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Abstract
BACKGROUND: Little is known about surgeons’ performance during critical situations. We hypoth-

esized that there are methods and techniques used by surgeons that facilitate performance during critical
situations.

METHODS: Surgical faculty and senior general surgery residents from a single academic health
center were surveyed.

RESULTS: Twenty-six surgeons participated. With respect to critical situations, the surgeons felt
confident (96%), expected to be successful (96%), and most did not find these situations particularly
stressful (62%). The majority reported using learned skills (92%) and agree their skills can be taught
(82%). Practice and preparation were reported as very important (89%). A majority use pre-emptive
visualization (68%). Competence, confidence, composure, preparation, and experience were most
commonly listed as characteristics or behaviors that should be encouraged in aspiring surgeons. Anger,
panic, indecision, fear, and chaos were the most commonly listed characteristics that should be
discouraged.

CONCLUSIONS: Surgeons’ response to performance under pressure is complex; however, surgeons
report using simple, learned techniques that seem to be targeted toward eliminating the “fight or flight”
sympathetic nervous system response.
© 2009 Elsevier Inc. All rights reserved.
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Approximately 20 million surgical procedures are per-
ormed each year in the United States, and 243 million are
erformed worldwide.1,2 Although the risk of complication
s often very low, adverse events occur in 3% to 17% of
ases,1,3 and it has been suggested that almost half of these
vents are preventable.3 Because of a strong desire to limit
omplications, especially preventable ones, much interest
as been focused on improving surgical outcomes.4,5

* Corresponding author: Tel.: �1-210-567-3623; fax: �210-567-0002.
E-mail address: stewartr@uthscsa.edu
Manuscript received March 13, 2009; revised manuscript April 20,
f009

002-9610/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
oi:10.1016/j.amjsurg.2009.04.030
Currently, much emphasis has been placed on improving
he dynamics within the operating room; the use of checklists,
ugmented communication, and the utility of pre- and postop-
ration debriefing sessions have recently been examined.4,6,7

lthough strides are being made in improving surgical quality,
urprisingly, little is known about the relationship between
urgeons, stress, and performance under pressure.

Many believe there is significant variation among indi-
idual surgeon’s performance during perioperative critical
r stressful situations; however, this is mainly personal
elief, and the fundamental factors underlying this pre-
umed wide spectrum of responses are not studied. If dif-

erences do exist, they potentially have a profound impact
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n patient outcomes; therefore, a better understanding of the
echanisms behind these differences is paramount. Indeed,

ther disciplines in which performance under pressure is
ften required have extensively studied factors and mecha-
isms that might lead to improved outcomes.8 There is a large
mount of research examining performance in sports8–15

nd aviation.6,16-19 Because neither of these disciplines is
xactly analogous to surgery, further study of surgeons
eems warranted.

We hypothesized that surgeons use techniques, perhaps
imilar to those used by athletes and aviation crew mem-
ers, to facilitate performance under pressure. This pilot
tudy aims to identify and characterize the methods used
y surgeons to achieve optimal function during critical
ituations.

ethods

After obtaining institutional review board approval, an
-mail invitation to participate was send to 27 senior general
urgery residents and 43 faculty surgeons in the Department
f Surgery. The e-mail explained the purpose of the study,
rovided informed consent for participation, and invited
articipants to schedule an interview time. Once scheduled,
ll interviews were conducted by 2 of the authors (KWD
nd RBJ). To maintain blinding, participants were assigned
participation identification number. A critical situation
as defined as a situation in which (1) the patient’s life or
ital function was at risk, (2) the surgeon’s intervention or
ritical judgment was required, and (3) the intervention was
one under time-sensitive or adverse conditions. Partici-
ants were asked a series of approximately 57 questions
ead from a structured interview script. The structured in-
erview collected demographic information and reported
ttitudes, knowledge, and beliefs regarding performance
uring critical situations. The questions were centered on
he following areas: self-confidence, mental anxiety, phys-
ologic stress, personality type, manner in which stress man-
gement skills were learned, manner in which surgical skills
ere learned, resident/trainee teachability, specific skills/

trategies used to manage stress or enhance performance
uring critical situations, and general opinions on the field
f surgery. The questions in the study have not been tested
n a larger population of surgeons. After the survey, a series
f questions were asked specifically encouraging the sur-
eons to speak in an open-ended manner. Qualitative infor-
ation was obtained concerning strategies used during crit-

cal situations.
Descriptive statistics are reported for demographic char-

cteristics. Questionnaire responses using a 5-point Likert
cale were tabulated and reported as frequency (%). Based
n the number of respondents, the margin of error on the
nowledge, attitudes, and beliefs survey was �10%. Cate-

oric data were analyzed by using chi-square analysis. c
esults

tructured survey results

A total of 26 participants were interviewed over a
-month period: 19 attending surgeons (73.1%) and 7 senior
eneral surgical residents (26.9%). Of the 19 attending
urgeons, there were 8 trauma, 3 cardiothoracic, 1 plastics,
transplant, and 4 general surgery faculty. This represents
37.1% response rate (44.2% among attendings and 26%

mong residents). There were 4 women (15%) and 22 men
85%). The respondent’s ages were categorized as follows:
35 years (31%), 36 years to 45 years (42%), and �46

ears (27%). Participants reported their average weekly
ercentage of efforts (mean � standard deviation) as fol-
ows: clinical, 55 � 26; administrative, 22 � 17; teaching,
8 � 13; and other, 7 � 16.

With respect to critical situations, the surgeons reported
eeling confident (96%), expected to be successful (96%),
nd reported they performed well in these situations (96%).
ost surgeons did not dread being involved in critical

ituations (96%), and, in fact, a large majority looked for-
ard to participating in critical situations (73%). Most re-
orted not finding these situations very stressful (62%);
owever, only a slight majority reported not feeling anxious
efore these situations (53%), and a high percentage agreed
hat they worried about a patient dying or suffering during
he time of the situation (48%). A majority reported feeling
elaxed during critical situations (56%), and only 32% re-
orted they often notice signs of physiological stress. Most
haracterize themselves as people who plan ahead and are
ery goal oriented (92%), although 58% also agreed they
njoy living in the moment and look at unexpected things
s a challenge. The vast majority reported they learned
kills that have improved their ability to function during
ritical situations (92%) and also agree (81%) their skills
an be taught. Surgeons unanimously agree that practice
s valuable for critical situations, and they also agree
re-event preparation is very important (89%). A minor-
ty (32%) focus on the outcome of the procedure during
ts performance. Instead, most focus precisely on the
echnical aspects of the task during its performance
84%). A majority use pre-emptive visualization for crit-
cal situations (68%); however, this is significantly less
han they report for elective situations (89%). When
sked to list the 3 most important traits or emotions that
hould be encouraged in the aspiring surgeon, the top 5
ords in order of named prevalence were competence,

onfidence, composure, preparation, and experience.
onversely, when asked to name the 3 most important

raits or emotions that should be actively discouraged, the
ollowing words were most commonly named in order of
escending frequency: anger, panic, indecision, fear, and

haos (Fig. 1).
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ualitative open-ended response results

Respondents who reported consciously using skills or
earned techniques were asked to describe what specific
kills they used? They were also asked to describe the most
mportant techniques, tools, tricks, or strategies that they
ould pass along to aspiring surgeons? A range of different

pproaches were reported; however, in general, the respon-
ents’ techniques can be grouped into broad categories.
roadly, the skills used are related to (1) preevent prepara-

ion; (2) techniques learned from repeated experience; (3)
ersonal emotional control, specifically avoidance of anger,
anic, or fear; (4) environmental control, focus on main-
aining a functioning team; (5) focusing on the big picture
ithout getting lost in the excitement; (6) maintaining or

estoring order and structure to the situation; and (7) main-
aining confidence and composure. The following section
ontains excerpts of the actual open-ended responses as a
omposite from the surgeon respondents.

reparation

“Definitely prepping before you do the case . . . Just al-
ays be prepared—read, read, read . . . to mentally prepare
ourself for a critical situation, imagine yourself being in
hat position. Preparation is really visualizing the situ-
tion . . . Really imagining the situation, so you can really
nd truly prepare for those situations . . . To mentally pre-
are yourself for a critical situation, imagine yourself being
n that position . . . if you go into uncharted territory, you

igure 1 The percentage of responses named when surgeons
ere asked to name the top 3 traits or emotions that should be

trongly encouraged or discouraged in aspiring surgeons.
ould not want to be like this idiot who went out into the T
oods in the winter and got cut off and starved to death, he
id not bring maps, he did not know that a mile down the
iver there was a bridge for him to cross so he just
tarved, died. Well you go out in the wild, you have to be
eady . . . the only difference is when you do something like
hat in surgery the patient dies.”

xperience

“I have to be honest, there haven’t been too many critical
ituations coming up that we haven’t seen before . . . Just
xperience: that is not really a skill . . . but just calling on
ast experience . . . I think the skills I have used to pre-
ent stress are purely a matter of self-taught trial and
rror . . . one of the most important things is experience,
aving experience and being involved in critical situations
nd learning . . . you know the more critical situations you
an be involved in and the more you can learn from them;
he more likely you are going to be able to handle a similar
ituation or other situations on the future. So it basically
omes with time and experience.”

motional control

“I have learned, and I do think this is learned, even
hough some would say it is innate, to control my emotions
o a pretty high level. I think there are emotions that are
etrimental to my own personal function and to the function
f the team, and I believe these can be controlled or even
liminated—fear, frustration and fatigue—the 3 “F words”
f technical procedures can and should be controlled. The
eason I try to control those emotions is to avoid a physio-
ogical fight or flight response, which may be beneficial if
ou are running from a predator, but in surgery a fight or
ight response is almost invariably hazardous to the pa-

ient’s health because it adversely impacts the surgeon’s
erformance. Fear, or maybe more correctly panic, is the
ost common initiator of this response. The reason I listed

he three C’s—confidence, competence and composure, is
ecause these traits are an immunization against the nega-
ive effects of fear . . . To always take my own pulse
rst . . . do you know that? So I take a step back and go

hrough the ABCs, you know the airway, breathing . . . eah,
eah you know. So I ensure I am calm and then systemat-
cally approach the patient . . . I have found that I will yell
nd scream from time to time in the OR, for effect. But if
omething is going to crap, I will not raise my voice and I
ill insist on perfect communication.”

nvironmental control

“I have learned to control the environment as much as
ossible. To me that is helpful. Although I think I can
unction well in an uncontrolled environment . . . I think I
an function better in a calmer and more orderly situation.

he optimum environment for those critical situations is a
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alm relatively quiet environment where you can be relaxed
nough to think about the patient . . . We sort of take an
ttitude of calming the room and then going back to first
rinciples: stop the hemorrhage and you start the heart,
hatever it is. It’s kind of a straightforward approach and

t’s never improved by yelling and screaming . . . Frankly if
he surgeon is calm, everybody is calm, and if the surgeon
ets excited, everybody gets excited . . .”

ocus

“I step back from whatever it is we are dealing with
ither physically or make a mental note to step back. I then
ypically quiet the room. Then I systematically start at the
eginning . . . Avoidance of tunnel vision, so looking at the
ntire big picture, prioritizing what things needs to be ad-
ressed in respect to this critical situation and recruiting the
ppropriate systems to get that done . . . Ability to focus on
he most important matter at hand—in a larger picture that
eans triaging . . . I am methodical in my thought process

nd that makes me not stressed . . . Step back and see ev-
rything’s covered and do a systematic evaluation. Then, do
hat you need to do . . . I think all 3 of those things are

earned and important: controlling your environment, con-
rolling your emotions, and thinking through steps to avoid
ertain situations.”

estoring order

“Trauma surgery is making order out of what is inher-
ntly a disorderly situation . . . You have to be calm in
haos and you cannot let the situation control you, you have
o control the situation, and believe in yourself. You know
hat to do: do it . . . Transform, try to transform, an emer-
ency situation into a semi emergent one. Try to organize
ourself and see in steps or systematically visualize what
ou are going to do.”

onfidence and composure

“Confidence, competence and composure are an immu-
ization against the negative effects of fear . . . Composure
nd confidence: you have to really believe in your skills and
ork on your skills . . . Confidence in what you know and

ust staying calm in a stressful situation because that helps
ou think . . . Maintain focus and maintain composure. I
hink you can think clearer if you maintain some sense of
nternal order in your own head . . . To me, believing you
an do it is basic planning—confidence serves the surgeon
s the blueprint serves the carpenter. Confidence means you
elieve you will be successful in this situation. It may not be
rue, but it is still essential. Some things may not always be
rue, but still are very important to believe, and for a sur-
eon, confidence is one of those things. You may not be

uccessful, but you better believe you will be successful. If r
ou are not confident (planning to be successful), it is
urprising how frequently you are unsuccessful.”

omments

rincipal findings

The surgeons’ response to performance under pressure is
omplex (Fig. 2); however, surgeons report learned strate-
ies that can be used to improve performance. Preparation,
ractice, and pre-emptive visualization are important tools.
he participants listed competence, confidence, and compo-
ure as attributes to be strongly encouraged in trainees,
hereas anger, indecision, and panic were listed as at-

ributes to be strongly discouraged (Fig. 1). Surgeons par-
icipating in the survey reported actively using a range of
kills to enhance performance during critical situations.
hese include focusing on (1) pre-event preparation; (2)

echniques learned from repeated experience; (3) personal
motional control, specifically avoidance of anger, panic, or
ear; (4) environmental control, focus on maintaining a
unctioning team; (5) focusing on the big picture without
etting lost in the excitement; (6) maintaining or restoring
rder; and (7) maintaining confidence and composure.

omparison to previous work

In athletics, there are numerous factors that determine or
ffect an individual’s performance. Physical fatigue after
igh-intensity exercise has been shown to have negative
ffects on both perceptual and motor control in the execution
f sports-specific tasks.19 At very high levels of physical ex-
rtion and arousal, maintenance of attention on critical task
pecific information protected athlete’s performance from
eterioration.8 The influence of motor imagery has been
inked to improvements in muscular strength, power, and
ork capacity that equal improvements made by action

raining of identical tasks.9 These data seem to be consistent
ith the commonly reported practices of surgical pre-emp-

ive visualization and the focus on the technical details
uring a critical situation. Specificity of learning conditions
lso appears to be related to athletic performance, holding
pecific application to performance in high arousal situa-
ions. Athletes who perform tasks under pressure show
ignificantly higher levels of skill execution when they are
ested in situations that mimic the circumstances under
hich they were trained.10 Additionally, an athlete’s per-

eption of stress as either facilitative or debilitating has been
hown to moderate competitiveness as well as perfor-
ance.11,12 Differences in an individual’s personality have

een linked to varying degrees of physiological responses to
tress,13 reinforcing the link between personal perception
nd function in high arousal situations. In addition to stress
erception, an athlete’s awareness of his/her physiological

esponse to arousal, such as noticing an increased heart rate,
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an greatly affect performance.8 It has been proposed that
hen sports skills are learned in an implicit fashion, rather

han explicitly, automated routines are developed and these
re protective of function in high-pressure situations.14 This
dea has been explored further in the field of surgery show-
ng that when a surgical skill is learned in an implicit and
ctive fashion, fewer errors are committed and performance
s more stable when multitasking than if a skill is learned
hrough verbal instructions.15

For over 2 decades, the aviation industry has taken ex-
ensive measures to reduce errors and improve functioning
o ensure safety: 1 such avenue is a training program called
rew resource management. These training programs aim to
1) avoid errors, (2) trap incipient errors before they are
ommitted, and (3) mitigate consequences if errors occur.18

t has been shown that air crew error and performance can
e specifically affected by communication and coordina-
ion; leadership, responsibility, and task delegation; and
ecognition of stressors that affect performance.16 Training
rograms such as crew resource management, with specific
mphasis in the areas of interpersonal communication, lead-

Figure 2 A hypothesis concept map of factors in
rship, decision making, conflict resolution, and stress man- s
gement, are positively received by air crew members and
an increase crew coordination and performance.16,17 The
imilarities between medicine and aviation make it likely
hat medicine can glean important insight from aviation’s
nvestigation into performance under pressure.19

In fact, air crew’s attitudes on stress, errors, and team-
ork have been compared with those held by medical pro-

essionals (surgeons, anesthesiologists, and internists).6,19

lthough both found communication important and pre-
nd postsituation debriefings helpful, there were marked
ifferences in attitudes regarding stress; surgeons were
uch more likely to deny the effects of fatigue and stress on

erformance, they were more likely to view their commu-
ication as a positive factor than those around them, and
edical professionals in general were less likely to accept

ersonal susceptibility to error.6

imitations

Our data have significant limitations because of a small
ample size and a focus on a single institution; therefore, the

ng effective performance during critical situations.
urvey may suffer a low degree of external validity. This
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ork does illuminate the potential for improving surgeon
erformance during critical situations. Of course, this study
lso relies solely on self-reporting from the surgical respon-
ents, but it serves as a starting point for observational and
ven interventional studies of this topic.

ynthesis and Conclusions

In a way, some of the findings from this survey appear to
e ridiculously self-evident. No rational person would argue
hat chaos, panic, indecision, and anger would be positive
ttributes in any work environment, much less the operating
oom. And, conversely, the average lay person would sur-
ise that competence, confidence and composure, prepara-

ion, and experience would be beneficial to functioning in
lmost any setting including surgery. These are simple con-
epts; however, in life and death critical situations, we argue
hat these simple attributes often determine success or fail-
re and that without active management chaos, fear, and
anic can quickly creep into these situations.

Also, what seems simple on the surface begins to look
ore complex when the concepts are mapped together as in
igure 2. The concepts are simple, but the interactions are
omplex. When the survey responses and comments are
ynthesized, we believe they reveal a unifying hypothesis
or future study. The experienced surgeon does indeed use
wide range of simple techniques to improve function when

t matters the most. But at the root of it all, why are the
urgeons managing themselves and their environment so
arefully? We hypothesize that most of the strategies used
uring critical situations have a common goal of preventing
r limiting a “fight or flight” sympathetic response from the
urgeon or the surgical team. A full-blown sympathetic
ervous system response is detrimental to skills requiring
ne motor skills or refined judgment. We believe that sur-
eons, either through explicit understanding, training, or
ntuition, appear to understand the detrimental conse-
uences of this most basic physiological response and, sub-
equently, take multiple steps to prevent or eliminate the
esponse. In an interesting way, many of the respondents
eem to construct a psychological shell around themselves
here they can optimally function, even though the envi-

onment or situation may not be conducive to calm, me-
hodical behavior. A number of the participating surgeons
lso describe extending this management to those around
hemselves.

So, although the interactions are complicated and under
he influence of multiple factors, surgeons report using
imple, learned techniques that seem to be targeted toward
liminating the “fight or flight” sympathetic nervous system
esponse in themselves and those around them. Further
nderstanding of this process may lead to broader, earlier,
nd more uniform dissemination of these techniques to

spiring students of surgery. m
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iscussion

afa Ghaemmaghami, M.D. (Phoenix, AZ): I would like
o congratulate the authors for a well-written article on a
hought-provoking topic. You have reaffirmed one of my
ong-held personal beliefs; it is not what you do, it is how
ou do it. I would also like to thank you for refuting one of

y least favorite movie producers, who famously stated,
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80% of life is just showing up.” In general, we tend to get
ot what we deserve in life but what we expect. Ask a
uccessful hitter in baseball about what he thinks when he
teps to the plate and you will probably hear “this one’s
oing over the fence”; the truth is that the best hitters make
n out 2 out of 3 times at bat. Surgical performance and
roficiency, as pointed out by the authors, are complicated
rocesses to study. I commend you on providing some
nsight to the thoughts and attitudes that factor into success
n our profession; it is no doubt a service to professionals in
ther demanding fields. I have a few questions: the first
nvolves external validity. Where did your survey questions
ome from? Have they been validated by professionals in
isciplines with expertise in this type of analysis? Second,
ou mention that many of these skills can be taught. Have
ou done this at your institution? If so, how? Lastly, how do
e take your results and move forward? That is, what

oncrete steps do you recommend to us in the teaching
nvironment to help our trainees improve their performance
n critical situations?

Katie Wiggins-Dohlvik, M.D. (San Antonio, TX):
hank you for those comments and questions. As for the
xternal validity, this was a pilot survey, so we took things
hat we identified in the aviation or the sports arena and
ormulated questions based on those, realizing this is sort of
n apples to oranges comparison. We also included many
pen-ended questions to try to capture anything that sur-
eons do that might be specific to the arena of surgery. So,

his pilot study does suffer from a lack of true external w
alidity. Your second question talked about how can the
kills be taught; are they being taught in our institution?
urrently, we have not made any changes. This was a pilot

urvey to kind of test the water I guess because there is so
ittle information looking at this in surgeons, and, so after
ur follow-up, we hope that it can be implemented. As to
our third question how to do that? I can only speak from a
edical student point of view, so I do not really have an

nswer, but for myself, just knowing that there are things
ou can do when you enter the operating room in your third
ear is helpful, and, so having an idea to be confident, know
s much as you can. That’s helpful. I do not know of a
pecific way to incorporate that into the curriculum, but
opefully it can be one day once we understand the process
bit better.
Robert Feldtman, M.D. (Buckholts, TX): I want to

ongratulate you all on writing an article that I think is
xtremely important. I have never heard this topic discussed
t a national meeting before, but everybody in the room
eeds to realize, in Texas at least, the State Board of Ex-
miner will take away your medical license for disruptive
ehavior. And I have seen names of friends of mine who
ave had sanctions against them because of disruptive be-
avior. JCAHO now requires that we be trained in tech-
iques to avoid disruptive behavior, so I think that we are
oing to look very much forward to Ronny Stewart and stay
n this further in San Antonio and hope that maybe this can
enerate similar studies and may be cooperative studies

ith you guys. Excellent topic!
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