
lable at ScienceDirect

International Journal of Surgery Open 35 (2021) 100382
Contents lists avai
International Journal of Surgery Open

journal homepage: www.elsevier .com/locate/ i jso
Research Paper

Fatigued surgeons: A thematic analysis of the causes, effects and opportunities for
fatigue mitigation in surgery

Dale F. Whelehan a, *, Daniel J. Brown b, Tara M. Connelly c, Paul F. Ridgway a, c

a Discipline of Surgery, School of Medicine, Trinity College Dublin, The University of Dublin, Ireland
b Department of Sport and Exercise Science, University of Portsmouth, UK
c Department of Surgery, Tallaght University Hospital, Ireland
a r t i c l e i n f o

Article history:
Received 2 July 2021
Received in revised form
30 July 2021
Accepted 3 August 2021
Available online 11 August 2021

Keywords:
Fatigue
Sleep deprivation
Surgery
* Corresponding author. Discipline of Surgery, Scho
E-mail address: whelehd@tcd.ie (D.F. Whelehan).

https://doi.org/10.1016/j.ijso.2021.100382
2405-8572/© 2021 The Author(s). Published by Els
creativecommons.org/licenses/by/4.0/).
a b s t r a c t

Background: High-pressured situations, coupled with diminished resource allocations and over-worked
staff have been characteristic of surgery for a long time before the COVID-19 pandemic. Understanding
the cause and effects of fatigue in the profession are warranted to design evidence-based and effective
interventions for fatigue mitigation. By identifying the individual stressors to individuals fatigue levels,
tailored approaches to better optimise performance can be established.
Methods: This was a single-site qualitative study design using an interpretive, iterative and then
deductive thematic analysis approach. Participants were recruited between February 2020eMay 2020. A
convenience, followed by purposive sampling strategy was employed to inform theoretical gaps on
surgical trainees and consultants.
Findings: There are commonalities in the influencing factors between both fatigue and sleep deprivation.
It was identified that often the combination of fatigue and sleep stressors blurs the line between
identifying what is primarily influencing subjective fatigue. There was an appreciation that the perfect
storm of personal and environmental stressors could impact patient safety. Participants identified several
personal mitigators for technical and cognitive performance, but relied more heavily on team factors for
decision-making and to mitigate affective issues.
Conclusion: This study provides understanding of fatigue in surgery as a multifaceted phenomenon.
Variation in causes and effects of fatigue are the norm. Maladaptive strategies to mitigate fatigue in
surgery are commonly used. Fatigue as a problem is best tackled at an individual level, and supported by
environmental and systemic changes to sustain behaviour changes.

© 2021 The Author(s). Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Background

Grind to a halt. Run out of steam. Out of energy. Fatigue as a
state was first identified in medical literature in the late 1800's as
a “a disease of overwork and a sign that the body and mind have
limited capacity for responding to the demands of modern
working life” ([1]; p.153). Oftentimes the terms ‘fatigued’ and
‘sleepiness’ are used interchangeably. Both states negatively
impact working memory capacity [2,3], affect and mood [4,5];
and aspects of learned skills [6]. There are however some unique
characteristics to both states. Sleepiness is uniquely characterised
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by an increased sleep propensity and higher levels of drowsiness
[7] and sleep deprivation can increase fatigue levels.

Since the industrial revolution, the focus of performance
decrement mitigation has been increasing, largely in part to the
increased reported levels of fatigue in the population. In partic-
ular, aviation applied fatigue mitigation strategies in the 1950's to
reduce incidences of pilot incapacitation and thus occurrence of
high-stake errors. Rigorous protocols for performance manage-
ment were implemented and the sector was largely successful and
produced an abundance of research which has applicability to
many sectors when exploring fatigue. Similar to aviation, surgery
lin, Dublin, Ireland.
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is a high performance industry, with associated high-stake error.
Regrettably, surgery deviates significantly from aviation in how it
has attempted to resolve issues of fatigue within the profession
which have contributed to the normalisation of the ‘sleepy’ or
‘fatigued surgeon’.

High-pressured situations, coupled with diminished resource
allocations and over-worked staff have been characteristic of sur-
gery for a long time before the COVID-19 pandemic. Surgical
training is modelled off the Halstedian era of residency training [8].
This method of learning defined in order to become a competent
surgeon one had to devote their lives to the profession and ‘reside’
within the training centres. One of the unique and significant
contributing factors of fatigue in surgery from this method of
learning was increased sleep disturbance and sleep deprivation.
Subsequent reports on this approach have been regularly criticised
in the literature given the reputation of its founder and their per-
sonal performance sustainability methods [8] yet vestiges of this
method of learning are the predominant method of practice to this
day.

Surgery is unique in that the skillsets required for trauma cases
often require a surgeon to be present on-site for 24-h. The conti-
nuity of patient care is seen as pivotal to assuring patient safety [9]
and culminates in increased on-call duties for surgeons. This leads
the profession into a situation of unavoidable levels of sleep
disturbance and increased work hours beyond regulatory re-
quirements [10]. The result is an overworked surgical cohort who
are subject to reduced rest opportunities and increased sleep dis-
turbances. Efforts to tackle these challenges have improved
significantly since Halstedian times such as the Accreditation
Council for Graduate Medical Education (ACGME) which limits
surgeons in the United States to 80 h of work per week [11]; and the
European Working Time Directive (EWTD 2003/88/EC) which
limits work hours to 48 h a week [12]. These changes have seen
significant shifts in the pattern of surgical work, though issues of
fatigue within the profession remain prevalent. Formal research
found that the mean work hours in Irish surgeons was 69.4 h [13].

Surgery is subsequently left in a precarious position of where
surgeons must be constantly alert and ready to perform in high-
stake situations on a regular basis. Understanding the cause and
effects of fatigue in the profession arewarranted todesign evidence-
based and effective interventions for fatigue mitigation. The psy-
chology of fatigue theorises fatigue as an emotional subjective state
which directs surgeons to stop a particular action [4]. By identifying
the individual stressors to individuals fatigue levels, tailored ap-
proaches to better optimise performance can be established.

1.1. Research question

Why do surgeons believe they experience fatigue and how can it
be resolved?

1.2. Objectives

1. To identify self-identified causes of fatigue and sleep depri-
vation in surgery
2. To explore self-identified effects of fatigue on surgical
performance
3. To list current mitigators used by surgeons to tackle fatigue
4. To explore acceptability and barriers of evidence-based fa-
tigue mitigators

2. Methods

The research was conducted in accordance with the gold
standard Consolidated criteria for reporting qualitative research
2

(COREQ) checklist [14] with appropriate justifications attached in
Appendices.

2.1. Study design

This was a single-site qualitative study design using an inter-
pretive, iterative and then deductive thematic analysis approach,
informed by Ref. [15]. Semi-structured, individual interviews were
conducted through socially-distanced interviewing or online. Core
sets questions evolved as interviews progressed in a process called
reflexivity which is a metric of rigour in qualitative research.
Reflexivity is described as “an attitude of attending systematically
to the context of knowledge construction, especially to the effect of
the researcher, at every step of the research process” [16].

The study was approached through initial inductive followed by
deductive reasoning. Data was interpreted through an ontological
relativism and epistemological interpretivism paradigm to better
understand phenomenology of fatigue in surgery recognising that
fatigue is a subjective experience (i.e. phenomenology).

2.2. Participants

Participants were recruited between February 2020eMay 2020.
Participantswere recruited throughan invitation sent via anemail list
tailored to surgeons through the Department of Surgery in Tallaght
University Hospital containing an invitation to participate aswell as a
participant information letter. A reminder email was also sent out to
individual emails after 4 weeks of commencing the study. The par-
ticipantswere considered recruitedwhen they subsequently respond
by email indicating their interest to participate. The research project
was then discussed with them, offering them the opportunity to ask
any further questions. This processed was then concluded when and
they signed a consent form indicating informed consent.

A convenience, followed by purposive sampling strategy was
employed to inform theoretical gaps. Data collection was ceased
when the research team felt sufficient data saturation was reached
and no new codes emerged [17]. The inclusion and exclusion
criteria were as follows:

Inclusion:

- Surgeons in the single-site institution
- Surgical trainees (SHO and Registrar)
- Surgical consultants

Exclusion:

- Non-surgical medical professional
2.3. Study instrument: interview guide

An interview guide (Appendix X) was devised and piloted based
on the objectives of the study and with input from an expert in
qualitative fatigue research to improve accessibility. The questions
focused on threemain areas in the context of fatigue: 1) influencers
2) impacts and 3) mitigators.

2.4. Qualitative analysis

The interviews were audio recorded and transcribed verbatim.
NVIVO © (Version 1.1 QSR International Victoria, Australia) was
used to support data analysis. A thematic analysis approach was
used as it aligns with both philosophical approaches employed [15].
Theme is defined as patterns within the data with shared meaning



Fig. 1. Six-phase approach for thematic analysis.
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across different interviews and underpinned by the central concept
[18] e in this case fatigue. The six-phase approach to data analysis
[15] is elaborated in Fig. 1.

Quality control measures were employed to ensure rigor [19]
and trustworthiness of the study. This reduces the risk of researcher
bias dominating the findings. The four metrics used [16] are dis-
cussed in Table 1.

Disclosure of research members orientations to the analysis are
important to improve transparency in qualitative research. The
orientation of the primary researcher (DFW) is from the perspec-
tives of behaviour sciences and lifestyle medicine having worked
with surgeons in his capacity as a researcher and physiotherapist.
Co-investigator DB is a chartered psychologist and researcher in the
area of ‘thriving’ in elite sport whose knowledge assisted with
understanding performance optimisation across similarly highly-
Table 1
Quality control measures employed to ensure rigor and trustworthiness.

Quality Measure Definition Actions employed

Credibility The correct interpretation of the data to ensure
accurate representation

➢ Prolonged eng
➢ Triangulation
➢ Reflection of

member check
Confirmability The strategies employed to ensure objectivity

and reduce researcher bias
➢ Memo-writing

research direc
➢ ‘Critical friend
➢ Confidentiality

Dependability The reliability of the data findings ➢ An inquiry au
➢ ‘Critical friend

Transferability The generalisation that can be extended ➢ Linking quant
➢ Exploring find
➢ Sampling stra

3

pressurised industries. The orientation of TT has been informed
by her personal experiences as an obstetrician and gynaecology
consultant and research orientations from constructivist grounded
theory and fatigue in healthcare personnel. The orientation of PFR
has been informed by his experience as director of perioperative
care in the hospital to which his offices directive is in enabling
personal and professional modifiable changes which can better
support surgical staff to provide optimal patient care.

3. Results

3.1. Demographics

A total of 14 surgical trainees and consultants were recruited.
Baseline demographic summaries are seen in Table 2.
agement with participants (>50 min interviews)
of findings with other studies as part of a PhD thesis
high-level findings with independent surgeon to provide modified synthesis
ing approach [20]
to identify personal biases and explicit disclosure of how perspectives informed

tion [21]
’ [22] meetings with expert in the field to improve qualitative research skills
and disclosures discussed with participants throughout [23]

dit for detailing changes in coding interpretation
’ who provided alternative interpretations of coded extracts
itative and qualitative findings
ings in context of established theories
tegy to ensure diverse engagement



Table 2
Demographics Summaries of Participants.

Surgeons 14

Gender
Male 8 (57.1%)
Female 6 (42.9%)
Specialty
General 12 (85.72%)
Urology 1 (7.14%)
Vascular 1 (7.14%)
Current Job Title
SHO 4 (45.3%)
Registrar 7 (33.3%)
Consultant 3 (21.4%)
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3.2. Fatigue and sleep deprivation influencers

Comparisons of the different influencing factors of higher fa-
tigue and sleep deprivation are provided in Table 3. There are
commonalities in the influencing factors between both fatigue
and sleep deprivation as determined by requisites of “adapting to
the system to become an excellent surgeon” (P5). It was identified
that often the combination of fatigue and sleep stressors blurs the
line between identifying what is primarily influencing subjective
fatigue being “really busy, over extended and tired makes it all seem
like a blur of causes I can't escape from” (P11) and so they often
affirm that “Yes I might be fatigued or tired at this stage [and] accept
those realities or facts” (P5). Uniquely, there were a significant
amount more personal and work factors that contributed to the
fatigued state.
3.3. Impact on performance

Comparisons of the different impacts on performance are pro-
vided in Table 4. When asked which tasks they preferred to avoid
when fatigued, there was unanimous agreement that cognitively
performance tasks such as clinics and administrative clinics were to
Table 3
Influencing factors for fatigue and sleep deprivation.

Fatigue

Hours of work � Staying up the day after on-call
� Long weekend shifts
� Working long days off-call

Cultural � Not prioritising rest
� Functioning on sleep deprivation
� Cult of personality of ‘tired surge

Specialty � Patient needs and caseload
� Culture of wellbeing
� Variation in work

Training � Rest strategies differ in training l
Personal � Ageing

� Family
� Sleep habits
� Commuting
� Mental Health
� Poor diet
� Poor exercise levels

Work Structures � Inefficient processes and systems
� Low resource availability
� Low supportive structures or net
� Low job autonomy
� Low job security
� Low respect for work-life balanc
� COVID-19
� Physical ergonomics

4

be avoided for both personal- “adds a cognitive load to my day that I
don't unnecessarily need” (P34)” and patient interestse “not going to
make good decisions for the patient” (P11).

There was less agreement on technical performance tasks with
some citing they don't like to be fatigued in theatre for personal -
“We are still learning and need to take that all in e so we don't like
doing call before theatre” (P4)” and patient interests - “I would avoid
technical procedures as much as possible if I had a sleep deficit because
I'm more liable to make a mistake and that would adversely impact
both myself and the patient” (P30). Interestingly, others found this
setting more appropriate for fatigued states because it increases
energy - “You are really switched on you get a good adrenaline rush”
(P18) and is intuitive for more experienced staff automatic muscle
based procedure.fall into heuristics and the pattern recognition” (P11).

There was an appreciation that the perfect storm of personal
and environmental stressors could impact patient safety - “There
was a pitch battle going on in the ward outside e people were
throwing chairs up and down, and I ended up giving the patient 25,000
units of heparin” (P11). Such stressors such as repetition, complex
decision-making, time pressure, low resources and poor social
supports increased cognitive load and made perceptions of tasks to
be more difficult. This culminating in decrements to affective
regulation - “I find when I'm tired I'm a bit more emotional in the
sense that my emotions are a lot more to the surface. e anger comes
out a lot sooner e sadness or feeling overwhelmed also” (P2)” which
had significant non-technical performance implications such as
teamwork, communication and management.

The link between performance decrement and impact on pa-
tient care was less established. While some stated fatigue could
impact to the extent of increasing patient morality particularly
when overworked - “We had about 40 patients .. And we had about
14 patient deaths e which I know was because I was the only one
there” (P2)”; a portion of surgeons felt their moral obligations
meant avoidable patient care impact never occurred - “everyone has
their own limits that they push e but in the end it comes to patient
care, all of us are the same e all of us try out best to make the right
decisions at the right time for the patient. No clinician would want
Sleep Deprivation

� Staying up the day after on-call
� Sleeping less on-call
� Sleeping in the hospital
� Not getting to repay ‘sleep debt'

on

� Not prioritising sleep
� Functioning on sleep deprivation
� Sacrificing sleep for work
� Profession-induced insomnia
� Patient needs and caseload

evel � Sleep strategies differ in training level
� Ageing
� Family
� Poor sleep habits

works

e



Table 4
Impacts of fatigue on performance and patient care.

Technical Cognitive Affective Patient Care

� Ysituational awareness
� Ydexterity
� Yreaction time
� [self-injury

� Ysituational awareness
� Yinformation processing
� Yattention
� Yerror-recognition
� Yinformation recall
� [intuition
� [somnolence
� [dissonance

� Yinteroception
� Ycollegiality
� Ycommunication
� Ymotivation
� Ypatience
� Yleadership
� [emotional lability
� [cynicism

� Ypatient experience
� Ycomprehensive assessment
� Ydocumentation
� Yinput to discharge planning
� Yengagement with prolonged-stayers
� Ypatient education
� Yinteractions with family
� YMDT communication
� Y progress of patient care
� [paternalism
� [surgery time
� [operative complications
� [patient death
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patient care to be affected” (P5). When exploring these un-
derstandings with other surgeons, some identified that there can
be a few reasons for this including:

� Overestimation of ability when tired e “I think a lot of people
overestimate their abilities [when fatigued]” (P30)

� A lack of insight into the relationship between sleep and per-
formance - “there is an underestimation and underappreciation of
the limits from sleep deprivation” (P30)

� an inflated ego e “people don't like to acknowledge fatigue e

surgeons think we are able to push through the tiredness and
sustain performance” (P34)

� cultural expectations within teams e “I would be seen as not
being able to do this [surgery]” (P34)

� a lack of foresight e “you need you have cognition of the wider
things and the longer term effects e this is a short term thing like a
3 h surgery e but the longer term mistake is if you make a mistake
that is your career e a lot of surgeons don't think that way” (P30)

3.4. Mitigating impact of fatigue on performance

Comparisons of the different impacts strategies used to mitigate
fatigues impact on performance are provided in Table 5. Partici-
pants identified several personal mitigators for technical and
cognitive performance, but relied more heavily on team factors for
decision-making and to mitigate affective issues. Despite
acknowledgement of personal fatigue, this translates across to the
perception of fatigue not impacting patient care due to team e “the
consultant gets more rest .. Which is important as they make the
Table 5
Mitigators of fatigue impacting on performance and patient care.

Mitigator Technical Cognitive

Personal � Slow down
� Increase vigilance
� Push through
� Learning curve
� Experience
� Adrenaline
� Keep active
� Food and water
� Sleep
� Chew gum

� Slow down
� Increase vigilance
� Push through
� Fresh air
� Regular breaks
� Prioritise work
� Write down tasks
� Caffeine
� Shower

Team � Team support � Someone double-checks
� Standardised communications
� Relying on non-sleep deprived sta
� Shared decision-making

Institution � Shift-swapping
� Cancelling electives

� Shift-swapping
� Safety-checks
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ultimate decisions” (P31) and institutional safeguards - “there are
nursing staff and you know there is a pharmacist and a physiothera-
pist e there are so many people who can look at it you know [to
prevent error]” (P18).

3.5. Interventions to mitigate fatigue

Comparisons of the different intervention approaches mitigate
fatigue in surgery are provided in Table 6. The interventions were
largely identified as beneficial including strong links between
positive cultures, stress management, effective rest and sleep ul-
timately benefitting patient care. Three large barriers to making
any change in behaviours which could mitigate fatigue exist. The
first is the closed culture within surgery and the difficulty in
making individual change without support from surgical peers e
“if you feel like you're going to be judged and judged negatively”
(P11). The second is resourcing and the difficulty in implementing
any intervention when significant work pressures re placed on
surgeons which they can't ignore e “we simply do not have the
physical capacity or the human resources to change anything major”
(P34). The final barrier is personal inertia to making any changes -
“you can lead a horse to water but you can't make it drink. You could
put out all those things but it doesn't mean people would actually
avail of them” (P11).

Facilitators of effectively implementation of interventions in-
volves leadership from senior staff - “they're meant to be your
mentor in all respects e and fatigue and performance comes into
that” (P30) and structural changes within the organisation which
can remove impediments to allow surgeons to change their
Affective Patient Care

� Cognitive appraisal
� Spirituality
� Fresh air

� Philosophy of ‘do no harm'

ff

� Cover call
� Collegiality
� Caring manager

� More rest for critical decision-makers
� Rested colleagues get consent
� Rested colleagues write prescription

� Annual leave � Safety-checks
� MDT perspective



Table 6
Perceptions on potential interventions to mitigate fatigue.

Culture Sleep and Rest Stress Diet Exercise

Barrier Professional Institutional Institutional Institutional Professional
� Gender
� Closed culture
� Personality
Personal
� Inertia
� Fear of judgement

� Low physical and human resources
� Service delivery requirements
� Autonomy
� Medicolegal issues
� Impacts continuity of care
� Inefficient systems
� Compliancy culture
� Fatigue not on risks register
� Expectations of profession

� High workload
Personal
� Inertia
� Anxiety on-call anxiety
� Rumination

� Facilities access
� On-call work
Personal
� Inconsistent patterns
� Religion
� Delivery deals

� No off-time
Personal
� Inertia
� Poor self-management

Professional
� Training needs
� Emphasis on technical skill
� Personality
� No other interests
� Culture
� Unpredictability of work
Personal
� Inertia
� Self-discipline

Facilitator Professional Institutional Personal Personal Professional
� Psychological safety
� Senior modelling and leadership
� Mentorship on self-management

� Increased human and physical resources
� Increase lifestyle facilities
� In-house training
� Policies
� Proactive rota design
� Compliancy to wellbeing culture
� Autonomy in work
� Reduce penalties
� Comprehensive reporting systems

� Sleep hygiene
� Exercise
� Social life
� Gaining insights
� Self-compassion

� Supportive home
� Education
� Healthy options
� Preparing food

� Facilities on-site
� Identifying spare-time
Personal
� Education
� Value systems

Professional
� Start with interns
� Engagement from senior levels
� Objective measurement
� Team-based
� COVID-19

Benefit Professional Personal Personal Personal Professional
� Positive culture � Better management

� Effective resting
� Prioritise wellbeing
� Better work-life

� Reduced anxiety
� Better sleep

� Better sleep � Improves collegiality
� Positive culture
Personal
� Reduced anxiety
� Facilitates work-life
� Better sleep

Organisational
� Reduces error-risk
� Benefits patient care
� Provides system approach for
fatigue management

� Compliancy with EWTD
� Work efficiency
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behaviours e “I think if there was like even breaks being protected e

we're paid for our breaks which means we're supposed to be available
for an emergency..that constant leaping and answering phonecalls is
a fatigue within itself..how can we rest?” (P11). The pandemic
“brought seismic opportunity and shift in how we work” (P34)which
could suggest it to be an opportunistic time to make significant
changes to individuals perceptions and cultures.

4. Discussion

4.1. Research question

The thematic analysis supports the theory that fatigue is a
subjective emotional experience [4], which differs in causes
amongst surgeons and is often blurred in phenomenological un-
derstanding with sleep deprivation. Influenced heavily by sleep
states, it can be exacerbated by environmental factors such as
culture and work structures. An abundance of strategies are uti-
lised, but it appears there is a consistent strife between opportu-
nity, capability and motivation to enable effective sustainable
6

behaviour changes to mitigate fatigue. Perceived non-impact on
patient care and cultural issues could lead to internalised states of
inertia towards fatigue management.

4.2. Causes of fatigue

One of the most concerning aspects of fatigue in surgery is the
regularity in which it is reported and the varied identified causes
and effects. Fatigue is a state is triggered when there are environ-
mental demands placed on an individual completing a task with
high time demands [4]. The analogy of the ‘perfect storm’ sum-
marises the sentiment of fatigued states in surgery and reflects the
theoretical assumptions of fatigue resulting from internal mental
processes competing for attentional control [4]. Theories of fatigue
hypothesise the state is more likely to occur in situations where
there is perceived external locus of control, rapid successive tasks
and high effort exertion to maintain goals despite environmental
distractions [4]. The most dominant variable was ‘hours of work’
with some discussing the difficulty in mitigating fatigue when they
are working during typical times of rest i.e. during the weekend or
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during the night. In on-call settings, additional cognitive loads such
as covering non-surgical specialties and less social support is pre-
sent which depletes mental resources further. Significant work-
demands leaves many without the opportunity to take a break,
fulfilling basic physiological or psychological needs which ulti-
mately culminates in a ‘strain’ state characterised by high effort and
fatigue [4]. Work structures was identified as a unique cause of
fatigue. In particular, work structures made it difficult for some to
establish personal work-life boundaries which impedes opportu-
nities for recovery states and low autonomy has been theorised to
contribute to fatigued states [4]. This relates closely to organisa-
tional theories such as the demand-control-support model [24].
Both a sense of autonomy and connected to others could buffer the
effects of fatigue, but if surgeons perceive little control or ‘decision
latitude’ in how they work, in conjunction with low co-worker
support, the demands of the profession significantly increase fa-
tigue states.

Significant reference to sleep deprivation as a cause of fatigue
was identified by participants throughout, complimenting the
literature on sleep being the primary cause of fatigue in surgery,
and so warrants particular investigation. The lines between phe-
nomenology of sleepiness and fatigue have been historically
blurred. While environmental factors reduced opportunities to
maintain a consistent sleep pattern, there was internalised as-
sumptions within the profession that surgeons adapt an immu-
nity to the effects of sleep deprivation. Such in-group ethnocentric
perceptions are likely to feed into the cultural milieu determined
in the first instance by Halstedian training [8] of the necessity to
conform to unrealistic physiological adaptions in order to prog-
ress through surgical training. These include the sleep habits of
being able to “‘sleep well and quickly in any location” (P15) and
beliefs that “surgeons are morning people” (P34). Even cognisant of
such findings, cognitive dissonance, defined as “the aversive state
of arousal that occurs when a person holds two or more cognitions
inconsistent with each other” [25] is likely prevalent for surgeons
in their understanding of fatigue and performance. The greater
efforts needed by surgeons to pursue their training, irrespective of
the environmental and personal demands, the greater the moti-
vation to continue without changing personal strategies. Distor-
tion of personal choices will reduce the cognitive dissonance
between work demands and personal desires to experience for
basic physiological and psychological needs. Over-rationalisation
in this regard could lead to further levels of fatigue through
willpower depletion.

Social variables such as parenthood and ageing place significant
demands on the personal lives of individual surgeons. Research
suggests that early-parenthood disproportionally affects sleep
quality in women [26] and negative cultures towards pregnancy
exist in the profession [27] contribute to the disparity between
male and female surgeons regarding opportunities for fatigue
mitigation [28]. In addition, ageing surgeons reported increased
difficulty in recovering from on-call work, begging the question as
to whether on-call associated work should be re-evaluated through
the lens of biomathematical modelling. This would be supported by
an extensive qualitative study design which involved surgical res-
idents that found surgeons find reduced opportunities in recov-
ering from post-call states [29]. Many reported having to make a
trade-off between improving physiological depletions through
sleep recovery, or improving psychological depletion through
engaging in non-work activities.

4.3. Effects of fatigue

Fatigue was reported to impact on cognition and affective
performance to a greater extent, while technical performance was
7

identified as being largely preserved. The implications of this
meant that while aspects of non-technical work could decrement,
patient safety in surgery was preserved in fatigued states. The
perception of non-technical work being more fatiguing reflects
theoretical assumptions that fatigue can result from states of
under-stimulation as well as overstimulation [4]. Surgeons may
employ additional executive control strategies in surgical pro-
cedures as they place greater value on this aspect of work and thus
increased motivation allows increased processing of information
and reduced cognitive load [4,30,31]. It was reported that surgical
procedures activated an “adrenaline rush” (P18), particularly in
high-stakes scenarios. This may refer to the ‘flow state’ [32] of
optimal performance. Exacerbating factors however such as
‘intricate surgeries’ and ‘longer laparoscopic procedures’ can
reflect the ‘strain state’ which is characterised by high effort and
fatigue [4]. Both flow and strain states are prone to after-effects
[4], and thus reducing the regularity of operations within a day
to reduce likelihood of delayed-onset fatigue may be warranted,
particularly if complex cases present. In cases where technical
skill was perceived to be impacted, it was primarily in tasks which
involved cognitive aspects such as reaction time. The implications
of this means surgeons may have decreased conscious recognition
of external cues such as time and support staff. This mirrors non-
theatre settings, whereby additional decrements including
attentiveness, memory-recall, logical decision-making and time
management were present.

Whether the fatigue state actually negatively impacts perfor-
mance is dependent on the transition from the ‘strain’ state to
‘disengagement’ state [4] due to a mismatch between high envi-
ronmental demands and personal reduced information processing
capacity [33]. Surgeons discussed situations where there are similar
task demands in rapid succession with one another (i.e. Phase 1
known as ‘habituation state’). These situations require an increase
in effort (i.e. Phase 2 known as ‘strain state’) for effortful resistance
of attentional focus from environmental demands. In situations
which are personally motivating to the surgeon, typically involving
technical skill as previously mentioned, surgeons are then more
likely to sustain this strain (i.e. Phase 3a known as the ‘flow state’)
and maintain performance; whereas in situations where surgeons
are not motivated, typically involving non-technical skill or where
there is perceived non-autonomy or resources such as high-
workload clinics, surgeons may withdraw effort due to a strategic
decision that the effort required does not justify the low-reward
(i.e. Phase 3b known as the ‘disengagement state’). In the disen-
gagement state, surgeons will operate functions at a suboptimal
level. In addition, low physical and human resources were identi-
fied by all participants as a cause of fatigue, and while information
processing capacity can be increased through engagement in
highly-motivating tasks i.e. the flow state, the significant buffering
role of sufficient staff is important to allow surgeons the opportu-
nity to recover from high-demand situations effectively. The
mismatch is further exacerbated when there is associated sleep
deprivation [34] and given the regularity in which surgeons com-
plete on-call work there is incongruence between the hypothesis
that, in current models of work surgeons can work within fatigued
states without performance decrement.

There was anomalous conclusions from the participants
regarding the translation of performance decrement to patient
outcomes. A significant percentage reported aspects of patient care
being impacted, but ultimately concluded that fatigued surgeons
does not ultimately lead to negative patient outcomes - “everyone
has their own limits that they pushe but in the end it comes to patient
care … no clinician would want patient care to be affected” (P5).
Internalised cognitions from cultural norms of ‘primum non
nocere’, underestimations of self-fallibility from fatigue, and the
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expectation that error is mitigated through a hierarchical system
which involves a multidisciplinary team may explain this incon-
gruence in perceptions between performance, fatigue and patient
care. It also highlights understanding of error in surgery, which
could be explained by an over-emphasis on error resulting from
intra-operative performance, to the neglect of error in periopera-
tive settings. The feedback loop on error-recognition is immediate
in the first while often imperceptible in the complex multi-input
context of the latter. The antipodal argument is that surgeons
intuitively are aware of personal errors but fear retribution for
disclosure. One large study of consultants and senior registrars
finding that major clinical incidents in the workplace are addressed
through a culture of blame for the individual involved [35] and thus
non-disclosure is likely the default.

4.4. Mitigators

Surgeons employed a series of micro-interventions, and were
cognisant of meso and macro-interventions to mitigate the impact
of fatigue on performance. Focusing on personal mitigators, the
‘slow down’ phenomenon in conjunction with increased vigilance
is often employed as a means to reduce error-making reflecting a
speed-accuracy trade off. Whether such changes in performance
are active strategies employed, or are actual results of an increased
cognitive efforts associated with the ‘strain state’ of fatigue remains
unknown [4]. Grounded theory research on surgical expertise de-
scribes the ‘slow down’ phenomenon as a marker of optimising
performance in instances of anticipated operation-specific or
patient-specific issues [36] though this study's findings provides a
counterargument - that increased cognitive load and associated
fatigue may be the primary cause of slowing down in work, irre-
spective of whether a surgical procedure is perceived as difficult.
Fatigue states acts as awarning signal to surgeons that their current
task may be in conflict with their motivational requirements and
that overcommitment to such a task may result in negative impacts
on surgical performance. In doing so, the signalling-state will in-
crease awareness of neglected personal needs of suggest alternative
goals resulting in an appraisal of the benefit-cost of current task
demands. Surgeons will typically feel the urge for rest at this point,
which allows the opportunity for reappraisal to occur more effec-
tively and for change in task to occur if required. The contrasts in
approaches between participants suggests there is variability be-
tween surgeons in how to balance this benefit-cost equation. Some
may be more likely to preserve cognitive resources by reducing
stress associated with high fatigue and high demand situations
while others may increase effort. In the former, cognitive strategies
employed in non-theatre settings included delaying decision-
making, getting through work quicker, or prioritising workload.
The latter approach, categorised by respondents strategies of
‘increasing vigilance’ is likely to lead to stronger fatigue after-
effects. It is evident therefore that there is no consistent perfor-
mance management strategies used by surgeons to reduce fatigue
impact on performance. Particularly in the case of the latter, pro-
longed stress responses, characterised here as ‘push through’, may
be associated with higher levels of error-making. In a large quali-
tative study design exploring causes of surgical errors it was found
that there were significantly higher amounts of system failures
resulting in error in emergency care situations when compared to
non-emergency care [37] suggesting that performance in surgery
differs in situations of perceived high stress versus low stress.
Fatigue-associated performance decrement is seen when time-on-
task demands increase in homogenous tasks [4]. Positively, taking
breaks from tasks can help alleviate fatigue, but transfer to tasks
which place similar mental demands may not offer the respite from
fatigue as hoped as similar executive functions are being employed
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[4]. This means that transferring efforts to mitigate fatigue from
learning in the surgical theatre to learning through other means
may be futile.

A high reliance on caffeine was identified as a means to mitigate
fatigue supports previous research [38], and is useful for short-term
mitigation. Caffeine utility however can't be used longer-term fa-
tigue management as high levels are associated with reduced sleep
quality [39] and increased neurobiochemical responses to stress
[40] which could further exacerbate underlying causes of fatigue.
The high reliance on substances for fatigue management in indic-
ative of the difficulties around capabilities and opportunities for
self-regulation of fatigue in surgery. In resource constraint envi-
ronments where demands exceed information processing capacity,
surgeons may resort to use of ‘satisficing’ strategies [41] as their
primary coping mechanism. These are examples of maladaptive
performance strategies which are reinforced by professional and
organisational norms.

4.5. Potential strategies for fatigue management

Acceptability of different interventions to tackle fatigue in sur-
gery were largely positive, with strong interlinks between lifestyle
medicine approaches in conjunction with more systemic environ-
mental changes. There was however, significant barriers for any
intervention to attempt to overcome, each of which resonatewith a
different level of hierarchical intervention input. The cultural non-
disclosure of fatigue in surgery results in a silent manifestation of
its state, further exacerbated by personality differences, insufficient
education on performance management, professional expectations
of resilience and individual fears of judgement. The psychological
reality of surgeons as a social group can be understood through
theories of self-categorisation [42]. The phenomenology of causes
and effects of fatigue discussed were identified as collective expe-
riences for surgeons as a whole. There was a sense that the ‘social
identity’ of the surgeon played a more significant role than the
‘personal identity’ of the individual. This has implications for how
individuals have reacted and behaved when confronted with
fatigued states in the past. They are more likely to conform to social
norms of how their colleagues thus reinforcing the stereotypical
maladaptive performance strategies previously mentioned. One
study exploring principles of fatigue in a cohort of surgical resi-
dents identified that there is inconsistent conceptualisations of
what fatigue is in the profession, but that there is shared un-
derstandings of it being inescapable, better managed through
experience and necessary for future practice [43,44]. Education,
followed by establishing psychological safety within departments
for fatigue disclosure was largely welcomed by participants as an
important step within the profession to establish a norm of chal-
lenging fatigue in a constructive and sustainable manner.

Another barrier is personal inertia to making a change perhaps
due to a feeling of non-necessity or due to willingness and readi-
ness levels. In the former case, it is possible that the social reality of
surgeons has negatively impacted participants ability to think
independently of cultural norms. False self-perceptions that feel-
ings of fatigue are indictive of the requirements to be a surgeon are
reinforced through operant conditioning of vestiges of Halstedian
training. Similarly, perceptions of lower error-making, as seen in
those who reported working in fatigued states in non-theatre set-
tings may reflect a high level self-affirmation and overconfidence
within the profession, with individuals less likely to take personal
responsibility for error-making due to ego-defensiveness. One
study found that surgeons reported that they were less likely to
accept limitations of their own performance due to sleep depriva-
tion [45]. This makes it increasingly difficult to apportion error-
mitigation as a personal, as well as a system responsibility.
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In the latter case, the unwillingness to make change at an in-
dividual leave is fuelled by closed culture both by professional ex-
pectations but also a rising litigative healthcare system; while an
unreadiness could be due to the significant environmental con-
straints placed on surgeons which reduces perceived volition,
choice and self-regulation [46].

The outstanding question remains e is environmental inter-
vention or personal intervention likely to elicit the greatest
impact? The surgeons highlighted individual responsibility to
tackling fatigue is only part of the equation, with environmental
restructuring required in order to facilitate sustainable behaviour
change. This is supported by a qualitative study design exploring
priority interventions for reduction of stress and burnout in Irish
doctors which identified that system-focused interventions were
the most highly rated amongst participants. Their findings mirror
the findings of this research e with necessity to optimises basic
work entitlements such as leave and on-call rotas identified as
areas requiring immediate attention [47]. A significant portion of
the required changes to mitigate fatigue have theoretical un-
derpinnings associated with the self-determination theory [30].
This theory holds that the basic psychological needs of the sur-
geons e their competence, relatedness and autonomy must be
fulfilled in order to make motivation autonomous and sustain
required behaviour changes. Current environmental structures
constrain autonomy.

A reductionist one-size-fits-all approach to mitigating fatigue
through environmental intervention is antithetical to theories of
fatigue being a subjective experience [4]. The deployment of effort,
which increases risk of fatigued states, is a voluntary process and
thus perceived external locus of control results in many surgeons
perceiving fatigue to being an unavoidable state due to environ-
mental constraints. This reflects an error of attribution. Similarly,
variability in tolerances of effort [48] as well as motivational
commitments to goal achievement [49] are the norm. ‘Compliancy
culture’with EWTDwas identified as a barrier to sleep and rest, and
violation of the work hour regulations has been previously found in
residents [50] despite participants knowledge of the importance of
such mandates for ensuring patient safety and improving well-
being of workers. Irrespective of whether they had over-worked
or not, participants felt they were upholding the principles of
‘primum non nocere’. The participants stated that non-compliance
was driven by educational pursuits as well as cultural expectations
within theworkplace of compliancewithworking-hour regulations
[51] which resonates with the findings of this study. With that in
mind, both inertia and cultural issues barriers are best facilitated by
senior leadership within the profession. Leaders should highlight
the fallibility of their own performance due to fatigue, and the
importance of recognising fatigue as a significant risk to error-
making and thus patient safety. This helps foster ‘relatedness’ in
accordance with self-determination theory [30]. Developing
perceived ‘competence’ can be facilitated by educational inter-
vention to increase knowledge and thus capability to make change
[52], in conjunction with aa formal mentorship or coaching pro-
gramme to track changes in behaviours in a psychologically safe
manner.

4.6. Strengths and recommendations

This study provides a conceptual understanding for the sub-
jective causes, effects and mitigators of fatigue employed by sur-
geons. In doing so, it provides understanding of the complex
interactions between fatigued states, personal factors and envi-
ronmental constraints. Future research considerations on fatigue in
surgeons should be cognisant of the theoretical underpinnings that
it is a subjective state. Nonetheless, there are some areas for future
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research which have applicability for surgeons as a whole. Future
research should consider the effectiveness of an educational design
on differences between fatigue and sleep deprivationwith the view
to change phenomenological perceptions of the terms. Typically,
individuals attribute behaviours to the perceived aspects of the
context in which they are situated, placing external attribution of
cause when in situations of perceived failures. Further exploration
of the identified causes of fatigue, perhaps through a discourse
analytical method, and the attribution of those causes may provide
insights into how social realities of surgeons experience of fatigue
has been constructed.

Repetitive work was highlighted as contributing to fatigue risk,
reflecting the aspect of the motivational-fatigue theory [4] and so
variance inwork schedules plays an important role when designing
work-shifts to reduce likelihood of fatigue onset due to boredom or
overexertion. One variable which didn't feature explicitly in the
interviews, but is prevalent in the literature is that of fatigue
associated with consecutive decision-making. Research on ortho-
paedic surgeon found that surgeons were 33 % points less likely to
schedule operations at the end of the work-day irrespective of
patient needs [53]. Future research should explore the differences
such repetitive tasks have on types of fatigue in surgeons which
allows evidence-based interventions to reduce its likelihood.

4.7. Limitations

The findings of the study can result in missed pieces of data if the
researcher focuses on findings solely through a theoretical vacuum
[15]. The researcher attempted to explore findings in the context of
fatigue theory [4], motivation theory as well as social psychological
theories to provide a broad conceptualisation of the topic. While
inter-coder reliability is identified in some qualitative research, the
researcher decided against its use for two reasonse time constraints
of the research team in the ongoing COVID-19 pandemic to provide
prompt and timely coding, and the inconsistent evidence to support
the use of such a metric [54]. All qualitative research is con-
textualised to the setting in which the data collection takes place,
and this inevitably shapes the research findings, with saturation of
the data being recognised as an inherent uncertainty and deter-
mined by the judgement of the research team [17]. The typically
statistical-probabilistic generalisability approach is not appropriate
in qualitative research [55], particularly given this researcher rejec-
tion of an inter-coder reliability method. This research may provide
analytical generalisation [55] by post-analysis linking of findings to
established theories of fatigue but also adds to the growing evidence
required for triangulation of findings to establish an evidence-based
intervention in this surgical cohort.

5. Conclusion

This study provides understanding of fatigue in surgery as a
multifaceted phenomenon. Variation in causes and effects of fatigue
are the norm. When exploring effects of fatigue, decremented per-
formance is likely to occur when task-demands exceed that of sub-
jective effort capacity and when compensatory mechanisms can no
longer be employed. Maladaptive strategies to mitigate fatigue in
surgery are commonly used. Evident is the necessity to view fatigue
as a problem best tackled at an individual level, and supported by
environmental and systemic changes to sustain behaviour changes.
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