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Objective  
The operating theatre is an environment of intense cognitive stimulus requiring 
coordinated application of technical and non-technical skills to optimise patient 
outcomes. Surgeons may undergo a significant “stress response”, activated when 
perceived demands of a situation exceed perceived resources, which can impair 
performance, most acutely demonstrated in trainee surgeons. This systematic review 
aims to understand existing literature on stress exposure training (SET) and explore its 
applicability to surgical training. 

Methods  
A systematic review of articles published in PubMed, Ovid and Scopus was conducted in 
accordance with PRISMA guidelines, with “stress response, exposure and inoculation in 
healthcare, medicine, or surgery” as the search terms, and without time limit. Articles 
meeting the inclusion criteria underwent dual author abstract review, and full text review 
if meeting pre-defined criteria. 

Results  
1335 eligible papers were identified, refined to 103 on abstract, with 36 undergoing full 
text review. These were categorised into i) simulation training and stress response in 
healthcare workers; ii) stress response in surgeons; and iii) stress exposure training in 
healthcare. SET has developed from a clinical intervention to treat stress-induced 
psychopathology to an effective, generalisable training approach implemented by 
high-stress high-performance industries, including the military and aeronautics. 

Conclusion  
The impact of the stress response on performance is pertinent in modern surgical 
training. We have identified an applicable, evidence-based training model and propose 
the development of a Stress Exposure Training in Surgery programme incorporating well 
established Human Factors training to address this deficit in current surgical training and 
improve patient outcomes. 

INTRODUCTION 

The operating theatre is a high-pressure high-performance 
environment requiring a combination of focus, decision 
making, technical and non-technical skills to optimise pa
tient care. Surgeons may undergo a significant “stress re
sponse” – a psychological, physiological, and biochemical 
state of hyper-arousal, regulated by the sympathetic ner
vous system. Activated when perceived demands of a situ
ation exceed the perceived resources, this response is char
acterised by a predictable and replicable set of 
psychological and physiological variations, such as in
creased heart rate, decreased heart rate variability, raised 

salivary cortisol, and increased self-reported stress and 
anxiety. 
The negative impact of stress response activation on 

cognition, memory, technical skills and decision making 
is well described within healthcare practitioners and sur
geons. The association between increased stress and poor 
patient outcomes, demonstrated across healthcare, is re
flected in the Yerkes-Dodson law describing the relation
ship between hyper-arousal and performance.1 This high
lights a key area for improved surgical care, where optimal 
human factors- communication, leadership and psycholog
ical safety- are fundamental for integrating complex indi
vidual, technical and organisational factors in the operat
ing theatre.2 
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Training individuals to perform optimally in stressful 
environments has been extensively studied in psychology 
and applied to high-performance industries such as avia
tion and the military. Stress Inoculation Training, initially 
developed as a clinical intervention for individuals suffer
ing with stress-related psychopathology, consists of three-
phase cognitive behavioural skills teaching and graduated 
exposure to stressors in a controlled environment.3 

Stress Exposure Training (SET) builds on this by using 
the same principles to inoculate individuals against the 
psychological and physiological impacts of acute stress, fa
cilitating optimal performance.4 

This framework has three phases. In the “Education” 
phase, individuals learn about the stress response and its 
impact on performance.5 In the “Skills Acquisition” phase, 
individuals develop psychological and technical competen
cies. Key psychological skills—such as mental rehearsal, 
breathing techniques, and awareness of maladaptive 
thoughts, along with strategies to manage them—form the 
foundation of this approach.6 

Technical skills acquisition is task-specific, ranging from 
warfare decision making to athletic performance. Finally, 
the “Application and Practice” phase consolidates these 
skills and individuals begin to apply them under increas
ingly stressful environmental conditions.3,4 Crucially, the 
intensity of environmental stressors or complexity of task 
at hand is only increased once the trainee has proficiently 
completed the assigned task under the current level. This 
process is vital to facilitate skill-acquisition and prevent 
overwhelm and associated negative impact on confidence 
and progression.7 

Military divisions have effectively employed iterations 
of this training, both as dedicated programmes and within 
existing courses. “Mindfulness Based Mind Fitness Train
ing” and “General Mental Skills Training” have been imple
mented during Marine Training8‑10 with the infamous Navy 
SEAL training being the most extreme example. 
SET has also been used within aerospace and aviation, 

where junior pilots have been exposure to environmental 
stressors, such as decreased vision or cold temperatures, 
combined with cognitive skills training. These have shown 
“SET-trained” individuals to outperform “traditionally 
trained” peers in performance-based outcomes.11,12 

SET has been trialled in an extremely limited manner in 
healthcare, and even less so in surgery. Yet, the importance 
of stress response management is becoming increasingly 
evident despite the limited training and resources avail
able. This systematic review considers the current litera
ture on SET, its applications in high-stress, high-perfor
mance industries and existing models of SET in healthcare 
and surgery, to inform and develop a stress exposure train
ing programme to address this deficit. 

METHODS 

This systematic review was performed in keeping with the 
PRISMA guidelines.13 This review is based on previous 
study results and so no ethical approval, or consent was re
quired. 

SEARCH 

PubMed, Ovid and Scopus were interrogated without limit 
on time period with the following search strategy: Both 
Title/Abstract and Medical Subject Heading (MeSH) were 
utilised (where available) for article identification. Authors 
AW and CL independently performed title and abstract 
screening and for all identified articles, followed by full text 
review (Table 1) for those meeting the inclusion criteria be
low. In addition, a manual search of identified reviews and 
referencing was performed to identify any additional rele
vant studies. Last search conducted January 2023. 
(Stress response OR stress exposure OR Stress inocula

tion) AND (medical OR surgery OR healthcare). For each 
term common synonyms and MeSH headings were incorpo
rated. 

ELIGIBILITY CRITERIA 

Article types excluded at screening were those retracted, 
reviews, editorials, book chapters and conference abstracts. 
Additionally, those clearly not in the context of training or 
unrelated to the subject of interest were excluded. All other 
articles were included. 

DATA COLLECTION PROCESS 

Authors AW and CL performed data collection indepen
dently against an agreed criteria including relevant sub
group, study design, participant characteristics, detail of 
intervention and results. A subsequent round of further 
data collection was undertaken by author AW. No disagree
ments regarding study eligibility arose, however these 
would have been further discussed with all authors in the 
first instance if the need arose. 

RESULTS REPORTING 

Meta-analysis was not performed. Data is presented in 
Table 1 within three distinct subgroups: A) Simulation 
Training and Stress Response in Healthcare; B) Stress Re
sponse in Surgery and C) Stress Exposure Training in 
Healthcare. 

RESULTS 

Systemic review identified 1335 eligible papers, refined to 
103 based on abstracts, and with 36 undergoing full text re
view, as detailed in PRISMA flowchart below (Figure 1) and 
Table 1. 
These were subcategorised under the following head

ings: 
1. Simulation Training & Stress Response within 

Healthcare. 
2. Stress Response in Surgery; and 
3. Stress Exposure Training in Healthcare. 
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Figure 1. A modified PRISMA (2020) flowchart showing       
demonstrating the process from identification of       
studies to those screened and finally included for         
review. Records excluded did not meet inclusion        
criteria already stated.    

SIMULATION TRAINING & STRESS RESPONSE WITHIN 
HEALTHCARE 

9 studies on simulation training and the stress response in 
healthcare workers were selected for full text review. Simu
lation training has been shown to elicit an equivocal stress 
response in high-fidelity simulations to “live” clinical du
ties within healthcare and surgical training.17 It is safe, re
producible, environment-controlled and cost-effective, and 
is invaluable in training multi-disciplinary team members 
in both technical and non-technical skills required for ef
fective clinical practice. 
Stecz et al. (2021) studied the stress response in medical 

students during anaesthetic simulation sessions. They as
sessed three domains to quantify the stress response in 
their subjects; a) physiological (oxygen saturations, blood 
pressure, respiratory rate); b) biochemical (salivary corti
sol, testosterone IgA and alpha-amylase) and c) psychologi
cal (STAI questionnaires), demonstrating a rise across these 
parameters during the exercise.15 Geeraerts et al. (2017) 
also found raised stress scores and salivary alpha-amylase 
following anaesthetic themed simulation in a study of 27 
residents; however, they did not demonstrate a significant 
correlation between stress parameters and non-technical 
performance ^.14  ^ 
Within Emergency Medicine, multiple studies have 

looked at the stress response in high-fidelity simulated sce
narios. Ghazali et al. (2018), Schreckengaust et al. (2014) 
and Valentini et al. (2015) have all demonstrated increased 
stress levels amongst healthcare professionals during 

emergency simulations through various physiological, bio
chemical and psychological parameters, whereas Janicki et 
al. (2020) also demonstrated highest levels of stress associ
ated with “live” clinical shifts amongst ED residents.16,18‑20 

Al-Qahtani et al. (2018) conducted a randomised control 
trial looking at time as an environmental stressor on doc
tor’s performance and found increased time pressure to be 
associated with poorer diagnostic accuracy, increased stress 
and less plausible hypotheses generated.21 However, Salz
man et al. (2016) found no effect of environmental noise as 
a stressor on subject’s decision-making time or heart-rate 
variability.22 

THE STRESS RESPONSE IN SURGERY 

9 studies and 1 review article assessing the stress response 
in surgeons were identified: 5 focussing on clinical activi
ties (including operating) and 4 on high-fidelity simulation. 
Awad et al. (2022) demonstrated increased stress in car

diac surgical residents whilst operating compared to non-
operative clinical work, and found stress levels were highest 
when operating as lead surgeon and whilst undertaking 
critical operative steps.23 Similarly, Gupta et al. (2012) 
measured the stress response in orthopaedic surgeons 
(three consultants and three trainees) whilst operating as 
lead surgeon, assistant surgeon and when operating inde
pendently. They identified increased stress levels during 
operative versus non-operative clinical work, highest in 
trainee surgeons when operating independently.24 

This increased stress level demonstrated by trainee sur
geons (cf. consultant surgeons) has been replicated else
where. Bakhsh et al (2018) measured the stress response 
in surgeons of varying experience during a simulated high-
fidelity endovascular simulation. In a cohort of 35 partic
ipants, they demonstrated significantly increased sympa
thetic response amongst the junior surgeons, most marked 
in team-simulation compared with individual simulation. 
This was not replicated in the consultant surgeon group 
who demonstrated an equally elevated sympathetic re
sponse in both settings.25 

Peri-operative stress can be categorised as (i) “patient 
related” (e.g. technical challenges or unexpected intra-op
erative findings); or (ii) “environmental” (e.g. noise levels, 
distractions and equipment malfunctioning). Simulated in
tra-operative haemorrhage has been shown to impair tech
nical ability, communication skills and increase measured 
stress.25‑27 Increased background theatre noise and time 
pressures have also been shown to increase the stress re
sponse and impair surgical performance.21,28 

STRESS EXPOSURE TRAINING IN HEALTHCARE 

19 studies on stress management interventions within 
healthcare workers were identified, including emergency 
medicine, surgery and members of the wider healthcare 
multi-disciplinary team.14,15,17,20,29 Interventions ranged 
from 8-week psychological interventions, in person and re
mote lifestyle and wellness advice, and short “debrief” sce
narios following high-stress events, with variable results. 
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Table 1. A comprehensive summary of articles undergoing a full text review.           

Author 
(Reference 

number) 

Field Study Design Size Participants Stress Parameters Measured Intervention Study 
Environment 

Outcome 

Biochem. Physiol. Psych. 

Simulation Training and Stress Response in Healthcare 

Geeraerts et al. 
2017 14 

Medicine Prospective 
observational 
study 

27 Doctors Amylase N/A Self-
assessment 
stress 
scoring 

N/A High Fidelity 
Simulation 

Increased stress scores & salivary amylase 
immediately after the simulation versus before. No 
significant correlation between stress parameters 
and performance. 

Stecz et al. 
202115 

Medicine Prospective 
observational 
study 

56 Medical 
Students 

Cortisol, 
Testosterone, 
IgA, Amylase 

BP, HR, 02 
sats 

STAI, 
DSSQ 

N/A High Fidelity 
Simulation 

Onset of simulation caused increased anticipatory 
stress. End of simulation associated with increased 
emotional distress. Trait anxiety predicted the 
intensity of distress. 

Ghazali et al. 
2018 16 

ED Prospective 
cohort study 

24 Mixed HCPs Cortisol HR STAI N/A High Fidelity 
Simulation 

All individuals demonstrated increased stress during 
simulations 

Janicki et al. 
202116 

ED Prospective 
observational 
study 

21 Doctors N/A HR, HRV LSS N/A Live clinical 
activities 

Highest stress levels (HR) found during shift 

Salzman et al. 
2019 18 

ED Randomised 
control trial 

20 Mixed HCPs N/A HRV N/A Increasing 
environmental 
noise 

High Fidelity 
Simulation 

No increased decision-making time or HRV in high-
noise environment 

Schreckengaust 
et al. 2014 19 

ED Prospective 
cohort study 

89 Doctors 
(Military) 

N/A N/A N/A Environmental 
Combat Stress 

High fidelity 
simulation 

Time to tourniquet placement and pulse elimination 
was longer in simulated combat environment vs. 
simulated healthcare environment 

Valentini et al. 
2015 20 

ED Prospective 
cohort study 

41 Mixed HCPs Amylase, 
Cortisol 

N/A N/A N/A High fidelity 
simulation 

Salivary alpha-amylase rises in stress-response more 
predictably than salivary cortisol 

Al-Qahtani et 
al. 2018 21 

Medicine Randomised 
control trial 

75 Doctors N/A N/A Self-
assessment 
scoring 

Time pressure Diagnostic 
accuracy in 8 
complex 
cases 

Increased time pressure was associated with 
decreased time spent on diagnosis, less diagnostic 
accuracy, increased stress, and less plausible 
hypotheses generated 

Chang et al. 
(2021) 22 

ED Prospective 
cohort study 

34 Mixed HCPs Cortisol HR N/A High fidelity 
simulation 

Higher levels of stress demonstrated in junior rather 
than senior doctors, elicited by virtual reality 
training. 

Stress Response in Surgery 

Arora et al. 
2010 23 

Surgery Prospective 
cross 
sectional 

11 Mixed HCPs Cortisol HR STAI N/A Live clinical 
activities 

HR, HRV, STAI-6 and salivary cortisol are reliable 
non-invasive measurements of stress during surgery 

Awad et al. 
2022 24 

Surgery Randomised 
control trial 

2 Surgeons N/A HR, HRV N/A N/A Live clinical 
activities 

Increased sympathetic tone during operative vs. 
non-operative clinical duties 

Bakhsh et al. 
2019 25 

Surgery Prospective 
Cohort study 

35 Mixed HCPs N/A Hr, HRV NASA N/A High fidelity 
simulation 

Junior surgeons exhibited highest sympathetic tone 
during team vs. Individual simulation, all surgeons 
displayed a higher sympathetic tone during 
procedures 

Grantcharov et 
al. 2018 26 

Surgery Prospective 
cohort study 

1 Surgeons N/A HR, HRV N/A N/A High fidelity 
simulation 

Association between increased acute mental stress 
and worse technical surgical performance 
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Author 
(Reference 

number) 

Field Study Design Size Participants Stress Parameters Measured Intervention Study 
Environment 

Outcome 

Biochem. Physiol. Psych. 

Gupta et al. 
2012 27 

Surgery Prospective 
observational 
study 

6 Mixed HCPs N/A BP, HR N/A N/A Live clinical 
activities 

Trainees BP was highest when operating without 
trainer assistance, all surgeons (trainees and 
trainers) displayed higher BP and HR whilst 
operating vs. non-operative clinical duties 

Jukes et al. 
2017 28 

Surgery Prospective 
observational 
study 

40 Mixed HCPs Amylase BP, HR, 
MAP 

N/A Increasing 
operative 
stress 

High fidelity 
simulation 

Stress scenario caused increased blood loss, 
decreased tumour resected and brain volume 
removal - decreased psychomotor performance. 

Waterland et 
al. 2016 29 

Surgery Randomised 
control trial 

70 Medical 
students 

N/A HR STAI Increasing 
environmental 
noise 

High fidelity 
simulation 

Globally higher stress reported in test group, along 
with increased peak- and mean resting heart rate. 

Weenk et al. 
2018 30 

Surgery Prospective 
observational 
study 

20 Surgeons N/A HR, HRV STAI N/A Live clinical 
activities 

300% increased stress via HRV whilst operating 
compared to other clinical duties, corresponding 
with STAI scores 

Stress Exposure Training in Healthcare 

Aronson et al. 
2022 31 

ED Prospective 
cohort study 

61 Doctors N/A HR STAI Mindfulness 
based 
intervention 

High fidelity 
simulation 

Despite no change in STAI-6 or HRV, residents 
reported finding this training relevant and 
important. 

Cayir et al. 
2021 32 

Medicine Randomised 
control trial 

66 Mixed HCPs N/A BP, HR, 
HRV 

PSS “The Pause” 
contemplative 
practice 

High fidelity 
simulation 

Increased HRV in intervention group - no effect on 
HR or BP 

Dijk et al. 2022 
33 

Medicine Longitudinal 
observational 
cohort and 
randomised 
control trial 

706 Mixed HCP N/A N/A PSS Mindfulness 
based 
intervention 

Live clinical 
activities 

Study protocol – results not released 

Gheihman et al. 
2019 34 

Medicine Prospective 
cohort study 

18 Medical 
students 

N/A N/A Self-
reported 
stress 

Resilience 
workshops 

Live clinical 
activities 

94% students felt the workshop was valuable or very 
valuable 

Lary et al. 2019 
35 

ICU Randomised 
control trial 

70 Nurses N/A N/A SRI McNamara 
stress 
management 
training 

Live clinical 
activities 

Decreased post-intervention stress scores in 
experimental group 

Lee et al. 2020 
36 

Healthcare Non-
randomised 
control trial 

56 Mixed HCP N/A N/A KOSS Mindfulness 
based 
intervention 

Live clinical 
activities 

No improvement in occupational stress, decreased 
stress response, increased resilience scores 

Lim et al. 2014 
37 

Healthcare Prospective 
cohort study 

40 Nursing 
students 

N/A HRV Self-
reported 
stress 

Mindfulness 
based 
intervention 

Live clinical 
activities 

Reduced stress response in test group, no significant 
difference in HRV 

Warnecke et al. 
2011 38 

Medicine Randomised 
control trial 

66 Medical 
students 

N/A N/A PSS, DASS Mindfulness 
based 
intervention 

Live clinical 
activities 

Intervention group showed significant reduction in 
PSS and Anxiety 8 weeks and 16 weeks post-
intervention 

Cragg et al. 
2021 39 

Surgery Prospective 
cohort study 

21 Surgeons N/A N/A N/A Surgical 
cognitive 
simulation 

Surgical 
Performance 

Intervention group showed improvement across 
procedure-based assessment domains and task 
completion time 
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Author 
(Reference 

number) 

Field Study Design Size Participants Stress Parameters Measured Intervention Study 
Environment 

Outcome 

Biochem. Physiol. Psych. 

Goldberg et al. 
2018 40 

Surgery Prospective 
blinded study 

137 Surgeons Cortisol HR, HRV STAI Stress 
management 
training 

High fidelity 
simulation 

Intervention group reached accurate diagnoses 
faster than control and performed with greater 
technical accuracy. No statistically significant 
differences in HRV, cortisol or STAI data. 

LaPorta et al. 
2017 41 

Surgery Prospective 
observational 
study 

Medical 
Students 

Cortisol, 
amylase 

N/A N/A High intensity 
simulation & 
surgical skills 
training 

High fidelity 
simulation 

Cortisol & Amylase production decreased as week 
progressed demonstrating habituation & decreased 
stress response. 

Lebares et al. 
2021 42 

Surgery Randomised 
control trial 

44 Surgeons Pro-
inflammatory 
signalling 
pathways 

N/A PSS, 
Cognitive 
function 
testing, 
CAMS-R 

Mindfulness 
based 
intervention 

Live clinical 
activities 

Intervention group demonstrated improved 
cognitive function and emotional resilience and 
upregulation of pro-inflammatory mediators. 
Perceived stress did not improve following 
intervention. 

Lebares et al. 
2019 12 

Surgery Randomised 
control trial 

21 Surgeons N/A Functional 
MRI 

PSS, 
Cognitive 
function 
testing, 
PHQ-9 

Mindfulness 
based 
intervention, 
stress 
management 
training 

Live clinical 
activities 

MBSR feasible and acceptable in surgical training, 
and reported to be useful by residents 

Wetzel et al. 
2011 43 

Surgery Randomised 
control trial 

8 Surgeons Cortisol HR, HRV STAI Educational 
tools, 
facilitated 
mental 
rehearsal and 
preparation 

High fidelity 
simulation 

Intervention group demonstrated increased heart 
rate variability, improved communication skills and 
technical skills. 

Abbreviations: HCP = healthcare professional, ED = emergency department, SR = Stress Response, SET = Stress Exposure Training, BP = blood pressure, HR = heart rate, HRV = heart rate variability, RR = respiratory rate, MAP = mean arterial pressure, STAI-6 = State-Trait 
Anxiety Inventory Score, LSS = Linkert Stress Score, SS= Perceived Stress scale, SRI = Stress Response Inventory, KOSS = Korean Occupational Stress Score. 
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Aronson et al. (2002) trialled cognitive behavioural ther
apy-style interventions in Emergency Medicine Residents 
undergoing simulation-based training. The intervention 
group received mental performance training prior to sim
ulated patient scenarios and reported this to be valuable 
for their careers despite performing to a similar standard 
as the control group.30 Cayir et al. (2021) demonstrated 
an association between a contemplative practice tool (“The 
Pause”) and decreased stress response.31 Further mindful
ness-based interventions, student led “resilience” work
shops and “Mind-Body Training” have all been shown to 
be effective in reducing healthcare professional stress ei
ther through daily clinical activities or high-fidelity simu
lation.32‑35 

Wetzel et al (2011) developed a “Stress Management 
Training” programme for surgeons in which a group of 8 
trainee surgeons underwent a series of psychological in
terventions between two simulated carotid endarterectomy 
procedures. The intervention consisted of written informa
tion on stress management, mental rehearsal and facili
tated preparation prior to and following undergoing the 
simulated scenarios. The study group demonstrated signif
icantly lower stress metrics across several variables (heart 
rate variability, communication skills, technical skills, and 
end-product completion) in the study group between the 
first and second simulation, with no similar improvements 
observed in the control group.36 

Goldberg et al (2018) studied the stress response in 137 
first- and second-year surgical residents, in which 65 were 
assigned to a “stress-management curriculum” between 
2011-2016. This was designed in collaboration with a sport 
psychologist and consisted of educational tools and a 
weekly “in-person” sessions looking at the application of 
various stress management techniques within surgical 
practice. The intervention group demonstrated superior di
agnostic efficiency and greater technical accuracy com
pared to the control group despite no statistically signifi
cant variation in measured stress markers.37 

LeBares et al. (2021) conducted a randomised control 
trial in which the intervention group of surgical residents 
underwent weekly mindfulness based, in-person stress 
management sessions as part of their residency. They found 
perceived stress to remain similar in both control and inter
vention groups, although cognitive function and emotional 
exhaustion were much improved in the intervention group 
^.38 ^ Similarly, Luton et al. (2021) conducted a prospec
tive cohort study of junior surgical trainees, who underwent 
weekly “Enhanced Stress Resilience Training” remote tu
torials over a 5-week period, reporting this programme to 
be effective, feasible and deliverable to a large audience.39 

They subsequently trialled this on 43 students over a 2-year 
period, with primary endpoints of career progression (as
sessed by ARCP outcome 6 and obtaining a national train
ing number), and secondary end-points of perceived stress 
and burnout. They reported improved career progression, 
perceived stress levels and reduced perception of 
burnout.40 

“Mental Imagery Training” and “Surgical Cognitive Sim
ulation” have also been shown to improve technical perfor

Figure 2. A diagram depicting the factors influencing       
an individual’s stress response, including the       
relationship between external and internal stressors,       
their appraisal of the situation and the subsequent         
impact on performance. These present unique targets        
for intervention in managing the individual’s stress        
response  

mance41,42 and repeated high-fidelity simulation sessions 
has been shown to decreased stress response amongst med
ical students in surgical specialties.43 

DISCUSSION 

The increased stress response demonstrated by operating 
surgeons is well documented in a variety of high-fidelity 
simulation and “live” studies, as is the potential detrimen
tal effect on performance and ultimately patient outcomes. 
This systematic review identifies a large gap in surgical 
training and introduces the role for stress exposure training 
to surgery as a potential solution. 
The cognitive behavioural therapy principles underpin

ning SET provide targets for modulation and mitigation 
of the stress response and subsequent negative effects, 
demonstrated in Figure 2. This forms the basis of “Phase 1: 
Education”, along with supplementary material around the 
stress response and impact on performance. It is amenable 
to remote delivery, which may be preferable considering 
time and financial constraints challenging trainee surgeons 
in the current climate.39 

Wide heterogeneity in the delivery of “Phase 2: Skills Ac
quisition” has been demonstrated throughout the existing 
research. Optimal efficacy appears within four and seven 
skill acquisition sessions delivered regularly by individu
als with lived experience of the stressors and proficient in 
the respective tasks.5,44 Mindfulness-based interventions 
reduce perceived stress and address the systemic stressors 
of Surgical Training (e.g. burnout, career progression) but 
has not yet been integrated with skills-based training to op
timise performance. 
“Phase 3: Application and practice” is amenable to high 

fidelity simulation training, providing a relevant, safe space 
for individuals to apply skills learned in Phase 2, within a 
fully controlled environment which can be manipulated to 
increase the stress experienced by the individual. Individu
als’ stress response can be reliably demonstrated by varia
tions in physiological and psychological parameters and ac
credited questionnaires (e.g. STAI). Biochemical measures 
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such as salivary cortisol and alpha amylase have shown less 
predictable variations as part of the stress response, there
fore offering a less reliable research tool. 
Awtry et al. (2025) recently highlighted surgeons stress 

response as a modifiable target to improve patient out
comes, by demonstrating and association between de
creased HRV in the first 5 minutes of an operation and de
creased major complications in a prospective cohort study 
of 38 attending surgeons across 793 surgical procedures.45 

Whilst increased stress was with associated decreased com
plication rates, this is likely due to the initial increase in 
arousal and performance demonstrated by Yerkes & Dob
son and validated throughout high performance industries, 
as all participants were senior surgeons performing mostly 
elective procedures - therefore unlikely to experiencing an 
excessive stress response. The study group are also keen 
to highlight their data does not offer insight into the sur
geon’s stress response beyond the initial 5 minutes, and 
subsequently their ability to manage their stress response 
during challenging intra-operative or environmental 
events. Nevertheless, this study supports the body of data 
demonstrating the impact of the surgeon’s stress response 
on patient outcomes, safe and practical methods of mon
itoring this and collective intra-operative data and high
lighting the stress response as a modifiable target in surgi
cal outcomes. 
This review is limited by scarce literature on stress ex

posure training in medicine and surgery and has drawn rel
evant themes and results from contributing components, 
such as stress exposure training in alternative industries, 
activation of the stress response in surgeons and how this 
can be monitored, to formulate a working hypothesis for 
the next stage of this research. 

CONCLUSIONS 

Surgeons may undergo a significant stress response whilst 
operating associated with decreased technical and non-
technical performance, with potential detriment to patient 
outcomes. This stress response is related to both external 
factors, such as environmental and procedural stressors, 
and internal factors, such as the individual’s ability to man
age their perception of the situation. These findings are 
most acutely demonstrated amongst junior and trainee sur
geons. 

The need for stress management training for surgeons 
has been discussed widely in recent literature and has been 
cited as one of the fundamental areas lacking in the current 
surgical curriculum. The benefits are wide reaching – in
cluding scope to optimise patient outcomes and surgical 
performance, improved health of the individual surgeon, 
career longevity, reduced burnout-rates and improve work
force retention. The relationship between managing an in
dividual’s stress response and ability to demonstrate op
timal human factors skills, such as situational awareness, 
problem solving and communication, and technical opera
tive skills is in inseparable, thus strengthening the impor
tance of this work in terms of patient safety and outcomes. 
This systematic review demonstrates the efficacy of SET 

in analogous industries and provides an evidence-based 
starting point for the development of a training programme 
addressing these deficits. 
We propose a training programme where individuals un

dertake clinical simulations in matched to their skill level 
under gradually increasing environmental and procedural 
stressors over a 6–8-week period, augmented with stress 
management training throughout. Stress would be mea
sured through physiological and psychological metrics and 
performance-based outcomes measured by independent 
observers against a pre-defined checklist. 
A pilot study is in development, with each phase con

structed with input from experts in medical education, sur
gical training, teams and individuals who have successfully 
implemented SET into their workplace, alongside those 
working in “acute” surgical care and have developed and 
refined their own “surgical stress management” skills 
throughout their careers. 
We hypothesise this will enable surgical trainees to de

velop psychological and practical skills to perform opti
mally under stress and mitigate the negative impact of the 
stress response. We propose this programme can be gener
alised to meet the needs of the wider MDT including emer
gency and prehospital medicine and anaesthetics. 
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