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Background: Surgical adverse events persist despite several decades of system-based quality improve-
ment efforts, suggesting the need for alternative strategies. Qualitative studies suggest stress-induced
negative intraoperative interpersonal dynamics might contribute to performance errors and undesir-
able patient outcomes. Understanding the impact of intraoperative stressors may be critical to reducing
adverse events and improving outcomes.
Data sources: We searched MEDLINE, psycINFO, EMBASE, Business Source Premier, and CINAHL data-
bases (1996e2016) to assess the relationship between negative (emotional and behavioral) responses to
acute intraoperative stressors and provider performance or patient surgical outcomes.
Results/Conclusions: Drawing on theory and evidence from reviewed studies, we present the Surgical
Stress Effects (SSE) framework. This illustrates how emotional and behavioral responses to stressors can
influence individual surgical provider (e.g. surgeon, nurse) performance, team performance, and patient
outcomes. It also demonstrates how uncompensated intraoperative threats and errors can lead to
adverse events, highlighting evidence gaps for future research efforts.
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1. Background

Over half of all adverse medical events involve surgical pa-
tients.1 The majority of these are intraoperative, and many are
potentially preventable.2,3 Surgery's complexity makes it chal-
lenging to study, thus limiting our understanding of themoderators
of intraoperative stress and its downstream influence on perfor-
mance and outcomes. National surgical improvement efforts (e.g.
National Surgical Quality Improvement Program or NSQIP) have
focused monitoring and intervention strategies on preoperative
rather than intraoperative risks.

Surgical performance can be affected by varying provider and
team characteristics, changing environmental/technological fac-
tors, unpredictable intraoperative surgical findings, and fluctuating
team dynamics. Unexpected or crisis situations can lead to sub-
stantial stress for the surgical team. Negative interpersonal in-
teractions, disruptive surgeon behaviors, and tense or hostile
environments are common in the operating room (OR) and
attributable to work-related stress.4e6 Unfortunately, as stress can
degrade performance, surgical teams find themselves unusually
vulnerable to performance errors in crises, when performance is
most critical.7e9 Understanding how behavioral responses to OR
stressors can influence surgical performance may be critical to
reducing adverse surgical events and improving outcomes.

Few studies have explored how individual emotional and
behavioral responses to stressors influence team dynamics and
intraoperative performance. Riskin et al. proposed that one reason
why only marginal improvements in patient safety have been
achieved despite two decades of effort is because improvement
efforts have focused on system change while largely neglecting
interpersonal dynamics.10 To address this gap, we conducted a
literature review guided by the central hypothesis that intra-
operative stressors lead to emotional (e.g. frustration, anger) and
behavioral responses (e.g. disruption) of individual providers that
may impact patient outcomes through their influence on intra-
operative surgical team performance. In this manuscript, we review
prior research on the consequences of behavioral responses to
stressors in the OR, and present a conceptual framework for how
these responses may affect intraoperative surgeon and team per-
formance and patient outcomes. We then propose high yield
avenues for future research.
Our integrated Surgical Stress Effects (SSE) framework demon-

strates how organizational, environmental, patient, and provider/
team factors all contribute to stress and negatively influence the
performance of team and individuals. Our approach is novel, as we
integrate theories from different disciplines to better understand
the relationships among stressors, the emotional/behavioral re-
sponses of team members, and intraoperative performance/out-
comes. This framework is relevant to both preventing errors/
adverse events and optimizing care, and may inform future in-
terventions to improve intraoperative performance and outcomes.
Below we provide conceptual definitions of the components of this
integrated framework and review the evidence supporting the
posited associations between these components.

1.1. Surgical stress effects (SSE) framework: theoretical
considerations

Our conceptualization of the determinants of surgical perfor-
mance and outcomes was informed by insights from the Job De-
mands and Resources (JDR) theory from occupational health/
organizational psychology, the Component Process Model from
affective psychology, and the Threat and Error Model from human
factors engineering, and is illustrated in Fig. 1.

According to the JDR Theory, individual performance is a func-
tion of job demands (e.g. case difficulty, time pressure, technology
requirements) and available resources (e.g. individual, team, social,
organizational), shown in Fig. 1, Box D. Performance (Fig. 1, Boxes F
and G) is optimal when resources match or exceed the physical,
cognitive, and emotional demands of the job. When demands
outstrip resources, chronic occupational stress is induced, perfor-
mance quality is degraded, and errors increase.11,12 Although the
JDR theory has been applied in an assessment of surgeon work
engagement and work ability,13 prior studies have not applied this
theory to acute stress and intraoperative performance. However,
the JDR theory is particularly salient in the intraoperative context
because it highlights that job resources in this context not only rely
on the skills of the surgeon (Fig. 1, Box A) but also on other surgical
team members (Box A), the organization (Box B), and the envi-
ronment (Box C).



Fig. 1. Surgical stress effects framework.
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The Component Process Model is a psychological theory of
emotion, which posits emotions result from an interplay of five
sub-systems: 1) conscious and sub-conscious cognitive appraisals
of stimuli, 2) physiological arousal, 3) motor expression (“body
language”), 4) subjective feeling, and 5) motivation or action ten-
dencies (which increase the likelihood of emotion-specific behav-
iors)14 see Fig. 1, Box E. Appraisal (Fig. 1, Box D cycle) refers to
assessments of an environmental stimulus for its personal rele-
vance as well as the individual's ability to cope with the stim-
ulus.14,15 Appraisal can be conceptualized as iterative in nature,
comprised of feedback loops with ongoing re-appraisal.16 The basic
Component Process Model architecture dovetails well with JDR
theory while introducing two additional relevant variables: the
presence of the individual's stress/emotional response to selected
appraisals (Fig. 1, Box E) and the iterative (ongoing) nature of
appraisal over time as stimuli change (Fig. 1, Box D cycle).

According to the Threat and Error Model, organizational, task,
environmental, team, provider, and patient factors all can
contribute to adverse events and other undesirable outcomes
through combinations of latent (hidden) and immediate safety
threats.17 Safety threats set the stage for human error to occur, and
unmitigated error leads to patient harm.18 Latent safety threats
(yellow in Fig.1) are systemic factors embedded in the environment
or organizational structure and processes. These include institu-
tional culture, scheduling, and policies that can create a setting
conducive to error.19 Immediate safety threats (pink in Fig. 1)
include task factors (e.g. procedure difficulty), work environment
(e.g. equipment availability, distractions), team factors (e.g. mini-
mal experience working together, history of conflict), provider
factors (e.g. lack of surgical experience, coping skills), and patient
characteristics (e.g. clinical acuity, difficult anatomy). Immediate
threats can lead to human errors (grey in Fig. 1) such as physical
task mistakes, cognitive blunders, or poor communication. When
no compensation occurs for such errors, adverse event(s) can occur
(blue in Fig. 1).20

2. Methods/Data sources

We reviewed the literature and summarized the empirical
support for the relationship between negative (emotional and
behavioral) responses to acute intraoperative stressors and pro-
vider performance or patient surgical outcomes. To identify rele-
vant articles, we searched the MEDLINE, psycINFO, EMBASE,
Business Source Premier, and CINAHL databases for English lan-
guage studies with key words relating to stress, performance, and
surgical outcomes published between 1996 and May 2016 (Refer to
Appendix A for search strategy). We examined the abstracts of
papers that met the initial search criteria to identify observational
and experimental studies specifying the impact of provider stress,
emotion, and/or their associated behaviors (e.g. conflict, disruptive
behavior) on either patient surgical outcomes or individual/team
intraoperative performance. We excluded non-empirical papers
(i.e. conceptual papers, opinion pieces) as well as studies assessing
stress responses of patients, reports of provider stress outside the
OR, and studies of chronic provider stress. We analyzed pertinent
full-length articles, and then used the snowball method to identify
additional relevant articles from the article references retrieved in
the initial search. Additionally, we utilized a forward search strat-
egy among identified articles, allowing assessment of articles citing
that work. Where there was no available evidence specific to the



K.L. Chrouser et al. / The American Journal of Surgery 216 (2018) 573e584576
OR, we expanded our search to find the best evidence from other
similar high-acuity contexts (e.g. aviation). Although our frame-
work acknowledges the potential influence of many contributory
factors on surgical performance and outcomes, our literature search
focuses on how stress responses influence performance and out-
comes. Therefore, we only describe organizational, patient, pro-
vider and team factors that are considered either potentially stress-
sensitive, potential direct antecedents of stress, or potential mod-
erators of the appraisal process. Due to the voluminous literature
addressing contributing factors, when describing these relation-
ships, we often cite relevant review articles rather than original
research.

3. Results and discussion

The search strategy produced limited literature addressing the
impact of negative behavioral responses to intraoperative stressors
on surgical performance or patient outcomes. Findings in the non-
surgical literature were therefore used to develop a conceptual
framework we apply to surgery. The Surgical Stress Effects (SSE)
framework presented below is consistent with both evidence from
non-surgical settings as well as the limited data from the surgical
context.

3.1. The components of the SSE framework (Fig. 1)

3.1.1. Outcomes
Desired patient outcomes (Fig. 1, Box H) include the absence of

harm (e.g. patient adverse events) and presence of efficient, high-
quality surgical care. Intraoperative performance (Fig. 1, Boxes F &
G) requires execution of both technical (i.e. psychomotor skills used
to accomplish procedures) and non-technical skills (i.e. cognitive
and interpersonal skills such as communication, situational
awareness, decision-making, teamwork, and leadership). Technical
performance has long been assumed to influence surgical out-
comes, although not until recently has this relationship been
quantified.21 The link between non-technical skills performance
and patient surgical outcomes, while historically neglected, has
been recognized in recent years.22 Breakdowns in non-technical
performance are common and can be associated with provider
errors and adverse outcomes.23

3.1.2. Individual provider and team factors
The literature is replete with descriptions of the numerous at-

tributes of surgical providers (Box A) that can affect both individual
(e.g. technical skills and decision making) and team (e.g. commu-
nication skills) performance.24,25 Some of these attributes are
intrinsic to the individual (e.g. personality, inherent ability, risk
tolerance) and quite stable, while others (e.g. technical and non-
technical skills, surgical experience, attitudes) evolve slowly over
time. Individual physiological and psychological states can change
more rapidly (e.g. mood, fatigue, substance use, illness). Team
factors, such as trust, familiarity with each other, and experience
with the procedure also can influence performance. For the pur-
pose of this review, we only discuss provider factors relevant to
intraoperative emotional/behavioral responses to stressors and
their impact on performance.

3.1.3. Patient factors
Patient factors (Box I), including comorbidities, immunologic

status, surgical pathology severity, and individual anatomy/physi-
ology can influence outcomes directly or through their impact on
job demands.26 For example, obese or disabled patients require
additional effort to move and secure them on the operating table.
Complex pathology increases the technical difficulty for surgeons
and increases job demands on nurses who often must obtain
additional supplies intraoperatively.

3.1.4. Organizational factors
Organizational factors (Box B) can influence performance and

outcomes through an impact on job demands and resources (JDRs)
and provider stress. Organizational factors include organizational
culture, staffing/hiring practices, employee compensation, case
scheduling practices, staff training/drills, intraoperative safety
protocols, and policies regarding performance review and error
reporting. Organizational culture refers to the beliefs, values, and
behaviors shared by group members and is particularly important
as it influences employee attitudes towards safety. Closely related
constructs such as safety culture and safety climate are linked to
safe behavior and positive patient outcomes.27e29 In contrast, the
unique organizational culture within the OR discourages ques-
tioning across the team's hierarchical layers.30 The OR often lacks
the psychological safety for team members to feel comfortable
“speaking up” with concerns31,32 which makes errors less likely to
be recovered. Likely due to production pressure as well as the
culture and isolation of the OR, conflict, raised voices, and even
disruptive behavior may be tolerated more so than in the
remainder of the hospital.33 Poor case scheduling can increase job
demands by limiting availability of equipment and specialized staff
or by over-scheduling resulting in time pressure to finish long lists
on time (latent safety threats).

3.1.5. Environmental and technological factors
The physical OR environment and technology (Box C) affect JDRs

and are common sources of stress for surgeons. As surgery has
become more dependent on technology, the incidence of error and
delay due to equipment issues have increased. A recent review
found 23.5% of errors noted in prospective observational studies of
cardiac and general surgery were due to equipment problems.34

Surgical technology also harbors potential latent hazards due to
poor equipment design, physical arrangement, and lack of main-
tenance.35 Environmental stressors such as noise, distractions, and
interruptions are also common. Noise often exceeds recommended
levels in the OR and has been shown to decrease team communi-
cation,36 and non-surgical data suggests noise negatively affects
technical performance.37 Irrelevant conversation, staff flow, and
pages/phone calls are sources of interruption and distraction with
potential negative influences on intraoperative cognition and
communication.38

3.1.6. Job demands, job resources, and JDR appraisal
Job demands (Box D) can be conceptualized as “what needs to be

accomplished and how quickly,” and cognitive, physical, and soci-
otechnical demands often fluctuate over the intraoperative period.
They vary based on the provider's role within the OR39 and can
increase intraoperatively due to clinical deterioration of the patient,
time pressure (e.g. patient acuity, scheduling), or distractions (e.g.
pages, phone calls).38,40 Job resources (Box D) are the individual,
team, and work environment assets that are immediately available
to meet the job demands. Traits and states of individual providers
and teams can contribute to job resources, but this is context
dependent. We consider a factor as a job resource when it is
currently available to meet job demands. For example, providers
may have the necessary communication skills and training (pro-
vider factor), but if they lack the proper attitude or motivation
(another provider factor), their communication skills are unavai-
lable as a job resource. The availability of job resources can also be
dynamic, changing over the course of a surgical case. For example, a
surgeonmight have excellent psychomotor skills and performswell
at the beginning of a long case, but their hands tremble when
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fatigued, dehydrated, and hypoglycemic after 10 hours of surgery.
Individuals continuously assess currently available job resources

and demands (see ongoing cycle within Box D). In the SSE frame-
work we use the term appraisal to refer to this iterative assessment
process. According to Blascovich et al., when resources are
appraised as sufficient to meet increasing job demands, then a
“challenge” state occurs, which can enhance performance.41 If,
however, resources are appraised as insufficient, then a “threat”
state ensues. Appraisal of a situation as “threatening” (or job de-
mands as very high) correlates with the degree of stress re-
ported.42,43 Thus in our framework, when individuals perceive job
demands exceed resources, they feel threatened and experience
subjective “stress” (Box E).

3.2. Stressors, emotions, and stress responses

Our conceptual framework posits that behaviors resulting from
stress/negative emotions can impact surgeon and team perfor-
mance. The term “stress” has variedmeanings in different academic
disciplines, ranging from literal physical pressure, to a pattern of
physiological changes, to subjective emotional perception. Herein,
we use the term “stressor” to refer to environmental, personal, and
organizational changes that elicit negative emotions or feelings of
“stress” in healthcare providers. We use the term “stress,” as
commonly used in lay conversation, to refer to a subjective
(negative) emotional experience following an appraisal of job re-
sources as inadequate to meet job demands. Stress often occurs in
response to stimuli that are unpredictable and/or uncontrollable.44

Studies of stress in surgery have also used various other termi-
nologies such as “mental strain,” “crisis management,” “mental
workload,” and “emotional state.”45 OR stressors can also elicit
other related emotions (e.g. anxiety, worry, anger, frustration) that
can potentially compromise performance,9 and we will consider
these along with “stress.” We use the term “stress response be-
haviors” to refer to observable behaviors provoked by subjective
(negative) emotional experiences.

Both observational and qualitative studies in surgery have found
that intraoperative surgical stressors include: technical complexity/
complications, emergencies, noise interruptions, equipment fail-
ure, poor physical ergonomics/pain, time constraints, teamwork
problems, and interpersonal issues.9,36,40,46,47 Such stressors can
negatively impact performance of individuals and teams24,48,49 as
illustrated in our SSE framework.

3.2.1. Stress and provider physiology
Stress is coupled tightly to an individual's physiology, since

stress causes physiological changes and physiological changes can
cause psychological stress. Emotional stress is associated with a
predictable physiologic stressor response (arousal) that involves
the sympathetic adrenomedullary system and the hypothalamic
pituitary-adrenal axis. This ‘stress response,’ generates catechol-
amine release, increasing heart rate, blood pressure, respiration,
perspiration, and muscle tension.50,51 In addition, temporal physi-
ological changes common in surgeons during long or demanding
cases (e.g. fatigue, hypoglycemia) can be considered “internal”
physiological stressors with potential adverse influence on perfor-
mance quality.

Sleep deprivation is associated with poor psychomotor perfor-
mance in non-medical settings,52 but its impact on technical sur-
gical performance is mixed and related research typically focuses
on trainees.53 Lack of sleep can impact cognition in various ways,
diminishing attention, concentration, motivation, and reaction
times.54 Sleep deprivation studies outside of medicine have shown
that fatigue has the most pronounced impact on mood, followed by
cognition, and then motor performance.55 The impact of surgeon
fatigue on patient outcomes is inconsistent but several studies
suggest a negative impact.49 Surprisingly, the majority of nurses
and surgeons are convinced they perform effectively even when
fatigued.56 Dehydration has been shown to impact cognitive per-
formance and mood in physicians and nurses in the outpatient
setting.57 However, the impact of surgeon hydration on intra-
operative performance has not been studied. The pace and nature
of the work of surgeons and surgical trainees often leads to poor
fluid intake and missed meals, in contrast to other surgical team
members who take intraoperative breaks. In the non-surgical
literature, blood glucose levels are correlated with cognitive per-
formance, including memory, attention, decision-making, reaction
time, verbal fluency, and auditory processing.58 Hypoglycemia has
been associatedwith anger, aggressiveness, and irritability,59 which
could negatively impact intraoperative interpersonal interactions.
Experimental induction of frustration leads to more negative re-
sponses in fasting subjects.60 The influence of fasting on mood and
brain function are significantly more pronounced when individuals
are expending cognitive effort.61 Whether blood glucose impacts
surgeon performance (technical and/or non-technical) under stress
during long cases has not been studied.

3.2.2. Stress and individual technical (psychomotor) performance
Personal (e.g. fatigue), psychological (e.g. anxiety), workload

related (e.g. time pressure), and environmental (e.g. heat, noise)
stressors negatively impact both perceptual and psychomotor tasks
in the non-surgical literature.62 Perceptual and motor performance
are more resilient to the impact of stress than is cognitive perfor-
mance (see cognition discussion below).62 Fortunately for sur-
geons, the performance of well-learned tasks (from procedural
memory) are the most impervious to the impact of stress, as they
are more automatic requiring fewer cognitive resources.63

From the limited surgical literature, intraoperative stressors
appear to negatively impact technical/psychomotor performance.
Assessment of surgeons performing laparoscopic transfer tasks in a
simulator noted that experimental “stressors” (i.e. time-pressure,
noise, and multitasking) were associated with poorer perfor-
mance (both skill and knowledge errors) but participants'
perceived stress was not measured.64 In medical students, multi-
tasking impacted performance, while time pressure did not.65 In
this study, both self-reported anxiety and physiological measures of
stress were measured but neither correlated with performance or
with each other, highlighting the challenges of stress research in
surgical settings.65 Wetzel et al. found that technical performance
of simulated carotid endarterectomy was degraded by stressors
(e.g. task complexity, time pressure, patient acuity, inexperienced
assistant, multitasking).48 The ability to cope with stress appears to
moderate its impact on performance.48,66 It is not fully understood
how stressors impact individual and team intraoperative perfor-
mance as well as whether there are additional factors moderating
those relationships.

3.2.3. Stress and individual non-technical performance
Carthey et al. found that surgeons with better non-technical

(cognitive and interpersonal) skills made fewer errors and had
lower mortality and complication rates, even when controlling for
patient risk factors.67 Unfortunately, the limited evidence available
suggests that intraoperative stress can impair non-technical per-
formance.45 Many non-technical skills are cognitive. It is clear from
the non-surgical literature that both excessive stress and strong
negative emotions diminishworkingmemory, attention, judgment/
decision-making, and perceptual-motor function.62,68,69 Working
memory is a limited resource shared by various tasks, and therefore
is vulnerable to stress due to its limited capacity.62 The non-surgical
literature suggests that anxietyandworryadversely impactmemory
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by consuming working memory capacity.62

Another way that stress affects cognition is through its impact
on attention. When stressed, individuals narrow or “tunnel” their
breadth of attention, attending to fewer environmental cues.62 This
can benefit performance when irrelevant information is ignored;
however during complicated or ambiguous tasks, neglecting
germane information can threaten performance.51 Conversely,
there is some evidence that stress can increase distraction from
irrelevant sources and impair selective attention tomore important
stimuli.70

Stressors that reduce attention (e.g. interruptions, distractions)
are common in the OR, and include equipment issues, noise,
irrelevant conversation, staff flow, and interruptions (e.g. pages/
phone calls).71e73 Distractions can reduce performance quality and
efficiency, although experience buffers this effect.46,64,66,74,75 While
the majority of distracting stressors during surgery are external
(from the environment or team members), distractions can also be
internal. Surgeons interviewed about stressful intraoperative situ-
ations recalled being distracted by worrying about the medico-
legal implications of their actions, as well as how they would
justify their actions post-operatively.9 Some individuals are
distracted by their own physiological stress response (e.g. tachy-
cardia).51 Finally, given the high rates of musculoskeletal disorders
associated with performing surgery, surgeons can be distracted by
their own physical discomfort76 and personal needs during long
procedures (e.g. hunger, full bladder).

Situational awareness is another skill requiring attention and
facilitates rapid responses to warning signals,77 thus preventing
intraoperative errors. When critical choices are made under time
pressure, errors can occur due to a lack of situational awareness.78

Doleman et al. found that when anesthesiologists were stressed,
they had lower scores on the non-technical skills domains of situ-
ational awareness and decision making.79

Intraoperative decisions are critical during surgery, particularly
when faced with the stress of anatomic anomalies or intraoperative
patient decompensation. Retrospective review of surgical mortality
reports in Scotland found that decision errors were much more
common than technical mistakes.80 Stress adversely influences
how individuals make decisions.69 Stress can lead to simpler
decision-making strategies, including consideration of fewer al-
ternatives, use of heuristics (i.e. mental short cuts based on expe-
rience), and failure to consider consequences.62,69,81,82 Individuals
under stress may continue to use ineffective strategies, known as
cognitive lock-up, which can lead to fixation errors.62 In other do-
mains, various stressors can impair decision making including:
noise (impacts social judgments), fatigue (worse in complex de-
cisions), interruptions (worse in complex decisions with frequent
irrelevant interruptions), workload, and time pressure.62

The influence of stress on decision-making is modulated by
individual characteristics. In pilots and drivers, experience moder-
ates the relationship between stress and poor decision-making.83,84

The limited data available from the surgical context, although
qualitative, is consistent with findings from other disciplines. Some
surgeons describe how intraoperative stress negatively impacted
their judgment and the quality and speed of decision-making,
while others reported second-guessing earlier intraoperative
decisions.9

3.2.4. Emotional stressor responses
The subjective experience of stress can be associated with

various emotions, including fear, concern, annoyance, tension,
frustration, and anger.51,85 Much of the surgical literature evalu-
ating subjective intraoperative stress utilizes a self-report metric
validated for anxiety assessment, the State Trait Anxiety Inventory
(STAI).86,87 However, surgeons describe a wider range of emotional
responses to intraoperative stressors, including anger, frustration,
and irritation.9 Negative emotions can decrease decision quality
through the neglect of important information, poor assessment of
outcome probabilities, and preference for high-risk, high-reward
strategies without consideration of consequences.88 Emotions can
persist after their inciting conditions and negatively impact sub-
sequent unrelated decisions.89 Intraoperative observational studies
often describe provider frustration stemming from patient or
environmental stressors, including in cases where errors
occurred.90,91 Frustration and hostility in the OR are associatedwith
poor team coordination,92 and high surgeon frustration levels
correlated with both short- and longer-term post-operative com-
plications after hernia repair at VA hospitals.93

Emotion also can impact appraisal (Fig. 1 Box D cycle), in terms
of risk perception and attribution of responsibility.89 This supports
the arrow in Fig. 1 from stressor response back to appraisal.

3.2.5. Stress and emotional contagion within teams
Emotional states can be “contagious,” spread among group

members, and influence performance.94 Negative emotions (such
as anger) are more contagious than positive ones.95 Additionally,
recent research suggests that contagion depends on the emotion's
relevance and often flows from high to lower status individuals.96

This work has implications for hierarchical OR teams, where sur-
geons are the “high status” individuals. so their emotions have the
potential to “infect” the entire team. Unfortunately, qualitative
work suggests that attending surgeons may be unaware of how
their stress negatively influences the rest of the team.6 Conversely,
leaders who cope well with stress and support their subordinates
decrease team stress and augment their performance.62,97

3.2.6. Stressors impact team performance
Stressors can induce behavioral stress responses that have the

potential to adversely affect team performance. Team communi-
cation, cooperation, coordination, performance monitoring, shared
leadership, and adaptability are critical for quality care in the OR,
particularly in unexpected or stressful situations.98e100 Poor
teamwork, as measured by direct intraoperative observation of
behavioral markers, is associated with an increase in 30-day mor-
tality and complications.101 Stressed team members, likely due to
attentional narrowing, demonstrate reduced cooperation, impaired
communication, lack of attention to interpersonal cues, and are less
likely to help each other.7 Exposure to high levels of stress also can
degrade team performance due to a loss of team identity and
shared mental models.8

Inexperienced surgeons reported in a qualitative study that
during stressful situations they over-focused on the technical as-
pects of the problem and reduced communication within their
team.9 Anesthesiologist communication quality correlated with
performance during a simulated anesthesia crisis.102 Davenport
et al. found that at the hospital level, staff self-reported levels of
communication and collaboration correlated with risk adjusted 30-
day post-operative morbidity but not mortality.103 Unfortunately,
poor communication can prevent surgeons from securing adequate
team support, particularly in critical situations when it is needed
most. As an illustrative example, poor intraoperative communica-
tion between the surgeon and circulating nurse can lead to delay in
obtaining a clamp required to stop bleeding and repair a vessel. The
result is not only longer operative time but also increased blood
loss, with the risk of hypotension, transfusion, and patient
morbidity.

3.2.7. Behavioral stress responses: negative interactions within
teams

Our conceptual framework illustrates how stressors induce
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emotional and behavioral stress responses (Box E) that can
adversely impact the performance of others (Boxes F, G). In a recent
randomized control trial of simulated neonatal resuscitations, a
colleague's rudeness degraded both diagnostic and procedural
performance as well as information-sharing and help-seeking.10

Surveys of perioperative nurses found exposure to verbal abuse in
the past year is common (91%)104 and associated with decreased
concentration (84%), reduced team collaboration/communication
(89%), and adverse events (19%).5 A recent study noted that
emotional abuse and emotional work demands were the strongest
predictors of concentration problems among OR nurses.105 A re-
view in the nursing literature found that two thirds of studies link
negative inter-professional relationships to increased patient
mortality.106 Dysfunctional behavior is noted more commonly in
surgeons than any other healthcare providers.5 Cochran and Elder
interviewed OR staff and found that disruptive surgeon behavior
shifts team focus away from the patient and increases surgical er-
rors.107 Villafranca et al. recently reviewed the antecedents of
disruptive behavior and noted a combination of intrapersonal (e.g
personality, psychological and physiological states), interpersonal
(e.g hierarchy), and organizational (e.g.production pressure, supply
shortages) factors,33 which is consistent with our broader SSE
framework.

Surgeons attribute hot tempers and dysfunctional behaviors,
motivated by strong negative emotions, to the stress of their
work.6,9 However, such stress response behaviors (Box E) can in-
crease job demands (Box D) for other team members, serving as
“secondary stressors.” Many non-surgeons feel that surgeon arro-
gance, intensity, and tendency to demean others leads to stress and
frustration among other surgical team members.5,108 Negative
emotion as well as misattribution of blame and harsh language (e.g.
profanity, threats, personal attacks) engender conflict between
team members.109e111 Poorly managed conflict is another source of
secondary stress and distraction to team members112 and can even
result in harm to patients.113 Some surgeons justify using forceful
communication (including threats) in high-pressure settings in
order to expedite achieving their short-term goals,110 but such
behavior tends to increase relationship conflict109,110 and degrade
team building.109 Unfortunately, physicians often falsely view
intimidating behaviors as justifiable expressions of frustration
which are compartmentalized without adverse impacts on
communication or patient safety.114

Negative interpersonal interactions often produce tense or
hostile intraoperative environments. Observational studies find the
majority of surgical cases contain “high tension events”whichmost
commonly occur between surgeons and nurses.4,115 Tension ap-
pears cumulative and potentially contagious.115 In response to
tension, team members may withhold information or refuse to
collaborate.116 Unfortunately, 68% of nurses and consultants and
86% of trainees acknowledged theyweremore likely tomake errors
in tense or hostile environments.56 A randomized simulation study
assessing “encouraging” vs. “discouraging” environments found
that fewer surgical trainees were willing to speak up to prevent an
intraoperative error when the environment discouraged ques-
tioning their attending,117 confirming that effective intraoperative
teamwork requires psychological safety.

3.3. Strategies for maximizing performance and outcomes

3.3.1. Coping with acute stress
Coping refers to the psychological effort used to manage

stressful events. Individuals vary in their ability to cope with high
workload and stressors. Some intrinsic characteristics, such as
personality, correlate with stress perception and coping.43 Wetzel
et al. studied the influence of perceived stress and coping on
teamwork performance during both crisis and non-crisis simula-
tion scenarios. They found that during crises, teamwork is best
preserved when the surgeon is experienced and reports minimal
subjective stress.48

Stress coping strategies correlate with both technical and non-
technical performance in simulated surgical settings.48,66 In a
randomized intervention trial, stress management training
decreased levels of perceived stress and increased job satisfac-
tion.118 Emotion regulation is a common coping mechanism used in
negative situations and can be accomplished using various strate-
gies, such as reappraisal and expressive suppression.119 Reappraisal
involves a cognitive re-interpretation of a negative situation, so the
situation no longer “feels” so negative.120,121 Unfortunately, acute
stress reduces cognitive reappraisal ability,122 but whether this
occurs in the OR is unknown. Another emotion regulation strategy
is expressive suppression, where an individual actively resists the
urge to act on emotional impulses. In the laboratory, suppression of
behavioral expression of emotion adversely affects verbal120 and
spatial memory123; both are important to surgeon performance. As
discussed previously, blood glucose is important for cognitive
function, and glucose supplementation improves memory.124

However, effortful self-control significantly reduces blood glucose
and impairs not only subsequent attempts at behavioral self-
control during a frustrating task but also decreases willingness to
help others.125 It is not known whether glucose levels moderate
surgeons' emotional regulation abilities or whether it affects frus-
tration tolerance during surgery.

3.3.2. Error compensation
Error prevention, detection and recovery are important in high

risk settings such as the OR126e128 According to our conceptual
framework, a provider's performance (Fig. 1, Box F) might be an
immediate threat/error (colored grey) which is then compensated
by the team (Box G) thus preventing an adverse outcome (blue Box
H). This is supported by an observational study in cardiac surgery
where 40% of surgical errors were not immediately detected by the
surgeon. Non-surgeon team members were almost three times
more likely than surgeons to detect or mitigate such errors.46

Teams with good non-technical skills prevent accumulation of
minor failures that can escalate to more serious adverse events.18,25

In pediatric cardiac surgery, successful error compensation by team
members reduced the risk of death in the setting of life-threatening
intraoperative errors.127

3.4. An illustrative scenario

As an illustration of our conceptual framework, consider an
inexperienced surgeon performing a difficult aortic aneurysm
repair. He requested specific instruments in advance. Yet at a crit-
ical moment, he asks for his vascular clamp and the clamp is not
available. The surgeon is visibly frustrated (subjective emotion), his
face turns red (blood pressure and pulse increase), and he shouts
angrily at the circulating nurse (disruptive stress response
behavior). His hands shake (decreased technical performance).
While the surgeon focuses intently on controlling the bleedingwith
the available instruments (cognitive response to stress), he stops
communicating with his colleagues (poor teamwork). He fails to
notice that blood loss has been excessive (poor situational aware-
ness) and that the patient may now need a blood transfusion
(adverse impact on patient care). The circulating nurse, in the
meantime, is distracted and angry that she was unfairly blamed for
a mistakemade by the previous nurse in the room. She initially fails
to notice the suction container is rapidly filling with blood (lack of
situational awareness) and when she does notice, she chooses not
to mention it since she fears angering the surgeon further (poor
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teamwork due to lack of psychological safety). The anesthesiologist
is busy managing the unexpected hypotension but is also distracted
by the surgeon's outburst. As a result, at the moment when the
surgeon needs his team the most, his aggressive behavior and lack
of communication have curtailed their ability and willingness to
work together to achieve the best patient outcome. Unfortunately,
as teams provide protection against errors (in terms of detection,
response, and management),99,127 any negative impact of the sur-
geon's stress responses on teamwork can decrease error compen-
sation and increase the risk of adverse events.

3.5. Limitations of this review

This review is necessarily limited in scope in several areas.
Although chronic stress and burnout can negatively influence the
mental and physical resources of the surgeon and team, this review
focuses on acute stress as it is more tightly coupled with short term
performance outcomes. We focus on the intraoperative period,
while understanding that pre-existing patient co-morbidities, pre-
operative events, and post-operative care also have an important
impact on patient outcomes. When discussing latent factors in the
organization and environment, we have not addressed safety-
promoting factors but have discussed only safety threats, given
their relevance to negative stress in providers. There is minimal
literature addressing the impact of acute stress responses on sur-
gical performance and patient outcomes. The existing evidence
supports our conceptual framework but also demonstrates a need
for future quantitative research in this area. While attempting to be
comprehensive, we may have missed studies not appearing in the
indexed literature.

3.6. Next steps

Based on the available literature, it is not yet clear to what de-
gree environmental, organization, and individual characteristics
influence emotional and behavioral responses to intraoperative
stress. The few empiric studies of surgeon stress and outcomes are
small and often assess simulated surgery, utilizing trainees as
subjects. Research addressing the relationship between intra-
operative stress, emotions, and behavior is qualitative and/or
uncontrolled.

Future research should test the assumptions of the SSE frame-
work, in particular to determine whether surgeon behavioral stress
responses have a quantifiable impact on team dynamics and per-
formance. It will also be useful to evaluate which intraoperative
stressors are most likely to result in dysfunctional behavioral stress
responses during live surgery and whether surgeon hypoglycemia
or dehydration influence their ability to cope with stressors. Our
review and framework suggest several potential intervention tar-
gets to improve performance, including prevention of stressors
(decreasing job demands, increasing job resources) as well as stress
response modification of individuals (coping) and teams
(compensation). In addition, since psychological stress leads to
dynamic changes in physiology, ongoing monitoring of surgical
teams has potential to identify provider stress allowing imple-
mentation of “real time” interventions targeting high risk ORs.

4. Conclusion

This conceptual framework illustrates how emotional and
behavioral stress responses and their antecedents can influence
surgeon and team performance and patient surgical outcomes. It
provides a valuable aid for understanding the complexities of the
operating room while guiding future research in this high stakes
environment.
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Appendix A

Medline search strategy (limited to English language and
humans) 1996eJan 2017

exp Specialties, Surgical/OR surgeon$.ti,ab. OR surgical.ti,ab. OR
surgery.ti,ab.

AND
exp “Conflict (Psychology)”/OR conflict.ti,ab. OR Problem

Behavior/OR exp Emotions/OR “disruptive behavior”.mp. OR exp
Stress, Psychological/OR (Aggression/or Bullying/or Dominance-
Subordination/) OR “stress”.ti,ab. OR “rudeness”.ti,ab.

AND
[Psychomotor Performance/OR performance.ti,ab. OR “non

technical performance”.ti,ab. OR “non technical skills”.ti,ab. OR
“situational awareness”.ti,ab. OR (information seeking behavior/or
nonverbal communication/or teach-back communication/or verbal
behavior/) OR *Communication/OR Interdisciplinary Communica-
tion/OR “teamwork”.ti,ab. OR “coordination”.ti,ab. OR “technical
performance”.ti,ab. OR physician-nurse relations/

OR
“reoperation”.ab,ti. OR “complication$”.ab,ti. OR “surgical out-

come$”.ab,ti. OR “surgical mortality”.ti,ab. OR “surgical morbid-
ity”.ti,ab. OR mortality.ti,ab. OR morbidity.ti,ab. OR “surgical
complication”.ti,ab. OR “surgical complications”.ti,ab. OR (patient
harm/or patient safety/)OR “patient safety”.ti,ab. OR exp Intra-
operative Complications/OR “sentinel event$”.ti,ab. OR “never
event$”.ti,ab. OR “failure to rescue”.ti,ab. OR Iatrogenic Disease/OR
“glitch count”.ti,ab. OR “non routine event$”.ti,ab. OR “near mis-
s”.ti,ab. ]

PsychInfo search strategy (limited to English language and
humans) 1987eJan 2017

exp Surgery OR surgeon$.ti,ab. OR surgical.ti,ab.
AND
exp Motor Performance/OR exp Perceptual Motor Processes/OR

exp Performance/OR psychomotor performance.mp. OR “non
technical performance”.ti,ab. OR “non technical skills”.ti,ab. OF
“situational awareness”.ti,ab. OR exp Information Seeking/OR exp
Nonverbal Communication/OR exp verbal communication/OR exp
nonverbal communication/OR exp communication/OR exp oral
communication/OR exp communication skills/OR interdisciplinary
communication.mp. OR “teamwork”.ti,ab. OR “coordination”.ti,ab.
OR “technical performance”.ti,ab.

OR
“reoperation”.ab,ti.OR “surgical complication”.ti,ab. OR “surgical

complications”.ti,ab. OR “complication$”.ab,ti. OR “surgical out-
com$”.ab,ti. OR “surgical mortality”.ab,ti. OR “surgical morbid-
ity”.ti,ab. OR mortality.ti,ab. OR morbidity.ti,ab. OR exp Patient
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Harm/OR exp Patient Safety/OR exp Intraoperative Complications/
OR exp Medical Errors/OR “sentinel event$”.ti,ab. OR “never even-
t$”.ti,ab. OR “failure to rescue”.ti,ab. OR Iatrogenic Disease/OR
“glitch count”.ab,ti. OR “non routine event$”.ti,ab. OR “near
miss”.ti,ab.

AND
exp conflict/OR conflict.ti,ab. OR exp Behavior Problems/OR exp

negative emotions/or exp emotions/OR “disruptive behavior”.ti,ab.
OR exp stress/OR exp psychological stress/OR exp Stress Reactions/
OR exp Aggressive Behavior/OR exp relational aggression/OR exp
Aggressiveness/OR exp Bullying/OR exp dominance hierarchy/OR
“stress”.ti,ab.

CINAHL search strategy (limited to English language and
humans) 1937eJan 2017

“Surgeons/PF” OR TI surgery OR AB surgery OR TI surgeon# OR
AB surgeon#

AND
TI conflict OR AB conflict OR TI problem behavior OR AB problem

behavior OR TI emotion# OR AB emotion# OR TI “disruptive
behavior” OR AB “disruptive behavior” OR TI stress OR AB stress OR
TI aggression OR AB aggression OR TI frustration OR AB frustration
OR TI anger OR AB anger OR TI bullying OR AB bullying

AND
[psychomotor performance OR TI performance OR AB perfor-

mance OR TI non technical performance OR AB non technical per-
formance OR situational awareness OR non technical skills OR
information seeking behavior OR TI “information seeking behavior”
OR AB “information seeking behavior” OR TI non verbal commu-
nication OR AB non verbal communication OR TI verbal behavior
OR AB verbal behavior OR TI communication OR AB communication
OR TI teamwork OR AB teamwork OR TI coordination OR AB coor-
dination OR TI technical performance OR AB technical performance

OR
TI reoperation OR AB reoperation OR TI complication# OR AB

complication# OR TI surgical outcome# OR AB surgical outcome#
OR TI surgical mortality OR AB surgical mortality OR TI surgical
morbidity OR AB surgical morbidity OR TI morbidity OR AB
morbidity OR TI mortality OR AB mortality OR TI patient harm OR
AB patient harm OR TI patient safety OR AB patient safety OR TI
intraoperative complication# OR AB intraoperative complication#
OR TI sentinal event# OR AB sentinal event# OR TI never event# OR
AB never event# OR TI failure to rescue OR AB failure to rescue OR
TI iatrogenic OR AB iatrogenic OR TI glitch count OR AB glitch count
OR TI non routine event# OR AB non routine event# OR TI nearmiss
OR AB near miss ]

NOT
“stress urinary incontinence”.ti,ab OR “stress incontinence” OR

“stress fracture$”.ti,ab.OR “oxidative stress” or “stress echo$” OR
“stress test$” or “post traumatic stress”

Embase search strategy (1996eJan 2017, exclude Medline
journals, limit to English and Human).

exp Surgery OR surgeon$.ti,ab. OR surgical.ti,ab.
AND
[expMotor Performance/OR exp Perceptual Motor Processes/OR

exp Performance/OR psychomotor performance.mp. OR “non
technical performance”.ti,ab. OR “non technical skills”.ti,ab. OF
“situational awareness”.ti,ab. OR exp Information Seeking/OR exp
Nonverbal Communication/OR exp verbal communication/OR exp
nonverbal communication/OR exp communication/OR exp oral
communication/OR exp communication skills/OR interdisciplinary
communication.mp. OR “teamwork”.ti,ab. OR “coordination”.ti,ab.
OR “technical performance”.ti,ab.

OR
“reoperation”.ab,ti.OR “surgical complication”.ti,ab. OR “surgical

complications”.ti,ab. OR “complication$”.ab,ti. OR “surgical
outcom$”.ab,ti. OR “surgical mortality”.ab,ti. OR “surgical morbid-
ity”.ti,ab. OR mortality.ti,ab. OR morbidity.ti,ab. OR exp Patient
Harm/OR exp Patient Safety/OR exp Intraoperative Complications/
OR exp Medical Errors/OR “sentinel event$”.ti,ab. OR “never even-
t$”.ti,ab. OR “failure to rescue”.ti,ab. OR Iatrogenic Disease/OR
“glitch count”.ab,ti. OR “non routine event$”.ti,ab. OR “near
miss”.ti,ab.]

AND
exp conflict/OR conflict.ti,ab. OR exp Behavior Problems/OR exp

negative emotions/OR “disruptive behavior”.ti,ab. OR exp STRESS/
OR exp psychological stress/OR exp Stress Reactions/OR exp
Aggressive Behavior/OR exp relational aggression/OR exp Aggres-
siveness/OR exp Bullying/OR exp dominance hierarchy/OR
“stress”.ti,ab.

NOT
Exp Urinary incontinence, Stress/OR “stress urinary incon-

tinence”.ti,ab OR “stress incontinence” or “stress fracture$”.ti,ab.OR
“oxidative stress” or “stress echo$” or “stress test$” or “post trau-
matic stress”

Business Source Premier search strategy (1998 to Jan 2017).
TI surgery OR AB surgery OR TI surgeon# OR AB surgeon#
AND
TI conflict OR AB conflict OR TI problem behavior OR AB problem

behavior OR TI emotion# OR AB emotion# OR TI “disruptive
behavior” OR AB “disruptive behavior” OR TI stress OR AB stress OR
TI aggression OR AB aggression OR TI frustration OR AB frustration
OR TI anger OR AB anger OR TI bullying OR AB bullying

AND
[psychomotor performance OR TI performance OR AB perfor-

mance OR TI non technical performance OR AB non technical per-
formance OR situational awareness OR non technical skills OR
information seeking behavior OR TI “information seeking behavior”
OR AB “information seeking behavior” OR TI non verbal commu-
nication OR AB non verbal communication OR TI verbal behavior
OR AB verbal behavior OR TI communication OR AB communication
OR TI teamwork OR AB teamwork OR TI coordination OR AB coor-
dination OR TI technical performance OR AB technical performance

OR
TI reoperation OR AB reoperation OR TI complication# OR AB

complication# OR TI surgical outcome# OR AB surgical outcome#
OR TI surgical mortality OR AB surgical mortality OR TI surgical
morbidity OR AB surgical morbidity OR TI morbidity OR AB
morbidity OR TI mortality OR AB mortality OR TI patient harm OR
AB patient harm OR TI patient safety OR AB patient safety OR TI
intraoperative complication# OR AB intraoperative complication#
OR TI sentinal event# OR AB sentinal event# OR TI never event# OR
AB never event# OR TI failure to rescue OR AB failure to rescue OR
TI iatrogenic OR AB iatrogenic OR TI glitch count OR AB glitch count
OR TI non routine event# OR AB non routine event# OR TI nearmiss
OR AB near miss ]
References

1. Gawande A, Thomas E, Zinner M, Brennan T. The incidence and nature of
surgical adverse events in Colorado and Utah in 1992. Surgery. 1999;126:
66e75. https://doi.org/10.1067/msy.1999.98664.

2. Anderson O, Davis R, Hanna G, Vincent C. Surgical adverse events: a sys-
tematic review. Am J Surg. 2013;206:253e262. https://doi.org/10.1016/
j.amjsurg.2012.11.009.

3. Healey M, Shackford S, Osler T, et al. Complications in surgical patients. Arch
Surg. 2002;137:611e618.

4. Lingard L, Garwood S, Poenaru D. Tensions influencing operating room team
function: does institutional context make a difference? Med Educ. 2004;38:
691e699. https://doi.org/10.1111/j.1365-2929.2004.01844.x.

5. Rosenstein A, O'Daniel M. Impact and implications of disruptive behavior in
the perioperative arena. J Am Coll Surg. 2006;203:96e105. https://doi.org/
10.1016/j.jamcollsurg.2006.03.027.

6. Arora S, Sevdalis N, Nestel D, et al. Managing intraoperative stress: what do

https://doi.org/10.1067/msy.1999.98664
https://doi.org/10.1016/j.amjsurg.2012.11.009
https://doi.org/10.1016/j.amjsurg.2012.11.009
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref3
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref3
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref3
https://doi.org/10.1111/j.1365-2929.2004.01844.x
https://doi.org/10.1016/j.jamcollsurg.2006.03.027
https://doi.org/10.1016/j.jamcollsurg.2006.03.027


K.L. Chrouser et al. / The American Journal of Surgery 216 (2018) 573e584582
surgeons want from a crisis training program? Am J Surg. 2009;197:537e543.
https://doi.org/10.1016/j.amjsurg.2008.02.009.

7. Cohen S. After effects of stress on human performance and social behavior: a
review of research and theory. Psychol Bull. 1980;88:82. https://doi.org/
10.1037/0033-2909.88.1.82.

8. Driskell JE, Salas E, Johnston J. Does stress lead to a loss of team perspective?
Gr Dyn Theory. Res Pract. 1999;3:291e302. https://doi.org/10.1037/1089-
2699.3.4.291.

9. Wetzel C, Kneebone R, Woloshynowych M, et al. The effects of stress on
surgical performance. Am J Surg. 2006;191:5e10. https://doi.org/10.1016/
j.amjsurg.2005.08.034.

10. Riskin A, Erez A, Foulk T, et al. The impact of rudeness on medical team
performance: a randomized trial. Pediatrics. 2015;136:487e495. https://
doi.org/10.1542/peds.2015-1385.

11. Nahrgang J, Morgeson F, Hofmann D. Safety at work: a meta-analytic inves-
tigation of the link between job demands, job resources, burnout, engage-
ment, and safety outcomes. J Appl Psychol. 2011;96:71e94. https://doi.org/
10.1037/a0021484.

12. Bakker A, Demerouti E. The job demands resources model: state of the art.
J Manag Psychol. 2007;22:309e328. https://doi.org/10.1108/
02683940710733115.

13. Mache S, Danzer G, Klapp B, Groneberg D. Surgeons' work ability and per-
formance in surgical care: relations between organisational predictors, work
engagement and work ability. Langenbeck's Arch Surg. 2013;398:317e325.
https://doi.org/10.1007/s00423-012-1044-3.

14. Scherer KR. The dynamic architecture of emotion: evidence for the compo-
nent process model. Cogn Emot. 2009;23:1307e1351. https://doi.org/10.1080/
02699930902928969.

15. Smith C, Haynes K, Lazarus R, Pope L. In search of the“ hot” cognitions: at-
tributions, appraisals, and their relation to emotion. J Pers Soc Psychol.
1993;65:916e929. https://doi.org/10.1037/0022-3514.65.5.916.

16. Scherer KR. Appraisal considered as a process of multilevel sequential
checking. In: Scherer KR, Schorr A, Johnstone T, eds. Appraisal Processes in
Emotion: Theory, Methods, Research. New York, NY: Oxford University Press;
2001:92e120.

17. Helmreich R. On error management: lessons from aviation. BMJ. 2000;320:
781e785. https://doi.org/10.1136/bmj.320.7237.781.

18. Catchpole K, Giddings A, Leval M de, et al. Identification of systems failures in
successful paediatric cardiac surgery. Ergonomics. 2006;49:567e588. https://
doi.org/10.1080/00140130600568865.

19. Beuzekom M Van, Boer F, Akerboom S, Hudson P. Patient safety: latent risk
factors. Br J Anaesth. 2010;105:52e59. https://doi.org/10.1093/bja/aeq135.

20. Vincent C, Taylor-Adams S, Stanhope N. Framework for analysing risk and
safety in clinical medicine. Br Med J. 1998;316:1154e1157. https://doi.org/
10.1136/bmj.316.7138.1154.

21. Fecso A, Szasz P, Kerezov G, Grantcharov T. The effect of technical perfor-
mance on patient outcomes in surgery: a systematic review. Ann Surg.
2016;265:492e501. https://doi.org/10.1097/SLA.0000000000001959.

22. Agha R, Fowler A, Sevdalis N. The role of non-technical skills in surgery. Ann
Med Surg. 2015;4:422e427. https://doi.org/10.1016/j.amsu.2015.10.006.

23. Christian C, Gustafson M, Roth E, et al. A prospective study of patient safety in
the operating room. Surgery. 2006;139:159e173. https://doi.org/10.1016/
j.surg.2005.07.037.

24. Weinger M, Englund C. Ergonomic and human factors affecting anesthetic
vigilance and monitoring performance in the operating room environment.
Anesthesiology. 1990;73:995e1021.

25. Minnick A, Donaghey B, Slagle J, Weinger MB. Operating room teammembers'
views of workload, case difficulty, and nonroutine events. J Healthc Qual.
2011;34:16e24. https://doi.org/10.1111/j.1945-1474.2011.00142.x.

26. Nowicki E, Birkmeyer N, Weintraub R, et al. Multivariable prediction of in-
hospital mortality associated with aortic and mitral valve surgery in North-
ern New England. Ann Thorac Surg. 2004;77:1966e1977. https://doi.org/
10.1016/j.athoracsur.2003.12.035.

27. Clarke S. The relationship between safety climate and safety performance: a
meta-analytic review. J Occup Health Psychol. 2006;11:315e327. https://
doi.org/10.1037/1076-8998.11.4.315.

28. Haynes A, Weiser T, Berry W, et al. Changes in safety attitude and relationship
to decreased postoperative morbidity and mortality following implementa-
tion of a checklist-based surgical safety intervention. BMJ Qual Saf. 2011;20:
102e107. https://doi.org/10.1136/bmjqs.2009.040022.

29. Weaver S, Lubomksi L, Wilson R, et al. Promoting a culture of safety as a
patient safety strategy: a systematic review. Ann Intern Med. 2013;158:
369e374. https://doi.org/10.7326/0003-4819-158-5-201303051-00002.

30. Walton M. Hierarchies: the berlin wall of patient safety. Qual Saf Health Care.
2006;15:229e230. https://doi.org/10.1136/qshc.2006.019240.

31. Bould M, Sutherland S, Sydor D, et al. Residents' reluctance to challenge
negative hierarchy in the operating room: a qualitative study. Can J Anaesth.
2015;62:576e586. https://doi.org/10.1007/s12630-015-0364-5.

32. Morrow K, Gustavson A, Jones J. Speaking up behaviours (safety voices) of
healthcare workers: a metasynthesis of qualitative research studies. Int J Nurs
Stud. 2016;64:42e51. https://doi.org/10.1016/j.ijnurstu.2016.09.014.

33. Villafranca A, Hamlin C, Enns S, Jacobsohn E. Disruptive behaviour in the
perioperative setting: a contemporary review. Can J Anaesth. 2017;64:
128e140. https://doi.org/10.1007/s12630-016-0784-x.

34. Weerakkody R, Cheshire N, Riga C, et al. Surgical technology and operating-
room safety failures: a systematic review of quantitative studies. BMJ Qual
Saf. 2013;22:710e718. https://doi.org/10.1136/bmjqs-2012-001778.

35. Pennathur P, Thompson D, Abernathy J, et al. Technologies in the wild (TiW):
human factors implications for patient safety in the cardiovascular operating
room. Ergonomics. 2013;56:205e219.

36. Hasfeldt D, Laerkner E, Birkelund R. Noise in the operating room-what do we
know? A review of the literature. J PeriAnesthesia Nurs. 2010;25:380e386.
https://doi.org/10.1016/j.jopan.2010.10.001.

37. Szalma J, Hancock P. Noise effects on human performance: a meta-analytic
synthesis. Psychol Bull. 2011;137:682e707. https://doi.org/10.1037/
a0023987.

38. Mentis H, Chellali A, Manser K, et al. A systematic review of the effect of
distraction on surgeon performance: directions for operating room policy and
surgical training. Surg Endosc. 2015;30:1713e1724. https://doi.org/10.1007/
s00464-015-4443-z.

39. Wadhera R, Parker S, Burkhart H, et al. Is the “sterile cockpit” concept
applicable to cardiovascular surgery critical intervals or critical events? The
impact of protocol-driven communication during cardiopulmonary bypass.
J Thorac Cardiovasc Surg. 2010;139:312e319. https://doi.org/10.1016/
j.jtcvs.2009.10.048.

40. Arora S, Hull L, Sevdalis N, et al. Factors compromising safety in surgery:
stressful events in the operating room. Am J Surg. 2010;199:60e65. https://
doi.org/10.1016/j.amjsurg.2009.07.036.

41. Blascovich J, Mendes W, Tomaka J, et al. The robust nature of the bio-
psychosocial model challenge and threat: a reply to Wright and Kirby. Per-
sonal Soc Psychol Rev. 2003;7:234e243. https://doi.org/10.1207/
S15327957PSPR0703_03.

42. Peacock E, Wong P. The Stress Appraisal Measure (SAM): a multidimensional
approach to cognitive appraisal. Stress Med. 1990;6:227e236.

43. Penley J, Tomaka J. Associations among the Big Five, emotional responses, and
coping with acute stress. Pers Individ Dif. 2002;32:1215e1228. https://doi.org/
10.1016/S0191-8869(01)00087-3.

44. Koolhaas J, Bartolomucci A, Buwalda B, et al. Stress revisited: a critical eval-
uation of the stress concept. Neurosci Biobehav Rev. 2011;35:1291e1301.
https://doi.org/10.1016/j.neubiorev.2011.02.003.

45. Arora S, Sevdalis N, Nestel D, et al. The impact of stress on surgical perfor-
mance: a systematic review of the literature. Surgery. 2010;147:318e330.
https://doi.org/10.1016/j.surg.2009.10.007.

46. Wiegmann D, ElBardissi A, Dearani J, et al. Disruptions in surgical flow and
their relationship to surgical errors: an exploratory investigation. Surgery.
2007;142:658e665. https://doi.org/10.1016/j.surg.2007.07.034.

47. Mao X, Jia P, Zhang L, et al. An evaluation of the effects of human factors and
ergonomics on health care and patient safety practices: a systematic review.
PLoS One. 2015;10:1e19. https://doi.org/10.1371/journal.pone.0129948.

48. Wetzel C, Black S, Hanna G, et al. The effects of stress and coping on surgical
performance during simulations. Am J Surg. 2010;251:171e176. https://
doi.org/10.1097/SLA.0b013e3181b3b2be.

49. Hull L, Arora S, Aggarwal R, et al. The impact of nontechnical skills on tech-
nical performance in surgery: a systematic review. J Am Coll Surg. 2012;214:
214e230. https://doi.org/10.1016/j.jamcollsurg.2011.10.016.

50. Biondi M, Picardi A. Psychological stress and neuroendocrine functions in
humans: the last two decades of research. Psychother Psychosom. 1999;68:
114e150.

51. Driskell JE, Salas E, eds. Stress and Human Performance. Mahwah, NJ: Lawrence
Erlbaum Associates, Inc; 2013.

52. Williamson A, Feyer A. Moderate sleep deprivation produces impairments in
cognitive and motor performance equivalent to legally prescribed levels of
alcohol intoxication. Occup Environ Med. 2000;57:649e655. https://doi.org/
10.1136/oem.57.10.649.

53. Sturm L, Dawson D, Vaughan R, et al. Effects of fatigue on surgeon perfor-
mance and surgical outcomes: a systematic review. ANZ J Surg. 2011;81:
502e509. https://doi.org/10.1111/j.1445-2197.2010.05642.x.

54. Durmer J, Dinges D. Neurocognitive consequences of sleep deprivation. Semin
Neurol. 2005;25:117e129.

55. Pilcher JJ, Huffcutt AI. Effects of sleep deprivation on performance: a meta-
analysis. Sleep. 1996;19:318e326.

56. Flin R, Yule S, McKenzie L, et al. Attitudes to teamwork and safety in the
operating theatre. Surg. 2006;4:145e151. https://doi.org/10.1016/S1479-
666X(06)80084-3.

57. El-Sharkawy A, Bragg D, Watson P, et al. Hydration amongst nurses and
doctors on-call (the HANDS on prospective cohort study). Clin Nutr. 2015;35:
1e8. https://doi.org/10.1016/j.clnu.2015.07.007.

58. Bischoff J, Barshi I. The Effects of Blood Glucose Levels on Cognitive Performance :
A Review of the Literature. Moffett Field. California: NASA Center for AeroSpace
Information; 2007.

59. McCrimmon R, Ewing F, Frier B, Deary I. Anger state during acute insulin-
induced hypoglycaemia. Physiol Behav. 1999;67:35e39. https://doi.org/
10.1016/S0031-9384(99)00036-0.

60. Benton D, Owens D. Is raised blood glucose associated with the relief of
tension ? J Psychosom Res. 1993;37:723e735.

61. Kohn N, Toygar T, Weidenfeld C, et al. In a sweet mood? Effects of experi-
mental modulation of blood glucose levels on mood-induction during fMRI.
Neuroimage. 2015;113:246e256. https://doi.org/10.1016/
j.neuroimage.2015.03.024.

62. Staal M. Stress, Cognition, and Human Performance : A Literature Review and

https://doi.org/10.1016/j.amjsurg.2008.02.009
https://doi.org/10.1037/0033-2909.88.1.82
https://doi.org/10.1037/0033-2909.88.1.82
https://doi.org/10.1037/1089-2699.3.4.291
https://doi.org/10.1037/1089-2699.3.4.291
https://doi.org/10.1016/j.amjsurg.2005.08.034
https://doi.org/10.1016/j.amjsurg.2005.08.034
https://doi.org/10.1542/peds.2015-1385
https://doi.org/10.1542/peds.2015-1385
https://doi.org/10.1037/a0021484
https://doi.org/10.1037/a0021484
https://doi.org/10.1108/02683940710733115
https://doi.org/10.1108/02683940710733115
https://doi.org/10.1007/s00423-012-1044-3
https://doi.org/10.1080/02699930902928969
https://doi.org/10.1080/02699930902928969
https://doi.org/10.1037/0022-3514.65.5.916
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref16
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref16
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref16
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref16
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref16
https://doi.org/10.1136/bmj.320.7237.781
https://doi.org/10.1080/00140130600568865
https://doi.org/10.1080/00140130600568865
https://doi.org/10.1093/bja/aeq135
https://doi.org/10.1136/bmj.316.7138.1154
https://doi.org/10.1136/bmj.316.7138.1154
https://doi.org/10.1097/SLA.0000000000001959
https://doi.org/10.1016/j.amsu.2015.10.006
https://doi.org/10.1016/j.surg.2005.07.037
https://doi.org/10.1016/j.surg.2005.07.037
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref24
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref24
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref24
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref24
https://doi.org/10.1111/j.1945-1474.2011.00142.x
https://doi.org/10.1016/j.athoracsur.2003.12.035
https://doi.org/10.1016/j.athoracsur.2003.12.035
https://doi.org/10.1037/1076-8998.11.4.315
https://doi.org/10.1037/1076-8998.11.4.315
https://doi.org/10.1136/bmjqs.2009.040022
https://doi.org/10.7326/0003-4819-158-5-201303051-00002
https://doi.org/10.1136/qshc.2006.019240
https://doi.org/10.1007/s12630-015-0364-5
https://doi.org/10.1016/j.ijnurstu.2016.09.014
https://doi.org/10.1007/s12630-016-0784-x
https://doi.org/10.1136/bmjqs-2012-001778
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref35
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref35
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref35
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref35
https://doi.org/10.1016/j.jopan.2010.10.001
https://doi.org/10.1037/a0023987
https://doi.org/10.1037/a0023987
https://doi.org/10.1007/s00464-015-4443-z
https://doi.org/10.1007/s00464-015-4443-z
https://doi.org/10.1016/j.jtcvs.2009.10.048
https://doi.org/10.1016/j.jtcvs.2009.10.048
https://doi.org/10.1016/j.amjsurg.2009.07.036
https://doi.org/10.1016/j.amjsurg.2009.07.036
https://doi.org/10.1207/S15327957PSPR0703_03
https://doi.org/10.1207/S15327957PSPR0703_03
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref42
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref42
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref42
https://doi.org/10.1016/S0191-8869(01)00087-3
https://doi.org/10.1016/S0191-8869(01)00087-3
https://doi.org/10.1016/j.neubiorev.2011.02.003
https://doi.org/10.1016/j.surg.2009.10.007
https://doi.org/10.1016/j.surg.2007.07.034
https://doi.org/10.1371/journal.pone.0129948
https://doi.org/10.1097/SLA.0b013e3181b3b2be
https://doi.org/10.1097/SLA.0b013e3181b3b2be
https://doi.org/10.1016/j.jamcollsurg.2011.10.016
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref50
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref50
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref50
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref50
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref51
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref51
https://doi.org/10.1136/oem.57.10.649
https://doi.org/10.1136/oem.57.10.649
https://doi.org/10.1111/j.1445-2197.2010.05642.x
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref54
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref54
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref54
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref55
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref55
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref55
https://doi.org/10.1016/S1479-666X(06)80084-3
https://doi.org/10.1016/S1479-666X(06)80084-3
https://doi.org/10.1016/j.clnu.2015.07.007
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref58
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref58
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref58
https://doi.org/10.1016/S0031-9384(99)00036-0
https://doi.org/10.1016/S0031-9384(99)00036-0
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref60
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref60
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref60
https://doi.org/10.1016/j.neuroimage.2015.03.024
https://doi.org/10.1016/j.neuroimage.2015.03.024
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref62


K.L. Chrouser et al. / The American Journal of Surgery 216 (2018) 573e584 583
Conceptual Framework. CA: Moffett Field; 2004.
63. Rasmussen J. Skills, rules, and knowledge; signals, signs, and symbols, and

other distinctions in human performance models. IEEE Trans Syst Man Cybern.
1983;13:257e266.

64. Moorthy K, Munz Y, Dosis A, et al. The effect of stress-inducing conditions on
the performance of a laparoscopic task. Surg Endosc Other Interv Tech.
2003;17:1481e1484. https://doi.org/10.1007/s00464-002-9224-9.

65. Poolton J, Wilson M, Malhotra N, et al. A comparison of evaluation, time
pressure, and multitasking as stressors of psychomotor operative perfor-
mance. Surgery. 2011;149:776e782. https://doi.org/10.1016/
j.surg.2010.12.005.

66. Hassan I, Weyers P, Maschuw K, et al. Negative stress-coping strategies
among novices in surgery correlate with poor virtual laparoscopic perfor-
mance. Br J Surg. 2006;93:1554e1559. https://doi.org/10.1002/bjs.5544.

67. Carthey J, Leval M de, Wright D, et al. Behavioural markers of surgical
excellence. Saf Sci. 2003;41:409e425. https://doi.org/10.1016/S0925-
7535(01)00076-5.

68. Brosch T, Scherer K, Grandjean D, Sander D. The impact of emotion on
perception, attention, memory, and decision-making. Swiss Med Wkly.
2013;143:1e10. https://doi.org/10.4414/smw.2013.13786.

69. Starcke K, Brand M. Decision making under stress: a selective review. Neurosci
Biobehav Rev. 2012;36:1228e1248. https://doi.org/10.1016/
j.neubiorev.2012.02.003.

70. Braunstein-Bercovitz H. Does stress enhance or impair selective attention?
The effects of stress and perceptual load on negative priming. Hist Philos Logic.
2003;16:345e357. https://doi.org/10.1080/10615800310000112560.

71. Healey A, Sevdalis N, Vincent C. Measuring intra-operative interference from
distraction and interruption observed in the operating theatre. Ergonomics.
2006;49:589e604. https://doi.org/10.1080/00140130600568899.

72. Verdaasdonk E, Stassen L, Elst M Van Der, et al. Problems with technical
equipment during laparoscopic surgery: an observational study. Surg Endosc.
2007;21:275e279. https://doi.org/10.1007/s00464-006-0019-2.

73. Sevdalis N, Healey A, Vincent C. Distracting communications in the operating
theatre. J Eval Clin Pract. 2007;13:390e394. https://doi.org/10.1111/j.1365-
2753.2006.00712.x.

74. Persoon M, Putten K Van, Muijtjens A, et al. Effect of distraction on the per-
formance of endourological tasks: a randomized controlled trial. BJU Int.
2011;107:1653e1657. https://doi.org/10.1111/j.1464-410X.2010.09627.x.

75. Hsu K, Man F, Gizicki R, et al. Experienced surgeons can do more than one
thing at a time: effect of distraction on performance of a simple laparoscopic
and cognitive task by experienced and novice surgeons. Surg Endosc Other
Interv Tech. 2008;22:196e201. https://doi.org/10.1007/s00464-007-9452-0.

76. Soueid A, Oudit D, Thiagarajah S, Laitung G. The pain of surgery: pain expe-
rienced by surgeons while operating. Int J Surg. 2010;8:118e120. https://
doi.org/10.1016/j.ijsu.2009.11.008.

77. Endsly M. Toward a theory of situation awareness in dynamic systems. Hum
Factors. 1995;37:32e64.

78. Parasuraman R, Sheridan T, Wickens C. Situation awareness, mental work-
load, and trust in automation: viable, empirically supported cognitive engi-
neering constructs. J Cogn Eng Decis Mak. 2008;2:140e160. https://doi.org/
10.1518/155534308X284417.

79. Doleman B, Blackwell J, Karangizi A, et al. Anaesthetists stress is induced by
patient ASA grade and may impair non-technical skills during intubation. Acta
Anaesthesiol Scand. 2016;60:910e916. https://doi.org/10.1111/aas.12716.

80. Scottish Audit of Surgical Mortality Annual Report; 2010. URL: http://www.
sasm.org.uk/Publications/Main.html. Accessed January 1, 2016.

81. Kavanaugh J. Stress and Performance: A Review of the Literature and its Appli-
cability to the Military. Santa Monica, CA: Rand Corporation; 2005.

82. Keinan G. Scanning of alternatives under controllable and uncontrollable
threats. J Pers Soc Psychol. 1987;52:639e644. https://doi.org/10.1037/0022-
3514.52.3.639.

83. Lansdown T. Causes, measures, and effects of driver visual workload. In:
Hancock PA, Desmond P, eds. Stress, Workload, and Fatigue. Mahwah, NJ: L.
Erlbaum; 2001.

84. Wiggins M, O'Hare D. Expertise in aeronautical weather-related decision
making: a cross-sectional analysis of general aviation pilots. J Exp Psychol Appl.
1995;1:305e320.

85. Bennett P, Lowe R. Emotions and their cognitive precursors: responses to
spontaneously identified stressful events among hospital nurses. J Health
Psychol. 2008;13:537e546. https://doi.org/10.1177/1359105308088526.

86. Arora S, Tierney T, Sevdalis N, et al. The imperial stress assessment tool (ISAT):
a feasible, reliable and valid approach to measuring stress in the operating
room. World J Surg. 2010;34:1756e1763. https://doi.org/10.1007/s00268-
010-0559-4.

87. Marteau T, Bekker H. The development of a six-item short-form of the state
scale of the Spielberger State-Trait Anxiety Inventory (STAI). Br J Clin Psychol.
1992;31:301e306. https://doi.org/10.1111/j.2044-8260.1992.tb00997.x.

88. Baumeister R, Vohs K, Dewall C, Zhang L. How emotion shapes behavior :
feedback, anticipation, and reflection, rather than direct causation. Personal
Soc Psychol Rev. 2007;11:167e203. https://doi.org/10.1177/
1088868307301033.

89. Lerner J, Li Y, Valdesolo P, Kassam K. Emotion and decision making. Annu Rev
Psychol. 2015;66:799e823. https://doi.org/10.1016/0001-6918(80)90026-8.

90. Catchpole K. Observing failures in successful orthopaedic surgery. In:
Mitchell L, Flin R, eds. Safer Surgery: Analysing Behaviour in the Operating
Theatre. Burlington, VT: Ashgate publishing Ltd.; 2009:327.
91. Lingard L, Whyte S, Regehr G, Gardezi F. Counting silence: complexities in the

evaluation of team communication. In: Flin R, Mitchell L, eds. Safer Surgery:
Analysing Behaviour in the Operating Theatre. Burlington, VT: Ashgate Pub-
lishing Ltd.; 2009:283e300.

92. Helmreich R, Schaefer H. Team performance in the operating room. In:
Bogner, ed. Human Error in Medicine. New Jersey: Lawrence Erlbaum; 1994:
225e253.

93. Kaafarani H, Itani K, Giobbie-Hurder A, et al. Does surgeon frustration and
satisfaction with the operation predict outcomes of open or laparoscopic
inguinal hernia repair? J Am Coll Surg. 2005;200:677e683. https://doi.org/
10.1016/j.jamcollsurg.2004.11.018.

94. Barsade S. The Ripple Effect : emotional contagion and its influence on group
behavior. Adm Sci Q. 2002;47:644e675.

95. Kelly J, Iannone N, Mccarty M. Emotional contagion of anger is automatic: an
evolutionary explanation. Br J Soc Psychol. 2016;55:182e191. https://doi.org/
10.1111/bjso.12134.

96. Delvaux E, Meeussen L, Mesquita B. Emotions are not always contagious:
longitudinal spreading of self-pride and group pride in homogeneous and
status-differentiated groups. Cogn Emot. 2016;30:101e116. https://doi.org/
10.1080/02699931.2015.1018143.

97. Bowles S, Ursin H, Picano J. Aircrew perceived stress: examining crew per-
formance, crew position, and captain's personality. Aviat Space Environ Med.
2000;71:1093e1097.

98. Manser T. Teamwork and patient safety in dynamic domains of healthcare: a
review of the literature. Acta Anaesthesiol Scand. 2009;53:143e151. https://
doi.org/10.1111/j.1399-6576.2008.01717.x.

99. Hu Y, Arriaga A, Roth E, et al. Protecting patients from an unsafe system: the
etiology & recovery of intra-operative deviations in care. Ann Surg. 2012;256:
203e210. https://doi.org/10.1097/SLA.0b013e3182602564.Protecting.

100. Healey A, Undre S, Sevdalis N, et al. The complexity of measuring interpro-
fessional teamwork in the operating theatre. J Interprof Care. 2006;20:
485e495. https://doi.org/10.1080/13561820600937473.

101. Mazzocco K, Petitti D, Fong K, et al. Surgical team behaviors and patient
outcomes. Am J Surg. 2009;197:678e685. https://doi.org/10.1016/
j.amjsurg.2008.03.002.

102. Hofinger G, Buerschaper C. Observing team problem solving and communi-
cation in critical incidents. In: Flin R, Mitchell L, eds. Safer Surgery: Analysing
Behaviour in the Operating Theatre. Surrey, England: Ashgate publishing Ltd.;
2009:301e319.

103. Davenport D, Henderson W, Mosca C, et al. Risk-adjusted morbidity in
teaching hospitals correlates with reported levels of communication and
collaboration on surgical teams but not with scale measures of teamwork
climate, safety climate, or working conditions. J Am Coll Surg. 2007;205:
778e784. https://doi.org/10.1016/j.jamcollsurg.2007.07.039.

104. Cook J, Green M, Topp R. Exploring the impact of physician verbal abuse on
perioperative nurses. AORN J. 2001;74:317e320. https://doi.org/10.1016/
S0001-2092(06)61787-0, 322e7, 329e31.

105. Elfering A, Gregner S, Leitner M, et al. Quantitative work demands, emotional
demands, and cognitive stress symptoms in surgery nurses. Psychol Health
Med. 2017;22:604e610.

106. Kazanjian A, Green C, Wong J, Reid R. Effect of the hospital nursing envi-
ronment on patient mortality: a systematic review. J Health Serv Res Policy.
2005;10:111e117.

107. Cochran A, Elder WB. Effects of disruptive surgeon behavior in the operating
room. Am J Surg. 2015;209:65e70. https://doi.org/10.1016/
j.amjsurg.2014.09.017.

108. ElBardissi A, Wiegmann D, Dearani J, et al. Application of the human factors
analysis and classification system methodology to the cardiovascular surgery
operating room. Ann Thorac Surg. 2007;83:1412e1419. https://doi.org/
10.1016/j.athoracsur.2006.11.002.

109. Rogers D, Lingard L, Boehler M, et al. Teaching operating room conflict
management to surgeons: clarifying the optimal approach. Med Educ.
2011;45:939e945. https://doi.org/10.1111/j.1365-2923.2011.04040.x.

110. Rogers D, Lingard L. Surgeons managing conflict: a framework for under-
standing the challenge. J Am Coll Surg. 2006;203:568e574. https://doi.org/
10.1016/j.jamcollsurg.2006.06.012.

111. Jehn K, Bendersky C. Intragroup conflict in organisations: a contingency
perspective on the conflicteoutcome relationship. Res Organ Behav. 2003;25:
187e242.

112. Booij L. Conflicts in the operating theatre. Curr Opin Anaesthesiol. 2007;20:
152e156. https://doi.org/10.1097/ACO.0b013e32809f9506.

113. Gawande A, Zinner M, Studdert D. Analysis of errors reported by surgeons at
three teaching hospitals. Surgery. 2003;133:614e621.

114. Dull D, Fox L. Perception of intimidation in a perioperative setting. Am J Med
Qual. 2010;25:87e94. https://doi.org/10.1177/1062860609352107.

115. 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.
2002;77:232e237. https://doi.org/10.1097/00001888-200203000-00013.

116. Wittenbaum G, Hollingshead A, Botero I. From cooperative to motivated in-
formation sharing in groups: moving beyond the hidden profile paradigm.
Commun Monogr. 2004;71:286e310. https://doi.org/10.1080/
0363452042000299894.

117. Salazar M, Minkoff H, Bayya J, et al. Influence of surgeon behavior on trainee
willingness to speak up: a randomized controlled trial. J Am Coll Surg.

http://refhub.elsevier.com/S0002-9610(17)31286-2/sref62
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref63
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref63
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref63
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref63
https://doi.org/10.1007/s00464-002-9224-9
https://doi.org/10.1016/j.surg.2010.12.005
https://doi.org/10.1016/j.surg.2010.12.005
https://doi.org/10.1002/bjs.5544
https://doi.org/10.1016/S0925-7535(01)00076-5
https://doi.org/10.1016/S0925-7535(01)00076-5
https://doi.org/10.4414/smw.2013.13786
https://doi.org/10.1016/j.neubiorev.2012.02.003
https://doi.org/10.1016/j.neubiorev.2012.02.003
https://doi.org/10.1080/10615800310000112560
https://doi.org/10.1080/00140130600568899
https://doi.org/10.1007/s00464-006-0019-2
https://doi.org/10.1111/j.1365-2753.2006.00712.x
https://doi.org/10.1111/j.1365-2753.2006.00712.x
https://doi.org/10.1111/j.1464-410X.2010.09627.x
https://doi.org/10.1007/s00464-007-9452-0
https://doi.org/10.1016/j.ijsu.2009.11.008
https://doi.org/10.1016/j.ijsu.2009.11.008
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref77
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref77
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref77
https://doi.org/10.1518/155534308X284417
https://doi.org/10.1518/155534308X284417
https://doi.org/10.1111/aas.12716
http://www.sasm.org.uk/Publications/Main.html
http://www.sasm.org.uk/Publications/Main.html
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref81
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref81
https://doi.org/10.1037/0022-3514.52.3.639
https://doi.org/10.1037/0022-3514.52.3.639
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref83
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref83
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref83
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref84
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref84
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref84
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref84
https://doi.org/10.1177/1359105308088526
https://doi.org/10.1007/s00268-010-0559-4
https://doi.org/10.1007/s00268-010-0559-4
https://doi.org/10.1111/j.2044-8260.1992.tb00997.x
https://doi.org/10.1177/1088868307301033
https://doi.org/10.1177/1088868307301033
https://doi.org/10.1016/0001-6918(80)90026-8
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref90
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref90
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref90
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref91
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref91
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref91
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref91
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref91
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref92
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref92
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref92
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref92
https://doi.org/10.1016/j.jamcollsurg.2004.11.018
https://doi.org/10.1016/j.jamcollsurg.2004.11.018
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref94
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref94
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref94
https://doi.org/10.1111/bjso.12134
https://doi.org/10.1111/bjso.12134
https://doi.org/10.1080/02699931.2015.1018143
https://doi.org/10.1080/02699931.2015.1018143
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref97
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref97
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref97
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref97
https://doi.org/10.1111/j.1399-6576.2008.01717.x
https://doi.org/10.1111/j.1399-6576.2008.01717.x
https://doi.org/10.1097/SLA.0b013e3182602564.Protecting
https://doi.org/10.1080/13561820600937473
https://doi.org/10.1016/j.amjsurg.2008.03.002
https://doi.org/10.1016/j.amjsurg.2008.03.002
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref102
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref102
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref102
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref102
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref102
https://doi.org/10.1016/j.jamcollsurg.2007.07.039
https://doi.org/10.1016/S0001-2092(06)61787-0
https://doi.org/10.1016/S0001-2092(06)61787-0
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref105
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref105
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref105
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref105
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref106
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref106
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref106
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref106
https://doi.org/10.1016/j.amjsurg.2014.09.017
https://doi.org/10.1016/j.amjsurg.2014.09.017
https://doi.org/10.1016/j.athoracsur.2006.11.002
https://doi.org/10.1016/j.athoracsur.2006.11.002
https://doi.org/10.1111/j.1365-2923.2011.04040.x
https://doi.org/10.1016/j.jamcollsurg.2006.06.012
https://doi.org/10.1016/j.jamcollsurg.2006.06.012
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref111
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref111
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref111
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref111
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref111
https://doi.org/10.1097/ACO.0b013e32809f9506
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref113
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref113
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref113
https://doi.org/10.1177/1062860609352107
https://doi.org/10.1097/00001888-200203000-00013
https://doi.org/10.1080/0363452042000299894
https://doi.org/10.1080/0363452042000299894


K.L. Chrouser et al. / The American Journal of Surgery 216 (2018) 573e584584
2014;219:1001e1007. https://doi.org/10.1016/j.jamcollsurg.2014.07.933.
118. Mache S, Danzer G, Klapp B, Groneberg D. An evaluation of a multicomponent

mental competency and stress management training for entrants in surgery
medicine. J Surg Educ. 2015;72:1102e1108. https://doi.org/10.1016/
j.jsurg.2015.06.018.

119. Gross J, John O. Individual differences in two emotion regulation processes:
implications for affect, relationships, and well-being. J Pers Soc Psychol.
2003;85:348e362. https://doi.org/10.1037/0022-3514.85.2.348.

120. Richards J, Gross J. Emotion regulation and memory: the cognitive costs of
keeping one's cool. J Pers Soc Psychol. 2000;79:410e424. https://doi.org/
10.1037/0022-3514.79.3.410.

121. Füst€os J, Gramann K, Herbert B, Pollatos O. On the embodiment of emotion
regulation: interoceptive awareness facilitates reappraisal. Soc Cogn Affect
Neurosci. 2012;8:911e917. https://doi.org/10.1093/scan/nss089.

122. Raio C, Orederu T, Palazzolo L, et al. Cognitive emotion regulation fails the
stress test. Proc Natl Acad Sci U S A. 2013;110:15139e15144. https://doi.org/
10.1073/pnas.1305706110.
123. Richards J, Gross J. Personality and emotional memory: how regulating
emotion impairs memory for emotional events. J Res Pers. 2006;40:631e651.
https://doi.org/10.1016/j.jrp.2005.07.002.

124. Benton D, Owens D, Parker P. Blood glucose influences memory and attention
in young adults. Neuropsychologia. 1994;32:595e607. https://doi.org/
10.1016/0028-3932(94)90147-3.

125. Gailliot M, Baumeister R, DeWall C, et al. Self-control relies on glucose as a
limited energy source: willpower is more than a metaphor. J Pers Soc Psychol.
2007;92:325e336. https://doi.org/10.1037/0022-3514.92.2.325.

126. Moorthy K, Munz Y, Forrest D, et al. Surgical crisis management skills training
and assessment. Ann Surg. 2006;244:139e147. https://doi.org/10.1097/
01.sla.0000217618.30744.61.

127. Leval M de, Carthey J, Wright D, et al. Human factors and cardiac surgery: a
multicenter study. J Thorac Cardiovasc Surg. 2000;119:661e672. https://
doi.org/10.1067/mtc.2000.104868.

128. Helmreich R, Merritt A, Wilhelm J. The evolution of crew resource manage-
ment training in commercial aviation. Int J Aviat Psychol. 1999;9:19e32.

https://doi.org/10.1016/j.jamcollsurg.2014.07.933
https://doi.org/10.1016/j.jsurg.2015.06.018
https://doi.org/10.1016/j.jsurg.2015.06.018
https://doi.org/10.1037/0022-3514.85.2.348
https://doi.org/10.1037/0022-3514.79.3.410
https://doi.org/10.1037/0022-3514.79.3.410
https://doi.org/10.1093/scan/nss089
https://doi.org/10.1073/pnas.1305706110
https://doi.org/10.1073/pnas.1305706110
https://doi.org/10.1016/j.jrp.2005.07.002
https://doi.org/10.1016/0028-3932(94)90147-3
https://doi.org/10.1016/0028-3932(94)90147-3
https://doi.org/10.1037/0022-3514.92.2.325
https://doi.org/10.1097/01.sla.0000217618.30744.61
https://doi.org/10.1097/01.sla.0000217618.30744.61
https://doi.org/10.1067/mtc.2000.104868
https://doi.org/10.1067/mtc.2000.104868
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref128
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref128
http://refhub.elsevier.com/S0002-9610(17)31286-2/sref128

	The influence of stress responses on surgical performance and outcomes: Literature review and the development of the surgic ...
	1. Background
	1.1. Surgical stress effects (SSE) framework: theoretical considerations

	2. Methods/Data sources
	3. Results and discussion
	3.1. The components of the SSE framework (Fig. 1)
	3.1.1. Outcomes
	3.1.2. Individual provider and team factors
	3.1.3. Patient factors
	3.1.4. Organizational factors
	3.1.5. Environmental and technological factors
	3.1.6. Job demands, job resources, and JDR appraisal

	3.2. Stressors, emotions, and stress responses
	3.2.1. Stress and provider physiology
	3.2.2. Stress and individual technical (psychomotor) performance
	3.2.3. Stress and individual non-technical performance
	3.2.4. Emotional stressor responses
	3.2.5. Stress and emotional contagion within teams
	3.2.6. Stressors impact team performance
	3.2.7. Behavioral stress responses: negative interactions within teams

	3.3. Strategies for maximizing performance and outcomes
	3.3.1. Coping with acute stress
	3.3.2. Error compensation

	3.4. An illustrative scenario
	3.5. Limitations of this review
	3.6. Next steps

	4. Conclusion
	Disclaimer
	Funding
	Acknowledgements
	Appendix A
	References


