

ANESTHESIA TEACHING METHODS

Although physicians are expected to mentor colleagues 
and educate trainees and their patients, few have formal 
training in teaching methodologies. At the same time, 
there is an implicit expectation that each physician is a 
teacher. In fact, the word doctor derives from the Latin 
word docere, which means “to teach.” For formal edu-
cational programs, the lack of education for physicians 
in teaching and evaluation methodologies is now recog-
nized as a deficiency. In academic health systems in par-
ticular, there is increasing acknowledgment of the need 
for faculty development in anesthesia education.40 In the 
last decade, many medical schools have transformed their 
curriculum, incorporating new approaches such as prob-
lem-based learning, computer-based instruction, stan-
dardized patients, and simulation training.41 Similarly, 
residency and fellowship programs have adapted to new 
ACGME accreditation requirements. In order to describe 
the skills needed for excellence as a teacher, one must first 
define the types of teaching roles encountered in con-
temporary medical education. One framework describes 
seven core tasks that may be required of a teacher (Table 
9-4).42 The following section addresses two of the most 
common anesthesia teaching situations: clinical teaching 
and classroom teaching of large and small groups.

CLINICAL TEACHING

Learning from the clinical care of patients is the essence 
of medical education. There are many challenges to teach-
ing in the clinical environment, including other demands 
for faculty time and attention, the potentially rapid pace of 
clinical care with associated production pressure, and teach-
ing different levels of learners at the same time. The clinical 
teacher must provide supervision of clinical care while serv-
ing as a professional role model and creating opportuni-
ties for the trainee to learn.43 The question “What makes a 
good clinical teacher in medicine?” was the subject of a sys-
tematic literature review.44 Good clinical teaching is clearly 
multifactorial, but analysis of the most commonly reported 
themes revealed that noncognitive aspects of teaching such 
as developing positive relationships with students, creating 
a supportive learning environment, communication skills, 
and enthusiasm were emphasized more than cognitive 
aspects such as medical or clinical knowledge, clinical or 
technical skills, and clinical reasoning.

One model for clinical teaching that has been dissemi-
nated and validated is the Stanford Faculty Development 
Program.45,46 This model uses seven categories to describe 
important aspects of clinical teaching.

 1.  Establish a positive learning climate; this involves the 
tone of the teaching setting, including learner com-
fort, enthusiasm of teacher, and mutual respect.

 2.  Control the teaching session; this includes the teach-
er’s ability to focus and pace the encounter.

 3.  Communicate goals; this refers to establishment of 
expectations, which can include knowledge, skills, and 
attitudes of the learner.

 4.  Promote understanding and retention; this refers to 
teaching methods used to enhance the learner’s initial 
understanding and remember it.

 5.  Establish evaluation techniques to assess a learner’s 
achievement of goals; this can be used to assess ongo-
ing progress or for a final assessment.

 6.  Provide feedback; this describes how the teacher pro-
vides learners with information about their perfor-
mance for them to improve.

 7.  Promote self-directed learning; this stresses the impor-
tance of acquiring skills to continue learning beyond 
the teaching session itself.

  

These skills can be developed in workshop settings and 
in collaboration with faculty development “peer-coach-
ing” programs.

Another model of clinical teaching that was initially 
developed in the ambulatory medicine setting is the One-
Minute Preceptor.47 This model describes five sequential 
steps that can be used to structure clinical encounters 
that last several minutes.

 1.  Get a commitment. Ask the learner to articulate their 
opinion on the patient’s diagnosis or an aspect of 
management. At this point, teachers should not share 
their opinion.

 2.  Probe for supporting evidence. Encourage the learner 
to share their rationale for the commitment they made.

 3.  Teach general rules. Teachers can help learners under-
stand how the learning from this patient can be applied 
to other patients.

 4.  Reinforce what was done well. Positive feedback should 
be as specific as possible, based on behaviors observed.

 5.  Correct mistakes. While some teachers avoid giving 
corrective feedback, this is essential for competent care 
of patients.

  

This model can be adapted to many anesthesia clinical 
settings. Two examples of One-Minute Preceptor teach-
ing sessions are shown in Table 9-14.
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TABLE 9-14 EXAMPLES OF ONE-MINUTE PRECEPTOR TEACHING MODEL IN THE ANESTHESIA  
CLINICAL SETTING

Scenario Step Actions Dialogue With Learner

You are working with a medical 
student on an anesthesia 
rotation. A healthy patient is 
receiving general anesthesia 
for ventral hernia repair. After 
skin incision, the heart rate 
increases.

1 Get a commitment Why do you think the heart rate is increasing?
2 Probe for supporting 

evidence
Why do you think the elevated heart rate is from inadequate 

anesthesia?
3 Teach general rules Discuss how to approach acute elevations in heart rate during 

general anesthesia.
4 Reinforce what was 

done well
You nicely incorporated other vital signs such as blood pressure 

and respirations into your assessment.
5 Correct mistakes In the future, you should not give β-blocker without first 

ensuring adequate depth of anesthesia.
You are working with a new 

resident in the ICU. A patient 
with hypotension requires 
arterial line placement for 
monitoring.

1 Get a commitment Where and how would you place an arterial line in in this 
patient?

2 Probe for supporting 
evidence

Why do you think a guide wire would facilitate line placement in 
this patient?

3 Teach general rules Discuss clinical pearls for arterial line placement.
4 Reinforce what was 

done well
The needle angle into the skin was optimal for use of a guide 

wire.
5 Correct mistakes If the guide wire becomes bent, a new one should be used.

ICU, Intensive care unit.
Experienced clinical teachers make use of “teaching 
scripts” to guide many of their teaching interactions.43,48 A 
teaching script includes three to five teaching points with 
supporting material, an appreciation of common errors 
made by learners on that particular topic, and effective ways 
to create a framework for learners to build on. The use of the 
One-Minute Preceptor Model can be considered as a way to 
develop a teaching script. A teacher’s communication skills 
are crucially important, including active listening, sensi-
tivity to verbal and nonverbal cues, asking questions, and 
giving explanations. Practical tips for asking questions and 
giving effective explanations are provided in Box 9-7.49

asKing Questions

 •  Consider whether to use closed, open or clarifying questions. 
Closed questions can evoke simple recall but can be useful to 
establish basic facts. Open questions are more likely to pro-
mote deeper thinking unless question is overly broad.

 •  Allow adequate time for learner to respond. Avoid the tempta-
tion to speak too soon.

 •  Resist the urge to answer the learner’s question right away. Use 
a counter question instead.

 •  Follow a poor answer with another question.
 •  Consider statements to reduce confrontation, such as “This is 

sometimes difficult to understand.”

giving exPlanations

 •  Check understanding before, during, and after your explana-
tion. Pay attention to nonverbal cues as well.

 •  Provide information in easily understood units (“bite-sized 
chunks”).

 •  Put an explanation in a broader context if appropriate.
 •  Summarize periodically, or ask the learner to summarize to 

gauge understanding.
 •  Reiterate the take-home messages, or ask the learner to do so.  

BOX 9-7 Strategies for Effective Questions 
and Explanations in Teaching

Adapted from Spencer J: Learning and teaching in the clinical environment, 
BMJ 326:591-594, 2003.
Another aspect of clinical teaching is procedural skills 
teaching. For many generations of physicians, the pri-
mary teaching method was captured by the phrase “see 
one, do one, teach one.” This is no longer appropriate in a 
health care system focused on maximizing patient safety 
and improving efficiency. In the motor skills and surgical 
literature, a three-stage theory of motor skill acquisition 
is widely accepted.50,51

In the cognitive stage, the learner must understand the 
task from an intellectual perspective, and then plan dis-
tinct steps to accomplish it. The teacher must be able to 
break down the steps, explain, and demonstrate them.

In the integrative stage, the learner’s goal is to compre-
hend and perform the appropriate motor activities. At 
this stage, the learner still thinks about each step, but the 
execution is more fluid, with fewer interruptions. Prac-
tice with formative feedback is critically important at this 
stage so that the learner knows whether the steps are cor-
rectly performed, and if not, how to adjust accordingly.

In the autonomous stage, the learner performs the task 
smoothly, with speed, efficiency, and precision. At this 
stage, routine execution of the task is accomplished with 
little cognitive input, allowing the learner to focus on 
other aspects of the procedure. An approach to procedural 
skills learning is depicted in Figure 9-2.52,53 The first step 
is to ensure that the learner has the appropriate motiva-
tion and background knowledge for performing the task, 
and that the environment is conducive to learning. For 
example, it might not be appropriate for a new anesthe-
sia resident to insert their first internal jugular central 
line in an obese patient who is coagulopathic and receiv-
ing mechanical ventilation. Second, the teacher “shows 
the learner how” to appropriately perform the task. The 
learner should view a demonstration or video of the entire 
procedure on a real patient performed by an expert. The 
teacher then describes the steps of the procedure while 
explaining each step carefully; this can involve simula-
tions or low-fidelity models. In the next step, which can 
be considered “guided discovery,” the teacher provides 
appropriate guidance as the learner performs the task 
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(“helps learner do”). The learner is then allowed super-
vised opportunities to practice the skill while being 
provided timely and frequent feedback. Summative 
assessment of performance occurs after adequate oppor-
tunities for practice. Depending on the summative assess-
ment, the level of supervision for subsequent procedures 
of the same type may be reduced. As part of the spectrum 
of expertise development, the learner may eventually be 
expected to teach the procedure to others. If a skill or task 
is considered complex, one should consider dividing it up 
into simpler component parts, practicing in isolation, and 
then progressively combining the parts of the total skill 
until the learner is able to perform the entire complex 
task. For example, when teaching a resident to perform 
a basic transesophageal echocardiography (TEE) exami-
nation, one might divide the task as follows: (1) learn-
ing to place the TEE probe in a simulator or patient, (2) 
manipulating the probe in a TEE task trainer, (3) studying 
the basic TEE views to understand the expected anatomic 
features of each view, (4) obtaining the TEE views in a task 
trainer, and finally (5) performing the entire basic TEE 
examination in a patient under direct supervision.

Medical schools and residency programs (and hope-
fully individual teachers) desire excellence in clinical 
teaching. The same learning principles apply to teachers 
who seek improvement in their teaching skills, including 
the important role of assessment.8 One large study in an 
academic anesthesia department examined 5 years of resi-
dent teaching evaluations, and addressed whether evalu-
ation and feedback to anesthesiology faculty teachers 
from anesthesiology resident learners improved clinical 
teaching scores. Anesthesia residents’ numerical evalu-
ation scores (quantitative summary report) and all nar-
rative comments were provided to each clinical teacher. 
The average teaching score for the entire faculty rose over 
time and the increase in teaching scores was attributed 
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Integrative stage

Autonomous stage
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Figure 9-2. Approach to teaching procedural skills.
to improved teaching. This study suggested that clinical 
teachers are able to improve their clinical teaching by 
using feedback from resident learners.54

CLASSROOM TEACHING

Classroom teaching of large and small groups is another 
important teaching skill. Many of the clinical teaching 
principles of the Stanford Faculty Development model 
can be applied to this settings as well. However, the 
lecture format is less conducive to the evaluation of a 
learner’s achievement of goals, and it is not likely to elicit 
many opportunities for feedback to learners. Some rel-
evant principles for teaching in this setting include:

 1.  Learn and use the information as soon as possible. For 
example, a lecture on the management of sepsis should 
occur during a rotation in critical care as opposed to an 
ambulatory surgery rotation

 2.  Activate prior knowledge. Use analogies and examples 
that connect to students’ existing knowledge. Make 
sure that new information can be situated meaning-
fully in the context of what learners already know.

 3.  Make it relevant. Describe how the information pre-
sented is relevant to their future performance. Tailor 
instruction to the type of learner (e.g., medical stu-
dent, anesthesia resident). Case presentations can be a 
particularly powerful method.

 4.  Use multiple modes of explanation. Be prepared to use 
different approaches to present information, such as 
words, images, figures, pictures, cases, or problems.

 5.  Less may be more. The length of a teaching session 
does not necessarily correlate with the quantity of 
learning. For example, the segmenting principle of mul-
timedia learning states that people learn better when a 
continuous or large lesson is broken down into smaller, 
learner-paced segments.55

  

The traditional approach to large classroom teaching 
consists of a teacher-provided lecture followed by assigned 
homework that builds on the lecture. An approach called 
the inverted or flipped classroom model shifts this dynamic. 
The foundational learning is done by the student before 
class. Preparation can consist of required readings or 
online videos followed by a brief test to reinforce the 
expectation of preparedness. Classroom time is used for 
interactive exercises such as audience response system 
questions and feedback, small group activities, or case 
discussions. This approach has been studied in a large 
college physics class, in which the flipped classroom stu-
dents had higher attendance, more engagement in class, 
and higher scores on a knowledge examination.56 In the 
health sciences, two pharmacy schools have reported 
positive results in transforming large group courses using 
the flipped classroom model, including improved grades 
and favorable student perceptions of the new teaching 
approach.57,58

FACULTY DEVELOPMENT FOR TEACHING

At many institutions, faculty development programs 
have been designed to improve the teaching abilities of 
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faculty. One review examined the outcomes of more than 
50 different faculty development programs using the Kirk-
patrick evaluation model, which describes four levels of 
impact: learner reaction, learning (change in attitude, 
knowledge, or skill), behavior change, and results (at the 
learner level or the organization itself).59 The program 
types included seminar series, workshops, and longitudi-
nal programs. The instructional methods used included 
lectures, small group discussions, role playing, simula-
tions, and video reviews of performance. The following 
beneficial effects were observed: improvements in teach-
ing behavior, gains in teaching knowledge and skill, and a 
positive change in attitudes towards teaching and faculty 
development itself.60 According to Kirkpatrick, there are 
four conditions needed to promote behavior change in an 
individual: desire for change, knowledge of what to do, a 
supportive work environment, and rewards for changing.59 
While faculty development efforts can help address the 
first two conditions, the latter two conditions will need 
support from the community of teachers and learners.

NEW MODELS OF TEACHING

Changes in clinical practice have affected resident educa-
tion and resulted in the need for new teaching models. 
The use of technology in patient care (e.g., ultrasound-
guided regional anesthesia and vascular access, echocar-
diography) required instructors to incorporate these tools 
in their clinical and classroom teaching efforts. Other 
educational needs are more difficult to address. For exam-
ple, residents care for many patients undergoing endovas-
cular approaches to vascular surgery. In many programs, 
however, residents have limited experience with com-
plex procedures such as open aortic vascular surgery. 
Improvements in patient safety in anesthesia have led 
to a decrease in crises that are managed by residents. To 
ensure that anesthesiologists are skilled in the manage-
ment of rare events and less commonly encountered pro-
cedures, residency programs must incorporate alternative 
methods to prepare residents for practice. Simulation is 
one such method. Teachers should also be aware of other 
advances in education technology that present new ways 
to deliver content, teach and assess, provide collaborative 
learning environments, and increase classroom interac-
tivity. These methods, which include e-Learning, wikis, 
podcasts, and audience response systems, have been 
used increasingly in the teaching of elementary school, 
high school, college, and medical students. In the future, 
teachers will be faced with learners who have consider-
able experience with these approaches. The use of new 
education technology does not guarantee that the learn-
ing process will be more effective. However, teachers 
and learners should understand how these new teaching 
models work because there are some features that can 
facilitate the principles of learning discussed here.

SIMULATION (SEE ALSO CHAPTER 8)

Simulation is a technique to recreate reality in an inter-
active manner for training or other purposes. There are 
numerous dimensions to the use of simulation in medical 
education, including the purpose of the simulation (e.g., 
training, assessment, research), spectrum of technology 
(e.g., verbal role play, standardized patient actor, part-
task trainer, virtual reality trainer, computer screen-based 
simulator, mannequin-based patient simulator), site of 
simulation (e.g., home office, skills laboratory, dedicated 
simulation center, actual work place—aka in situ), and 
spectrum of feedback accompanying simulation (e.g., 
none, automatic critique by simulator, real-time instruc-
tor critique, video-based post hoc debriefing).61 For medi-
cal student anesthesia learners, simulation (in the form 
of part-task trainers) can be used for teaching procedures 
such as peripheral intravenous catheter placement, mask 
ventilation, direct laryngoscopy, and tracheal intubation. 
A mannequin patient simulator can be used to teach 
intraoperative critical event management (e.g., hypox-
emia, hypotension) in novice anesthesia residents.62 A 
preliminary evaluation of a virtual reality–based spinal 
anesthesia simulator described its use as part of an inte-
grated training program, including a cognitive examina-
tion, as well as simulator and clinical testing.63 Simulation 
can also be used for teaching crisis resource management 
and teamwork training in anesthesia and other health 
care settings.64 Several types of assessment can be per-
formed using simulation, including procedural skills,65 
acute care skills,66 and nontechnical skills such as com-
munication, teamwork, and situational awareness.67

In 2011, the Anesthesiology Residency Review Com-
mittee added a new requirement that all U.S. residents. 
must participate in at least one simulated clinical experi-
ence per year. A 2010-2011 survey of U.S. academic anes-
thesiologists showed that residents in their departments 
participated in approximately two to three simulation 
sessions per year (R. Schell, M. Pardo, R. Gaiser, unpub-
lished data). A 2008 survey of all Canadian anesthesia 
residents revealed that they participated in an average 
(median) of two simulation training sessions per year.68 
Many residents (81%) experienced anxiety during the 
simulation exercises; reasons included not knowing 
the scenario they were about to manage, performing in 
front of fellow residents and faculty, and limited prior 
experience with simulation. Despite their anxiety, the 
Canadian residents expressed desire for more simulation 
sessions per year and increased participation in multidis-
ciplinary scenarios.

In comparison with no intervention, technology-
enhanced simulation training in health professions edu-
cation is consistently associated with large effects for 
outcomes of knowledge, skills, and behaviors.69 However, 
there is little evidence that simulation improves patient 
care outcomes. A question that needs answering is: What 
is the validity and reliability of simulation for procedural 
clinical and behavioral competency evaluation? In other 
words, will performance on a given assessment predict 
future performance in actual practice?

Simulation can provide the opportunity for deliber-
ate practice (i.e., practice undertaken over an extended 
period to attain excellence), but most anesthesia training 
programs are not currently structured to provide exten-
sive and frequent simulation training. The use of simula-
tion for team training is also underutilized, in spite of the 
widespread acceptance of the importance of teamwork 
(see Chapter 7).
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E-LEARNING

e-Learning is also called web-based learning, online learn-
ing, distributive learning, computer-assisted instruction, 
or Internet-based learning. Advantages include wide-
spread access, ability to self-pace learning, and delivery of 
a consistent curriculum. However, an e-learning module 
must adhere to proper instructional design principles.70,71 
When properly designed, e-learning is an approach that 
is flexible, engaging, learner-centered, and interactive. A 
meta-analysis suggested that e-learning has equivalent 
time and learning efficiency compared with traditional 
instruction.72

WIKIS

Wikis are collaborative websites that can be edited by 
groups of individuals (e.g., Wikipedia). A wiki can serve as 
a central repository for educational content such as slide-
show presentations, lecture handouts, lecture podcasts, 
and journal articles. Wikis can become a tool for collabo-
ration, actively involving learners in their own construc-
tion of knowledge, and can provide an opportunity for 
learners to function as teachers as they provide educa-
tional content for others. Potential drawbacks include the 
open access nature of wikis, which can result in inaccurate 
information being added by a user. OpenAnesthesia.org, a 
wiki sponsored by the International Anesthesia Research 
Society, is an online toolkit intended for anesthesia resi-
dent learners.73

PODCASTS

Podcasts are repositories of audio or video materials that 
can be downloaded to portable media players, adding 
the potential for mobile learning. Podcasts are widely 
used in medical schools to allow learners to review lec-
tures presented in the classroom. Although lectures are 
recorded in real time, they can be played back at twice 
the normal speed to allow for more efficient review of 
the material.

AUDIENCE RESPONSE SYSTEMS

An audience-response system (ARS) is a classroom tech-
nology that allows learners to respond to questions in a 
slide presentation via small, hand-held remote keypads 
(“clickers”). Educational uses for the ARS include the 
following: (1) assess student preparation, (2) provide 
formative feedback to teacher about the state of learn-
ers’ understanding, (3) enhance interaction and student 
attention, (4) use quizzes or tests, and (5) make the lecture 
more fun for the presenter.74 Students generally have pos-
itive reactions to use of ARS in the classroom, for reasons 
that include the anonymity of responses, reinforcement 
of learning, and an ability to compare one’s answers to 
others. A recent systematic review of audience response 
systems on learning outcomes in health professionals 
provides some evidence to suggest the effectiveness of 
ARS in improving learning outcomes, especially when 
interactive learning sessions with ARS are compared with 
noninteractive sessions.75
USE AND ACCEPTANCE OF TECHNOLOGY 
IN ANESTHESIA EDUCATION

In 2011, members of the Association of University Anes-
thesiologists (AUA) responded to a survey about technol-
ogy and the self-reported use of technology in anesthesia 
resident education. (R. Schell, M. Pardo, R. Gaiser, unpub-
lished data) When respondents were asked to rate their 
feelings about the use of technology in general, most 
reported that they enjoyed using and learning about new 
technologies. The data demonstrating which of the tech-
nologies their departments used is shown in Figure 9-3. 
Patient simulation and e-learning modules were used by 
the majority of respondents, whereas wikis and virtual 
reality were used the least. The AUA respondents to the 
survey almost unanimously believed that technology in 
education will increase in the future. However, perceived 
reasons for the increased use of technology included 
“newer generation of learners expect it” and “competi-
tion for applicants to programs.” Few believed that tech-
nology was increasing because it “could replace aspects of 
clinical training” or “improve outcomes.”

THE FUTURE OF ANESTHESIA EDUCATION

Over the past decade, the number of anesthesiology resi-
dency positions has increased, and the medical student 
applicant pool has become stronger academically. How-
ever, several factors have the potential to change the desir-
ability of an anesthesiology career, including the changing 
health care environment, different career expectations, 
and the ongoing debate about the role of nonphysician 
providers in health care. Training programs will have to 
prepare graduates for their roles in clinical practice. Clini-
cal experiences should be broadly based, yet may need to 
be supplemented using simulation or other teaching meth-
ods. Already, a significant proportion of residency train-
ing occurs outside the operating room setting. It is likely 
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Figure 9-3. Use of technology in anesthesiology education. Responses 
of the members of the Association of University Anesthesiologists  
(n = 346) in 2011 to the question, “Which of the following does your 
department currently utilize?” (R. Schell, M. Pardo, R. Gaiser; unpub-
lished data). ARS, Audience-response system; VR, virtual reality.
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that other out-of-operating-room clinical activities will be 
more important to the anesthesiologist of the future. Eval-
uation tools such as milestones will be useful to guide resi-
dents during training, and perhaps throughout an entire 
career. Residents will need continued exposure to the qual-
ity improvement process, including the use of root-cause 
analysis and other approaches to evaluate patient care 
quality and outcomes critically. As health care systems 
become more complex, residents will need knowledge of 
how patient care outcomes can be influenced by using 
and applying evidence-based practices. The challenges of 
meeting the health care needs of the future must be done 
in the face of increased public accountability—for patient 
safety, health care quality, oversight of training programs, 
and individual practitioners.
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The program must integrate the following Accreditation Council 
for Graduate Medical Education (ACGME) competencies into the 
curriculum

Patient Care

Residents must be able to provide patient care that is compassion-
ate, appropriate, and effective for the treatment of health problems 
and the promotion of health.

mediCal Knowledge

Residents must demonstrate knowledge of established and evolv-
ing biomedical, clinical, epidemiologic, and social-behavioral sci-
ences, as well as the application of this knowledge to patient care.

PraCtiCe-Based learning and imProvement

Residents must demonstrate the ability to investigate and evaluate 
their care of patients, to appraise and assimilate scientific evidence, 
and to improve patient care continuously based on constant 
self-evaluation and life-long learning. Residents are expected to 
develop skills and habits to be able to meet the following goals:

 •  Identify strengths, deficiencies, and limits in one’s knowledge 
and expertise

 •  Set learning and improvement goals
 •  Identify and perform appropriate learning activities
 •  Systematically analyze practice using quality improvement 

methods, and implement changes with the goal of practice 
improvement

 •  Incorporate formative evaluation feedback into daily practice
 •  Locate, appraise, and assimilate evidence from scientific studies 

related to their patients’ health problems

 •  Use information technology to optimize learning
 •  Participate in the education of patients, families, students, resi-

dents, and other health care professionals.

interPersonal and CommuniCation sKills

Residents must demonstrate interpersonal and communication 
skills that result in the effective exchange of information and col-
laboration with patients, their families, and health professionals. 
Residents are expected to:

 •  Communicate effectively with patients, families, and the public, 
as appropriate, across a broad range of socioeconomic and 
cultural backgrounds

 •  Communicate effectively with physicians, other health care pro-
fessionals, and health-related agencies

 •  Work effectively as a member or leader of a health care team or 
other professional group

 •  Act in a consultative role to other physicians and health 
professionals

 •  Maintain comprehensive, timely, and legible medical records, if 
applicable

Professionalism

Residents must demonstrate a commitment to performing profes-
sional responsibilities and adhering to ethical principles. Residents 
are expected to demonstrate:

 •  Compassion, integrity, and respect for others
 •  Responsiveness to patient needs that supersedes self-interest
 •  Respect for patient privacy and autonomy
 •  Accountability to patients, society, and the profession

APPENDIX 9-2 ACGME Competencies in Residency Program Requirements

BasiC sCienCes

 •  Anatomy
 •  Physics, monitoring, and anesthesia delivery devices
 •  Mathematics
 •  Pharmacology

CliniCal sCienCes: anestHesia ProCedures, metHods, and teCHniQues

 •  Evaluation of the patient and preoperative preparation
 •  Regional anesthesia
 •  General anesthesia
 •  Monitored anesthesia care and sedation
 •  Intravenous fluid therapy during anesthesia: water, electro-

lyte, glucose requirements and disposition, crystalloid versus 
colloid

 •  Complications (etiology, prevention, treatment)
 •  Postoperative period
 •  Special techniques

organ-Based BasiC and CliniCal sCienCes

 •  Central and peripheral nervous systems
 •  Respiratory system
 •  Cardiovascular system
 •  Gastrointestinal and hepatic systems
 •  Renal and urinary systems
 •  Electrolyte balance
 •  Hematologic system
 •  Endocrine and metabolic systems
 •  Neuromuscular diseases and disorders

CliniCal suBsPeCialties

 •  Painful disease states
 •  Pediatric anesthesia
 •  Obstetric anesthesia
 •  Otorhinolaryngology (ear, nose, and throat) anesthesia: airway 

endoscopy, microlaryngeal surgery, laser surgery, hazards, com-
plications (e.g., airway fires)

 •  Anesthesia for plastic surgery and liposuction
 •  Anesthesia for laparoscopic surgery, cholecystectomy, gyneco-

logic surgery, gastric stapling, hiatal hernia repair, anesthetic 
management, complications

 •  Ophthalmologic anesthesia, retrobulbar and peribulbar blocks, 
open eye injuries

 •  Orthopedic anesthesia, tourniquet management, complications, 
regional versus general anesthesia

 •  Trauma anesthesia
 •  Anesthesia for ambulatory surgery
 •  Geriatric anesthesia/aging
 •  Critical care

sPeCial ProBlems or issues in anestHesiology

 •  Electroconvulsive therapy
 •  Organ donors: pathophysiology and clinical management
 •  Radiologic procedures, computed tomography, magnetic reso-

nance imaging and anesthetic implications and management, 
anesthesia in locations outside the operating room

 •  Physician impairment or disability: substance abuse, fatigue, aging, 
visual and auditory impairment, Americans with Disabilities Act

 •  Ethics, practice management, and medicolegal issues  

APPENDIX 9-1 Abridged List of Subjects in American Board of Anesthesiology Content Outline

From American Board of Anesthesiology: Content Outline, Basic/Advanced. Revised January 2014. <http://www.theaba.org/pdf/Basic-and-Advanced-Content 
Outline.pdf>. (Accessed 19.04.4.)

http://www.theaba.org/pdf/Basic-and-Advanced-ContentOutline.pdf
http://www.theaba.org/pdf/Basic-and-Advanced-ContentOutline.pdf
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From ACGME Common Program Requirements. Effective July 1, 2011. <http://www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR07012007.pdf>. 
(Accessed 14.03.13.)

desCriPtion of rotation

The first month rotation is the introduction to clinical anesthe-
sia. It provides an overview exposure to the delivery of operative 
anesthesia. Through the arc of providing comprehensive anesthetic 
care, residents are exposed to preoperative patients on the wards 
and in the preoperative holding area, intraoperative patients in the 
procedure suites, and immediate postoperative patients in the pos-
tanesthetic care unit (PACU). This comprehensive exposure, coupled 
with daily lectures and educational conferences, allows the residents 
to achieve the following competency-based goals and objectives.

Patient Care

Goal
Residents must be able to provide patient care that is compassion-
ate, appropriate, and effective for the treatment of health problems 
and the promotion of health.

Objectives
For each patient preoperatively:

 •  Demonstrate comprehensive exam of the airway.
 •  Assign an American Society of Anesthesiologists (ASA) risk class.
 •  Formulate an anesthetic plan (including appropriate 

premedication).
 •  Prepare, start, and secure an intravenous (IV) catheter.

For each patient intraoperatively:

 •  Prepare the operating room for anesthetic care, including a 
machine check, suction, preparation of appropriate drugs, and 
preparation of appropriate airway management tools.

 •  Demonstrate preoxygenation and mask ventilation.
 •  Demonstrate endotracheal intubation, including endotracheal 

intubation for the patient with a “full stomach.”
 •  Formulate changes in anesthetic management, based on inter-

pretation of data from monitors.
 •  Maintain amnesia and analgesia through selection of appropriate 

anesthetic options.
 •  Plan and demonstrate a plan for safe emergence, including 

reversal of neuromuscular blockade and extubation.

For each patient postoperatively:

 •  Transport the patient to the recovery room (PACU) or intensive 
care unit (ICU)

mediCal Knowledge

Goal
Residents must demonstrate knowledge of established and evolv-
ing biomedical, clinical, epidemiologic, and social-behavioral 
sciences, as well as the application of this knowledge to patient 

care. In this first month of clinical anesthesia year 1 (CA-1), the 
following objectives are designed to be covered at the introductory 
level, and will be followed in more detail in subsequent rotations 
throughout the residency.

Objectives

 •  Describe basic structure of an anesthesia machine, including 
vaporizers.

 •  Describe anesthetic preoperative evaluation.
 •  Review basic airway anatomy and pulmonary physiology.
 •  Review basic cardiovascular physiology.
 •  Review basics of monitors encountered in the operating room: 

pulse oximetry, capnography, circuit pressure, flow monitors, gas 
mixture monitors, oscillometric blood pressure cuffs, electrocar-
diograph, temperature, arterial line, central venous pressure.

 •  Formulate a plan for IV fluid administration and electrolyte 
maintenance.

 •  Review the basic pharmacology of inhaled anesthetics, induction 
agents, narcotics, local anesthetics, ephedrine, phenylephrine, 
neuromuscular blockers, and reversal agents.

 •  Explain how to use a twitch monitor for muscle relaxation.
 •  Review the ASA difficult airway algorithm and use of the airway 

management devices included in it.

PraCtiCe-Based learning and imProvement

Goal
Residents must demonstrate the ability to investigate and evaluate 
their care of patients, to appraise and assimilate scientific evidence, 
and to improve patient care continuously based on constant 
self-evaluation and life-long learning. Residents are expected to 
develop skills and habits to be able to incorporate formative evalu-
ation feedback into daily practice.

Objectives
Discuss positive and negative outcomes of anesthetic care choices 
by following selected patients (chosen by discussion with one-on-
one attending supervisor) postoperatively until discharge.

systems-Based PraCtiCe

Goal
Residents must demonstrate an awareness of and responsiveness to 
the larger context and system of health care, as well as the ability 
to call effectively on other resources in the system to provide opti-
mal health care. Residents are expected to work in interdisciplinary 
teams to enhance patient safety and improve patient care quality.

Objectives
 •  Coordinate patient care with other health care professionals and 

trainees from surgical teams and perioperative nursing teams

APPENDIX 9-3 Sample Rotation Goals and Objectives (Abridged)

 •  Sensitivity and responsiveness to a diverse patient population, 
including but not limited to diversity in gender, age, culture, 
race, religion, disabilities, and sexual orientation

systems-Based PraCtiCe

Residents must demonstrate an awareness of and responsiveness to 
the larger context and system of health care, as well as the ability 
to call effectively on other resources in the system to provide opti-
mal health care. Residents are expected to:

 •  Work effectively in various health care delivery settings and sys-
tems relevant to their clinical specialty

 •  Coordinate patient care within the health care system relevant to 
their clinical specialty

 •  Incorporate considerations of cost awareness, risk-benefit analysis 
in patient and population-based care as appropriate

 •  Advocate for quality patient care and optimal patient care 
systems

 •  Work in interdisciplinary teams to enhance patient safety and 
improve patient care quality

 •  Participate in identifying system errors and implementing poten-
tial systems solutions

APPENDIX 9-2 ACGME Competencies in Residency Program Requirements—cont’d

Continued
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 •  Participate in the performance of the procedural “time out” 
before every procedure undertaken

 •  Keep dirty and clean equipment and medications separate.

Professionalism

Goal
Residents must demonstrate a commitment to performing profes-
sional responsibilities and adhering to ethical principles. Residents 
are expected to demonstrate compassion, integrity, and respect for 
others.

Objectives
 •  Complete all anesthetic records, with all required information, 

for care delivered.
 •  Demonstrate signing out and accounting for controlled 

substances.
 •  Be punctual in care delivery.

interPersonal and CommuniCation sKills

Goal
Residents must demonstrate interpersonal and communication 
skills that result in the effective exchange of information and 
teaming with patients, their families, and professional associates. 
Residents are expected to communicate effectively with patients 
and families across a broad range of socioeconomic and cultural 
backgrounds.

Objectives
 •  Present comprehensively the findings of preoperative history and 

physical examination for each patient to be anesthetized.
 •  Coordinate operating room readiness with surgical, nursing, and 

technical support staff members.
 •  Perform appropriate sign-out of care to other residents at end of 

shift or at breaks.
 •  Summarize information appropriately to be able to give report to 

recovery room nurse or ICU care team at end of anesthetic care.

teaCHing metHods

Teaching methods will include the following:

 •  Clinical teaching: one-on-one attending supervision (direct 
supervision) for entire rotation

 •  Departmental conferences: daily resident lectures broadly cover-
ing the scope of anesthetic care, including drugs, monitors, 
fluids, and physiology; weekly morbidity and mortality confer-
ences; weekly patient-care conferences; and weekly educational 
seminars on care-related topics

 •  Patient simulator: realistic scenarios allowing residents to apply 
the skills they are learning by working through challenging 
scenarios independently and as part of resident teams

 •  Anatomic models: residents practicing airway device use and 
vascular cannulation

 •  Role modeling: working daily one-on-one with attending 
physicians to portray the professional skills and behaviors that 
residents attain over time

assessment metHod

Assessment methods will include the following:

 •  Global assessment at end of rotation by faculty preceptors
 •  Case log review
 •  Cognitive examinations: Anesthesia Knowledge Tests (AKT-0, 

AKT-1)

eduCational resourCes

Educational resources the residents should use on this rotation 
include the following:

 •  Basics of Anesthesia, ed 6. Philadelphia, 2011, Churchill 
Livingstone

 •  Multiple handouts provided over the month during the lecture 
series  

APPENDIX 9-3 Sample Rotation Goals and Objectives (Abridged)—cont’d



RefeRences

 1.  Warren JC: Address before the American Medical Association, Boston, 
1850, John Wilson.

 2.  Historical Vignette: Nurse anesthetists: the dawn of a specialty, Mile-
stones in Anesthesia 2:10, 1993.

 3.  Bacon DR, Ament R: Ralph Waters and the beginnings of academic 
anesthesiology in the United States: the Wisconsin template, J Clin 
Anesth 7:534, 1995.

 4.  Prusinkiewicz CA, Maltby JR: The development of formal anesthesia 
training in Canada, the United States of America and the United 
Kingdom, International Congress Series 1242:385, 2002.

 5.  Booklet of information, New York, January 1939, The American Board 
of Anesthesiology, Inc. an affiliate of The American Board of Surgery.

 6.  Cooke M, Irby DM, O’Brien BC: Educating physicians. A call for reform 
of medical school and residency. San Francisco, 2010, Jossey-Bass.

 7.  Bould MD, Naik VN, Hamstra SJ: Review article: new directions in 
medical education related to anesthesiology and perioperative medi-
cine, Can J Anaesth 59:136, 2012.

 8.  Bransford J, Brown AL, Cocking RR, editors: How people learn: brain, 
mind, experience, and school. Washington, DC, 1999, National Acad-
emy Press.

 9.  Fleming ND: I’m different; not dumb. Modes of presentation (VARK) in 
the tertiary classroom. Research and Development in Higher Education. In 
Zelmer A, editor: Proceedings of the 1995 Annual Conference of the 
Higher Education and Research Development Society of Austral asia 
(HERDSA). HERDSA, vol. 18, pp 308-313.

 10.  Sullivan KR, Rollins MD: Innovations in anaesthesia medical student 
clerkships, Best Pract Res Clin Anaesthesiol 26:23, 2012.

 11.  Yang H, Wilson-Yang K, Raymer K: Why should we teach medical 
students? Can J Anaesth 48:115, 2001.

 12.  Norris TE, Schaad DC, DeWitt D, et al: Longitudinal integrated 
clerkships for medical students: an innovation adopted by medical 
schools in Australia, Canada, South Africa, and the United States, 
Acad Med 84:902, 2009.

 13.  Borges NJ, Manuel RS, Elam CL, et al: Comparing millennial and 
generation X medical students at one medical school, Acad Med 
81:571, 2006.

 14.  Gunderman R: Achieving excellence in medical education, ed 2. Lon-
don, 2011, Springer.

 15.  Karakitsiou DE, Markou A, Kyriakou P, et al: The good student is 
more than a listener—The 12+1 roles of the medical student, Med 
Teach 34:e1, 2012.

 16.  ACGME common program requirements. Effective July 1, 2011. <http://
www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR070
12007.pdf.  (Accessed 14-03-14).

 17.  American Board of Anesthesiology: ABA, Newsletter, March 2012.
 18.  American Board of Medical Specialties: ABMS 2012 certification statis-

tics. Maryland Heights, MO, 2012, Elsevier.
 19.  Frank JR, Snell LS, Cate OT, et al: Competency-based medical educa-

tion: theory to practice, Med Teach 32:638, 2010.
 20.  Khan K, Ramachandran S: Conceptual framework for performance 

assessment: competency, competence and performance in the con-
text of assessments in healthcare—deciphering the terminology, 
Med Teach 34:920, 2012.

 21.  Swing SR: The ACGME outcome project: retrospective and prospec-
tive, Med Teach 29:648, 2007.

 22.  Leach DC: Competencies: from deconstruction to reconstruction 
and back again, lessons learned, Am J Public Health 98:1562, 2008.

 23.  Lurie SJ, Mooney CJ, Lyness JM: Measurement of the general compe-
tencies of the accreditation council for graduate medical education: 
a systematic review, Acad Med 84:301, 2009.

 24.  Silber CG, Nasca TJ, Paskin DL, et al: Do global rating forms enable 
program directors to assess the ACGME competencies? Acad Med 
79:549, 2004.

 25.  Green ML, Holmboe E: Perspective: the ACGME toolbox: half empty 
or half full? Acad Med 85:787, 2010.

 26.  Dreyfus SE, Dreyfus HL: A five stage model of the mental activities 
involved in directed skill acquisition Air Force office of scientific research 
under contract F49620-79-C-0063. Berkeley, 1980, University of  
California.

 27.  Batalden P, Leach D, Swing S, et al: General competencies and 
accreditation in graduate medical education, Health Aff (Millwood) 
21:103, 2002.

 28.  ten Cate O, Snell L, Carraccio C: Medical competence: the interplay 
between individual ability and the health care environment, Med 
Teach 32:669, 2010.
 29.  Miller GE: The assessment of clinical skills/competence/perfor-
mance, Acad Med 65:S63, 1990.

 30.  Nasca T: The CEO’s first column—the next step in the outcomes-
based accreditation project. In ACGME Bulletin, May 2008.

 31.  Philip J, Whitten CW, Johnston WE: Independent study and perfor-
mance on the anesthesiology in-training examination, J Clin Anesth 
18:471, 2006.

 32.  McClintock JC, Gravlee GP: Predicting success on the certification 
examinations of the American Board of Anesthesiology, Anesthesiology  
112:212, 2010.

 33.  Friedman RC, Bigger JT, Kornfeld DS: The intern and sleep loss,  
N Engl J Med 285:201, 1971.

 34.  Lermer B: A case that shook medicine—how one man’s rage over his daugh-
ter’s death sped reform of doctor training, The Washington Post, 2006.

 35.  Philibert I, Taradejna C: A brief history of duty hours and resident 
education. In The ACGME 2011 duty hour standards: enhancing qual-
ity of care, supervision, and resident professional development. Chicago, 
2011, Accreditation Council for Graduate Medical Education.

 36.  Ulmer C, Wolman D, Johns M, editors: Resident duty hours: enhanc-
ing sleep, supervision, and safety. Washington, DC, 2009, Institute of 
Medicine, National Academies Press.

 37.  The ACGME 2011 duty hour standards: enhancing quality of care, super-
vision, and resident professional development. Chicago, 2011, Accredita-
tion Council for Graduate Medical Education.

 38.  Drolet BC, Christopher DA, Fischer SA: Residents’ response to duty-
hour regulations–a follow-up national survey, N Engl J Med 366:e35, 
2012.

 39.  Drolet BC, Khokhar MT, Fischer SA: The 2011 duty-hour requirements–
a survey of residency program directors, N Engl J Med 368:694, 2013.

 40.  Pardo M: Anesthesia: how to organize and train our teachers, Anes-
thesiology 112:773, 2010.

 41.  Cooke MI, David M, Sullivan W, Ludmerer KM: American medical 
education 100 years after the Flexner report, N Engl J Med, 2006.

 42.  Hesketh EA, Bagnall G, Buckley EG, et al: A framework for develop-
ing excellence as a clinical educator, Med Educ 35:555, 2001.

 43.  Irby D, Bowen J: Time-efficient strategies for learning and perfor-
mance, The Clinical Teacher 1:23, 2004.

 44.  Sutkin G, Wagner E, Harris I, et al: What makes a good clinical teacher 
in medicine? A review of the literature, Acad Med 83:452, 2008.

 45.  Skeff KM: Enhancing teaching effectiveness and vitality in the 
ambulatory setting, J Gen Intern Med 3:S26, 1988.

 46.  Litzelman DK, Stratos GA, Marriott DJ, et al: Factorial validation of 
a widely disseminated educational framework for evaluating clinical 
teachers, Acad Med 73:688, 1998.

 47.  Neher JO, Gordon KC, Meyer B, et al: A five-step “microskills” model 
of clinical teaching, J Am Board Fam Pract 5:419, 1992.

 48.  Irby DM, Aagaard E, Teherani A: Teaching points identified by pre-
ceptors observing one-minute preceptor and traditional preceptor 
encounters, Acad Med 79:50, 2004.

 49.  Spencer J: Learning and teaching in the clinical environment, BMJ 
326:591, 2003.

 50.  Reznick RK, MacRae H: Teaching surgical skills–changes in the wind, 
N Engl J Med 355:2664, 2006.

 51.  Kopta JA: The development of motor skills in orthopaedic educa-
tion, Clin Orthop Relat Res 75:80, 1971.

 52.  Grantcharov TP, Reznick RK: Teaching procedural skills, BMJ 
336:1129, 2008.

 53.  George JH, Doto FX: A simple five-step method for teaching clinical 
skills, Fam Med 33:577, 2001.

 54.  Baker K: Clinical teaching improves with resident evaluation and 
feedback, Anesthesiology 113:693, 2010.

 55.  Mayer RE: Applying the science of learning to medical education, 
Med Educ 44:543, 2010.

 56.  Deslauriers L, Schelew E, Wieman C: Improved learning in a large-
enrollment physics class, Science 332:862, 2011.

 57.  Ferreri SP, O’Connor SK: Redesign of a large lecture course into a 
small-group learning course, Am J Pharm Educ 77:13, 2013.

 58.  Pierce R, Fox J: Vodcasts and active-learning exercises in a “flipped 
classroom” model of a renal pharmacotherapy module, Am J Pharm 
Educ 76:196, 2012.

 59.  Kirkpatrick D: Evaluating training programs: the four levels, San Fran-
cisco, 1994, Berrett-Koehler.

 60.  Steinert Y, Mann K, Centeno A, et al: A systematic review of faculty 
development initiatives designed to improve teaching effectiveness 
in medical education: BEME Guide No. 8, Med Teach 28:497, 2006.

 61.  Gaba DM: The future vision of simulation in health care, Qual Saf 
Health Care 13(Suppl 1):i2, 2004.
231.e1

http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0380
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0380
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0385
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0385
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0390
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0390
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0390
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0395
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0395
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0395
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0400
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0400
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0405
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0405
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0410
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0410
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0410
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0415
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0415
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0415
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0425
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0425
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0430
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0430
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0435
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0435
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0435
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0435
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0440
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0440
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0440
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0445
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0445
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0450
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0450
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0450
http://www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR07012007.pdf
http://www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR07012007.pdf
http://www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR07012007.pdf
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0460
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0465
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0465
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0470
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0470
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0475
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0475
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0475
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0475
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0480
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0480
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0485
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0485
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0490
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0490
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0490
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0495
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0495
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0495
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0500
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0500
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0505
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0505
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0505
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0505
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0510
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0510
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0510
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0515
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0515
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0515
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0520
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0520
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0525
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0525
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0525
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0530
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0530
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0530
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0535
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0535
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0540
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0540
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0545
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0545
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0545
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0545
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0550
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0550
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0550
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0555
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0555
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0555
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0560
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0560
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0560
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0565
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0565
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0570
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0570
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0575
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0575
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0580
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0580
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0585
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0585
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0590
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0590
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0595
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0595
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0600
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0600
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0600
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0605
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0605
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0610
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0610
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0610
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0615
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0615
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0620
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0620
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0625
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0625
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0630
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0630
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0635
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0635
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0640
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0640
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0645
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0645
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0650
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0650
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0655
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0655
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0660
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0660
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0660
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0665
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0665
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0670
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0670
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0670
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0675
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0675


References231.e2

 62.  Park CS, Rochlen LR, Yaghmour E, et al: Acquisition of critical 
intraoperative event management skills in novice anesthesiology 
residents by using high-fidelity simulation-based training, Anesthe-
siology 112:202, 2010.

 63.  Kulcsar Z, O’Mahony E, Lovquist E, et al: Preliminary evaluation of 
a virtual reality-based simulator for learning spinal anesthesia, J Clin 
Anesth 25:98, 2013.

 64.  Gaba DM: Crisis resource management and teamwork training in 
anaesthesia, Br J Anaesth 105:3, 2010.

 65.  Bould MD, Crabtree NA, Naik VN: Assessment of procedural skills in 
anaesthesia, Br J Anaesth 103:472, 2009.

 66.  Murray DJ, Boulet JR, Kras JF, et al: A simulation-based acute skills 
performance assessment for anesthesia training, Anesth Analg 
101:1127, 2005.

 67.  Boulet JR, Murray DJ: Simulation-based assessment in anesthesi-
ology: requirements for practical implementation, Anesthesiology 
112:1041, 2010.

 68.  Price JW, Price JR, Pratt DD, et al: High-fidelity simulation in anes-
thesiology training: a survey of Canadian anesthesiology residents’ 
simulator experience, Can J Anaesth 57:134, 2010.
 69.  Cook DA, Hatala R, Brydges R, et al: Technology-enhanced simula-
tion for health professions education: a systematic review and meta-
analysis, JAMA 306:978, 2011.

 70.  Ellaway R, Masters K: AMEE Guide 32: e-Learning in medical educa-
tion Part 1: Learning, teaching and assessment, Med Teach 30:455, 
2008.

 71.  Masters K, Ellaway R: e-Learning in medical education Guide 32 Part 2:  
Technology, management and design, Med Teach 30:474, 2008.

 72.  Cook DA, Levinson AJ, Garside S: Time and learning efficiency in 
Internet-based learning: a systematic review and meta-analysis, Adv 
Health Sci Educ Theory Pract 15:755, 2010.

 73.  Nemergut EC: OpenAnesthesia.org: 3 years old and growing like a 
weed!, Anesth Analg 115:7, 2012.

 74.  Caldwell JE: Clickers in the large classroom: current research and 
best-practice tips, CBE Life Sci Educ 6:9, 2007.

 75.  Nelson C, Hartlng L, Campbell S, et al: The effects of audience 
response systems on learning outcomes in health professions edu-
cation. A BEME systematic review: BEME Guide No. 21, Med Teach 
34:e386, 2012.

http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0680
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0680
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0680
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0680
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0685
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0685
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0685
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0690
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0690
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0695
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0695
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0700
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0700
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0700
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0705
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0705
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0705
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0710
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0710
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0710
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0715
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0715
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0715
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0720
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0720
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0720
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0725
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0725
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0730
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0730
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0730
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0735
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0735
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0740
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0740
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0745
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0745
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0745
http://refhub.elsevier.com/B978-0-7020-5283-5.00009-6/ref0745


232
C h a p t e r  1 0

Ethical Aspects of Anesthesia Care
GAIL A. VAN NORMAN • STANLEY H. ROSENBAUM

K e y  P o i n t s

Ethical Theory
 •  Deontologic (“rules-based”) ethical theory and utilitarian (outcome-based) theory 

clash in clinical scenarios in which the interests of individual patients are pitted 
against the interests of larger populations.

 •  In the United States, the predominant medical ethical principle is that of respect 
for the patient’s autonomy.

Informed Consent
 •  Informed consent is legally mandated and based on the principle that competent 

and autonomous individuals can both make choices about their medical care and 
refuse medical treatments including lifesaving care.

 •  Physicians have ethical obligations to promote the patient’s autonomy.
 •  Competence to make medical decisions is present if the patient can  

understand information relevant to the decision, understand consequences  
of the decision, and express a decision regarding the medical advice being 
given to them.

 •  Physicians are obligated to disclose alternatives to medical therapies and the 
common and serious risks of the proposed therapy.

 •  In general, competent adult patients can refuse blood transfusions, but rights of 
children and pregnant women to refuse therapy are less clear.

 •  Minor patients have varying degrees of decision-making capacity, and they may 
have legal rights to make certain decisions. Pediatric patients should be involved to 
the degree that they can be in medical decision making, particularly with regard to 
elective therapy.

Ethics of Preoperative Testing
 •  Medical testing should follow the ethical principles of beneficence and 

nonmaleficence and should be based on sound algorithms whenever possible.
 •  Medical tests with special social significance, such as pregnancy and human 

immunodeficiency virus testing, should be undertaken only with the patient’s 
informed consent and should not be undertaken without sound evidence that they 
are necessary and beneficial.

Ethics of Anesthesia Involving Pregnant Women
 •  In general, the rights of pregnant women are weighed against the rights of fetuses 

in a decremental fashion as the fetus approaches and surpasses viable age.
 •  Women do not lose their rights to bodily integrity and informed consent when 

they become pregnant, and neither fetal “rights” nor state interests supersede a 
pregnant woman’s right as medical decision maker. A mother’s refusal of care can 
rarely be overridden and generally only when (1) the fetus will suffer irrevocable 
harm without the treatment, (2) the treatment is clearly indicated and likely to be 
effective, and (3) the risk to the woman is low.

 •  Laboring women are capable of giving informed consent, and the validity of 
“Ulysses directives” at the time of labor is ethically arguable.

Coercion and Restraint
 •  Use of restraints is antithetical to promotion of autonomy, and anesthesiologists 

have both ethical and legal obligations to determine whether such extreme 
intervention is warranted.
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 •  Coercing or using physical or chemical means to force competent patients to 
undergo treatment they are refusing is both unethical and illegal.

 •  Use of restraints in children is questionable in elective medical care; when treatment 
must proceed, ethical care should prioritize the patient’s safety and dignity.

Truth Telling
 •  A medical mistake is “a commission or omission with potentially negative 

consequences for the patient that would have been judged wrong by skilled and 
knowledgeable peers at the time it occurred, independent of whether there are 
any negative consequences.”

 •  Respect for patients’ autonomy requires that we disclose mistakes that harm 
patients because in so doing we release patients from misconceptions about 
their medical past and enhance their ability to share decision making about their 
medical care.

Advance Directives and Surrogate Decision Making
 •  An advance directive is a document executed by the patient before incapacity 

to provide the patient’s physicians with guidance in medical decision making 
when the patient cannot communicate for himself or herself: these directives 
include, but are not limited to, durable powers of attorney, living wills, transfusion 
decisions, do-not-attempt-resuscitation (DNAR) directives, and decisions regarding 
organ donation.

 •  Surrogate decision makers explicitly act in “substituted judgment” to provide what the 
patient would have wanted and are not being asked merely for their own preferences. 
Surrogate decision makers at best only approximate the patient’s decisions.

 •  Some medical decisions may not legally be made by a surrogate decision 
maker; laws are variable, but such decisions often include those involving 
electroconvulsive therapy and sterilization.

Do-Not-Attempt-Resuscitation Orders in the Operating Room
 •  Patients have moral and legal rights to refuse even life-sustaining therapy, 

and those rights extend to the operating room. DNAR orders should not be 
automatically suspended in the operating room, but rather they require discussion 
of risks and benefits, and the goals and decisions of competent patients should 
generally be honored.

 •  DNAR orders must never be construed as an excuse to not “care” for the patient. 
A patient’s decision to forgo resuscitation does not imply a wish to avoid other 
beneficial interventions.

End-of-Life Decision Making
 •  Arguments that withdrawing or withholding life-sustaining therapy does not 

violate rules against killing patients are based on ethical differences between 
killing and letting die and between acts of commission (e.g., lethal injection) 
and acts of omission (e.g., withdrawal or withholding of ventilator therapy).

 •  Terminal care requires special knowledge and experience on the part of the 
physician. It requires expertise in medically supportive therapy, management of 
problematic symptoms, knowledge about physiologic changes in the dying patient, 
support and counseling of patients and families, understanding and respect for 
the patient’s autonomy and religious and cultural practices and beliefs, the ability 
to work within complex health care teams, the ability to communicate well, and 
empathy.

 •  Several interventions have special ethical implications—fluid and nutritional 
management; the administration of sedatives and/or narcotics that have 
the potential to hasten death; the administration of neuromuscular blocking 
agents; and deactivating pacemakers, ventricular assist devices, and implanted 
cardioverter-defibrillators.

 •  Medical, legal, and religious authorities have all clearly accepted the principle 
of “double effect,” in which an action intended to produce a benefit for the 
patient produces not only the expected benefit but also potentially significant 
harm.

K e y  P o i n t s — c o n t ’ d
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 •  Neuromuscular blocking agents have no anesthetic, analgesic, or sedative 
properties, and they have no role in palliative care.

 •  The use of deactivating cardiac devices at the end of life in response to a 
competent patient’s wishes is ethical, but it should occur only after careful 
consideration, and with attention to management of distressing symptoms and 
administration of appropriate comfort measures.

Physician-Assisted Suicide and Euthanasia
 •  Physician-assisted suicide (PAS) is the provision of medication and/or prescriptions 

to patients by specific request for the purpose of ending their life.
 •  Euthanasia involves the administration of medication by someone other than the 

patient for the express purpose of causing death.
 •  PAS and euthanasia are legal only in specific parts of the world, but they are 

generally supported by public opinion polls.
 •  Concerns about PAS and euthanasia center around the risk that vulnerable 

populations will be preferentially and disproportionately directed to PAS or 
euthanasia as an end-of-life management strategy. However, data from regions 
where PAS or euthanasia is legal suggest that this is not happening.

Organ Transplantation
 •  Brain death is legally and medically defined as the point at which all 

cardiorespiratory function irreversibly ceases or all function of the whole brain 
irreversibly stops.

 •  In donation after cardiac death (DCD), withdrawal of life support occurs with 
provisions for immediate organ donation after cardiac arrest.

 •  Controversies around DCD include concerns about when cardiopulmonary death 
can be declared and whether medications that preserve organ function but may 
hasten the donor’s death can be administered.

Research Ethics—Human Subjects
 •  Research in human subjects must balance many conflicting interests such as the 

needs and rights of the research subject; the hypothetic interests of future patients; 
and the physician’s financial, professional, and personal goals.

 •  The ethical conduct of research in human subjects follows three principles: 
(1) respect for autonomy, and the obligation to protect subjects with limited 
autonomy; (2) beneficence, with obligations to minimize risks, maximize benefits, 
and ensure that the research design is scientifically sound; and (3) justice, the 
obligation to treat each person with regard to what is morally right and to ensure 
fair distribution of benefits and burdens.

 •  Anesthesiologic research often involves the treatment or prevention of unpleasant 
symptoms, such as pain and nausea, for which effective treatments are well 
established. Such studies should be restricted to comparison of treatments 
with known efficacy, not placebo-controlled trials, and “escape” analgesics or 
antiemetics must be provided on the patient’s request.

 •  If a minor child is “able” to assent, then assent must usually be obtained in 
addition to the consent of any legal surrogate decision makers. In the United 
States, federal law requires assent of any minor 7 years old and older to participate 
in medical research.

Research Ethics—Animal Subjects
 •  Advances in understanding animal cognition have led most biologists to believe 

that many, if not all, animals are capable of feeling pleasure, pain, anticipation, 
and fear, and thus they experience both enjoyment and suffering.

 •  Allowing animal suffering because of pain, fear, sickness, or poor standards of care 
is a moral harm that must be avoided, mitigated, and weighed heavily against the 
benefits it produces.

 •  Researchers should mind the “Three Rs”—replacement, reduction, and refinement—
that is, use animal subjects only when necessary, minimize any suffering incurred in 
the study, and seek nonanimate replacements for animal subjects.

K e y  P o i n t s — c o n t ’ d
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Physician Participation in Executions
 •  U.S. professional organizations for physicians have consistently stated that 

participation in executions by physicians is unethical.
 •  Arguments for participation generally cite “beneficence” issues of providing a 

humane death for prisoners, whereas those against participation cite harms to the 
profession and erosion of trust in physicians by their agreement to be agents of 
the state.

 •  The American Board of Anesthesiologists stated that participation in executions 
would constitute unprofessional behavior that would result in investigation and 
possible decertification of anesthesiologists.

Conscientious Objection
 •  Acceptance of moral objections to certain hotly contended issues such as abortion 

or PAS may be reasonable, but objections to well-established standards, such as 
informed consent, are not.

 •  Moral objections of physicians are also likely to carry more weight if they involve 
concepts that the physician believes supports him or her as an ethical doctor and 
not just as an ethical person.

K e y  P o i n t s — c o n t ’ d
Medicine is a respected profession with codes of behavior 
and definite rules of conduct. Modern medical practitio-
ners have tremendous power, recognized social import, 
and powerful financial interactions that touch nearly 
everyone’s lives. In the context of long-held and highly 
developed rules and practices, this chapter examines the 
ethical bases of the practices of medicine and the implica-
tions for anesthesiologists.

ETHICAL THEORY

VIRTUE ETHICS, UTILITARIANISM,  
AND DUTY-DRIVEN ETHICS

The classic style of medical practice, called paternalism, is 
derived from virtue-based ethics. In this view, the physician 
is a genuinely virtuous person, with inherent qualities of 
competence, sincerity, confidentiality, and altruism, who 
naturally knows and does what is correct for the patient. 
The patient, who is not knowledgeable in the art of medi-
cine, should trust the physician to decide what is best. 
Our society and legal system have changed substantially 
since paternalism flourished, but some patients and phy-
sicians still see this as a desirable component of medicine.

In utilitarian ethics, actions are judged right or wrong 
on the balance of their good and bad consequences. A 
“right” action produces the most good, based on a perspec-
tive that gives equal weight to the interests of all affected 
parties. Although utilitarian theory is compelling (who 
would not want to do the most good and minimize evil?), 
it falls short in defining which benefits are most impor-
tant. Is it the “good” that all reasonable people want or 
the “good” defined by the individual patient? What if the 
only way to maximize “good” is to commit an entirely 
immoral act? Suppose, for example, the only way to win a 
war is to torture children systematically? Determinations 
of “right” or “wrong” based on the outcomes of actions 
presents other challenges as well. Outcomes of actions 
often continue to accumulate over time—when on that 
continuum is it appropriate to determine that an action 
was right or wrong? The “good” act of saving an indi-
vidual’s life today may be viewed through a different lens 
when, 20 years from now, that same individual becomes 
a mass murderer.

Utilitarian theory may be best when applied to analyz-
ing broad-based policies, in decisions regarding rationing 
of resources, and when attempting to resolve conflicting 
ethical obligations.

The premise of Kantian-based ethics (also called deon-
tologic—or duty-based—theory) is that certain features of 
actions other than their consequences make those actions 
right or wrong. Intention is more important than outcome. 
Furthermore, no person should use another exclusively 
as a means to an end, because each person is the end for 
which we should act. No person should be used to further 
the purposes of another person without that other person’s 
autonomous consent. Kantian philosophy would forbid 
killing one innocent person to save another innocent 
person, for example.

Deontologic and utilitarian theories are applied to 
varying degrees in modern medical ethics. Individual-
ism and autonomy are valued highly in Western soci-
ety, and people tend to turn to Kantian philosophy 
when ethical questions arise that balance the authority 
of the physician against the goals and values of indi-
vidual patients. When broad-based social issues are at 
stake, such as allocation of scarce medical resources, 
utilitarian arguments are often used. Some of the toughest 
ethical questions in medical practice occur when the 
rights and desires of individual patients are in conflict 
with social policies. Clashes between deontologic and 
utilitarian principles are common in the intensive care 
unit (ICU) (see also Chapters 101 and 102), in managed 
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care settings, and in the care of poor and older patients 
whose medical management is funded by the govern-
ment. In each of these settings, the will of the individ-
ual patient may be in conflict with broader principles of 
minimizing expense, fairly allocating scarce resources, 
and determining where and how society’s health care 
dollars are best spent.

The political tradition of the United States provides 
a clear underpinning to individual freedom, hence the 
translation of the Jeffersonian “life, liberty, and the pur-
suit of happiness” into the contemporary interest in the 
physician’s beneficence and the patient’s autonomy. 
With the background of this political tradition, contem-
porary bioethics shifted away from paternalism. At the 
beginning of the twentieth century, the concept of the 
autonomy of patients began to emerge.

CLINICAL ETHICS

INFORMED CONSENT AND INFORMED 
REFUSAL

Legal and moral imperatives for informed consent are 
based on the ethical principle of respect for patient 
autonomy. Autonomy refers to the ability to choose with-
out controlling interferences by others and without per-
sonal limitations that prevent meaningful choices, such 
as inadequate information or understanding.1 Individu-
als have the right to determine what happens to them 
to the degree that they are capable of doing so. In the 
United States, this right is rooted in constitutional guar-
antees of privacy and noninterference. In 1914, the case 
of Schloendorff v Society of New York Hospital established 
that it was the right of “every human being of adult years 
and sound mind to determine what shall happen to his 
own body.”2 In 1957, the term informed consent was first 
used in the case of Salgo v Trustees of Leland Stanford Hos-
pital, which established that it is not sufficient for physi-
cians simply to secure consent; physicians have a duty to 
inform patients about the risks and alternatives to treat-
ment, in addition to the procedures themselves and their 
consequences.3

Respect for the patient’s autonomy requires physi-
cians to respect decisions made by competent patients 
and to promote autonomy by removing barriers to com-
petent participation in decisions. Such obstacles range 
from incomplete or inaccurate information to reversible 
medical conditions that interfere with a patient’s ability 
to understand the information given to him or her.

Competence or Capacity
Autonomy to make medical decisions cannot exist in the 
absence of competence. Because competence is a legal term, 
most medical experts prefer the term capacity to describe 
the necessary skills to participate in medical decisions.

Impairments of capacity can be temporary or perma-
nent. Examples include some mental illnesses, dementia, 
immaturity, anxiety, pain, and medication effects. Older 
patients, patients suffering from mental impairment, and 
children are particularly vulnerable to having their par-
ticipation in medical decisions inappropriately curtailed 
or even denied because their capacity to participate is 
frequently underestimated. Hearing loss and expressive 
aphasia can create the false impression that capacity is 
impaired. Many children make medical decisions in ways 
similar to those of adults but may be mistakenly excluded 
from the decision-making process solely because of their 
age. Language barriers can present significant challenges 
to communication.

Capacity is both relative and task specific. Patients may 
be able to understand and make decisions about medical 
issues while being unable to care for themselves in other 
ways.

Both prejudice and paternalism permeate physicians’ 
behavior in the informed consent process. Challenges 
to a patient’s competence rarely occur unless the patient 
and the physician have a difference of opinion or values. 
Patients are often referred for competency evaluations 
because they refuse medical advice, although refusal of 
treatment is not itself evidence of incompetence.4 Physi-
cians often disagree with a patient’s decisions because they 
regularly ascribe a lower quality of life to impaired and 
handicapped patients than do patients themselves. Doc-
tors are mistaken about patients’ preferences regarding 
life-extending therapies in the majority of cases, and they 
underestimate older patients’ desires for life-extending  
therapies in up to 30% of cases.5 Moreover, surveys 
indicate that physicians and other health care workers 
are likely to act on personal prejudices regarding handi-
capped or impaired patients.6

Functional capacity for decision making must be 
judged separately from the perceived quality of the deci-
sion itself. Patients have the right to make “bad” decisions 
if they are competent and have appropriate information. 
Otherwise, the physician could merely substitute his or 
her own judgment for that of the patient, and autonomy 
in medical decision making would be nonexistent.

How do we recognize competence? When assessing a 
patient for anesthesia care, the anesthesiologist should 
focus on the following concerns: (1) Can the patient 
receive and understand the information relevant to the 
decision? (2) Can the patient understand potential con-
sequences of the decision, including potential risks and 
benefits, even if in a very simplified way? (3) Can the 
patient express a decision and communicate his or her 
values regarding the medical advice being given?

The anesthesiologist has an ethical duty to treat revers-
ible conditions that interfere with medical decision mak-
ing. Elective surgery may have to be postponed until 
expert consultation for a determination of mental capac-
ity or treatment of reversible conditions can occur. When 
surgery is urgent or a patient is impaired by an irreversible 
condition, the anesthesiologist may have to rely on a sur-
rogate decision maker or proceed with the best determi-
nation of the patient’s interests in mind.

Disclosure
The informed consent process requires honest disclosure 
of medical information to the patient. U.S. courts cur-
rently rely on two standards of disclosure: the reasonable 
person standard and the subjective standard. A third, pro-
fessional standard, in which the physician is obligated to 
disclose only what other physicians of the same specialty 
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would disclose, was subject to abuse and manipulation 
and is essentially no longer recognized. In the reasonable 
person standard, the physician must disclose any informa-
tion that a theoretically reasonable person would want 
to know. This standard does not require an exhaustive 
recitation of facts, and it acknowledges that not all infor-
mation related to the procedure is integral to making a 
decision about whether to undergo that procedure. The 
subjective standard recognizes that some patients may 
have special needs for specific information, and when 
that need is obvious or has been brought to the attention 
of the physician, the information must be disclosed. A 
concert violinist may have a specific need to know about 
the potential for nerve damage from an axillary block, 
for example. In general, legal and ethical standards now 
require that the physician (1) accurately discuss the ther-
apy and its potential alternative—including no therapy—
and (2) disclose the common risks (because they are more 
likely to happen) and the serious risks (because the conse-
quences are severe).

The doctrine of therapeutic privilege is sometimes cited 
to avoid discussing risks, the reasoning being that the 
stress of discussing risks can psychologically or physically 
harm the patient. Studies of patients’ stress during the 
informed consent process do not support this concept.7 
Therapeutic privilege is probably invoked in many cases 
because the physician is uncomfortable with disclosure 
or wants to curtail discussion. Although it is ethical to 
forgo or curtail risk discussions at the patient’s request, it 
is generally not ethical for the physician to decide to do 
so unilaterally.

The physician-patient relationship is inherently un -
equal because of the physician’s knowledge and au  thority 
and the patient’s dependence on the physician for care. 
Physicians have ethical obligations to avoid exploiting 
their influence for the purpose of accomplishing their 
own ends. Although offering a rational basis for a medi-
cal choice is acceptable, it is generally unethical to coerce 
or manipulate patients into decisions by presenting real 
or implied threats or by omitting or misrepresenting key 
information.

Legal Implications of Informed Consent
The informed consent process does not prevent legal lia-
bility when adverse events occur. Flawed informed con-
sent processes have been cited, however, as evidence of 
a lack of quality of care by the physician. The American 
Society of Anesthesiologists (ASA) closed-claims database 
reveals that informed consent is cited in approximately 
1% of cases, and cases with inadequate informed con-
sent documentation are associated with larger monetary 
awards.8 Studies repeatedly show that the risk of filing a 
malpractice claim is directly related to the patient’s per-
ception of his or her relationship with the physician.9 The 
informed consent process provides one of the few oppor-
tunities anesthesiologists have to establish that relation-
ship, however brief, and the medicolegal importance of 
that process should not be underestimated.

Informed Refusal
Informed consent is meaningless if the patient cannot 
also refuse medical therapy because the consent process 
is then merely an exercise in the patient’s acquiescence 
to the physician’s will. Examples of informed refusals in 
anesthesiology include the following: requests to with-
draw or withhold life-supporting care in the ICU; do-
not-attempt-resuscitation (DNAR) orders in the operating 
room; cases in which the patient has objections to cer-
tain forms of therapy, such as the Jehovah’s Witness who 
refuses blood transfusions; and cases in which a patient 
refuses preoperative testing, such as human immunodefi-
ciency virus (HIV) or pregnancy testing.

Informed refusal has concerns and requirements simi-
lar to those of informed consent. When patients refuse 
medical care or insist on what the physician believes 
is suboptimal care, disclosure of the risks and benefits 
becomes even more important because these decisions 
may veer from options that are already widely accepted 
and for which the risks are believed to be lowest. It is 
easier to justify agreeing to unusual preferences of a 
well-informed patient than to subject a poorly informed 
patient to unorthodox care.

Despite full information, patients may sometimes 
request or demand care that is unreasonable, either 
because it will adversely affect the performance of a sur-
gical procedure or because it would be associated with 
unreasonably high risks. When a patient demands a tech-
nique that is inappropriate or outside of the realm of rea-
sonable practice, the anesthesiologist is under no ethical 
obligation to provide that care. No physician can be com-
pelled by a patient to practice negligently.

Special Issues in Informed Consent  
and Informed Refusal
The Jehovah’s WiTness PaTienT. The classic example of 
a patient who refuses therapy in anesthesia practice is 
that of Jehovah’s Witnesses, many of whom believe that 
accepting a blood transfusion violates a Biblical injunc-
tion. The Jehovah’s Witness doctrine has been subject to 
change over time, with resulting inconsistencies in reli-
gious practice with regard to which, if any, blood compo-
nents may be acceptable. Individuals interpret religious 
doctrines in light of their own spiritual contexts, and 
not all believers hold to the same tenets with identical 
fervor. Church doctrines, like medical practices, evolve 
over time, and practices that are acceptable at one time 
may not be years later. Anesthesiologists and surgeons 
have cited individual and doctrinal inconsistencies as 
justification for ignoring the wishes of Jehovah’s Witness 
patients, but to do so is no more logical than assuming 
that every hypertensive patient needs or will respond well 
to identical treatment or that optimal treatments will not 
evolve over time.10 Moreover, any patient has the right to 
refuse blood transfusion therapy, regardless of whether 
this desire is founded in religious preference. Such refus-
als have become more common in patients who are not 
Jehovah’s Witnesses because blood transfusion therapy 
was connected to cases of acquired immunodeficiency 
syndrome (AIDS) in the 1980s, and patients began ques-
tioning the value and necessity of transfusion therapy in 
light of its risks (see also Chapter 61).

Because of the differing beliefs regarding which, if any, 
blood replacement therapies are acceptable, the anesthe-
siologist must have a thorough and detailed preoperative 
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discussion of possible therapies with the Jehovah’s Wit-
ness patient, and the conclusions should be documented 
in the patient’s chart. An anesthesiologist who cannot 
comply with an adult patient’s desire to forgo transfusion 
has an ethical obligation to find an alternative caregiver 
whenever possible.11

The courts strongly support the rights of adult patients 
to refuse blood products for themselves but have been 
inconsistent and have interfered in cases of some preg-
nant patients. Transfusion of pediatric Jehovah’s Witness 
patients by court order is common. However, this may 
become ethically and legally less acceptable as alternative 
bloodless therapies to maintain oxygen-carrying capacity 
evolve, as the Jehovah’s Witness church further defines 
its doctrines with regard to children, and as the capacity 
of children to consent to or to refuse therapy is better 
understood.

The PediaTric PaTienT and oTher PaTienTs WiTh 
imPaired comPeTence. The ethical practice of medicine 
weighs heavily toward adherence to the respect for 
autonomy in patients who are competent to make medical 
decisions (see Chapter 93) or who have executed advance 
directives when they were competent to do so. Medical 
care of individuals who have never been autonomous 
relies on principles such as respect for human dignity, 
beneficence, avoidance of harm, and adherence to the 
principle of justice.

Children are examples of persons who may or may not 
yet be autonomous (see also Chapter 92). Laws in each 
state define the age at which children become legally 
competent to make medical decisions (usually 18 years 
of age), but many younger children have the mental and 
emotional capacity to make medical decisions. Forcing 
such individuals to undergo treatments they do not want 
is unethical and could be illegal as well.

Decision-making capacity in children is variable. Most 
2-year-old children are clearly not able to make medical 
decisions. However, the range of capability in children as 
young as 7 or 8 years old is wide, and studies suggest that 
the average 14-year-old adolescent makes medical deci-
sions in ways similar to adults. In one study, children 6 
through 9 years of age who were invited to participate 
in influenza vaccine research asked pertinent questions 
about individual risks and benefits and whether their 
community and other children would benefit.12

Most states recognize “emancipated minor” status, 
in which a court determines that a minor can legally 
make medical decisions for himself or herself. Legal 
exceptions to the age of consent are recognized in most 
states when treatment is believed to be in the minor’s 
best interest and when a requirement for parental con-
sent would interfere with the child’s ability to receive 
medical help. The law recognizes that, tragically, some 
conditions for which a minor seeks therapy may even 
be the result of parental abuse, and seeking parental 
permission for treatment may actually further endan-
ger the minor. Thus, minors are allowed in many states 
to consent for treatment for substance abuse, sexually 
transmitted disease, mental illness, and medical care 
affecting pregnancy, including abortion. When a minor 
has decision-making capacity but is not “emancipated,” 
a judge may declare the child to be a “mature minor,” 
with decision-making rights.

Ideally, individuals of any age should be involved in 
medical decisions to the degree that their capacity allows. 
A minor who possesses capacity to make decisions should 
not be coerced or restrained under most circumstances.13 
Determining whether a minor has such capacity may 
require formal consultation and assessment. The term 
assent rather than consent is used to refer to agreement 
with treatment from children who do not fall into legal 
categories awarding them adult rights. The American 
Academy of Pediatrics has stated that physicians who 
care for children “should give serious consideration to 
each patient’s developing capacities for participating in 
decision-making, including rationality and autonomy.”14

When children dissent from medical care, persistent 
refusals may be ethically binding, particularly in the case of 
participation in research. Medical personnel should respect 
the wishes of a patient who withholds assent and should try 
to gain a better understanding of the patient’s situation or 
deal with his or her fears. “A patient’s reluctance or refusal 
to assent should also carry considerable weight when the 
proposed intervention is not essential to his or her welfare 
and/or can be deferred without substantial risk.”14

Ethical Challenges of Preoperative Testing
The ethical implications of medical tests, such as genetic 
testing, have been widely discussed in the literature, but 
the ethical implications of more routine testing have 
been largely overlooked by professional societies (see also 
Chapter 38). The performance of diagnostic tests does 
have ethical dimensions, however. We generally under-
take such tests precisely because we intend to help the 
patient (beneficence) or to use the information to mini-
mize other risks (nonmaleficence). However, medical tests 
may also carry implications for the patient’s autonomy, 
privacy, and even social justice.

rouTine PreoPeraTive TesTing ProTocols. Preopera-
tive testing may help identify unrecognized or disguised 
conditions that could adversely affect anesthetic risk. All 
medical tests carry risks, however. False-positive and false-
negative results may either label patients as having a con-
dition they do not have or inappropriately assure patients 
that they do not have a condition that they in fact do. 
Erroneous results may lead either to further testing or to 
inappropriate and unnecessary therapy associated with 
further complications. Errors can also cause patients to 
be deprived of important therapy they would otherwise 
receive. Tests sometimes have accompanying physical 
complications, and they are certainly always associated 
with economic costs. Systematic overtesting increases the 
costs of health care for entire populations, thus unneces-
sarily burdening an already costly system and diverting 
badly needed funds to unnecessary enterprise. Medical 
tests may involve problems of conflicts of interest, if the 
physician determining the need for testing has an eco-
nomic relationship with the entity that will carry out 
the tests. In addition, not all medical tests are ethically 
equivalent. Certain tests, such as pregnancy testing and 
HIV testing, may have complex social consequences and 
may lead to specific, avoidable harms.
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Modern medicine is a science that incorporates theo-
ries that are expected to be consistent and generalizable. 
Although all data are deeply theory laden, the practice of 
evidence-based medicine (EBM) is founded in the con-
cept that conscientious, judicious, and explicit use of the 
best available medical evidence should be integrated with 
clinical experience derived from systematic research in 
making decisions about the medical care of individual 
patients. In general, nonsystematic clinical experience, 
anecdote, and untested theory are not sufficient grounds 
for clinical decision making.

The practice of EBM also focuses on patients’ auton-
omy through informed consent and recognitions of 
patients’ values and goals. EBM and medical ethics share 
common principles and goals: both are aimed at maxi-
mizing benefits and minimizing risks, as well as at involv-
ing the patient in shared decision making.15

The use of EBM to guide clinical testing and therapy is 
supported by analysis of traditional therapies that were 
never subjected to rigorous testing but that, on examina-
tion, were shown to be not only unhelpful to patients 
but also possibly harmful. A Cochrane review, for exam-
ple, suggested that administration of human albumin, 
a mainstay of therapy for treatment of shock, may be 
associated with increased mortality.16 Another Cochrane 
review demonstrated that although mammography 
screening will prolong the life of 1 in 2000 women over 
a 10-year period, it will lead to the false diagnosis of can-
cer and the institution of cancer treatment in 10 women 
during that same period; these findings raise serious ques-
tions about the benefits and risks of routine mammogra-
phy.17 With regard to hydroxethyl starch administration, 
the decision to administer this colloid was complicated 
by a leader in the field (Boldt) who provided “fake” data 
(see Chapter 61). Using systematic evaluation of medical 
diagnostic testing to develop principles of preoperative 
testing not only serves the ethical principles of benefi-
cence and nonmaleficence but also permits us to provide 
patients with accurate and up-to-date information on the 
potential benefits of tests to aid their understanding and 
input in their medical care—thus honoring the principle 
of respect for the patient’s autonomy.

Conversely, EBM presents potentially significant ethi-
cal concerns. In relying on traditional medical experi-
mentation, EBM may not sufficiently take into account 
the role of social and cultural factors (e.g., poverty, eth-
nicity, spirituality, and gender) that may have consider-
able influence on health and instead may rely too heavily 
on a narrowly drawn biomedical model of the patient’s 
experience of health and disease. In the words of Rogers, 
“those with the greatest burden of ill health are disen-
franchised, as there is little research that is relevant to 
them, there is poor access to treatments, and attention is 
diverted from activities that might have a much greater 
impact on their health.”18

Despite the potential limitations of EBM, it neverthe-
less seems reasonable to believe that in trying to maxi-
mize beneficence and minimize nonmaleficence, EBM 
provides at least an improvement in the search for a ratio-
nal, cost-effective approach to medical testing over sim-
ply adopting “traditional” therapies or protocols without 
evidence that they will contribute to accomplishing those 
goals. Applying medical tests inappropriately can cause 
very real harm to patients. Simply stated, if medical care 
is not valid, then it is not ethical.

Evidence that routine tests or traditional patterns of 
preoperative testing enhance perioperative outcomes is 
often scant. Large population studies of many routine 
preoperative tests, such as coagulation screening,19 chest 
radiography,20 and electrocardiography,21 have, on the 
contrary, suggested that these tests increase costs without 
necessarily positively affecting outcomes and can even 
lead to detrimental outcomes (see also Chapter 38). The 
ASA Task Force for Preanesthesia Evaluation acknowl-
edged that most routine testing is not necessary.22 When 
evidence-based algorithms for preoperative testing are 
available, they should be used to guide clinical decision 
making.

rouTine PreoPeraTive Pregnancy and hiv TesTing. 
Social risks of preoperative testing may not be as obvi-
ous to the physician as medical risks, but they can be the 
source of significant harm (see also Chapter 77). Examples 
of tests that can produce social harm and are of limited 
preoperative utility are HIV and pregnancy tests. Both 
tests have serious ethical consideration; have limited, if 
any, beneficial impact in the setting of surgery; may have 
serious social and economic consequences for the patient 
beyond the operating room; and require the patient’s 
informed consent.

HIV tests are usually ordered for the purpose of singling 
out patients for whom extra universal precautions could 
be taken to reduce transmission in the operating room. 
Most surgeons and anesthesiologists believe that compul-
sory HIV testing would reduce their risk of exposure, and 
many believe that this testing is the physician’s preroga-
tive and can be done without the patient’s consent.23

However, HIV testing does not necessarily yield safer 
anesthetic management and is more costly than diligent 
application of universal precautions.24 In low-prevalence 
populations, testing is more likely to give false-positive 
results that wrongly reassure operating room workers that 
a patient is not infected. This may paradoxically increase 
the risk of HIV transmission if relaxation in vigilance is 
the result.

HIV tests can result in loss of employment or insurance 
coverage, or both. Seropositive women often experience 
marital breakup, abandonment, verbal abuse, and physi-
cal violence if their status is disclosed.25,26 The threat of 
compulsory HIV testing almost certainly would prevent 
some patients from seeking needed surgical care.23

Routine preoperative pregnancy testing has ethical 
ramifications analogous to those of HIV testing. Despite 
pervasive beliefs to the contrary, large, well-designed 
population studies did not demonstrate that anesthetic 
agents lead to early fetal loss or increased fetal malfor-
mation.27-30 Studies have also shown that even adoles-
cent girls generally accurately report the possibility of 
pregnancy when asked privately.31 Legal ramifications of 
not routinely testing for pregnancy preoperatively have 
been virtually nonexistent, and fewer than one third of 
practices in the United States require this testing.32 A pos-
itive pregnancy test may have extremely negative conse-
quences if a vulnerable patient is in a social situation in 



PART I: Introduction240
which pregnancy is not accepted. Abandonment, nega-
tive family interactions, and violence to the patient or her 
fetus, or both, may all occur. Adolescent pregnancies are 
sometimes the result of child abuse or rape, and referral of 
adolescents who are pregnant to child protective services 
should be considered.32 In many states, it is illegal to dis-
close or even insinuate a child’s pregnancy status to her 
parents regardless of her age. Therefore, the anesthesiolo-
gist who discovers an adolescent patient’s pregnancy has 
few comfortable or legal options.

Many patients may choose not to undergo an elective 
surgical procedure if they know they are pregnant. How-
ever, coercing a female patient to have a test against her 
wishes and that she may find insulting explicitly violates 
the principle of the patient’s autonomy. The physician’s 
self-interest is not a sufficient justification for disregard-
ing a patient’s autonomy or violating a patient’s privacy. 
The ASA Task Force on Preoperative Testing and the ASA 
Committee on Ethics jointly recommended that anesthe-
siologists offer the choice of preoperative pregnancy test-
ing to any female patient who may desire it, explain the 
potential risks and benefits, and obtain informed consent 
for the test.22

Ethics of Anesthesia Involving Pregnant 
Women
maTernal-FeTal conFlicTs. In general, the rights of preg-
nant women to refuse therapy, even if it will be detrimen-
tal to their fetuses, are protected under right-to-privacy 
provisions in the U.S. Constitution (see also Chapter 77). 
Those rights are weighed against potential harms to the 
fetus in a decremental fashion as the fetus approaches 
and surpasses viable age. When the fetus is of nonvi-
able age, the mother’s rights prevail. Court decisions 
have consistently upheld the rights of pregnant women 
to have abortions, to not be subjected to drug testing, 
and to forgo transfusions early in pregnancy. Attempts 
to charge women with child abuse, child endangerment, 
drug trafficking, murder, and attempted murder for activ-
ities deemed dangerous to their fetuses have almost uni-
formly failed.33 In general, women do not lose their rights 
to bodily integrity and informed consent when they 
become pregnant, and neither fetal “rights” nor state 
interests supersede a pregnant woman’s right as medical 
decision maker.

The American Academy of Pediatrics Committee on 
Ethics outlined conditions that in their view are neces-
sary to override a mother’s refusal of care: (1) the fetus 
will suffer irrevocable harm without the treatment, (2) the 
treatment is clearly indicated and likely to be effective, and 
(3) the risk to the woman is low.34 The American College 
of Obstetricians and Gynecologists condemned the use of 
coercion in pregnant women and advocated counseling 
the patient carefully about risks, as well as consultation 
with an ethics committee.35

inFormed consenT in laboring Women. The validity of 
informed consent for epidural anesthesia in laboring 
women is a topic of concern to anesthesiologists, who 
periodically raise the question whether laboring women 
are able to consider and weigh the risks of labor anal-
gesia sufficiently while they are in pain. Although ideal  
conditions for informed consent are often lacking during 
labor, it is important to realize that the ideal is seldom 
achieved even in surgical patients; therefore, it is crucial 
to distinguish between conditions that are not ideal from 
conditions that are not adequate.

Competence to give consent requires the ability to 
assimilate information, debate the risks and benefits, and 
communicate a decision. Despite frequently voiced con-
cerns by anesthesiologists about informed consent during 
labor, most studies show that laboring women have the 
same capacity to give informed consent as the general sur-
gical population,36,37 are able to recall details of the con-
sent process long after labor is finished, and indicate that 
labor did not alter their decision making.38 Some inves-
tigators even argue that it is only after the patient can 
assess the severity of pain and consequences of proceed-
ing without analgesia that she can be fully informed.37

An ethical conflict can arise in the case of so-called 
Ulysses directives in which, before labor, a woman exe-
cutes an advance directive that refuses epidural analge-
sia and instructs doctors to ignore her pleas for epidural 
anesthesia at the time of labor should she change her 
mind. Although some experts suggest that ignoring the 
Ulysses directive disrespects a woman’s long-term prefer-
ences, others argue that “information and valid experi-
ence are critical prerequisites for autonomous decision 
making” and that only the current wish (to receive an 
epidural) is ethically relevant.36 Such cases appear to have 
no clear and unequivocal ethical ground on which to pro-
ceed, and circumstances must guide the physician. How-
ever, if an anesthesia practice decides to disregard Ulysses 
directives routinely, this should obviously be disclosed to 
patients in advance of labor whenever possible.

The Uncooperative Patient—Coercion  
and Restraint
The use of physical restraint to control medical research 
subjects was first directly addressed in the Nuremberg 
Code following the Doctors’ Trial in 1947 to 1949 and is 
a continuing subject of intense scrutiny.39 For anesthesi-
ologists, chemical restraints often replace physical ones, 
but the ethical issues are the same. Anesthesiologists are 
often asked by medical colleagues to chemically restrain 
uncooperative patients. Use of restraints is antithetical to 
promotion of autonomy, and anesthesiologists have both 
ethical and legal obligations to determine whether such 
extreme intervention is warranted. Coercing or using 
physical or chemical means to force a competent patient 
to undergo treatment that he or she is refusing is both 
unethical and illegal. Refusal of medical care and angry 
behavior are not proof of incompetence, intoxication, or 
inability to make medical decisions.40

When faced with the uncooperative adult patient, 
questions to ask include the following: (1) Is the patient 
clearly incompetent or merely angry and uncooperative? 
Does the patient show evidence of neurologic impair-
ment, acute intoxication, or severe mental disability? (2) 
Is the patient in immediate danger? (3) Does the patient 
pose a direct threat to staff or other patients? (4) Does a 
compelling need to treat life-threatening injuries exist? In 
the absence of any of the foregoing, the use of coercion or 
physical or chemical restraints is neither ethical nor legal. 
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Physicians may be forced in some situations to act within 
a time frame that does not permit lengthy evaluation of 
a patient’s competence or a protracted search for a sur-
rogate decision maker. In such cases, the physician must 
rely on professional judgment in deciding how to care for 
the uncooperative patient who either cannot speak for 
himself or herself or who appears incompetent to refuse 
care at a time when a decision must be made. The stan-
dard applied in such cases would be to do what a “reason-
able” person would wish. Coercion or restraint (or both) 
in such situations is not ideal, but it may be necessary and 
ethically permissible.

The uncooperative child presents special ethical con-
cerns. When a patient who does not have the capacity 
to make health care decisions dissents from medical 
care, the anesthesiologist is ethically required to provide 
care that is most likely to benefit the patient and prevent 
harm while preserving the dignity and safety of the 
patient. Although violation of respect for autonomy is 
technically not possible in a patient who does not have 
autonomy, violations of principles of beneficence, non-
maleficence, and respect for dignity certainly are. Indis-
criminate use of physical or chemical restraints is not 
without physical risk, and the fear and anger provoked 
by such tactics can lead to future aversion of medical 
care and mistrust of health care providers. The American 
Academy of Pediatrics Committee on Child Abuse and 
Neglect stated that restraint should not be used in pedi-
atric care “unless it is necessary for proper diagnosis and 
treatment in a sick child, as in the case of a child with a 
high fever and potential ear infection, or in emergency 
situations.”41

Behavioral control in the uncooperative child or 
incompetent adult should focus on alternatives to physi-
cal restraint, such as offering choices on how to go to 
sleep and use of fantasy or hypnotic suggestion. Despite 
many possible social, economic, and scheduling pres-
sures to the contrary, delaying or rescheduling a surgi-
cal procedure in a hysterical patient is better than using 
coercion or force. Delaying elective surgery may reduce 
stress, allow adequate premedication, and promote safer 
induction conditions. If medical care is urgent, or if delay 
is unlikely to result in better conditions for the patient, 
then the anesthesiologist should proceed in a manner 
designed to preserve the patient’s dignity and safety.

TRUTH TELLING—DISCLOSURE OF ERRORS 
AND APOLOGY

Nonmaleficence has been a foundational principle for the 
medical profession since the time of Hippocrates, and this 
principle draws no distinction between deliberate and 
unintended harms (see also Chapter 11). Medical care is  
fraught with uncertainty, risk, and error. Harms resulting  
from unexpected complications, accidents, systems issues, 
and medical mistakes are to be gently avoided with equal 
diligence whenever possible.

Wu and colleagues defined a medical mistake as “a 
commission or omission with potentially negative con-
sequences for the patient that would have been judged 
wrong by skilled and knowledgeable peers at the time it 
occurred, independent of whether there are any negative 
consequences.”42 Medical errors occur in 3% to 5% of all 
hospitalizations.43 More than 40% appear to be prevent-
able, and more than 15% result in patients’ deaths.44 In 
1999, the release of the Institute of Medicine’s report To 
Err Is Human focused public and political attention on the 
terrible fallout of medical errors in the United States.45

Studies showed that 76% of physicians admitted to a 
medical error that they did not disclose to the patient,46 
and 22% of physicians indicated that they would not 
disclose an error that caused a patient’s death.47 Rea-
sons cited for a physician’s reluctance to disclose errors 
included personal shame, fear of loss of prestige in the 
physician’s cohort, fear of direct reprisal, lack of expe-
rience in disclosing uncomfortable information, fear of 
causing further harm (emotional or psychological) to the 
patient and family, and fear of litigation.48 In many cases, 
legal advice to physicians has discouraged disclosure and 
apology in the belief that these tactics decrease medico-
legal liability.

Obfuscating the root cause of a patient’s complication 
when it is caused by a medical error is not difficult in the 
physician-patient relationship because the physician has 
unique expertise and is the recipient of unique trust. Fur-
thermore, a minimum standard of disclosure simply does 
not exist. The Code of Ethics of the American Medical 
Association (AMA) states that patients have a right to be 
free of misconceptions about their medical condition and 
that physicians have ethical obligations to “inform the 
patient of all the facts necessary to ensure understanding 
of what has occurred.”49 However, the AMA Code of Eth-
ics addresses only “harms” and not “errors,” thus imply-
ing no duty to disclose medical errors that do not lead 
to harm. Although some experts state that physicians 
may have a lesser obligation to disclose harmless errors 
and/or “near misses,” it is nevertheless arguable that they 
should consider doing so. The physician has little to lose, 
and such disclosures may enhance discussion of medical 
care with the patient and result in a strengthened doctor-
patient relationship. Legalistically, some experts consider 
full disclosure of medical errors to be an extension of the 
legal principle underlying informed consent: “Clearly, if 
the patient is entitled to know the risks of a procedure 
and what could go wrong prior to giving their consent, 
it follows that they would be entitled to know if some-
thing has in fact gone wrong, regardless of whether it was 
unanticipated.”50

Respect for patients’ autonomy requires that we dis-
close mistakes that harm patients because in so doing we 
release patients from misconceptions about their medical 
past and enhance their ability to share decision making 
about their medical care.

Both deontologic ethics and consequentialist (utili-
tarian) ethics support ethical obligations of beneficence 
and nonmaleficence and require physicians to report 
errors to patients. The patient can then seek and receive 
timely treatment of adverse effects of the error. Disclosure 
prevents mistaken attribution by the patient of adverse 
consequences to noncontributory causes. Disclosure is 
usually necessary for informed consent for treatments 
to address complications of the error. Disclosure may 
enhance patients’ trust in physicians. Moreover, dis-
closure may facilitate a patient’s obtaining just and fair 
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compensation for economic consequences of the injury, 
such as lost work and pay.

The concern that disclosure of errors to patients will 
increase litigation or decrease patients’ trust, either in the 
doctor involved or in doctors in general, has not been 
borne out. Studies have suggested that full disclosure of 
a medical error reduces the likelihood that patients will 
change doctors, improves patients’ satisfaction, increases 
trust in the physician, and leads to a more positive emo-
tional response.51 Studies also have demonstrated that 
patients take legal action because they want more hon-
esty from their physicians and assurances that the physi-
cian has learned from the mistake and that future patients 
therefore are less likely to suffer.52

Physicians may benefit from a sense of relief after dis-
closure and, in many cases, the forgiveness of the patient. 
Disclosure helps physicians learn and improve their 
practice. Failures to report errors, learn from errors, and 
communicate errors and their potential solutions within 
a health care system are major causes of medical errors 
themselves. One could argue that a physician who does 
not disclose a preventable error, such that it is repeated, 
bears responsibility for harm not only to his or her own 
patient but also to all future patients in whom the error 
could have been prevented had it been disclosed.

Harms that can arise from disclosure are generally vis-
ited on the physician: disclosure is stressful, litigation 
may result, malpractice premiums may rise, and future 
employment may be adversely affected. However, in the 
doctor-patient relationship, ethical frameworks hold that 
benefits and harms to the patient should hold greater 
weight than benefits and harms to the physician.

Do we have an ethical duty to disclose the errors of 
others? Legally, some North American courts have held 
that we do not,50 and social norms about “tattling” on 
others are powerful deterrents to such disclosures. The 
reporting physician may hesitate because of a lack of 
definitive information, potential accusations of interfer-
ing in the doctor-patient relationship of another, worry 
that professional interactions such as patient referrals 
and performance evaluations may be affected, and fear 
of libel suits. When a physician observes a medical error 
committed by another physician, the options include 
nondisclosure, recommendations to the involved physi-
cian to disclose the error, disclosure of the error to a third 
party such as a risk-management group, or direct disclo-
sure to the patient. Although no strict legal guidelines 
are in place, ethical principles favor actions that lead the 
patient to have a full understanding of what has occurred 
during the course of his or her medical care.

Apology (as opposed to disclosure) remains a contro-
versial aspect of communication following medical errors, 
largely because of a well-founded fear, at least in the past, 
that it could be used as an admission of negligence in 
subsequent litigation. Yet apology appears in many cases 
to decrease the risk of subsequent litigation, and lack of 
apology is a commonly cited reason among malpractice 
plaintiffs for their legal action.53 Spurred on by a desire 
to reduce litigation, many states have enacted “apology 
laws” that prohibit use of various types of apologies in 
court against physician defendants in malpractice cases. 
The impact of these laws and the impact of apologies 
on the incidence and outcomes of malpractice litigation 
remain unclear, although significant numbers of patients 
who have sued physicians have indicated that an apology 
would have prevented them from doing so.

ADVANCE DIRECTIVES AND SURROGATE 
DECISION MAKERS

Critical decisions regarding medical care often arise 
when patients are too ill to formulate or express deci-
sions regarding medical interventions (see also Chapter 
11). Advance directives were developed after several legal 
decisions affirmed that patients can refuse even lifesaving 
medical care and that clear and convincing evidence of 
the patient’s wishes is needed to allow surrogate decision 
makers to request withdrawal of life-sustaining thera-
pies.54 An advance directive is a document executed by 
the patient before incapacity to provide the patient’s phy-
sicians with guidance in medical decision making when 
the patient cannot communicate for himself or herself. 
Such directives include the following: living wills, which 
detail the therapies a patient would accept or refuse in the 
case of terminal incapacity; DNAR orders; and any other 
information regarding medical care decisions.

A surrogate decision maker may be someone whom the 
patient has appointed to make health care decisions for 
him or her (a durable power of attorney [durable POA]) or 
an individual with other legally recognized authority by 
virtue of his or her relationship with the patient.

A durable POA for health care decisions may be given 
by the patient to a specific person he or she designates 
to make health care decisions for the patient if he or she 
becomes incapacitated. The authority vested in a POA 
supersedes most other decision makers, including family 
members, except a court-appointed guardian.

When the patient has not designated a durable POA, 
doctors rely on family members to make decisions for the 
patient. Many states have a legally defined hierarchy of 
decision makers. Usually, the spouse or legally recognized 
domestic partner is considered the first-line surrogate 
decision maker. Commonly, the surrogate hierarchy after 
the spouse is children, if all are in agreement, then par-
ents, if both are in agreement, and then siblings, if all are 
in agreement. When a patient has no advance directives 
and either a surrogate decision maker is not available or 
family members cannot agree, the courts may appoint 
a guardian ad litem to represent the patient in medical 
decision making.

Surrogate decision makers explicitly act in “substi-
tuted judgment” to provide what the patient would have 
wanted and theoretically are not asked merely for their 
own preferences. However, surrogate decision makers at 
best only approximate the patient’s decisions because 
their interpretation is subject to their own biases, values, 
and psychological agendas. Incompetent patients can be 
emotionally and financially burdensome, and decision 
makers may have conflicts of interest that distort their 
beliefs and testimony about what the patient would have 
wanted.

Studies demonstrate that patients and their proxies 
only infrequently discuss issues and values involving 
life-sustaining technologies. Discrepancies between 
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patients and proxies are often significant in the assess-
ment of patients’ emotional health and satisfaction. Nei-
ther physicians nor proxies can always accurately predict 
the patient’s preferences for life-sustaining therapies.55-57 
Nevertheless, with all the imperfections, proxy decision 
making may be the only option if a patient has not left 
specific directives.

Medical Decisions That Cannot Be Made  
by a Surrogate Decision Maker
Some medical treatments have intense cultural connota-
tions, may involve limitation on private freedoms such 
as reproduction, or may have historically been subject 
to abuse. Decisions regarding these interventions can-
not be made by a surrogate decision maker (even if one 
is available) and require a court review. Examples of such 
treatments in many states include sterilization and elec-
troshock therapy.

The anesthesiologist should review the patient’s record 
before taking the patient to the operating room and 
ascertain (1) whether the patient has advance directives, 
(2) who the patient’s surrogate decision makers are, (3) 
whether the procedure is legally allowed with consent 
from a surrogate decision maker, and (4) in special cases, 
whether an appropriate court order has been obtained.

Special Issues With Advance Directives—
Do-Not-Attempt-Resuscitation Orders  
in the Operating Room
Up to 60% of anesthesiologists wrongfully believe that 
DNAR orders are automatically suspended during anes-
thesia and surgery. The ASA,11 the American College of 
Surgeons,58 the Association of Operating Room Nurses,59 
and The Joint Commission60 all published practice guide-
lines requiring reconsideration, not abandonment, of the 
DNAR orders in the perioperative period.

The DNAR order is, in essence, documentation of the 
patient’s wishes to avoid the medical interventions associ-
ated with resuscitation. Because the causes and outcomes 
expected with a cardiac arrest in the operating room are 
different from what may happen elsewhere and progno-
sis is more favorable, it is very important to reassess the 
patient’s desires when surgery is anticipated.

The ASA issued guidelines for management of the 
patient with DNAR orders and other directives limiting 
medical care.11 Although the patient’s primary care physi-
cian may have introduced the idea of DNAR orders to the 
patient or the surrogate decision maker, it is specifically 
the anesthesiologist’s duty to discuss the risks and benefits 
of resuscitation in the setting of anesthesia and surgery 
before undertaking the patient’s care. The anesthesiologist 
should include in this discussion the following steps: (1) 
determine the patient’s goals regarding surgery and resus-
citation; (2) establish exactly what is meant by “resuscita-
tion,” in contrast to routine anesthetic care; (3) educate 
the patient about the risks and benefits of resuscitation in 
the operating room setting; and (4) document the agree-
ments reached with the patient about which interventions 
commonly associated with resuscitation are acceptable to 
him or her. Such interventions could include, but are not 
limited to, intubation, administration of vasoactive drugs, 
administration of direct current (DC) countershock, and 
institution of chest compressions. Many patients who 
express reluctance about resuscitation during surgery are 
fearful of burdensome outcomes, such as permanent neu-
rologic impairment. Education and discussion may reassure 
these patients about the favorable outcomes of resuscita-
tion in the operating room and can establish ground rules 
for discontinuing interventions postoperatively if they do 
not lead to a chance of meaningful recovery.

Surgery depends on the cooperation of many caregivers 
with differing expertise, each of whom has independent 
ethical obligations to the patient. Therefore, resuscitation 
agreements must be discussed with other members of the 
operating room team. This communication prevents cru-
cial disagreements from occurring during a critical event 
when treatment decisions must be made quickly. It also 
allows “conscientious objectors” to withdraw from the 
health care team.

Advance directives are legally and ethically bind-
ing. Despite clear, consistent, and forceful legal deci-
sions, many physicians still resist imperatives to respect 
patients’ wishes regarding resuscitative care, life-sustain-
ing therapies, or both. Anesthesiologists have ignored 
DNAR directives under the false assumption that the 
legal authority of advance directives and living wills is 
not binding in the operating room or that the physician 
has discretion in deciding when to follow or ignore such 
directives. In response, courts have awarded significant 
monetary damages for the costs of continued health care 
and punitive damages for the pain, suffering, and mental 
anguish of the patients’ survivors when DNAR instruc-
tions are ignored.61

Finally, DNAR orders must never be construed as an 
excuse to not “care” for the patient. A patient’s decision 
to forgo resuscitation does not imply a wish to avoid 
other beneficial interventions. Placement of a pulmonary 
artery catheter, for example, may help ensure optimal 
management of a frail patient who has a DNAR order by 
enabling the anesthesiologist to avoid situations in which 
the patient’s DNAR status becomes pivotal.

END-OF-LIFE DECISION MAKING

A 1996 review by the AMA showed that the follow-
ing end-of-life issues were of foremost importance to 
patients: control over the timing and location of death; 
management of symptoms such as pain, dyspnea, anxi-
ety, and depression; financial management of medical 
care; and maintenance of therapeutic options, including 
physician-assisted suicide (PAS).62

Withdrawal or Withholding of Medical 
Therapies—Curing versus Caring
More than 80% of deaths in the United States occur in 
health care facilities, and most deaths in ICUs occur after 
an explicit decision to withdraw or withhold treatments.63 
Patients and doctors alike recognize that aggressive medi-
cal therapy may not be desired or even appropriate in 
the presence of advancing disease. Continued therapy 
may not be warranted or desired when quality of life is 
extremely poor, even if the patient is not suffering from 
terminal disease.
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Before the midtwentieth century, the concept of 
beneficence in the eyes of physicians was strongly tied 
to preventing death. Ethical distinctions between acts of 
omission (“letting die”) and acts of commission (“killing”) 
were and remain confusing at best. Worse, physicians 
faced threats of criminal punishment if a patient’s death 
resulted from withdrawal of medical treatments. In 1976, 
the case of Karen Ann Quinlan established that patients 
have a right to forgo invasive treatments, even if lifesav-
ing, and that surrogate decision makers could ask for 
withdrawal of lifesaving therapies if the surrogates could 
show that the patient would not have wanted them.64 The 
right to forgo lifesaving treatments was later extended in 
the cases of Claire Convoy and Nancy Cruzan to include 
any treatment if the patient refused it or if clear and con-
vincing evidence indicated that the patient would have 
refused therapy if he or she could not speak for himself or 
herself.54 These decisions were revisited and reconfirmed 
in the tragic case of Theresa Schiavo in 2005.65

Arguments that withdrawing or withholding life-
sustaining therapy does not violate rules against kill-
ing patients are based on ethical differences between 
killing and letting die and between acts of commission 
(e.g., lethal injection) and acts of omission (e.g., with-
drawal or withholding of ventilator therapy).66 Because 
such distinctions are confusing to both physicians and 
patients, a principle of proportionality is often applied 
when withholding or withdrawing treatments.67 In this 
principle, treatment is indicated to the extent that it 
is likely to present more benefits than burdens to the 
patient based on the patient’s perception of such medi-
cal, social, and psychological benefits and burdens. Of 
course, competent patients still always have the right 
to refuse therapy, even if lifesaving and otherwise 
indicated.

Two common settings in which anesthesiologists may 
be involved in withdrawing or withholding life-sustaining  
interventions are the ICU and the operating room before 
organ donation after cardiac death (DCD). In both cases, 
the issues and principles of withdrawing or withholding 
treatments are the same.

Withdrawal of life-sustaining interventions heralds 
the final phase of end-of-life care, and it is a socially criti-
cal phase in the life of the patient and family. Terminal 
care requires special knowledge and experience on the 
part of the physician. It requires expertise in medically 
supportive therapy, management of problematic symp-
toms, knowledge about physiologic changes in the dying 
patient, support and counseling of patients and families, 
understanding and respect for the patient’s autonomy 
and religious and cultural practices and beliefs, the abil-
ity to work within complex health care teams, the ability 
to communicate well, and empathy.68 Anyone intimately 
involved in care of the dying patient should also be inti-
mately familiar with ethical and legal standards.

Withdrawal of life-sustaining care begins with an 
assessment of the individual patient’s physiology, level of 
dependence on therapy, degree of consciousness, prefer-
ences regarding sedation and analgesia, and preferences 
regarding privacy and level of involvement of family and 
other loved ones. All the patient’s treatment orders should 
be reviewed to meet the new treatment goals. Treatments 
promoting the patient’s comfort should generally be 
continued, whereas those directed only at physiologic 
maintenance may all be withdrawn. Family members and 
others attending the patient at the end of life should be 
educated about physical and mental changes they can 
expect to see as treatments are scaled back, including the 
possibility that death will not occur imminently once 
support is withdrawn.69

Several interventions have ethical implications and 
deserve special consideration—fluid and nutritional man-
agement; the administration of sedatives and narcotics 
that have the potential to hasten death; the administra-
tion of neuromuscular blocking drugs; and deactivation 
of pacemakers, ventricular assist devices, and implantable 
cardioverter-defibrillators.

The issue of fluid and nutritional support is controver-
sial. Burdens associated with continuation of fluid and 
nutritional support include prolongation of the dying 
process and complications and suffering from placement 
and maintenance of intravenous or enteral access (or 
both). However, feeding and hydration may have impor-
tant connotations for family members and members of 
the health care team by allowing a sense of nurturing 
and mitigating feelings that they are “abandoning” the 
patient.70

Pain, dyspnea, and depression are all common symp-
toms that cause suffering in the dying patient. Alleviat-
ing pain and dyspnea carries the risk of hastening death. 
Medical, legal, and religious authorities have all clearly 
accepted the principle of “double effect,” in which an 
action intended to produce a benefit for the patient pro-
duces not only the expected benefit but also the poten-
tial for significant harm. It is entirely ethical and legal 
to administer high doses of pain medication and seda-
tives for the intended effect of relieving suffering, even 
if the treatment has the side effect of hastening death. 
However, to administer any medication with the explicit 
intention of hastening death is euthanasia and not medi-
cal therapy.70

Neuromuscular blocking drugs have no anesthetic, 
analgesic, or sedative properties and have no role in pallia-
tive care. Such drugs should not be initiated if withdrawal 
of ventilatory support is anticipated. When withdrawal 
of ventilator support is anticipated in a patient already 
receiving such drugs, they should be withheld in all but 
extraordinary cases. Paralyzing the patient to comfort the 
family so that they see no disturbing movements or res-
pirations as the patient dies is not justifiable. Even worse, 
it can mask symptoms and signs of distress and can thus 
prevent relief of suffering during the dying process69 (see 
also Chapter 101).

Pacemakers, implantable cardioverter-defibrillators, 
and ventricular assist devices are increasingly used in 
both long-term medical therapy and intensive care (see 
also Chapters 48 and 101). When a patient who has a car-
diac device requests withdrawal of life-sustaining inter-
ventions, questions sometimes arise about whether it is 
ethical to deactivate such devices.

Some experts have said that that these devices must 
be treated differently from other medical interven-
tions because by virtue of implantation they have 
become a “biofixture,” or literally a part of the patients 
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themselves.71 Such arguments are difficult to sustain 
when we consider that many people undergo implanta-
tion of medical devices and subsequent explantation of 
them when the devices are no longer working or do not 
serve the patient’s purpose. Common examples include 
artificial joints, intraocular lenses, medication delivery 
devices, and orthopedic hardware. Furthermore, these 
devices are never uniquely a part of the patient in the 
same sense as DNA or their native organs. In fact, the 
ethical distinction between disabling a pacemaker in a 
pacer-dependent patient and turning off a ventilator for 
a ventilator-dependent patient is minimal, if the request 
comes from a competent patient or the surrogate deci-
sion maker. Both actions involve discontinuance of artifi-
cial therapies that the patient no longer desires, and both 
may be followed by rapid death.

As with other end-of-life therapies, discontinuance of 
such devices should include due consideration of whether 
the decision is made by a competent patient and with 
full informed consent. Management of discontinuance 
of device therapy should always include planning for 
treatment of distressing symptoms and administration of 
appropriate comfort measures.

Physician-Assisted Suicide and Euthanasia
PAS involves the provision of medication or prescriptions 
to patients by specific request for the purpose of ending 
their life. PAS requires a patient who is both competent 
and capable of communicating the request. Euthanasia 
involves the administration of medication by someone 
other than the patient for the express purpose of caus-
ing death, in the belief that this would be best for the 
patient (but not necessarily at the specific request of the 
patient). Both practices differ ethically from withdraw-
ing or withholding life-supporting medical treatments. 
In PAS and euthanasia, the primary intention is to cause 
death, which secondarily ends suffering. In withdrawal 
of withholding of life-supporting treatment, the primary 
intention is to discontinue treatments that are causing 
suffering with an understanding that death may or prob-
ably will result.

Currently, euthanasia is legal only in the Netherlands, 
Belgium, and Luxembourg. In the United States, euthana-
sia remains illegal regardless of circumstance, but PAS is 
legal in the states of Oregon, Washington, Montana, and 
Vermont and is being considered in other states. Interna-
tionally, PAS is legal in the Netherlands, Belgium, Luxem-
bourg, Germany, and Switzerland.72

Supporters of PAS argue that the right to privacy and 
respect for autonomy support a patient’s right to deter-
mine the time, location, and circumstance of his or her 
own death. The public consistently rates loss of auton-
omy and control, inability to pursue previously valued 
activities, and loss of dignity as the major concerns at 
the end of life.73 Adequate control of pain, anxiety, 
dyspnea and other symptoms at the end of life remain 
a challenge to the medical profession, thereby fueling 
the desire for a means to end life when suffering cannot 
be controlled. Opponents argue that PAS “medicalizes” 
death, overly idealizes the physician-patient relation-
ship, ignores possible personal and professional con-
flicts of interest, and leads to erosion of trust between 
dying patients and their doctors. Although many ethi-
cists acknowledge that individual circumstances may 
make assisted suicide an ethically permissible action, 
most express concerns about potential abuse. Vulner-
able members of society, such as the poor, old, and 
handicapped, could be pressed by financial and social 
factors into a suicide option in preference to palliative 
care.

An additional argument against PAS or legalized eutha-
nasia is that these approaches could provide solutions to 
the medical, social, and economic problems common to 
older and poor patients that are simpler and less expen-
sive than seeking and requiring more difficult, but defini-
tive remedies.

More than 10 years have passed since Oregon legalized 
PAS and the Netherlands legalized both PAS and euthana-
sia, and significant data now provide some insights into 
whether these concerns about PAS and euthanasia are 
materializing.

More than two thirds of the U.S. population polled 
favored legalizing PAS, and approximately 58% favored 
legalization of euthanasia.74 The percentage of U.S. 
oncology patients favoring a PAS or euthanasia option 
in end-of-life care rises to approximately 65%,75 whereas 
physicians frequently involved in end-of-life care, such as 
intensive care specialists, oncologists, and palliative care 
specialists, are the most uniformly opposed specialists.76 
This finding represents a significant discordance between 
physicians and their patients.

In Oregon, where PAS has been legalized for the 
longest period of time in the United States, data show 
that patients who requested PAS had generally higher 
economic status and education, more than 96.7% were 
insured, and 92.5% were enrolled in hospice care. Most 
were more than 65 years old (65%), and 82% were suf-
fering from cancer. Approximately 20% of patients 
receiving prescriptions for PAS never used them and 
ultimately died of their underlying disease—with many 
surviving significantly longer than predicted. More 
than 93% of patients enrolled in the Oregon program 
cited loss of autonomy as a primary reason for pursu-
ing the option.77,78 Some authors have suggested that 
the possession of a means to end their lives legally and 
humanely prevented “preemptive” suicides that could 
have occurred earlier and thus may have prolonged 
lives.79

Concerns regarding abuses of PAS and euthanasia will 
undoubtedly continue, but thus far, evidence of system-
atic abuse is lacking in places where PAS is legalized and 
regulated. As the population ages and patients desire 
greater control over end-of-life care and circumstances, 
debate over PAS and euthanasia in the United States can 
be expected to grow.

ETHICAL ISSUES IN ORGAN 
TRANSPLANTATION

Two issues critical to vital organ transplantation that con-
front anesthesiologists are the concept of brain death and 
the linkage of withdrawal of life-sustaining therapies with 
organ retrieval and transplantation after cardiac death 
(DCD) (see also Chapters 74 to 76).
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Brain Death
Before the 1960s, death was defined as the moment when 
the heartbeat stopped and respirations ceased. Advances 
in cardiopulmonary resuscitation and mechanical ven-
tilation then made it possible to postpone death, seem-
ingly indefinitely. In 1968, the Ad Hoc Committee of 
the Harvard Medical School proposed redefining death 
as the point at which all cardiorespiratory function had 
irreversibly ceased, or all function of the whole brain had 
irreversibly stopped (brain death).80 The committee gave 
two explicit reasons for redefining death. The first was to 
allow patients to be declared dead and not maintained 
on machines—thus limiting expense; reallocating medi-
cal resources to other, salvageable patients; and allowing 
the social rituals surrounding death to occur. The second 
was to allow the donation of vital organs before circula-
tion stopped.

The public has been slow to accept brain death, in 
part because it requires complete trust in physicians and 
ignores indicators of death that the public already under-
stands. To nonphysicians, brain-dead donors are superfi-
cially indistinguishable in many ways from living persons, 
and nonphysicians must therefore rely completely on the 
physician for both accurate and honest information of a 
loved one’s death.

Diagnosing brain death is relatively straightforward. 
In the United States, it requires demonstration that, in 
the absence of drugs, paralytic agents, hypothermia, 
and other reversible conditions that mimic loss of brain 
function, no cortical or brainstem function is present. 
The diagnosis is usually made either clinically, by dem-
onstrating that cortical activity and brainstem reflexes 
are absent, or by radiographic studies demonstrating the 
complete absence of cerebral blood flow.

Although brain death is a social and not a biologic 
definition of death, medical, ethical, theologic, and 
legal experts generally agree that brain death adequately 
defines a condition in which a person with ethical and 
legal rights and moral standing ceases to exist and should 
no longer be treated as though alive. Expensive medical 
interventions can be discontinued without legal ramifica-
tions, and vital organs can be donated for transplantation 
if the patient or the surrogate decision maker agrees.

Before assuming care of a brain-dead organ donor, the 
anesthesiologist is obligated to review the chart for docu-
mentation of the declaration of brain death and the cri-
teria on which it was based. If any questions exist about 
the diagnosis, organ donation should be postponed until 
the anesthesiologist is satisfied that these concerns are 
addressed.

Donation After Cardiac Death
DCD occurs when a patient wishes to have life-sustaining 
medical therapies withdrawn and also wishes to proceed 
with vital organ donation after death. Controlling the 
time and place of death so that timing of organ donation 
can be optimized has obvious medical and ethical advan-
tages. The decision to donate organs is made before death, 
thereby allowing time for discussion and informed con-
sent. Ischemia time can be minimized. The dual decision 
to withdraw life-sustaining interventions and donate vital 
organs after death can create ethical conflicts, however. 
When a dying patient becomes an imminent organ donor, 
the risk is that the patient’s interests will be minimized or 
ignored in favor of the organ recipient.

The Institute of Medicine reviewed DCD in 199781 and 
200082 and found serious ethical questions, such as deter-
mining how quickly after asystole organ donation can 
begin and whether medications can ethically be admin-
istered to the donor before death that are solely for the 
purpose of organ preservation.

Ethical, theologic, and legal principles prohibit us 
from killing one person to benefit another, but the point 
at which actual death has occurred in DCD donors is 
unclear. Although expedient donation is the very pur-
pose of DCD, doctors must never sacrifice any living 
patient in the process or even take significant risks of 
doing so; the mistrust this would engender among the 
public could place the entire concept of DCD donation at 
risk by reducing potential donors and ultimately harming 
future potential organ recipients.83-85 Loss of conscious-
ness occurs quickly after asystole, but brain function can 
continue for some time, and irreversible brain injury may 
not occur for many minutes. Yet many protocols call for 
organ retrieval to begin only 2 minutes after circulation 
has stopped, and in at least one institution, organ dona-
tion is allowed to begin within seconds of cardiac arrest.86 
Scientific and philosophic uncertainty exists about when 
death is complete—this could even lead to accusations 
that physicians deliberately kill patients to obtain organs 
for transplantation. Mistakes have occurred in some cases 
of brain-dead organ donors for which clear clinical crite-
ria exist; DCD organ donation is potentially even more 
prone to error because no such clinical guidelines are uni-
versally accepted.87

Donation of vital organs after brain death and DCD 
are both ethical and legal, but the interests of the dying 
patient must be absolutely protected until after death has 
occurred. Anesthesiologists can play a vital role in the 
organ donation process by helping hospitals develop 
reasonable and ethical policies for the management of 
brain-dead donors and DCD donors. Every anesthesi-
ologist should be thoroughly familiar with brain death 
criteria and should review the process of brain death 
determination before accepting care of a brain-dead 
donor. It is inappropriate for anesthesiologists to be 
involved in organ DCD unless they have expertise in the 
relevant ethical, legal, and medical issues and are experi-
enced in end-of-life care.

RESEARCH ETHICS

HUMAN SUBJECT RESEARCH

The premise that the physician always puts the best inter-
ests of the patient first can be jeopardized when research 
objectives enter the doctor-patient relationship. Human 
subjects are asked to put aside their own interests to ben-
efit some future, hypothetic group of patients. In extreme 
cases, the patient becomes a research “object” who will 
not benefit personally from the experiment at all. Two 
examples include experiments in healthy subjects and 
phase I cancer trials in terminally ill patients in which 
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the goal is to determine the toxicity of treatment—not 
remission, palliation, or cure.

Human subject research must balance many conflict-
ing interests, such as the needs and rights of the research 
subject, the hypothetic interests of future patients, and 
the physician’s financial, professional, and personal 
goals. Academic or corporate advancement, personal 
prestige, and financial incentives may be disincentives 
to researchers who diligently protect patients’ interests 
or who remain objective in designing protocols and ana-
lyzing and reporting their findings. Thus, human subject 
research is more closely regulated, supervised, and con-
trolled than any other medical endeavor.

Regulation of research began after World War II, with 
the Nuremburg Code and the Helsinki Declaration out-
lining the ethical obligations of physicians engaged in 
human research. The United States was slow to awaken 
to the parallels between the concentration camp experi-
ments and the sometimes gruesome treatment to which 
they subjected their own subjects in similar trials.88 In 
the years that followed the Doctors’ Trial at Nuremburg, 
Fox89 and Beecher90 found that researchers were aware 
of the standards set at Nuremberg but regularly did not 
comply with them. In 1974, the National Research Act 
established the National Commission for the Protec-
tion of Human Subjects of Biomedical and Behavioral 
Research, out of which the modern institutional review 
board was born.54

The ethical conduct of human subject research fol-
lows three principles: (1) respect for autonomy and the 
obligation to protect subjects with limited autonomy; (2) 
beneficence, with obligations to minimize risks, maxi-
mize benefits, and ensure that the research design is sci-
entifically sound; and (3) justice, the obligation to treat 
each person with regard to what is morally right and to 
ensure fair distribution of benefits and burdens.

In addition to the comprehensive presentation to 
research subjects of the risks and benefits of procedures 
or medications to which they will be subjected, disclo-
sure must include the possibility of commercialization of 
the results, financial interests of the researchers, and any 
other actual or perceived conflicts of interest on the part 
of researchers and their institutions and sponsors. Sub-
jects must be free to refuse or end participation at any 
time without penalty. Situational coercion, in which sub-
jects feel that they are not truly free to refuse, should be 
avoided or mitigated. Examples of situational coercion 
include prisoners whose terms and experiences of incar-
ceration may be affected by their decision to participate 
or refuse and hospitalized patients who may believe that 
their care could be compromised if they do not cooperate 
with researchers.88

Monetary or other inducements to participate in 
research are probably permissible if they do not under-
mine the freedom of the subject to refuse under reason-
able circumstances. Significant monetary awards may 
have adverse effects on the autonomy of subjects and may 
negatively affect the scientific quality of the research. If 
remuneration is high, for example, subjects could con-
ceal factors that would otherwise disqualify them from 
participating, thus compromising the research results and 
exposing themselves to greater risks.
Researchers are obligated to maximize benefits and 
minimize potential harms, including physical, psycholog-
ical, social, legal, and financial harms. The research must 
address a question of sufficient value to justify the level 
of risk and must follow the approved protocol. Findings 
must be promptly and accurately reported. The research 
must be terminated immediately if it is suspected to be 
harmful to the participants.

Anesthesiology research often involves the treatment 
or prevention of unpleasant symptoms, such as pain and 
nausea, for which effective treatments are well estab-
lished. Such studies should be restricted to comparison of 
treatments with known efficacy, not placebo-controlled 
trials, and “escape” analgesics or antiemetics must be pro-
vided on the patient’s request.70

No population group should be unfairly subjected 
to research without having equal access to its benefits. 
Finally, the interests of the individual must always prevail 
over the interests of society.

Children as Research Subjects
Children are particularly vulnerable as research subjects 
because they may lack the ability to make mature deci-
sions, are subject to the authority of others, may defer to 
their parents and others in ways that mask underlying 
dissent, and may have conditions requiring immediate 
decisions not consistent with informed consent (see also 
Chapters 92 and 93).91 Children’s rights are frequently 
undervalued, whereas parental authority may be overval-
ued. Studies show that even children with decision-mak-
ing capacity are often excluded from the consent process 
by both parents and physicians.92

If a minor child is “able” to assent, then assent must 
usually be obtained in addition to the consent of any legal 
surrogate decision makers. In the United States, federal 
law requires assent of any minor 7 years old and older to 
participate in medical research. Particularly for research 
in which no substantive individual benefit is expected, 
many ethicists believe that a child’s dissent must always 
be honored.92,93

ETHICS OF ANIMAL RESEARCH

The animal rights movement in the United States has 
gained significant momentum since the 1980s, follow-
ing in the wake of the U.S. civil rights movement and 
paralleling increasing awareness and concerns about the 
human impact on the environment and other animal 
species. In 1959, William Russell and Rex Burch pub-
lished their sentinel book regarding the ethics of animal 
research, The Principles of Humane Experimental Tech-
nique, introducing the concept that humane treatment 
of animals was not merely an ethical imperative, but 
absolutely necessary to high-quality research.94 Federal 
legislation protecting animal welfare began with the Lab-
oratory Animal Welfare Act of 1966. In 1985, the Health 
Extension Act and amendments to the Animal Welfare 
Act required the establishment of Institutional Animal 
Care and Use Committees (IACUCs), which oversee con-
ditions of laboratory animals; review and approve ani-
mal research protocols; educate and train investigators 
in ethical issues and aspects of animal handling such as 
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anesthesia, analgesia, and euthanasia; and act as commu-
nity liaisons.95

Some researchers deny that animal experimentation 
could be subject to any moral reservations and assert that 
medical advances have been and continue to be com-
pletely dependent on continued animal research. Many 
animal welfare activists insist on the moral equivalence 
of animal experimentation to that of human experimen-
tation and accuse researchers of being blind to or, even 
worse, actually unmoved by the suffering of animal sub-
jects. The simplicity of these polarized views does not do 
justice to the complexity of the issues.

Advances in the understanding of animal cognition 
led most biologists to believe that many, if not all, ani-
mals are capable of feeling pleasure, pain, anticipation, 
and fear and thus experience both enjoyment and suf-
fering. Many bioethicists accept that the higher animals 
therefore have sufficient awareness to possess moral 
standing, although how much moral standing is intensely 
debated.96,97 Allowing animal suffering as a result of pain, 
fear, sickness, or poor standards of care is a moral harm 
that must be avoided, mitigated, and weighed heavily 
against the benefits it produces. Ethicists maintain that 
cruelty to animals is immoral and that animals should 
be protected from it, not merely because they have moral 
standing, but because he who is cruel to animals is more 
likely to be cruel to humans.98

Researchers have obligations to provide clean and 
humane conditions and appropriate veterinary care for 
animal subjects. Researchers should mind the “Three 
Rs”—replacement, reduction, and refinement—that is, 
use animal subjects only when necessary, minimize any 
suffering incurred in the study, and seek nonanimate 
replacements for animal subjects.99 Mediocre or repetitive 
research using animal subjects should not be allowed. It 
is the responsibility of the medical and scientific commu-
nity to continue aggressively to seek and promote alter-
natives to the use of animal subjects.98

PHYSICIAN PARTICIPATION IN EXECUTIONS

U.S. professional organizations for physicians have 
consistently stated that physicians’ participation in 
executions is unethical, yet many physicians admit 
that they would agree to be involved. The role of physi-
cians in euthanasia and executions is of particular con-
cern to anesthesiologists, who have been identified as 
ideal candidates for duties that involve killing because 
of their particular professional skills. Arguments in 
favor of physicians’ involvement in executions usually 
cite the principle of beneficence in allowing a humane 
death.

Historically, however, beneficence arguments have 
led to “slippery slope” justifications for physicians to be 
involved in the killing of persons who have never faced 
an accuser or had a fair hearing—such killings have 
included persons with physical or mental handicaps and 
other “social flaws” for the “benefit” of the individual 
and of society as a whole. Once physicians accept a benef-
icence argument for participating in executions, it is dif-
ficult ethically to draw the line at participating in other 
state-sponsored activities, such as torture, coercion, and 
“medical incarceration,” because these activities are also 
usually defended as being beneficial to society.100

When physicians agree to participate in an execution, 
they act as agents of the state while appearing to act on 
behalf of the “patient.” This situation can lead to even-
tual erosion of public trust and respect. It also at times 
undoubtedly leads to physicians’ participation in the kill-
ing of innocent persons.101

To avoid intolerable self-condemnation, virtually all 
executioners undergo “moral disengagement” in which 
they dehumanize the convicts and devalue their lives, 
thereby deflecting moral responsibility for the execution 
away from themselves by blaming juries, judges, gover-
nors, and “the law,” rather than accept the responsibility 
they share in ending the prisoner’s life.102 It is difficult to 
reconcile the medical profession’s overt ethical impera-
tives of valuing human life, respecting individuals, and 
accepting personal moral responsibility with participa-
tion in a process that requires a rejection of these very 
values.

In 1980, the AMA issued an opinion that physicians’ 
involvement in capital punishment is unethical and 
defined “participation” broadly as including not only 
actions that themselves would lead to the death of the 
condemned but also any activity that assisted, supervised, 
or contributed to another’s being able to do so.103 However, 
no direct sanctions of any participating physician were 
addressed. In 2010, the American Board of Anesthesio-
logy (ABA) became the first organization of physicians 
not only to condemn participation in capital punishment 
as unethical but also to state that physicians who were 
certified by their board and who participated in lethal 
injection would be subject to disciplinary action that 
could include revocation of their diplomate status.104

MORAL INTEGRITY—CAN THE PHYSICIAN 
BE A CONSCIENTIOUS OBJECTOR IN 
MEDICINE?

Anesthesia care of patients can involve ethical contro-
versy, legitimate disagreement, and moral ambiguity. 
When a physician’s personal values run counter to accept-
able ethical standards of care, how should the physician 
resolve such conflicts? Medical professional societies rec-
ognize the right to conscientious objection in medical 
practice. The ASA, the British Medical Association, and 
the Hastings Center all have issued statements recogniz-
ing the physician’s right to withdraw from situations in 
which ethical standards of patient care are in serious con-
flict with his or her personal values.105 The ASA specifi-
cally recognizes conscientious withdrawal from patient 
care in the case of patients with DNAR orders or other 
directives that limit treatment.11 These rights have limi-
tations, however. Acceptance of moral objections to cer-
tain hotly contended issues such as abortion or PAS may 
be reasonable, but objections to well-established stan-
dards, such as informed consent, are not. Moral objec-
tions of physicians are also likely to carry more weight 
if they involve concepts that the physician believes sup-
ports him or her as an ethical doctor, and not just as an 
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ethical person, because these concepts are more likely to 
be founded in professionally established standards than 
in personal beliefs.105

SUMMARY

Anesthesiologists face many ethical challenges, includ-
ing promotion of the patient’s autonomy, resolution of 
patient-physician conflicts in medical decision making, 
ethical obligations in human subject and animal research, 
and ethical conflicts during end-of-life care in the ICU 
and during organ donation. Knowledge of the ethical 
and professional standards in patient care and research is 
essential in the specialty of anesthesiology, which is more 
than the mere provision of a technical service on demand. 
Anesthesiologists may find that accepted values in ethi-
cal practice sometimes conflict with personal values and 
goals. This is a common challenge to all physicians, but 
ethical decisions cannot be left to the individual physi-
cian’s values, and adherence to the ethical principles of 
the medical profession should prevail.
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