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Abstract

Purpose of Review To define what sleep deprivation is, how it relates to the growing problem of burnout within surgeons,

and what can be done to mitigate its effects.

Recent Findings There is a growing awareness that sleep deprivation, in both its acute and chronic manifestations, plays an
immense role in burnout. The physical and mental manifestations of sleep deprivation are manifold, effecting nearly every
physiologic system. Studies evaluating strategies at mitigating the effects of sleep deprivation are promising, including work
done with napping, stimulant use, and service restructuring, but are fundamentally limited by generalizability, scale, and

scope.

Summary The overwhelming majority of data published on sleep deprivation is limited by size, scope, and generalizability.
Within acute care surgery, there is a dearth of studies that adequately define and describe sleep deprivation as it pertains to
high-performance professions. Given the growing issue of burnout amongst surgeons paired with a growing patient population
that is older and more complex, strategies to combat sleep deprivation are paramount for surgeon retention and wellbeing.
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Introduction: What Is Sleep Deprivation?

Burnout affects approximately 50% of physicians and
encompasses a multifaceted and multifactorial psycho- and
physiological phenomenon that is deleterious to personal
well-being [1e]. The phrase “burnout” dates to the 1970s
and describes the response to workplace stressors via three
domains: depersonalization, emotional exhaustion, and
reduced personal accomplishment [2e, 3e]. These risk fac-
tors can be measured using the Maslach Burnout Inventory,
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created by Dr. Christina Maslach, to evaluate the presence
and/or degree of burnout one is experiencing [3e]. Terms
synonymous with burnout, such as “moral injury” or “moral
distress,” expand upon the experience to include its psy-
chological and interpersonal effects. Burnout is part of a
tripartite feedback mechanism which involves health condi-
tions and sleep disturbances. Sleep loss can worsen mental
and physical wellbeing through stress, anxiety, depression,
and decreased cognition. These in turn form a feedback loop
which in turn can worsen sleep loss. This creates a negative
cycle involving poor sleep, worsening health conditions,
and increased feelings of burnout as deftly demonstrated by
Stewart et al. (Fig. 1 adapted from their referenced work) [4].

The symptomatology of burnout, including overwhelm-
ing exhaustion, detachment from or cynicism about reality,
and difficulty accomplishing tasks, overlaps with somatic
causes of burnout (e.g., sleep deprivation) [4]. Sleep depri-
vation itself has similar health effects in which exhaustion,
waning empathy, and apathy are all implicit [4]. Moreover,
the timeline of sleep deprivation varies with its chronicity:
acute sleep deprivation being no sleep for a time period of
greater than 24 h, and chronic sleep deprivation typically
defined as lack of or poor quality sleep over at least 6 nights
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Fig. 1 Negative cycle involving poor sleep, worsening health condi-
tions, and increased feelings of burnout. Adapted from Stewart et al.

(4]

[5]. Lack of sleep causes physiologic distress that deranges
cardiovascular, neurocognitive, metabolic, and immunologic
processes. Disruption of these mechanisms can manifest in
disturbances of emotional states including mood changes
and irritability. Moreover, sleep deprivation can manifest
somatic disturbances including changes in appetite, sleepi-
ness, and paradoxically insomnia [2e]. Perhaps most trou-
bling, poor sleep can have profound consequences on con-
centration, memory, and task performance—domains utterly
germane to acute care surgeons dealing with highly complex
and high-acuity patient populations [6, 7e].

In the short term, acute sleep loss is associated with
impaired executive functioning and psychomotor responses
to varying degrees [5, 7e, 8]. In a 1972 study on the effects
of stress in surgical performance, Goldman et al. assess
sleep-deprived residents in multiple areas of task perfor-
mance in the operating room [8]. Eighty percent of resi-
dents demonstrated physiological derangements with acute
sleep deprivation (i.e., tachycardia above baseline) as well
as diminished operative efficiency and poor execution of
planned maneuvers. In addition to the physiologic burden,
sleep deprivation imbues on healthcare workers, procedural
proficiency may also be at risk [7e, 9].

Chronically, the effects of sleep loss accumulate over
time, affecting higher-level cognitive functioning and induc-
ing a state of chronic stress which can cause wide-ranging
physiologic effects including hypertension, hyperglycemia,
and immune response suppression via disruption of the
hypothalamic-pituitary-adrenocortical axis (HPA) and the

sympathetic-adrenal-medullary system [7e, 10, 11]. One
study on sleep deprivation and cortisol levels found an eleva-
tion in serum cortisol levels after a single night without sleep
to 9.6 pg/dL from a baseline 8.4 pg/dL indicative of HPA
disruption [11]. The psychological effects of chronic sleep
deprivation can include negative self-perception, decreased
ability to concentrate or make appropriate judgments, and
increased anger and irritability [2e].

Sleep deprivation has a clear association with burn-
out, even among trainees, and can affect the personal life
of surgeons [3e, 4, 12]. Sleep deprivation can potentiate
hyperarousal stress states and burnout can lead to increased
insomnia and changes in the architecture of sleep, creating a
negative cycle of decreasing sleep quality [4]. High rates of
depression, substance and alcohol abuse, divorce, and suici-
dality can further compound in a specialty which is already
plagued by a high divorce rate and a 150-to-300% increased
suicide rate compared to the general population [2e, 4, 7e].
Poor sleep health has been linked to increased pregnancy
complications, somatic complaints, and increased rates of
motor vehicle crashes [7e].

Disengagement and lack of empathy caused by sleep dep-
rivation can lead to decreased attention and care for patients.
Notably for surgeons, sleep deprivation has been associated
with longer operative times due to inefficiency and increased
error rates [2e, 7e¢]. A national survey in 2010 found that
9% of surgeons made a major medical error within the past
3 months and these errors were strongly associated with
symptoms of burnout and depression [9]. While there also
appears to be an association between increased levels of
burnout and decreased patient outcomes, causality remains
to be determined [13].

Beyond the effects of sleep deprivation on individuals,
the impact of poor sleep health on economic and health
systems outcomes cannot be understated. With an affected
workforce, employers can experience a decrease in employee
retention, higher medical errors driving up financial costs,
and decreased productivity [2e, 3e]. Physicians experiencing
burnout have a higher risk of voluntary reduction in work
hours due to exhaustion. When viewed at a national level,
the lost productivity equals that of over 1000 full-time physi-
cians [13]. With ongoing surgeon shortages and in the wake
of an ongoing pandemic, reductions in efficient healthcare
workforce can provoke crisis [14ee].

Factors Effecting Burnout and Sleep
Deprivation

Sleep deprivation is syndromic of systemic issues includ-
ing available surgeon supply, patient volume and complex-
ity, and the need to provide 24/7/365 hospital coverage [15,
16]. Sparse literature exists on solutions to sleep deprivation
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and finding a one-size fits all solution to the issue of sleep
health is likely untenable as differing hospitals, practices,
and systems have different needs. Instead, discussing the key
factors contributory toward sleep deprivation and influen-
tial on burnout will yield more avenues for the development
and implementation of meaningful solutions. We feel from
an organizational perspective that ambiguity in the defini-
tion of what an acute care surgeon and the growing surgeon
shortage play immense roles in surgeon attrition (Table 1).
Both of these areas directly contribute to surgeon clinical
workload and to the scope of practice acute care surgeons
can accomplish [17]. As such, their addressal is required to
better understand the milieu in which any strategy to combat
sleep deprivation is derived.

Defining a Full-Time Equivalent

Discussion on a national level is needed on what acute
care surgery is as a specialty, what its needs are, and what
constitutes a standard full-time equivalent (FTE). With-
out a generalizable, consensus-based standard on what an
acute care surgeon does, it is difficult to determine what
constitutes fair and equitable workloads. Defining a stand-
ard for acute care surgery is difficult, and the debate on
what acute care surgery is has been ongoing for nearly
20 years [18]. Among their many findings, Esposito et al.
demonstrated through a questionnaire distributed through
the Eastern Association for the Surgery of Trauma mem-
bership that there was little consensus in practice or and
sparing agreement in on the breadth and depth of acute car
surgery. More recently, Murphy et al. performed a national
survey of trauma surgeons across the USA inquiring about
a range of different metrics including call loads, compen-
sation, distribution of service coverage, and frustrations
in balancing academic and administrative responsibilities
[19ee]. Across a variety of academic and non-academic
institutions, there was a wide range of responses with deep
heterogeneity across nearly all queried metrics. Of the sev-
eral findings, perhaps the most illuminating was the differ-
ing service models across like institutions. For instance,
in the level I contingent few centers had similar FTEs

Table 1 Factors affecting burnout and sleep deprivation

available for staffing, and both the call burden and type of
call (home vs in-house) ranged significantly. Between level
I and III centers, these differences only widen. Just as all
politics are local, we infer these findings as indicative that
individual institutions develop in a manner to meet their
needs, and likely do so under the financial and resource
constraints imposed upon them by geographic and admin-
istrative factors (where your center is located and how is it
viewed by hospital administration). The authors appropri-
ately conclude that “defining FTE for an ACS...is nuanced
and depends on a multiple of factors....”

Surgeon Supply

Surgeon supply can significantly impact both burnout and
sleep deprivation. In-house call requirements, service
staffing, and administrative time are bottlenecked by the
number of available surgeons to share the workload. Sur-
geon shortage is a large issue and influenced by innumer-
able factors but can directly impact patient care and physi-
cian wellbeing [20-22]. High-stakes decisions and routine
exposure to patient suffering culminate with acute care
surgeons having the highest rate of burnout across surgi-
cal subspecialties [23]. Many surgeons feel lack of control
on individual, group, and organizational levels and lack
in agency in work-life balance all contribute to burnout
[19ee, 2400 25]. While little work has been done to show
the impact of work hours and call burden on physiologic
stress, recent work has suggested that the effects of sleep
deprivation are both prevalent and long-lasting [26ee].
To that end, service model makeup including call
burden and call distribution is inexorably linked to sur-
geon retention. In their prospective, single-center study
of trauma surgeons at a level I trauma center, Jones
et al. changed service models from 24-h in-house call to
7 days of 12-h shifts. Through survey of both surgeons
and friends/family, they demonstrated reductions in emo-
tional exhaustion, depersonalization, and diminished
sense of personal accomplishment without requiring extra
resources or reducing clinical productivity [27ee].

Factor Implications

Variable FTE

Lack of standardization makes it difficult to establish national best practices

Without a standard definition, difficult to weigh physician well-being against demands of 24/7/365 coverage

Surgeon shortage
potentiate increased burnout

Imbalances between an increasingly older and complex patient population and burgeoning surgeon shortages will likely

Academic and administrative workloads may not necessarily adjust despite more clinical work for less surgeons

Poor Retention

Pandemic

Poor surgeon retention due to burnout will likely only exacerbate stressors already imposed on physicians
Inflexible staffing models respond poorly to unintended stressors (e.g., the COVID-19 pandemic) contributing to burnout

FTE full-time equivalent
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The Unseen and Unplanned Stressors

Many of the factors that place physicians at risk of burnout
such as increased workload, decreased perceptions of control,
limitations in resources and supplies, disruptions to sleep
and work-life balance, and diminished sense of reward had
increased prevalence during the COVID-19 pandemic and
led to a surge in burnout of health care workers [28]. While
data regarding the effects of the pandemic on burnout, sleep
deprivation, and overall surgeon wellbeing are either yet in
their infancy or non-existent, unseen and unplanned stressors
likely have detrimental effects on all aspects of care.

Sleep Deprivation Strategies

Focus on using evidence-based strategies targeted to combat
sleep deprivation can be impactful and tailored to the needs
of individuated systems. Or more plainly, when you are up
at 3am, what can be done to lessen the physiologic and psy-
chologic toll by lack of sleep? The induction of work-hour
restrictions in 2003 led to a proliferation in changes of ser-
vice models including the induction of night float systems
[29]. But data evaluating strategies to mitigate the impact of
work schedules necessitating a flip in the circadian rhythm are
sparse, and most of these studies center on graduate medical
education trainees with large heterogeneity in specialty. Nev-
ertheless, most research focuses on three areas: napping strate-
gies, stimulants such as caffeine and modafinil, and melatonin.

Napping holds an intuitive advantage over other modali-
ties as it engages natural restorative processes through which
even minor increases in sleep accrual diminish the negative
impacts of sleep deprivation [30]. This is so much so that the
American Academy of Sleep recommends endorses napping
for physicians-in-training to reduce fatigue. Within resident
training, Arora et al. demonstrated that interns working 30-h
shifts reported less fatigue both during call shifts and post-
call with an average nap duration of 41 min [31]. When
patient responsibility was transitioned to colleagues during a
scheduled nap, the average nap duration increased to 68 min.
Moreover, uninterrupted naps lead to less sleep disturbances
and better sleep quality as anticipation of interruption has
been shown to lead to sleep fragmentation [32]. In drivers,
napping may have comparable effects to caffeine in reduc-
tions of fatigue and sleepiness, and a wealth of research in
the transportation industry suggests napping is an effect
means of alleviating fatigue [33—35]. In one of the few ran-
domized trials evaluating the effectiveness of napping on
task performance, Tempesta et al. conducted a prospective
quasi-experimental trial on napping during night shift [36].
Their trial demonstrated that for interns with 2-h naps com-
pared to no naps on shift, the 2-h napping group had better
task switching, improved performance speed, and less need

for post-call sleep duration for recovery. In a randomized,
controlled interventional trial of emergency medicine resi-
dents and registered nurses, Smith-Coggins et al. reported
that even a 40-min nap showed improvements in several
objective and self-reported metrics including reaction times,
measures of fatigue, and memory [37]. This aligns with data
equating acute sleep deprivation to being intoxicated with
alcohol [38e].

Supplementation with melatonin has been sought to
reset the circadian rhythm and darkness-related activities
including sleep propensity [39]. A recent meta-analysis of
melatonin use in patients with insomnia demonstrated reduc-
tions in time to sleep with exogenous supplementation of
melatonin compared to placebo [40]. This has similarly been
demonstrated in other sleep disorders such as sleep—wake
phase disorders where melatonin supplementation reduced
REM latency [41]. In healthcare workers, however, data
on melatonin supplementation is sparse. To date, two ran-
domized trials have been performed evaluating the effects
of 1-mg oral melatonin and 3-mg oral melatonin in emer-
gency medicine and pediatric medicine residents, respec-
tively. In the former, 19 EM residents were given 1-mg oral
melatonin after 3 consecutive night float shifts after which
self-reported metrics on sleep duration, recovery, alertness,
and mood were assessed [42]. The authors reported no ben-
eficial effects with supplementation of 1-mg melatonin. In
a separate study, Cavallo et al. evaluated whether a 3-mg
dose of melatonin positively affected similar metrics, but
only demonstrated a significant reduction in omission errors
with no significant effect on sleep duration, mood, or other
measures of attention [43]. En masse the available data does
not appear to defend melatonin use for the treatment of sleep
deprivation, and what data exists is insufficient to be general-
ized to surgeons.

Stimulant use to combat sleep deprivation has been
studied at length for its potent antagonism of the adeno-
sine receptor which has been identified as a key regulatory
neurotransmitter in sleep promotion [44]. In mice, caffeine
use has been demonstrated to block the A,, subtype of the
adenosine receptor and promote wakefulness, and genetic
deletion studies of the A,, receptor resulted in blocking
caffeine-induced wakefulness [45e, 46]. Human studies of
the effects of caffeine administration on sleep suggest that
caffeine increases sleep latency and promotes alertness, but
variable dosing, chronicity of caffeine administration, and
confounding effects of test subject lifestyle choices make
it difficult to codify these results. Chronic administration
of caffeine may result in tolerance of the caffeine-induced
antagonism of the A, and A, , receptors making the synthe-
sis of data on caffeine use for sleep deprivation in chronic
users difficult [47, 48]. Work on the subjective effects of
caffeine suggests that caffeine intake after abstinence of caf-
feine for > 24 h may alleviate sleep pressure during sleep

@ Springer



44

Current Trauma Reports (2023) 9:40-46

deprivation, but chronic caffeine use may mitigate the effec-
tiveness of sleep pressure reduction [49, 50]. The effects of
caffeine in healthcare workers have not been well charac-
terized. A single randomized trial performed by Huffmyer
et al. analyzed the effects of 160 mg of caffeine on post-
night-float stretch (6 nights) anesthesia residents compared
to a non-caffeinated drink and conducted controlled driving
performance tests [51]. Their results demonstrated caffein-
ated subjects had improved driving performance and reac-
tion times compared to placebo, but only after prolonged
driving (> 10 min) suggesting complex and prolonged task
performance may benefit but there is an on-boarding time
where caffeine may not demonstrate effect.

The crux of these trials lies in their generalizability. In a
2020 review of works on optimizing sleep performance dur-
ing night float for graduate medical education, Sholtes et al.
screened 2818 references of which only 5 original works met
their inclusion criteria of being specific to trainees working
in night-shift systems and had either a pharmacological or
non-pharmacological intervention to effect sleep depriva-
tion [52ee]. Of those 5 studies, only 3 were conducted in
the USA, one in Italy, and one in the UK and the special-
ties examined were similarly limited. The authors conclude
“without good data, it is not surprising that there is insuf-
ficient evidence for interventions to guide graduate training
programmes to help GME trainees navigate working night
float shifts.” In our opinion, this sentiment is germane to any
evaluation of sleep deprivation and its mitigation thereof in
acute care surgeons. The gravity of burnout along with the
synergistic parasitism inadequate sleep has with it on physi-
cian wellbeing underlies a dire need for further studies on
the amelioration of sleep deprivation.

Conclusions

Sleep deprivation and burnout are distinct, yet intimately
associated manifestations of a healthcare system designed
for the wellbeing of patients but not necessarily surgeons.
It is in our opinion that the current body of academic lit-
erature about sleep deprivation in the context of acute care
surgery is wholly inadequate to address the negative cycle
of burnout, sleep loss, and health disparity growing within
acute care surgery. Ongoing national discussions regarding
the standardization of FTEs are promising and needed, and
there is equipoise within existing data that service model
variation is a viable area of study for the wellbeing of trauma
center and surgeon alike. As the population grows in age and
complexity and as surgeon shortages loom in the wake of an
alarming epidemic of burnout amongst providers, work into
the amelioration of sleep deprivation and burnout is para-
mount for the viability of the profession of trauma surgery
in isolation and the healthcare system at large.

@ Springer

Declarations

Conflict of Interest The authors declare no competing interests.

References

Papers of particular interest, published recently, have
been highlighted as:

e Of importance

ee Of major importance

1.e Elkbuli A, Kinslow K, Boneva D, Liu H, Ang D, McKenney
M. Addressing burnout among trauma surgeons. Am Surg.
2020;86(9):1175-7. An analysis of the multifactorial causes
of depression and burnout among surgeons of all levels, the
short and long term implications of these disorders and strat-
egies for mitigation.

2.e¢ DeCaporale-Ryan L, Sakran JV, Grant SB, Alseidi A, Rosen-
berg T, Goldberg RF, et al. The undiagnosed pandemic: burnout
and depression within the surgical community. Curr Probl Surg.
2017;54(9):453-502. A review on the relationship between
burnout and sleep deprivation/sleep disorders with sugges-
tions for possible solutions, individually and systemically,
and future areas of research.

3.e Kancherla BS, Upender R, Collen JF, Rishi MA, Sullivan SS,
Ahmed O, et al. What is the role of sleep in physician burn-
out? J Clin Sleep Med JCSM Off Publ Am Acad Sleep Med.
2020;16(5):807-10. Chronic insufficient sleep, whether due to
extended work hours, circadian misalignment, or unrecognized
sleep disorders, is a critically important risk factor for burnout
that is overlooked and under-studied.

4.  Stewart NH, Arora VM. The impact of sleep and circadian dis-
orders on physician burnout. Chest. 2019;156(5):1022-30.

5. Papp KK, Stoller EP, Sage P, Aikens JE, Owens J, Avidan A,
et al. The effects of sleep loss and fatigue on resident-physicians:
a multi-institutional, mixed-method study. Acad Med J Assoc
Am Med Coll. 2004;79(5):394-406.

6. Ekstedt M, Soderstrom M, Akerstedt T. Sleep physiology in
recovery from burnout. Biol Psychol. 2009;82(3):267-73.

7. Veasey S, Rosen R, Barzansky B, Rosen I, Owens J. Sleep
loss and fatigue in residency training: a reappraisal. JAMA.
2002;288(9):1116-24. A review on the effects of sleep loss
in surgical vs nonsurgical residents in regards to cogni-
tion, performance and well-being, in addition to patient and
resident safety, highlighting the importance of minimizing
sleep loss.

8. Goldman LI, McDonough MT, Rosemond GP. Stresses affecting
surgical performance and learning. I. Correlation of heart rate,
electrocardiogram, and operation simultaneously recorded on
videotapes. J Surg Res. 1972;12(2):83-6.

9. Shanafelt TD, Balch CM, Bechamps G, Russell T, Dyrbye L,
Satele D, et al. Burnout and medical errors among American
surgeons. Ann Surg. 2010;251(6):995-1000.

10. Robinson C, Lawless R, Zarzaur BL, Timsina L, Feliciano DV,
Coleman JJ. Physiologic stress among surgeons who take in-
house call. Am J Surg. 2019;218(6):1181-4.

11.  Wright KP, Drake AL, Frey DJ, Fleshner M, Desouza CA,
Gronfier C, et al. Influence of sleep deprivation and circadian
misalignment on cortisol, inflammatory markers, and cytokine
balance. Brain Behav Immun. 2015;47:24-34.

12.  Rosen IM, Gimotty PA, Shea JA, Bellini LM. Evolution of
sleep quantity, sleep deprivation, mood disturbances, empathy,



Current Trauma Reports (2023) 9:40-46

45

13.

14.00

15.

16.

17.

18.

19.00

20.

21.

22.

23.

24.00

25.

26.00

27.00

28.

and burnout among interns. Acad Med J Assoc Am Med Coll.
2006;81(1):82-5.

Hall LH, Johnson J, Watt I, Tsipa A, O’Connor DB. Healthcare
staff wellbeing, burnout, and patient safety: a systematic review.
PLoS One. 2016;11(7):e0159015.

Jackson TN, Pearcy CP, Khorgami Z, Agrawal V, Taubman KE,
Truitt MS. The physician attrition crisis: a cross-sectional survey
of the risk factors for reduced job satisfaction among US surgeons.
World J Surg. 2018;42(5):1285-92. Surgeon shortage exacer-
bated by decreased job satisfaction, increased hours worked,
poor compensation leads to a cycle of higher rates of burnout
and job turnover and dwindling qualified hiring pool.
Galaiya R, Kinross J, Arulampalam T. Factors associated with
burnout syndrome in surgeons: a systematic review. Ann R Coll
Surg Engl. 2020;102(6):401-7.

Pulcrano M, Evans SRT, Sosin M. Quality of life and burnout
rates across surgical specialties: a systematic review. JAMA
Surg. 2016;151(10):970-8.

Cothren CC, Moore EE, Hoyt DB. The U.S. trauma surgeon’s
current scope of practice: can we deliver acute care surgery? J
Trauma. 2008;64(4):955-65; discussion 965-968.

Esposito TJ, Leon L, Jurkovich GJ. The shape of things to come:
results from a national survey of trauma surgeons on issues con-
cerning their future. J Trauma. 2006;60(1):8-16.

Murphy PB, Coleman J, Karam B, Morris RS, Figueroa J, de
Moya M. A national study defining 1.0 full-time employment
in trauma and acute care surgery. J] Trauma Acute Care Surg.
2022;92(4):648-55. A sobering work on the variability and lack
of standardization on what an acute care surgery FTE is.
MacDowell M, Glasser M, Fitts M, Nielsen K, Hunsaker M. A
national view of rural health workforce issues in the USA. Rural
Remote Health. 2010;10(3):1531.

Sirinek KR, Willis R, Stewart RM. Geographic maldistribution
of general surgery PGYI residents: another US surgical desert.
Am J Surg. 2014;208(6):1023-8; discussion 1027-1028.
Zagales I, Bourne M, Sutherland M, Pasarin A, Zagales R, Awan
M, et al. Regional population-based workforce shortages in gen-
eral surgery by practicing surgeon and resident trainee. Am Surg.
2021;87(6):855-63.

Balch CM, Shanafelt TD, Sloan JA, Satele DV, Freischlag JA.
Distress and career satisfaction among 14 surgical specialties,
comparing academic and private practice settings. Ann Surg.
2011;254(4):558-68.

Brown CVR, Joseph BA, Davis K, Jurkovich GJ. Modifiable fac-
tors to improve work-life balance for trauma surgeons. J Trauma
Acute Care Surg. 2021;90(1):122-8. Lack of work-life balance
can lead to increased burnout and many factors leading to
decreased balance such as increased time at work and less at
home with poor compensation are modifiable.

Troppmann KM, Palis BE, Goodnight JE, Ho HS, Troppmann
C. Career and lifestyle satisfaction among surgeons: what really
matters? The National Lifestyles in Surgery Today Survey. ] Am
Coll Surg. 2009;209(2):160-9.

To sleep, perchance to dream: acute and chronic sleep depriva-
tion in acute care surgeons - PubMed [Internet]. [cited 2022
Sep 21]. Available from: https://pubmed.ncbi.nlm.nih.gov/30959
105/. Landmark study defining the physiologic effects of call
on acute care surgeons/.

Jones CE FE. Burnout reduction in acute care surgeons: impact
of faculty schedule change at a level 1 trauma and tertiary care
center. ] Trauma Acute Care Surg. 2022. Study implementing a
weekly 12hr call schedule for ACS faculty at a level 1 trauma
and tertiary care center reduced burnout of faculty and their
families without compromising clinical duties.

Sasangohar F, Jones SL, Masud FN, Vahidy FS, Kash BA.
Provider burnout and fatigue during the COVID-19 pandemic:

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

lessons learned from a high-volume intensive care unit. Anesth
Analg. 2020;131(1):106-11.

Wallach SL, Alam K, Diaz N, Shine D. How do internal medi-
cine residency programs evaluate their resident float experi-
ences? S Med J. 2006;99(9):919-23.

Sallinen M, Harma M, Akerstedt T, Rosa R, Lillqvist O. Promot-
ing alertness with a short nap during a night shift. J Sleep Res.
1998;7(4):240-7.

Arora V, Dunphy C, Chang VY, Ahmad F, Humphrey HJ, Melt-
zer D. The effects of on-duty napping on intern sleep time and
fatigue. Ann Intern Med. 2006;144(11):792-8.

Torsvall L, Akerstedt T. Disturbed sleep while being on-call: an
EEG study of ships’ engineers. Sleep. 1988;11(1):35-8.
Matsumoto K, Harada M. The effect of night-time naps on recovery
from fatigue following night work. Ergonomics. 1994;37(5):899-907.
Philip P, Taillard J, Moore N, Delord S, Valtat C, Sagaspe P, et al.
The effects of coffee and napping on nighttime highway driving:
arandomized trial. Ann Intern Med. 2006;144(11):785-91.
Purnell MT, Feyer AM, Herbison GP. The impact of a nap
opportunity during the night shift on the performance and alert-
ness of 12-h shift workers. J Sleep Res. 2002;11(3):219-27.
Tempesta D, Cipolli C, Desideri G, De Gennaro L, Fer-
rara M. Can taking a nap during a night shift counteract the
impairment of executive skills in residents? Med Educ.
2013;47(10):1013-21.

Smith-Coggins R, Howard SK, Mac DT, Wang C, Kwan S,
Rosekind MR, et al. Improving alertness and performance in
emergency department physicians and nurses: the use of planned
naps. Ann Emerg Med. 2006;48(5):596-604, 604.e1-3.
Dawson D, Reid K. Fatigue, alcohol and performance impair-
ment. Nature. 1997;388(6639):235. One of the first studies to
identify an equivalency of effect from sleep deprivation with
alcohol intoxication.

The use and misuse of exogenous melatonin in the treatment of
sleep disorders - PubMed [Internet]. [cited 2022 Sep 21]. Avail-
able from: https://pubmed.ncbi.nlm.nih.gov/30148726/.

Auld F, Maschauer EL, Morrison I, Skene DJ, Riha RL. Evi-
dence for the efficacy of melatonin in the treatment of primary
adult sleep disorders. Sleep Med Rev. 2017;34:10-22.

Auger RR, Burgess HJ, Emens JS, Deriy LV, Thomas SM, Shar-
key KM. Clinical practice guideline for the treatment of intrinsic
circadian rhythm sleep-wake disorders: advanced sleep-wake
phase disorder (ASWPD), delayed sleep-wake phase disorder
(DSWPD), non-24-hour sleep-wake rhythm disorder (N24SWD),
and irregular sleep-wake rhythm disorder (ISWRD). An update for
2015: An American Academy of Sleep Medicine Clinical Practice
Guideline. J Clin Sleep Med JCSM Off Publ Am Acad Sleep Med.
2015;11(10):1199-236.

Jockovich M, Cosentino D, Cosentino L, Wears RL, Seaberg DC.
Effect of exogenous melatonin on mood and sleep efficiency in
emergency medicine residents working night shifts. Acad Emerg
Med Off J Soc Acad Emerg Med. 2000;7(8):955-8.

Cavallo A, Ris MD, Succop P, Jaskiewicz J. Melatonin treatment
of pediatric residents for adaptation to night shift work. Ambul
Pediatr Off ] Ambul Pediatr Assoc. 2005;5(3):172-7.

Reichert CF, Deboer T, Landolt HP. Adenosine, caffeine, and
sleep-wake regulation: state of the science and perspectives. J
Sleep Res. 2022;31(4):e13597.

Huang ZL, Qu WM, Eguchi N, Chen JF, Schwarzschild MA,
Fredholm BB, et al. Adenosine A2A, but not A1, receptors medi-
ate the arousal effect of caffeine. Nat Neurosci. 2005;8(7):858-9.
Landmark paper defining the effects of caffeine in the central
nervous system.

Lazarus M, Oishi Y, Bjorness TE, Greene RW. Gating and the
need for sleep: dissociable effects of adenosine Al and A2A
receptors. Front Neurosci. 2019;13:740.

@ Springer


https://pubmed.ncbi.nlm.nih.gov/30959105/
https://pubmed.ncbi.nlm.nih.gov/30959105/
https://pubmed.ncbi.nlm.nih.gov/30148726/

46

Current Trauma Reports (2023) 9:40-46

47.

48.

49.

50.

51.

Clark I, Landolt HP. Coftee, cafteine, and sleep: a systematic
review of epidemiological studies and randomized controlled
trials. Sleep Med Rev. 2017;31:70-8.

Roehrs T, Roth T. Caffeine: sleep and daytime sleepiness. Sleep
Med Rev. 2008;12(2):153-62.

Baur DM, Lange D, Elmenhorst EM, Elmenhorst D, Bauer
A, Aeschbach D, et al. Coffee effectively attenuates impaired
attention in ADORA2A C/C-allele carriers during chronic
sleep restriction. Prog Neuropsychopharmacol Biol Psychiatry.
2021;13(109):110232.

Schweitzer PK, Randazzo AC, Stone K, Erman M, Walsh JK.
Laboratory and field studies of naps and caffeine as practical
countermeasures for sleep-wake problems associated with night
work. Sleep. 2006;29(1):39-50.

Huffmyer JL, Kleiman AM, Moncrief M, Scalzo DC, Cox DIJ,
Nemergut EC. Impact of caffeine ingestion on the driving perfor-
mance of anesthesiology residents after 6 consecutive overnight
work shifts. Anesth Analg. 2020;130(1):66-75.

@ Springer

52.ee Sholtes D, Kravitz HM, Deka A, Westrick J, Fogg LF, Gott-
lieb M. Optimising sleep and performance during night float:
a systematic review of evidence and implications for graduate
medical education trainees. J Sleep Res. 2021;30(4):e13212. A
seminal review of interventions (melatonin, modafinil, naps,
caffeine) to combat sleep deprivation of residents on night
float demonstrated no meaningful improvement.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



	Sleep Deprivation, Burnout, and Acute Care Surgery
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction: What Is Sleep Deprivation?
	Factors Effecting Burnout and Sleep Deprivation
	Defining a Full-Time Equivalent
	Surgeon Supply
	The Unseen and Unplanned Stressors

	Sleep Deprivation Strategies
	Conclusions
	References


