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Abstract
Though aviation is practiced in airplanes and anesthesiology in operating rooms, the two professions have substantial paral-
lels. Both require readiness to manage a crisis situation, where lives are at stake, at a moment’s notice and with incomplete 
information. The determinants of quality performance in both professions extend far beyond knowledge base and formal 
training. The science of human factors, a prominent cornerstone of the aviation industry, has not yet found the same place in 
medicine, but it could change the understanding and execution of medical decision-making in profound ways. This article 
reviews specific components of crisis management and root cause analysis in aviation that can serve as models for improving 
those same aspects within anesthesiology.
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Introduction

While one profession is practiced in airplanes and the other 
in operating rooms, aviation and anesthesiology possess 
striking parallels. Both require readiness to manage a cri-
sis situation, where lives are at stake, at a moment’s notice 
and with incomplete information. The stress and fast pace 
of a crisis situation can make executing even simple, rou-
tine actions feel arduous. Professionals in both fields must 
work well under stress but also, in calm moments, possess 
meticulous, unwavering attention to detail to ensure that all 
components of their system are functioning properly and 
errors are avoided to the greatest extent possible.

The determinants of the delivery of quality care by anes-
thesiologists extend far beyond medical knowledge. The 
science of human factors, a prominent cornerstone of the 
aviation industry, has not yet found the same place in medi-
cine—but it could change the understanding and execution 
of medical decision-making in profound ways. If a new 
video laryngoscope or central venous cannulation kit were 
associated with superior clinical outcomes and fewer com-
plications, then anesthesiologists would flock to the product 

with great interest. The new piece of equipment may not 
prove to be an exact fit for each physician’s practice, but an 
investigation would at least occur, because potentially omit-
ting a tool in one’s armamentarium that could possibly result 
in better performance or saving lives seems imprudent. The 
same can be said for the lessons available to be learned from 
the aviation industry, in terms of both accident reporting and 
simulation-based human factors studies.

Part I: accident reporting

In the United States, civil aviation accident investigation is 
conducted primarily by a federal agency known as the NTSB 
(National Transportation Safety Board). This agency is com-
prised of a variety of professionals with graduate degrees 
in aerospace engineering, aeronautical science, psychology, 
law, information technology, meteorology, and business. The 
NTSB publishes a report following each civil aviation acci-
dent. A case study of one NTSB report presents multiple 
tools that anesthesiologists can utilize for quality improve-
ment following patient morbidity and mortality events.

Eastern Airlines Flight 401 crashed into the Florida 
Everglades on December 29, 1972, killing 99 individuals 
on board. The subsequent 50-page accident report produced 
by the NTSB [1] included an extensive root cause analy-
sis, expert testimonies, and recommendations for improved 
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safety measures. When the NTSB analyzed the unexpected 
descent and crash of Eastern Airlines Flight 401, four 
hypothesized contributing factors were clearly listed and 
explored: the pilot’s physical status, the equipment–user 
interface, pilot training, and the presence of distractions [1]. 
The applicability of this investigative framework to anesthe-
siology can be demonstrated by considering a case of anes-
thetic recall during an emergent early-morning laparoscopic 
appendectomy at a teaching hospital (Fig. 1). Suppose an 
otherwise healthy 25-year-old female with acute appendi-
citis undergoes a laparoscopic appendectomy under general 
anesthesia and subsequently reports intraoperative recall. 
An anesthesiology resident, who had been working in the 
operating room for the entirety of his 24-h shift aside from 
several small breaks, failed to notice the transient “vaporizer 
empty” alert produced by the anesthesia machine ventilating 
the patient, distracted by a brief episode of hypotension and 
a malfunctioning computer. The hospital takes great inter-
est in conducting a root cause analysis to determine how 
this incident occurred and what policy changes may be indi-
cated to minimize the risk of future recall events. If the same 
four categories of factors listed in the NTSB investigation 
of Eastern Airlines Flight 401 are addressed in systematic 
fashion, then significant headway could be made in under-
standing the etiology of the recall incident and identifying 
actionable steps to mitigate future risk. First, “subtle inca-
pacitation of the pilot” in the NTSB report would become 
“subtle incapacitation of the anesthesiology resident due to 
sleep deprivation” in the hospital report. Second, the fac-
tor “autoflight system operation” cited by the NTSB would 
be paralleled by “limitations of the warning system on the 
anesthesia machine” in the hospital report. Finally, where 
the NTSB considers flight crew training and distractions as 
factors, the hospital report would consider its anesthesiology 
resident training program and the presence of distractors to 
which the resident in this case was susceptible.

Specific elements of the NTSB investigation style that can 
be applied to anesthesiology include:

1.	 Careful attention to individual physical and psychologi-
cal factors that may have contributed to error (Fig. 1). 
Autopsy of the Eastern Airlines 401 captain revealed a 
meningioma displacing and effacing the right occipital 
lobe of his brain, which may have compromised periph-
eral vision (though numerous individuals who had inter-
acted with the captain both personally and professionally 
attested to the absence of any obvious peripheral visual 
compromise) [1]. Just as this condition is addressed in 
the NTSB accident report, sleep deprivation identified 
after reviewing an anesthesiology resident’s call shift 
should be included in the investigation of an aware-
ness case. While research on incapacitation produced 
by sleep deprivation or substance abuse is abundant in 

medicine, anesthesiologists should also consider other 
physical and psychological limitations. Studies of dif-
ferences among pilots with respect to temperament and 
degrees of risk aversion and aggression [2] and the asso-
ciation with likelihood of accident involvement [3], the 
frequency of ST-segment depression and nuclear car-
diac ischemia after exposure to aviation mental stress 
[4], and vestibular function as related to risk for spatial 
disorientation during flight [5] may possess parallels in 
anesthesiologist performance.

2.	 Review of detailed data records surrounding the incident 
to facilitate maximum understanding and avoid oversight 
of key contributory details (Fig. 1). The NTSB report on 
Eastern Airlines Flight 401 [1] presented specific data 
obtained from the cockpit voice recorder and flight data 
recorder and integrated it into its analysis—for instance, 
“some 288 s prior to impact, the DFDR readout indi-
cates a vertical acceleration transient of 0.04 g causing 
a 200-f.p.m. rate of descent” [1]. In anesthesiology, the 
equivalents of these recorders are found in the vital sign 
monitors, anesthesia machine, and electronic anesthe-
sia recordkeeping system. Optimal analysis of adverse 
anesthesiology events would be facilitated by a system 
where patient data from all of these sources, in addi-
tion to surgical records kept by the circulating operating 
room nurse, are integrated into one cohesive database.

3.	 Application of science of human factors in determin-
ing the root cause (Fig. 1). Human factors is the study 
of human behavior in relation to certain environments, 
technology, or services [6], which can be applied to opti-
mize performance and safety [7]. Well-utilized in the 
aviation industry, its principles are equally applicable 
to anesthesiology. In the case of Eastern Airlines Flight 
401, when the crew prepared to land, the green indi-
cator light that should illuminate upon full extension 
of the landing gear was noted to have malfunctioned. 
The crew members became fixated upon restoring the 
expected illumination of that light, to the extent that they 
ignored working flight instruments and failed to detect 
an unexpected descent in time to avoid crashing into 
the ground (Fig. 1). This fixation error occurred despite 
the captain’s 30,000 h of flying experience [8]. Similar 
errors may occur when an anesthetist becomes fixated 
upon restoring the computer documenting the anesthetic 
record (Fig. 1) or silencing a persistent but unimportant 
alarm. The human factors analysis and classification sys-
tem (HFACS) [9], a broad human error framework origi-
nally used by the United States Armed Forces, provides 
a systematic method of conducting root cause analysis 
and considering the organizational and individual factors 
that ultimately culminate in error. It categorizes human 
error at four different levels: actions taken by operators, 
existing preconditions for unsafe acts, inadequate super-
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Fig. 1   Applicability of an NTSB aviation accident report to anes-
thesiology. The four potential root causes of the Eastern Airlines 
Flight 401 crash may closely parallel those implicated in a case of 
recall during an early-morning laparoscopic appendectomy at a teach-
ing hospital. (1) The NTSB analyzes the flight captain’s intracranial 
tumor as a potential physical limitation; anesthesiology resident’s 
sleep deprivation may represent another such limitation. (2) Fail-
ures of the human–machine interface may include lack of warning of 

pilots about altitude deviation or anesthesiology residents of an empty 
gas vaporizer. (3) Inadequate operational experience with a new auto-
pilot system may hamper pilot performance, and anesthesiology resi-
dent’s training may fail to highlight the limitations of the notification 
system for empty vaporizers on an anesthesia machine. (4) Either a 
jammed nose gear position light assembly, or a computer software 
failure coupled with transient patient hemodynamic instability, may 
produce distraction serious enough to contribute to error [1]
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vision, and influences at the level of the organization 
(Fig. 2). This framework is equally applicable to errors 
in anesthesiology.

4.	 Recommending changes to existing educational and 
training programs following adverse event analysis. In 
its report on Eastern Airlines Flight 401 [1], the NTSB 
noted that the new autopilot system in place on this 
aircraft was poorly understood by many pilots because 
“operational experience with the autopilot was limited 
by company policy” and recommended that the Eastern 
Air Lines training program add “more frequent quality 
control progress checks of the student during the ground 
school phase of the training and an early operational pro-
ficiency followup check in the flight simulator after the 
pilot has flown the L-1011 in scheduled passenger ser-
vice.” A second example is found in a German accident 
investigation of a midair collision between a passenger 
and cargo jet [10]. In a violation of air traffic control 

regulations, one controller had gone to rest and left his 
partner to man two different workstations. The increased 
cognitive workload resulted in the controller’s delayed 
detection of the two aircraft in unacceptably close prox-
imity to one another. When the controller finally realized 
the danger, he contacted the crew of the passenger jet 
and instructed them to descend one thousand feet. His 
instructions were in direct opposition to those given by 
an automated system on the aircraft, known as the traf-
fic collision avoidance system (TCAS), which urged the 
crew to ascend instead. The crew decided to follow the 
air traffic controller’s instructions. Meanwhile, the cargo 
jet was also descending as instructed by its TCAS, and 
the two planes crashed into one another. TCAS was a 
relatively new technology at that time, and following this 
tragedy, investigators recommended [11] to the Interna-
tional Civil Aviation Organization that a clear policy be 
implemented whereby pilots must favor TCAS over air 

Fig. 2   The human factors analysis and classification system (HFACS). Widely utilized in aviation, this framework can also guide the analysis of 
adverse events within anesthesiology
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traffic controller instructions if the two conflict. These 
incidents can be extrapolated to anesthesiology, where 
the most benefit is accrued from morbidity and mortal-
ity analyzes when findings are promptly translated into 
direct quality improvement recommendations.

Part II: simulation‑based error analysis

A substantial proportion of the literature on pilot error con-
sists of simulation-based studies, where prospective inter-
ventions can be conducted without the obvious ethical and 
logistical challenges associated with executing such studies 
in real flying environments. Simulation has found an increas-
ingly prominent role in anesthesiology education in the 
recent years, but it can also be utilized to study error mecha-
nisms and identify effective quality improvement strategies.

The effect of sleep deprivation upon pilot performance 
has been safely studied in a simulator [11], using observ-
ers who were blinded to the sleep deprivation status and 
duty history of the pilot subjects. Sleep-deprived crews were 
shown to utilize similar decision-making processes as their 
rested counterparts, but implementation of these processes 
took longer. In relation to the anesthesia awareness case 
detailed above, simulation-based studies could explore the 
threshold at which sleep deprivation meaningfully impacts 
performance on various clinical tasks, and whether it differs 
for anesthetists at various levels of training. The informa-
tion could be used to improve anesthesiology departmental 
policies regarding mandatory breaks or educate residents 
to recognize the initial heralding signs of impaired perfor-
mance and be on high alert for specific areas that tend to 
show compromise first.

Simulation is also a valuable vehicle for studying policy-
level interventions to improve professional performance, as 
it allows for manipulation of only one variable—the condi-
tion impacted by the policy—at a time, freeing researchers 
of the confounders that inevitably surface in real-life work 
environments. An excessively high cognitive task load can 
certainly increase the chance of mistakes and compromise 
outcomes in aviation and anesthesiology alike, and through 
simulation, the impact of specific interventions to decrease 
this load can be systematically evaluated. For instance, in 
a simulation-based study of forty-five cockpit crews [5], 
a scenario containing a high task load resulted in signifi-
cantly worse crisis resource management performance than 
a moderate task load scenario. Only in the moderate task 
load scenario were performance advantages gained by exten-
sive situation orientation (awareness) and allowing time to 
plan. Studying the thresholds for various levels of cogni-
tive load in anesthesiology may pave the way for optimiza-
tion of operating room design, crisis resource manuals and 
checklists, and other resources; determination of varying 

thresholds for anesthesiologists of different levels of expe-
rience may impact the training and supervisory guidelines 
used for residents in teaching hospitals. The simulation 
platform allows for a much higher-quality study design 
than retrospective reviews of adverse events or prospective 
observational studies of interventions whose impacts may 
be confounded by a variety of individual patient, provider, 
and situational factors.

Conclusion

Literature published within the aviation and human factors 
industries presents a unique lens through which anesthesi-
ologists can view their own errors, challenges, and quests for 
improved performance. Systematic error review and report-
ing, along with simulation-based studies of error mecha-
nisms and quality improvement interventions, represent 
two major vehicles for advancement within anesthesiology 
that are already successfully demonstrated by the aviation 
industry. The fundamental similarities between the two pro-
fessions present unique opportunities for interdisciplinary 
learning and progress.
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