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PURPOSE: The operating room is a high pressure envi- of stress is modulated by cognitive and behavioral fac-
ronment for surgical trainees as they attempt to reach a

high level of performance in the midst of a multitude of

stressors. The purpose of this work was to examine the

relationships between stress, coping, and psychological

resilience and their effects on performance and learning

in surgical training.

METHODS: A narrative review was carried out of the exist-

ing literature on stress, coping, and resilience in surgeons

and surgical trainees. Multiple fields of study were exam-

ined including medical education, surgery, surgical safety,
anesthesia, workplace ergonomics, and psychology.

RESULTS: Sources of intraoperative stress include

fatigue, disruptions, interpersonal conflicts, time pres-

sure, a complex case or high risk patient, surgical errors,
and surgeon temperament. These stressors can nega-

tively impact the performance of surgeons and trainees

and may inhibit learning.

How a learner responds to stress in the operating

room is highly variable and influenced by the context of

the stress, the coping mechanisms available, and individ-

ual psychological resilience. Stress management techni-

ques, such as mental rehearsal, are beneficial for
reducing stress. Resilience is protective against stress

and burnout, and resilience training is useful for reduc-

ing stress and improving mental health in physicians and

medical students.

CONCLUSIONS: Surgical trainees experience signifi-

cant stress in the operating room and their experience
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tors. Further research is required on the development

of effective interventions to help trainees manage intra-

operative stress, with the potential to improve surgical

performance, learning, and patient safety. ( J Surg Ed

76:343�353. � 2018 Association of Program Directors

in Surgery. Published by Elsevier Inc. All rights

reserved.)
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INTRODUCTION

The operating room is a high pressure environment

where errors can have significant consequences. Sur-

geons and surgical trainees experience marked stress

during surgery,1,2 with potentially adverse effects on
performance and learning.3,4 Researchers have previ-

ously measured intraoperative stress in surgeons.5 Resil-

ience is protective against stress and anxiety in athletes,

medical students, and trauma surgeons.6-8 Resilience

training interventions have been shown to reduce stress

and improve quality of life in physicians.9

However, little is known about stress coping strate-

gies and the influence of resilience in surgical train-
ees. This narrative review explores the literature on

the dynamic relationships between individual stress,

coping strategies, and resilience in the operating

room. A greater understanding of the interactions

between stress, performance, learning, and resiliency

will provide directions for further study and solutions
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to remedy the adverse effects of stress on surgical

trainees.
METHODS

This paper presents a framework to understand stress
and coping in the operating room in surgical trainees,

particularly in relation to individual resilience. Our pur-

pose is to summarize and synthesize the literature

across several fields including medical education, sur-

gery, surgical safety, and psychology. This narrative

review10 is nonexhaustive and explores the relation-

ships between stress, performance, learning, coping

mechanisms, and resilience, with a focus on learners in
the operating room. By drawing on concepts from mul-

tiple disciplines, we have synthesized a discussion of

stress and resiliency in surgical training. A 3-step pro-

cess was used to develop and refine the literature and

concepts present. Initially, the authors (RN and SC)

met and identified research fields upon which the

review would focus, including medical education, sur-

gery, surgical safety, anesthesia, workplace ergonomics,
and psychology. PubMed and Google Scholar were

then used to identify significant literature relating to

stress in these fields. Second, RN and SC discussed the

recurring concepts in the literature, and a more in-

depth search was performed including a review of the

references of elevant sources. Emphasis was placed

upon articles focused on surgical education. Finally, the

articles identified were examined and thematic group-
ings were developed based on consensus with the

research team.
RESULTS

The majority of literature on stress in surgical education

is focused on the causes of stress and its effects on per-

formance and learning. However, there has been a

recent emergence of study on how different individuals

cope with stress and are affected by stress. This litera-

ture examines how different personal characteristics

such as resilience, perseverance, and grit affect individ-

ual responses to stress, but the bulk of the study in medi-
cal training has focused on resilience. To allow for a

more functional discussion of this broad body of litera-

ture, we identified 3 interlinked themes through a con-

sensus process: (1) Stress, stressors, performance, and

learning, (2) Coping with intraoperative stress, and (3)

Resilience and individual responses to stress. An exami-

nation of these 3 major themes will open a greater

understanding of the perspectives of surgical trainees
and how to improve intraoperative performance and

learning.
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STRESS, STRESSORS, PERFORMANCE, AND
LEARNING

Stress

To begin, we must first define what stress is and under-

stand its effects on performance and learning. Stress has

been defined as the body’s response to physical or psy-

chological demands.11 The conditions or events that are

associated with these demands (whether real or imag-

ined) are known as stressors.12 The human body

attempts to maintain physiological homeostasis in
response to constantly changing internal and external

stressors, named as the “general adaptation syndrome”

by Selye in 1950.13 This response is mediated by the

autonomic nervous system and the hypothalamic-pituitary-

adrenal axis and involves molecular, physiological,

cognitive, and behavioral changes.13 Selye also recognized

that individual responses to stress can be variable and dis-

tinguished between positive “eustress” versus negative
“distress”.14

The emotional response to stress was further explored

by Lazarus, who described the experience of stress as

being highly dependent on the cognitive appraisal of a

potential stressor.15 Situations may be assessed as stress-

ful based on a primary appraisal of whether there is

any potential risk, and then classified as harm and/or

loss, threat, or challenge based on a secondary

appraisal of one’s situation and perceived capabilities

or resources. An individual’s effort to reconcile demands

with available resources is the process of coping.16 The

emotional experience of stress is influenced by the cog-

nitive appraisal of a demand and the coping response,

leading to why some stressors are seen positively (as a

challenge), while others are seen negatively (as a threat

or harm).17 Therefore, stress is a dynamic process which
is influenced by personal and situational characteristics

including one’s emotions, self-esteem, and resilience.18

Individuals may experience markedly different emo-

tional experiences of stress, even if the stressors in a situ-

ation appear externally identical.
Stressors in the Operating Room

The task of performing surgery is demanding and stress-
ful, requiring sustained attention to detail while perform-

ing intricate tasks.19 Surgical trainees face the challenge

of caring for patients while learning technical and non-

technical skills in an environment that can be intimidat-

ing. The effective management of intraoperative stress is

important for developing surgical competence and

ensuring patient safety. The causes of stress in the oper-

ating room have been previously examined in 2 studies
through qualitative interviews of surgeons and surgical

trainees. Wetzel et al.20 carried out qualitative
of Surgical Education � Volume 76/Number 2 � March/April 2019



semistructured interviews of consultant surgeons and

surgeons in training in London, United Kingdom and

identified themes for the causes of intraoperative stress

and stress responses. Anton et al.21 surveyed surgeons
and residents at a single centre about stressors and stress

coping strategies in the operating room. Both of these

studies highlighted that the intraoperative stressors may

be divided into general categories including fatigue, dis-

ruptions, teamwork issues, time pressure, a complex

surgery, a high risk patient, or surgical complications. As

well, surgical residents and fellows self-reported that

“issues with attending surgeon” were a significant
source of stress in the operating room.21 Respondents in

both studies highlighted that stress in can have a detri-

mental impact on surgical performance, including

adverse effects on technical and nontechnical skills in

the operating room.

Performance

There has been extensive study on the effects of stress

on performance in the workplace. Stress at moderate

levels can encourage peak performance but high levels

of stress lead to impaired performance as demands out-

weigh the perceived resources to cope. This inverted-

U-shape relationship between stress and performance

is known as the Yerkes-Dodson Law (Figure).12,22 and
was adapted to the Human Function Curve by Nixon.23

This intuitive visual highlights that moderate stress maxi-

mizes performance, but excess stress is detrimental.

Subjectively, surgeons have noted that small amounts

of stress can be beneficial in aiding concentration and

focus.24 Moderate stress levels during an in-training

examination have also been associated with improved

technical performance in surgical residents.25 However,
surgeons self-report that high levels of stress are detri-

mental to performance and impair dexterity, judgment,

decision making, and communication.20,21,24 Moreover,

surgeons have admitted that mistakes are more likely

during high stress, and 40 percent of surgeons reported
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FIGURE. Yerkes-Dodson Law. Adapted from Yerkes and Dodson,
1908.21
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witnessing an intraoperative complication directly

related to surgeon stress.21

Arora et al’s systematic review of the literature on the

impact of stress on surgical performance in 201019

highlighted many studies correlating impaired perfor-

mance with the presence of stressors such as fatigue, dis-

ruptions, time pressure, and teamwork issues. Tests of

sleep-deprived residents and surgeons have shown

marked decrease in cognition, memory, and simulated

surgical performance.26-29 Multiple studies have demon-

strated that intraoperative disruptions are associated

with worse intraoperative performance, increased time
for task completion,30-34 and higher error rates30,32,35 in

simulation settings and observed surgeries.36 Time

pressure has been demonstrated to be the greatest

source of subjective stress during a simulated laparo-

scopic task,37,38 increasing the rate of both skill-based

and knowledge-based errors.39 In the dynamic and high-

risk environment of the operating room, poor communi-

cation between team members can compromise patient
safety40 and has been linked to higher rates of surgical

error,41 complication, and mortality.40,42 Similarly, dis-

ruptive behavior amongst surgeons is associated with

increased surgical errors43 and a negative impact on

patient safety.44

Although specific stressors have deleterious effects,

there is limited literature concurrently assessing stress

and surgical performance.19 Surgeons report that
stress impairs technical performance, including

“feeling shaky, clumsy, and less dexterous.”20 In lapa-

roscopic surgery, elevated stress and impaired stress

coping strategies are linked to less economy of motion

and more technical errors.4,45 Critical attending-

trainee interaction impairs simulated laparoscopic

performance and increase stress.46

Surgeons have reported that stress affects nontechnical
performance, with stressful situations impairing commu-

nication and decision-making in the operating room.20,24

Leblanc highlighted the effect of stress on nontechnical

performance including the negative impacts on attention,

working memory, memory retrieval, decision making,

and group performance.3 Stress depletes an individual’s

attentional resources,47 increasing focus toward threat-

related information.48 Therefore, high-stress situations
divert attention toward the source of stress, which

impedes performance if the stressor is peripheral to the

task at hand (distracting).49 Similarly, Starcke and Brand’s

review50 showed that elevated stress negatively affects

decision making by increasing the use of automatic

responses and impairing high-level cognition. This results

in a greater focus on short-term rewards and a neglect of

long-term risks. Therefore, increased stress has significant
adverse effects on technical and nontechnical perfor-

mance in the operating room.
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Learning

Stress impacts learning by decreasing working memory

and memory retrieval, which can impair the recall of

information or skills.51,52 In contrast, stress and elevated

cortisol levels are associated with increasedmemory for-

mation and consolidation.53 This is particularly true of

emotionally laden information such as highly pleasurable
or unpleasant experiences.54 However, excessively high

levels of acute stress or chronically high stress levels

have both been shown to be detrimental to learning.55,56

The influence of stress on learning is highly contex-

tual. Stress within the context of the learning episode

increases learning related to coping with the stressor.

However, learning is inhibited by high stress before or

after the learning experience or stress that is not related
to the material being learned.56-58 Therefore, learning

can be enhanced with contextual stress, but distracting

stress will increase memory of the distraction instead of

the material to be learned. A resident who is berated for

making an error is more likely to remember the emo-

tional and threatening stressor (being berated) than

learning from the error.

Learning under appropriate stress increases memory
consolidation and promotes the development of stress

adaptations, a process known as stress inoculation. Indi-

viduals who train under moderate stress learn to perform

better under stress through the development of coping

mechanisms, with decreased physiologic response to

stressors and more accurate expectations of perfor-

mance.59 Crewther et al. demonstrated that novices learn-

ing simulated laparoscopic tasks experienced less stress
(both objectively and subjectively) as they became more

skilled and experienced. This reduced stress was still evi-

dent when subjects were retested 8 weeks later, demon-

strating retention of stress adaptations.60 As well,

gradually increasing the intensity of stress as learners

progress in phases from an unstressed conditions to low-

fidelity training to high-fidelity training has been shown to

be beneficial to the development of stress adaptations.61

This supports the concept that learners may benefit

from experiencing contextual stress while training in

the operating room, but noncontextual or excessively

high stress is distracting and impairs learning. Teaching

residents to operate under appropriate conditions can

improve their ability to function under similar stresses in

the future through the development of stress adapta-

tions and coping techniques.
COPINGWITH INTRAOPERATIVE STRESS

When surgeons and surgical trainees are surveyed on

intraoperative stress management techniques, responses
346 Journal
include deliberate relaxation, increased communication,

mental rehearsal, pausing or slowing down, and review-

ing a mental “game plan.”21 Unhealthy responses

include swearing, yelling, and decreased team commu-
nication. Wetzel’s study of surgeons in stressful situa-

tions divided stress responses into the stages of

reassessment, decision making, preparation, team

communication, and solving the problem.20 The

“performance under pressure” aspect of coping with

stress during surgery has been compared to athletics,

where sports psychology has discussed the impor-

tance of training in concentration, arousal control, and
mental practice.62,63

Mental Practice for Stress Reduction

Mental practice (also known as mental training or

mental rehearsal) is the systematic and detailed imagi-

nary rehearsal of surgical steps without actually per-

forming them. Mental practice has been shown to
reduce stress in surgeons. In 2011, Wetzel found that

surgeons who received education on stress manage-

ment and mental practice had less intraoperative

stress as measured by heart rate variability.64 A ran-

domized control study also showed that mental prac-

tice improved performance and decreased stress in

novice surgeons performing simulated laparoscopic

cholecystectomies.65,66
Other Stress Reduction Methods

Beyond mental practice, there has been a broad range of

research on attempts to reduce stress in medical train-

ees. Interventions studied in medical students include

self-hypnosis, meditation, mindfulness training,

progressive muscle relaxation, and focus or support
groups on stress management.67 A Cochrane review of

stress reduction interventions in health care workers

identified that cognitive-behavioral training, mental

relaxation training, and physical relaxation training all

have moderate effects on reducing stress, but noted a

need for randomized studies.68 A recent systematic

review of stress management training in medical stu-

dents identified that mindfulness training and discussion
groups have been efficacious, but higher-quality studies

are still required.69 In surgeons and surgical residents,

research has examined diaphragmatic breathing, relaxa-

tion training, and stress management teaching ses-

sions.64,70-73 These interventions have shown benefit for

subjectively reducing stress, but only some of the studies

used validated stress assessment scales. Nevertheless,

surgeons have consistently reported a desire for greater
stress management training,21,24 suggesting a need for

further study in this area.
of Surgical Education � Volume 76/Number 2 � March/April 2019



RESILIENCE AND INDIVIDUAL RESPONSES
TO STRESS

What is Resilience?

The variation between individual responses to stress

may be explained by studying psychological resilience.

Resilience focuses on healthy adaptation to severe stress

and is defined as the “dynamic capability which can

allow people to thrive on challenges given appropriate

social and personal contexts.”74 Resilient individuals

“bounce back, cope successfully, and function above
the norm in spite of significant stress or adversity,”75

meeting challenges with optimism and flexibility.76

Resilience has been conceptualized as a trait, a process,

or an outcome.18 As a trait, resilience has been studied

as the characteristics and factors that provide an individ-

ual with the ability to cope with stress.77 As a process,

resiliency research has examined how individuals thrive

in the face of adversity,78 and recognizes it as a dynamic
process with interacting protective and risk factors.

Finally, resilience has been also defined by its outco-

me��“An individual’s stability or quick recovery (or

even growth) under significant adverse conditions.”79

These different perspectives of resilience share common

characteristics: Resilience is characterized by exposure

to stress or adversity and a positive recovery or develop-

ment in spite this exposure. Resiliency is a multidimen-
sional construct modulated by internal factors such as

self-efficacy, an internal locus of control, and emotional

stability,18,80-82 as well as external attributes including

supportive relationships and family cohesion.83,84 Resil-

ience has been studied across a variety of populations85

and has been shown to be modifiable and to vary over

time.77,81,86

Resilience in Medicine

Resilience in physicians, surgeons, and trainees has been

previously studied. Higher resilience is associated with

lower burnout in general practice registrars87 and
decreased stress in Canadian medical students.7 Internal

medicine residents with low resilience are more likely to

describe stress interfering with their relationships and

have worse stress coping skills.88 Increased resilience is

protective against post-traumatic stress in surgeons man-

aging trauma patients.8 Of note, a recent study of Ameri-

can general surgery trainees showed that higher

resilience is associated with lower stress and burnout.89

Resilience Training

The conceptualization of resilience as a dynamic process

has led to interventions to increase resilience. Factors
targeted for improvement have included self-efficacy,

cognitive flexibility, emotional regulation, social skills,
Journal of Surgical Education � Volume 76/Number 2 � March/April 20
and physical health habits.90-92 The interventions stud-

ied have varied from mindfulness training to multimodal

cognitive behavioral therapy, delivered via online train-

ing, one-to-one training, or group sessions over a dura-
tion ranging from a single 90-minute session to sessions

over 12 weeks. Despite the permutations across con-

tent, delivery, and duration of resiliency training inter-

ventions, a recent meta-analysis showed that resilience

training is beneficial for increasing resilience, decreasing

stress, and reducing depression.91 Moreover, a system-

atic review of resilience training in the workplace

showed that resilience training can improve resilience,
self-efficacy, and reduce stress, depression, and anxiety.

Of particular note is the Penn Resiliency Program (PRP),

which is based on cognitive behavioral therapy and has

been extensively studied in a variety of contexts.93 A

meta-analysis of 17 studies showed that the PRP is effec-

tive at significantly decreasing depressive symptoms.94

Interventions for increasing resilience have been exam-

ined in physicians and medical students. Zwack and
Schweitzer highlighted useful practices and attitudes for

enhancing physician resilience including putting aside

time for leisure, cultivating healthy relationships with col-

leagues and family, and maintaining realistic expecta-

tions.95 Resilience training interventions for physicians

including facilitated discussion groups and web-based

cognitive behavioral training have been effective.96 A 90-

minute one-on-one program at the Mayo Clinic reduced
stress and anxiety and improved resilience and quality of

life in physicians and radiologists.9,97 Medical trainees

also benefit from increased resilience, and it has been sug-

gested that resilience should be taught to medical stu-

dents.74 A study of residents in family medicine,

psychiatry, and anesthesia showed a trend towards

decreased depression and anxiety in female and junior

residents after mindfulness-based resiliency training.98

The PRP has been shown to benefit Chinese medical stu-

dents, increasing resilience, positive emotion, and cogni-

tive appraisal scores over a control group.99
DISCUSSION

Surgical trainees face significant stress that can impact
their performance and learning. Resilience provides a

lens into understanding the different stress responses

that trainees experience in the operating room. As an

individual faces a stressor, whether they perceive it neg-

atively (as a threat) or positively (as a challenge) depends

on their own cognitive and emotional responses to the

stress and their perceived coping resources. Individuals

with increased resiliency are more likely to respond pos-
itively and persist by having healthy stress adaptations,

social supports, and a belief that they can control the
19 347



outcome (greater internal locus of control). Increased

resilience in surgeons has been associated with lower

secondary traumatic stress and improved work perfor-

mance.8,100 Compared to other physicians, surgeons and
surgical residents have been shown to be a psychologi-

cally distinct population, with higher levels of aggres-

sion, extraversion and conscientiousness, and lower

levels of neuroticism.101-106 Zeppa et al. found in 1984

that medical students who choose a surgical residency

have higher self-esteem and more internal locus of con-

trol than their nonsurgical colleagues.107 This suggests

that choosing surgery as a career may self-select for
more resilient individuals, as the demands of a surgical

residency require strong stress coping skills. However,

there has been little research on resilience in surgical

trainees and how it impacts their experiences of stress.

Given the high rates of attrition in surgical residency pro-

grams108 and that up to 75 percent of residents are

experiencing significant burnout,109 increasing trainee

resiliency may be invaluable for improving resident
selection, education, and mental health.

As a narrative review, we have sought to highlight

major studies and synthesize the literature on stress and

resiliency in learners in the operating room. However,

this is not a comprehensive or systematic review. More-

over, the topic of group performance under stress has

not been addressed in depth in this paper. For a further

examination of group performance during surgery, we
suggest the previous works by Leblanc3 and by Rogers

and Lingard.110
CONCLUSIONS

In conclusion, surgical trainees experience significant

stress while learning to operate. Stressors include
fatigue, disruptions, teamwork issues, time pressures, a

complex surgery or high risk patient, surgical complica-

tions, and conflict with the attending surgeon. Stress

can adversely impact on technical and nontechnical per-

formance during surgery. Learning can also be negatively

affected by stress, but training residents under appropri-

ate and contextual stress promotes the development of

healthy stress adaptations. Studies on stress management
techniques, including mental practice, have demon-

strated for reduced stress and improved performance.

Overall, the experience of stress is modulated by cog-

nitive and behavioral factors, including the physical and

emotional context of the stress, the severity of the stress,

and the coping resources available. How individuals

perceive and cope with stress is influenced by their psy-

chological resilience, and resilience training has demon-
strated significant benefits in physicians and medical

students. Further research is needed to explore the
348 Journal
relationship between resilience and the experience of

stress in surgical trainees. This would guide the develop-

ment of effective interventions to help trainees manage

intraoperative stress, with the potential of improving
surgical performance, learning, and patient safety.
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