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Physiologic stress among surgeons who take in-house call
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a b s t r a c t

Introduction: Burnout and depression is higher in trauma surgeons as compared to surgeons in other
specialties. Clinical practice for many acute care surgeons (ACS) includes in-house call (IHC). The goal of
this study was to quantitate physiologic stress among ACS who take IHC.
Methods: ACS with IHC responsibilities from two Level I trauma centers were studied. Participants wore
a fitness and heart rate variability (HRV) device over 3 months. HRV was categorized as normal if 85% of
baseline, moderate stress when HRV <85% but >50%, and high stress when HRV< 50%.
Results: 1421 nights were recorded among 17 surgeons (35.3% female; mean age 45.5 years). Excluding
IHC, mean HRV¼ 32.23, and 95.63% of days were consistent with moderate or high stress. Post-call day 2
had significantly highest percentage of high stress (65.82%, p¼ 0.0495). High and moderate stress levels
returned to baseline on post-call day 3.
Conclusions: High and moderate stress beyond IHC is common among ACS. Future study is needed to
determine consequences of persistent stress and identify factors which impact recovery after IHC.

© 2019 Elsevier Inc. All rights reserved.
Introduction

Burnout, a syndrome characterized by emotional exhaustion,
depersonalization and a decreased sense of efficacy, along with
work-related stress, has become an increasingly popular topic in
medical circles over the past few years.1e9 Stress is commonly
defined as a physical, mental or emotional state of strain or
tension.1,3,6,7,10,11 Just as the reaction to a stressor can be either
physical or emotional, the stressors themselves can be of physical,
mental or emotional origin3,5e7,11e13. At times, these reactions to
stress can be helpful in maintaining alertness, improving memory,
and even boosting physical performance as part of the body's “fight
or flight” response.14e16 Chronic stress and repeated exposure to
stress-inducing situations without adequate recovery, however,
results in significant physiologic changes such as immune response
suppression, hyper and hypophagia, hyperglycemia, hypertension,
and an increased risk of mortality.17e20 Additionally, chronic work-
related stress has been shown to predispose individuals to burnout,
depression, and even suicide.3,6,8,11e13,21
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man).
A career in surgery requires complex decision making, technical
dexterity, and long hours in the operating room, which are all
significant mental and physical sources of stress.3,4,7,22 When
viewed in this context, it is not surprising that the practice of sur-
gery is associated with a high level of stress and subsequent
development of burnout. Reported burnout rates are higher in
surgical than non-surgical medical specialties.2,5,12 Within surgical
specialties, the discipline of trauma surgery has reported rates of
burnout significantly higher than other surgical subspecialties.2,5

The practice of trauma and acute care surgery, when compared
to other surgical specialties, is unique with its combination of a
critical care practice, high proportion of emergency surgery,
participation in trauma activations, and, often, in-house call re-
sponsibilities. Given these additional responsibilities and accom-
panying stress, it is perhaps unsurprising that trauma surgeons
have reported not only the highest workload amongst surgical
specialties, but also the lowest mental quality of life score and the
highest incidence of burnout.2,4,8

The amount of added physiologic stress that occurs due to in-
house call is unknown and has not been previously measured.
Heart rate variability (HRV) is an example of a physiological variable
affected by physical, mental, and emotional stress.23e25 It is the
variation in time interval between each heartbeat and is modulated
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by both the sympathetic and parasympathetic nervous sys-
tems.10,26 Specifically, the sympathetic nervous system increases
heart rate and decreases HRV. Conversely, the parasympathetic
nervous system decreases heart rate and increases HRV. HRV has
been used extensively in the study of stress, as it has been shown to
have measurable responses to both physical and emotional stress
and therefore an effective tool in studying work-related stress.27e29

Overall, the higher the HRV, the more capable the body is to adapt
to stress, and is a sign of recovery after stress.30,31 Studies show that
even during sleep, stress can lead to changes in HRV further
impacting sleep quality.10 The purpose of this study was to physi-
ologically measure and categorize stress in trauma and acute care
surgeons as well as identify periods of recovery after in-house call.
Material and methods

After approval by the Institutional Review Board of Indiana
University School of Medicine, a prospective study of acute care
surgeons with in-house call responsibilities was performed at
Indiana University Health Methodist Hospital and Sydney and Lois
Eskenzi Hospital over a period of three months. Both hospitals are
American College of Surgeons verified Level 1 trauma centers in
Indianapolis, Indiana. Eligible enrollees included attending trauma
or acute care surgeon with in-house trauma or emergency general
surgery call responsibilities at either hospital. There were no
exclusion criteria within this cohort. Trauma and acute care sur-
geons who volunteered to participate in the study were given a
fitness and sleep tracking device calledWhoop!™, which measures
multiple physiologic parameters including heart rate variability. In
addition to the device, surgeons downloaded the accompanying
smartphone application and created a de-identified profile. During
the three month study period, participants wore the device
continuously either on the wrist or upper arm. They were also
required to log into the smartphone application daily to ensure
uninterrupted data collection for call and non-call nights.

The Whoop! device is a wearable biometric instrument that
continuously measures physiologic stress and the body's response
to that stress. It measures heart rate, heart rate variability, ambient
temperature, skin conductivity and movement via a 3 axis accel-
erometer 100 times per second on a continual basis. Heart rate
variability is calculated using the root mean square of successive
differences (RMSDD). Through heart rate, heart rate variability, and
movement detection, the device automatically detects sleep and
sleep stage.Whoop!™ has been internally validated in a laboratory
setting by comparison against graded polysomnography conducted
by a certified polysomnography technologist. Whoop! ™ was
shown to have 96% accuracy, 93% sensitivity, 98% specificity.

Data collected for each trauma and acute care surgeon included
age, gender, schedule of in-house call, resting heart rate, heart rate
variability, and sleep patterns. Heart rate variability was catego-
rized as normal if� 85% of baseline, moderate stress when heart
rate variability was between �50% and <85% of baseline, and high
stress was defined as heart rate variability <50% of baseline. The
baseline heart rate variability was calculated for each surgeon by
Table 1
Mean HRV.

Call Status

On-call Precall

Mean HRV 34.84 33.38
High vs. Moderate Stress
High (no. nights (%)) 145 (65.6%) 125 (59.5%)
Moderate (no. nights (%)) 71 (32.1%) 76 (36.2%)
individual review of the highest recorded heart rate variability that
occurred in the setting of high quality sleep and low resting heart
rate.
Results

There were 19 surgeons who met the inclusion criteria of in-
house call responsibilities at either Indiana University Health
Methodist Hospital or Sydney and Lois Eskenazi Hospital, and all
were approached to volunteer for the study. Eighteen surgeons
consented to participate, with one surgeon terminating participa-
tion prior to the conclusion of the trial due to non-compliance of
devicewear. A total of 1421 nights, including 227 nights of in-house
call, were recorded amongst the remaining 17 participants. The
majority of participants were male (n¼ 11, 64.7%), with a mean age
of 45.5 years (range 37e65).

Including nights of in-house call, the mean heart rate variability
was 33.0 and 95.97% of days recorded were consistent with mod-
erate or high stress. Among all participants, there was a significant
difference between mean HRV when comparing nights of in-house
call to post-call day 4 (p¼ 0.0452).

Overall, the majority of the participants demonstrated a higher
propensity towards stress (low HRV) as opposed to moderate or
baseline HRV across all nights measures. The highest percentage of
low HRV was experienced when participants were on-call (65.6%
low, 32.1% moderate HRV) and post-call day 2 (65.8% low, 33.1%
moderate HRV). Compared to the night before in-house call, post
call day 2 had a significantly higher percentage of high stress levels
(HRV¼ 59.5% vs 65.8%, p¼ 0.0495). Furthermore, there was a
nonspecific trend toward a lower mean HRV on post-call day 2
compared to in-house call values (31.5 vs 34.8 respectively,
p¼ 0.06). Values of high stress and moderate stress heart rate
variability returned to pre-call levels on post call day 3 (Table 1).
Discussion

Embarking on a career in medicine has multiple beneficial at-
tributes. Physicians are provided with the tools to achieve excel-
lence in the privilege of taking care of patients. Physicians are often
unprepared, however, for the physiologic stress that comes with
this privilege. Although training has been shown to improve the
body's physiological response to stress, simulation and virtual re-
ality scenarios do not elicit the same level of stress response as real-
life situations.32,33

Surgery, particularly the high-stress practice of trauma surgery,
ranks highest among surgical subspecialties for burnout and has
high rates of depression and suicidal ideation/suicide.2,7,8

Heart rate variability (HRV) is a physiologic parameter which
measures the variation in beat-to-beat intervals of the heart. It is a
culmination of several physiologic parameters which impact heart
rate as controlled by the sinoatrial node, which in turn is modulated
by the sympathetic and parasympathetic nervous systems. In
general, sympathetic activity tends to increase heart rate and
decrease HRV, and parasympathetic nervous system activity has
Postcall1 Postcall2 Postcall3 Postcall4

34.49 31.54 32.65 31.02

126 (57.8%) 104 (65.8%) 75 (60.5%) 63 (61.2%)
80 (36.7%) 49 (31.0%) 41 (33.1%) 34 (33.0%)
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the opposite effect (decrease in heart rate and increase in HRV).34

Goffeng et al. has described multiple studies in which night work
and extended work hours decrease heart rate variability. The re-
sults of this study are concordant with these studies and others that
evaluate heart rate variability within other medical practice disci-
plines. In this study population, there is a significant difference in
mean HRV when comparing nights of in-house call to post-call day
4. Studies done in Emergency Medical Technicians (EMT) showed
that there was a significant difference in HRV between work days
and non-work days.35 Goffeng et al. (2017) showed that among
daytime, shift-working, nursing home care providers, stress levels
were the highest on the first shift of the work cycle. The lowest
stress levels were identified on the final, fourth shift. Furthermore,
sleep parameters, sleep latency, disturbances, and early awakening
improved over the work cycle.34

This study demonstrates that a night of in-house call creates a
significant amount of physiologic stress as measured by a reduction
in HRV. The physiologic stress of in-house call affects more than the
day of and the day following that call night. Reductions in HRV are
seen into post-call day 2, with baseline physiology not being ach-
ieved until post-call day 3. One night of call changes physiology for
48 or more hours.

The present study differs from those which have analyzed heart
rate variability among shift workers in that trauma and ACS sur-
geons, while having call shifts, are typically in the hospital for
longer periods of time and therefore afforded less time for recovery
between nights of in-house call. The above mentioned study, which
evaluated nurses taking overnight shifts, evaluated those who
worked four consecutive days of nights. That study showed higher
levels of cardiovascular stress on the first versus fourth night, and a
recovery to baseline following these long shifts.34 This is at odds
with data in the present study demonstrating that physiologic re-
covery from a night of in-house call in trauma and ACS surgeons is
not achieved until post-call day 3.

This study demonstrates that a night of in-house call has
detrimental effects on human physiology. Surgery, particularly the
high-stress practice of trauma surgery, ranks highest among sur-
gical subspecialties for burnout and has high rates of depression
and suicidal ideation/suicide.2,7,8 With burnout increasing at what
has been referred to as an “alarming rate”, it has become imperative
that all contributing factors, both psychological and physiological,
be studied and understood.5

Do the specific events of the night matter? Does the amount of
overnight sleep, if any, change physiologic stress levels? What
happens if a second in-house call occurs before baseline physiology
is achieved? Does physical activity have an effect on recovery time
from in-house call?
Conclusions

Measurements of high and moderate physiologic stress are
common among trauma and acute care surgeons and persist
beyond nights of in-house call. The highest prevalence of high and
moderate stress occurred on post-call day 2, with recovery to
baseline heart rate variability occurring on post-call day 3. Future
investigation is needed to determine the potential health conse-
quences of persistent physiologic stress, identify factors which
impact physiologic recovery after in-house call and further eluci-
date the relationship between stress and burnout.
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