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Abstract

Background Surgeons are exposed to high levels of intraoperative stress, which could compromise their psycho-
logical well-being in the long term. This study aimed at exploring the effects of real operations on the activity of
stress response systems (i.e., cardiac autonomic function and hypothalamic—pituitary—adrenal axis) during and in the
aftermath of surgery, and the moderating role of individual psychobiological characteristics and different levels of
experience (senior vs expert surgeons).

Methods Heart rate, heart rate variability, and salivary cortisol measures (as indexes of cardiac autonomic and hypo-
thalamic—pituitary—adrenal axis activity, respectively) were assessed during real operations and in the perioperative
period in a sample of surgeons (n=16). Surgeons’ psychometric characteristics were collected using questionnaires.
Results. Real operations triggered both cardiac autonomic and cortisol stress responses which were independent
from surgeons’ level of experience. Intraoperative stress responses did not affect cardiac autonomic activity during the
following night but were associated with a blunted cortisol awakening response. Moreover, senior surgeons reported
higher levels of negative affectivity and depressive symptoms than expert surgeons prior to the surgery. Lastly, the
magnitude of heart rate responses to surgery positively correlated with scores on negative affectivity, depression,
perceived stress, and trait anxiety scales.

Conclusion This exploratory study allows to put forward the hypotheses that in surgeons cardiac autonomic and
cortisol stress responses to real operations (i) may be associated with specific individual psychological characteristics
regardless of the level of experience, (i) and may have a longer lasting impact on hypothalamic—pituitary—adrenal axis
function with potential implications for surgeons’ physical and psychological well-being.
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impact surgeons’ performance, particularly in novice sur-
geons, and compromise patient safety [2, 29, 38]. On the
other hand, long-term exposure to interoperative stress
without adequate recovery may also affect surgeons
themselves and predispose them to burnout and depres-
sion [5, 13, 20]. Not surprisingly, reported burnout rates
are higher in surgical than non-surgical medical special-
ties and the general population [4, 12, 13]. Several stud-
ies have attempted to objectively measure intraoperative
stress in surgeons using stress-related biological param-
eters, such as heart rate (HR) and heart variability (HRV)
as indicators of cardiac autonomic activity and salivary
cortisol as a proxy for hypothalamic-pituitary-adrenocor-
tical (HPA) axis activity [33]. Although these studies have
provided valuable insight into the cardiac autonomic and
HPA axis activation which characterizes intraoperative
stress, efforts to investigate this relationship have gener-
ally been limited to a small sample size (e.g., [6, 10, 17]),
one physiological/biochemical index (e.g., [21, 34]), and
surgical simulations which may lack realism in compari-
son with the real surgical environment [15, 36, 37].

Beside this, two important gaps in the literature can
hamper our understanding of the possible relation
between long-term exposure to intraoperative stress and
high rates of burnout among surgeons. First, the extent
to which intraoperative stress impacts on cardiac auto-
nomic and HPA axis function in the aftermath of the
surgery. For example, one study divided surgeons on
the basis of self-report perceived intraoperative stress
and found that those who reported higher stress in the
operating room had lower vagally-mediated HRV dur-
ing the following night [28]. However, the design of this
study did not clarify whether decreased HRV at night
was indeed a consequence of high intraoperative stress.
Further, no studies have investigated the effects of intra-
operative stress on daily cortisol values. The second open
issue is the extent to which individual psychobiological
characteristics moderate the impact of intraoperative
stress. In fact, it is known that there are large individual
differences in the way people cope and respond to stress-
ful situations, and surgeons are no exception. Research
in the field has attempted to link intraoperative cardiac
autonomic activation to different levels of experience or
self-report measures of state anxiety and perceived stress,
providing mixed results [6, 23, 34]. Moreover, coping
strategies during surgery have been correlated with sur-
geons’ intraoperative performance [36], but not with car-
diac autonomic or cortisol stress reactivity. Further, no
studies have investigated whether individual differences
in cardiac autonomic and cortisol responses to real sur-
geries reflect general responses to stressful scenarios or
are specific of the surgical environment.
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To start filling these two knowledge gaps, this explora-
tory study describes cardiac autonomic (HR and HRV)
and cortisol responses to real operations as markers of
intraoperative stress in a sample of surgeons. To address
the former, we evaluated the effects of intraoperative
stress on cardiac autonomic (HR and HRV sleep meas-
ures) and HPA axis (daily cortisol values) activity in the
aftermath of surgery. To address the latter, we investi-
gated whether individual differences in intraoperative
stress responses were associated with different levels of
experience (senior vs expert surgeons), specific psycho-
logical and personality characteristics, coping strategies,
and/or cardiac autonomic and cortisol responses to a
laboratory stressor (i.e., an adapted version of the Trier
Social Stress Test) [22, 26].

Methods

Participants

This study was conducted in a sample of surgeons from
the “Maggiore Hospital” in Parma (Italy). Eligibility crite-
ria comprised being the primary surgeon of major proce-
dures lasting at least 120 min, absence of current or past
psychiatric and cardiac disorders, and body mass index
(BMI) <30 kg/m? The divisions of urology and vascu-
lar, thoracic, and general surgery were involved. A sam-
ple size calculation was not deemed necessary because
of the exploratory nature of this study. Nineteen sur-
geons consented to participate, with three surgeons ter-
minating participation prior to the conclusion of the
study due to non-compliance. The final sample consisted
of 16 surgeons (12 males and 4 females; mean=SD:
age=45.81+11.6 vyears, experience=14.1111.9 vyears
from specialization, BMI 23.54+0.6 kg/m?), with spe-
cialization in urology (n=2), vascular surgery (n=7),
thoracic surgery (n=4), and general surgery (n=3). The
median split of years of experience (calculated from the
year of specialization) was used to divide the sample in
two groups, senior (more than 10 years of experience) and
expert (less than 10 years of experience) surgeons. The
general characteristics of these two groups are listed in
Table 1. The study conformed to the Declaration of Hel-
sinki, and the protocol (Comitato Etico Area Vasta Emilia
Nord, prot.n. 9561) was approved by the local Ethical
Committee, Italy. All volunteers gave written informed
consent to participate. Before the beginning of the opera-
tion, patients were informed that two saliva samples were
going to be collected from the surgeon (see below) with-
out interrupting or interfering with the surgery.

Study design
This observational prospective study was conducted over
three different phases, namely laboratory assessment,
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Table 1 General characteristics of senior and expert surgeons

Senior (1=8) Expert(n=8) t/x> p
Age (years) 553431 363408 595 <.001
Experience (years) 238+32 44408 590 <.001
Females (n) 2 2 0 1
BMI (kg/mz) 23.8+09 2324038 48 638
Smokers (n) 1 1 0 1
Medical specialty (n) 3VO0G3T2U 4V 3G1TOoU 6.14 105
Duration of surgery (min) 197.5424.7 164.8+17.1 1.09 29

Data are reported as mean =+ standard error

Abbreviations: V Vascular surgery, G General surgery, T Thoracic surgery, U
Urology

daily baseline assessment, and perioperative assessment
(Fig. 1).

Laboratory assessment

The top panel of Fig. 1 depicts the sequence of events
included in the first phase of the study protocol which took
place in a designated room at the “Maggiore Hospital” in
Parma between 2 and 5 pm. Surgeons were recommended
to refrain from caffeine, alcohol, and nicotine consumption,
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as well as strenuous exercise for at least 2 h prior to the lab-
oratory assessment, as these variables may have transient
effects on cardiovascular/neuroendocrine measurements
[24]. Upon arrival, surgeons were fitted with the First-
beat Bodyguard 2 device (Firstbeat Technologies, Finland)
for recordings of R-R intervals. Subsequently, they were
allowed to settle down in the new environment for 30 min
while sitting on a comfortable chair in front of two familiar
experimenters. During this adaptation period, they com-
pleted a series of socio-demographic, lifestyle, and dispo-
sitional scales (see below “Psychometric questionnaires”).
After baseline R-R interval recordings, a saliva sample was
collected from each surgeon using oral swabs and swab
storage tubes (Salimetrics, Cambridge, UK). Subsequently,
surgeons were submitted to a social stress test which was
based on an adapted version of the Trier Social Stress Test
[22, 26]. During the 5-min stress interview (SI) phase, they
were asked to answer a series of questions about how they
behave and feel in different social contexts. Subsequently,
they were asked to complete a 5-min mental arithmetic
task (AT) by counting aloud backwards from 2083 by 13’s.
The SI and AT were administered by an unfamiliar inter-
viewer of the opposite sex, with a small unfamiliar audience
(two people) sitting behind the surgeons. Upon completion

CORTISOL CORTISOL CORTISOL
DS-14; COPE; L ' L L |
PSS; CESD; SOCIAL
PHASE 1 — Laboratory assessment | | STAI-T; STAI-S __ baseling _ STRESS recovery recovery
-30 5 0S 5AT 90 20 40 min
HR & HRV
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- - without surgery \l/‘ ‘\l' ' without surgery \l/' ‘1’ ' without surgery
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Fig. 1 Timeline of the experimental procedures during the three phases of the study protocol. Abbreviations: DS-14=Type D Personality Scale;
COPE = Coping Orientation to Problems Experienced; CESD = Center for Epidemiological Studies Depression Scale; PSS = Perceived Stress Scale;
STAI-T = State-Trait Anxiety Inventory, Trait version; STAI-S = State-Trait Anxiety Inventory, State version; SI = stress interview; AT = arithmetic task; HR

= heart rate; HRV = heart rate variability
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of the stress phases, surgeons remained seated and quiet in
the presence of the two familiar experimenters for the fol-
lowing 30-min recovery phase. Additional saliva samples
were collected 20 and 40 min after the beginning of the SI.

Baseline daily assessment

The middle panel of Fig. 1 depicts the sequence of
events included in the second phase of the study proto-
col. Approximately one month after the laboratory ses-
sion, surgeons were summoned to the designated room
at the “Maggiore Hospital” in Parma during a working
day in which they did not perform any surgery. Of note,
they had not performed any surgery also on the preced-
ing day. Initially, they were fitted with the Firstbeat Body-
guard 2 device and instructed to wear it for the following
48 h over working days without their involvement in any
surgical procedure. Furthermore, they received oral and
written instructions on how to collect and store saliva
samples at home during the same 48 h. Specifically, saliva
samples were collected at 10 pm, immediately after awak-
ening, and exactly 30 min after awakening, using oral
swabs and clearly marked swab storage tubes (Salimet-
rics, Cambridge, UK). Finally, they were given diaries for
self-reporting of bedtime, wake time, and time of saliva
sample collection.

Perioperative assessment

The bottom panel of Fig. 1 depicts the sequence of events
included in the third phase of the study protocol. The
week after the baseline assessment, surgeons were sum-
moned to the designated room at the “Maggiore Hospi-
tal” in Parma the day before their involvement as primary
operators in a major surgical procedure with an esti-
mated duration of at least 120 min. Of note, surgeons
did not perform any surgery during that day nor the day
before. Like the previous phase, they were asked to wear
the Firstbeat Bodyguard 2 device and to collect and store
saliva samples at home during the following 48 h (i.e., at
10 pm, immediately after awakening, and exactly 30 min
after awakening) and to self-report bedtime, wake time,
and time of saliva sample collection on their diaries. On
the day of the surgery, they were recommended to refrain
from caffeine, alcohol, and nicotine consumption, as well
as strenuous exercise for at least 2 h prior to the surgi-
cal procedure which started between 9 and 12 am. Upon
their arrival at the operating room, surgeons completed
a series of psychometric questionnaires while sitting on
a comfortable chair (Fig. 1, bottom panel, inner box).
After 5 min of baseline R-R interval recordings, a saliva
sample was collected from each surgeon. Then, sur-
geons got ready for the surgical procedure which began
within the following 15 min. The start of the surgery was
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standardized for each surgeon as the moment in which
the first surgical incision was made. Saliva samples were
collected 1 h and 2 h after the beginning of the surgical
procedure by passing the oral swab behind the surgeons’
mask and without interrupting the operation. Upon its
completion, surgeons were allowed a 30-min recovery
period outside the operating room, at the end of which
and an additional saliva sample was collected (Fig. 1, bot-
tom panel, inner box). Then, surgeons were de-briefed
and continued with the daily R-R interval recordings and
saliva sample collection as instructed.

Psychometric questionnaires

The Italian version of the Type D Personality Scale
(DS14), which consists of two 7-item subscales, was used
to assess the presence of the personality traits of negative
affectivity (e.g., “I am often irritated”) and social inhibi-
tion (e.g., “I find it hard to start a conversation”) [11].
Each item is rated on a 5-point Likert-type scale ranging
from O to 4. Both subscales show high internal consist-
ency (Cronbach’s a 0.82 and 0.80) and reliability (r=0.62
and 0.81). The DS-14 was administered once during
phase 1 (Fig. 1).

Coping strategies were assessed using the Italian ver-
sion of the Coping Orientation to Problems Experienced
questionnaire (COPE-NVI; [30]), which is a 60-item,
self-report instrument that evaluates five independent
dimensions of coping: social support, avoidance strate-
gies, positive attitude, task-oriented, and transcenden-
tal orientation. All items are rated on a 4-point scale: 1
(I usually don’t do this at all); 2 (I usually do this a little
bit); 3 (I usually do this a medium amount); 4 (I usually
do this a lot). The COPE-NVI shows high internal con-
sistency (Cronbach’s a from 0.62 to 0.92) and reliability
(coefficients ranging from 0.48 to 0.77; [30]). The COPE-
NVI was administered once during phase 1 (Fig. 1).

The severity of trait anxiety was measured using the
trait version of the State-Trait Anxiety Inventory (STAI)
[31], which is a 4-point Likert scale consisting of 20 items
assessing how the subject feels, independent from the
status and circumstances (e.g., “I feel secure,” I feel trou-
bled”). The lowest score that can be obtained is 20 and
the highest is 80. Higher scores indicate higher anxi-
ety levels. The validity of this scale has been repeatedly
confirmed, with reliability coefficients ranging from 0.71
to 0.86 and internal consistency and homogeneity coef-
ficients between 0.83 and 0.87. State anxiety was meas-
ured using the state version of the STAI, which asks how
respondents feel “right now” using 4-point Likert scale
items that measure subjective feelings of apprehension,
tension, nervousness, worry, and activation/arousal of
the autonomic nervous system. The reliability coefficient
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is 0.62. The trait version of the STAI was administered
once during phase 1, whereas the state version was
administered during both phase 1 and 3 (Fig. 1).

The Perceived Stress Scale (PSS) is the most widely
used psychological instrument for measuring the per-
ception of stress. It is a measure of the extent to which
situations in one’s life are appraised as stressful [9]. Items
were designed to tap how unpredictable, uncontrolla-
ble, and overloaded respondents find their lives. The 10
questions that compose this test are related to feelings
and thoughts experienced during the last month. In each
case, respondents are asked how often they felt a cer-
tain way. Scores ranging from 14 to 26 are considered
“moderate perceived stress’, those ranging from 27 to 40
are considered “high perceived stress” [9]. The PSS was
administered twice, during phase 1 and 3 (Fig. 1).

The Center for Epidemiological Studies Depression
Scale (CES-D) is a 20-item self-report scale designed to
measure depressive symptomatology during the past
week in the general population [27]. The total score
ranges from 0 to 60. Standard cutoffs are>16 for mild
depression and>23 for clinical depression. Cronbach’s
alphas are above 0.85 in the general population and 0.90
in patients with depression confirming high reliability
[27]. The CES-D was administered twice, during phase 1
and 3 (Fig. 1).

Heart rate and heart rate variability analysis

Raw R-R intervals obtained with the Firstbeat Bodyguard
2 device were arranged in 5-min epochs and analyzed
with the Kubios HRV software [32], using a medium fil-
ter for threshold-based artefact correction [1]. For each
epoch, separate estimates of HR (reported in beats per
minute) and HRV were generated. The root mean square
of successive beat-to-beat interval differences (RMSSD,
ms) was considered as a vagally-mediated index of HRV
[24]. Specific analyses are detailed below.

HR and HRV responses to the social stress test

Average HR and HRV values were calculated for each
5-min epoch. Also, delta HR and HRV values were
obtained for each subject by subtracting the baseline
value from the respective HR and HRV values during the
ST and AT phases.

HR and HRV responses to surgery

Surgeries lasted at least 120 min (range 120-365 min).
Therefore, to standardize the analysis, HR and HRV data
from each 5-min epoch during surgery were further aver-
aged to obtain mean HR and HRV values during the first
and second hour of the surgical procedure. Delta HR and
HRYV values were obtained for each subject by subtracting
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the baseline values from the respective average HR and
HRYV values during the first two hours of surgery.

HR and HRV during sleep

HR and HRV data from each 5-min epoch were further
averaged for sleep hours based on self-reports of bed and
wake up times.

Cortisol analysis

To collect saliva, participants were asked to keep oral
swabs under the tongue for 2 min. Immediately after
collection, saliva samples were frozen at — 20 °C. For the
analysis, samples were thawed, brought to room tem-
perature and centrifuged (1500 gx 10 min), resulting
in a clear supernatant of low viscosity. Salivary cortisol
levels were determined by enzyme-linked immunosorb-
ent assay (High Sensitivity Salivary Cortisol Enzyme
Immunoassay Kit: Salimetrics LLC, State College, PA) by
a researcher who was blind to the design of the experi-
ment. Samples were assayed in duplicates following kit
instructions with a 96-well plate, using the BioTek 800
TS absorbance reader and Gen5 software (BioTek Instru-
ments Inc., Vermont, USA). To avoid inter-assay variabil-
ity all samples from the same participant were assayed
in the same batch. The inter-assay and intra-assay coeffi-
cients of variability were 5.9 and 8.4, respectively. Specific
analyses are detailed below.

Cortisol responses to the social stress test

Initially, mean salivary cortisol values were obtained for
each collection point. Delta cortisol values were then cal-
culated by subtracting the baseline value from the corti-
sol values obtained after stress exposure.

Cortisol responses to surgery

Initially, mean salivary cortisol values were calculated
for each collection point. Delta cortisol values were then
obtained by subtracting the baseline value from the corti-
sol value obtained after 1 h of surgery.

Daily cortisol levels

Initially, mean salivary cortisol values were calculated for
each collection point. The cortisol awakening response
(CAR) was calculated by subtracting cortisol values
obtained 30 min after awakening from salivary cortisol
values obtained immediately after awakening. CAR val-
ues during the first and second day of baseline assess-
ment were further averaged to obtain baseline CAR
values.
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Statistical analysis

Data are expressed as means *standard error (SE). Sta-
tistical analyses were performed with the software pack-
age SPSS (version 28) (SPSS Inc., Chicago, IL). Statistical
significance was set at p<0.05. The normal distribution
of variables was determined using the Kolmogorov—
Smirnov test.

Differences between the two groups (senior vs expert)
in age, years of experience, number of females and smok-
ers, medical specialty and duration of surgery, and psy-
chometric characteristics were analyzed by Student’s
t-tests and x2 tests.

Cardiac autonomic and cortisol responses to the social
stress test and surgery were analyzed with a series two-
way ANOVAs for repeated measures, with “group”
(senior vs expert) as the between subject factor and
“recording period” as the within-subject factor.

Daily cortisol levels were analyzed by a one-way
ANOVA for repeated measures, with “time” (3 levels:
10 pm; awakening and 30 min after awakening) and “day
of assessment” (4 levels: baseline 1, baseline 2, pre-sur-
gery, post-surgery) as the within-subject factors. CAR
values and HR and HRV sleep values were analyzed with
a series of two-way ANOVAs for repeated measures, with
“group” (senior vs expert) as the between subject factor
and “day of assessment” as the within-subject factor. Pre-
planned analyses were conducted using Student’s t-tests,
with a Bonferroni correction for multiple comparisons
for each outcome variable separately.

Partial correlation analyses (controlling for sex and
level of experience) were computed to compare: (i) HR,
HRV and cortisol responses to social stress with those

Table 2 Type and duration of surgeries
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observed in responses to surgery, (ii) psychometric char-
acteristics to HR, HRV and cortisol responses to social
stress, and (iii) psychometric characteristics to HR, HRV
and cortisol responses to surgery.

Results

General characteristics

The general characteristics of senior and expert surgeons
who participated in the study are reported in Table 1.
Importantly, there were no differences in the proportion
of women and smokers between the two groups, neither
in the distribution of surgeons in different medical spe-
cialties nor in the duration of the surgery. The different
types of surgery and their specific duration are listed in
Table 2.

Psychometric characteristics

Table 3 shows psychometric characteristics of senior
and expert surgeons. Senior surgeons reported signifi-
cantly higher scores on the negative affectivity subscale
of the DS-14, with a large effect size. Similarly, senior
surgeons reported significantly higher depressive symp-
toms at both assessment points, with a large effect size
in both instances. Of note, depressive symptoms prior to
the social stress test significantly correlated with depres-
sive symptoms prior to the surgery (r=0.856, p<0.001).
In addition, senior surgeons were 1 standard deviation
higher in trait anxiety levels, although this difference did
not reach full statistical significance. Perceived stress lev-
els prior to the social stress test significantly correlated
with perceived stress levels prior to the surgery (r=0.768,
p<0.001). Of note, senior surgeons reported nearly 0.7

Surgeon Specialty Type of surgery Duration (min)
S01 Vascular surgery Abdominal aortic aneurysms (open access) 165
S02 Vascular surgery Carotid endarterectomy 150
S03 Vascular surgery Percutaneous Transluminal Angioplasty of Femoral Artery 120
S04 Vascular surgery Endovascular aortic repair 155
S05 Thoracic surgery Pneumonectomy 180
S06 Vascular surgery Endovascular aortic repair +femoral endarterectomy 200
S07 Thoracic surgery Robotic Lobectomy 365
S08 Thoracic surgery Lung segmentectomy 215
S09 Vascular surgery Carotid endarterectomy 123
S10 General surgery Sleeve gastrectomy 140
ST Thoracic surgery Dual Lobectomy in VATS 190
S15 General surgery Treatment of Laparocele with prothesis 155
S16 General surgery Gastric band removal 121
S17 Urology Nephroureterectomy (open access) 150
S18 Urology Nephroureterectomy (open access) 180
S19 Vascular surgery Femoral Popliteal Bypass Surgery 260
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Table 3 Psychometric characteristics in senior and expert surgeons
Senior (n=8) Expert (n=8) t p Effect size
(Cohen’s d)
DS-14 (score)
Negative affectivity 113+£16 55+13 2.76 015 1.38
Social inhibition 89421 91+16 09 927 .05
COPE (score)
Social support 296+1.7 321426 .80 436 40
Avoidance 21.8£1.1 209+£22 .36 722 18
Positive attitude 32415 33614 .60 .560 .30
Task oriented 324+16 348+19 95 360 47
Transcendent orientation 216£1.8 21.3£18 14 887 07
CESD (score)
Depressive symptoms (pre-social stress test) 155429 78+09 2.50 025 1.25
Depressive symptoms (pre-surgery) 184425 100£1.5 2.84 013 142
PSS (score)
Perceived stress (pre-social stress test) 173422 132419 136 195 68
Perceived stress (pre-surgery) 19.6+20 148+19 1.80 093 90
STAI (score)
Trait anxiety 39.8+26 33019 2.10 054 1.05
State anxiety (pre-social stress) 369487 330419 51 617 26
State anxiety (pre-surgery) 379425 351+£14 94 361 A7

Data are reported as mean + standard error

Abbreviations: DS-14 Type D personality scale, COPE Coping orientation to problems experienced, CESD Center for epidemiological studies depression scale, PSS

Perceived stress scale, STA/ State-trait anxiety inventory

and 0.9 standard deviation higher levels of stress in both
instances, respectively. No group differences were found
for coping strategies and state anxiety levels prior to the
social stress test and surgery.

Cardiac autonomic and cortisol responses to the social
stress test

Two-way ANOVAs for repeated measured yielded a sig-
nificant effect of “recording period” for HR (F=23.25,
p<0.001, n,>=0.624), RMSSD (F=4.62, p<0.001,
n,>=0.268) and cortisol (F=6.64, p<0.01, n,>=0.322)
values during the social stress test. Considering the
full sample of surgeons, HR was significantly higher
both during the SI (80.4+3.4 bpm, p<0.01) and the
AT (87.8£3.7 bpm, p <0.001) compared with the mean
baseline value (71.9+2.0 bpm). RMSSD values were
significantly lower only during the AT (25.5+3.1 ms,
p<0.05) compared with the mean baseline value
(37.1+£6.3 ms). These effects were independent from
surgeons’ experience (Fig. 2A and B). Likewise, cortisol
values in the full sample were significantly higher both
20 min (0.307 £0.059 pg/dL, p<0.05) and 40 min after
(0.323 £0.064 pg/dL, p<0.05) stress onset compared
with the mean baseline value (0.178£0.026 pg/dL,

p<0.05), with no differences between senior and expert
surgeons (Fig. 2C).

Cardiac autonomic and cortisol responses to surgery
Two-way ANOVAs for repeated measured yielded
a significant effect of “recording period” for HR
(F=20.76, p<0.001, n,>=0.597), RMSSD (F=13.05,
p<0.001, qp220.482) and cortisol (F=16.25, p<0.001,
np2:0.537) values during surgery. Considering the full
sample of surgeons, HR was significantly higher both
during the first (91.1+4.2 bpm, p<0.001) and sec-
ond (90.8£3.9 bpm, p<0.001) hour of surgery com-
pared with the mean baseline value (72.5+1.9 bpm).
RMSSD values were significantly lower both during
the first (24.6+1.6 ms, p<0.001) and second hour
(26.6+£2.7 ms, p<0.001) compared with the mean
baseline value (39.7 £ 4.1 ms). Importantly, these effects
were independent from surgeons’ experience (Fig. 3A
and B).

Moreover, cortisol values in the full sample were sig-
nificantly higher only after the first hour of surgery
(0.51240.055 pg/dL, p<0.001) compared with the mean
baseline value (0.265=+0.025 pg/dL, p <0.05), with no dif-
ferences between senior and expert surgeons (Fig. 3C).
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Fig. 2 Heart rate (A), heart rate variability (B), and cortisol (C)
responses to the social stress test in senior and expert surgeons
(n=28 per group). Data are reported as mean = standard error.
Abbreviations: bas = baseline; S| = social interview; AT =arithmetic
task; rec =recovery; RMSSD =root mean square of successive
beat-to-beat interval differences. * p <.05 vs baseline/min 0 value for
both groups

Correlations between cardiac autonomic and cortisol stress
responses and psychometric characteristics

No significant correlations were found between HR,
RMSSD, and cortisol responses to social stress and sur-
gery (Table S1, Supplementary material). On the other
hand, we found significant positive correlations between
HR responses to surgery (i.e., HR delta values) and neg-
ative affectivity, trait but not state anxiety (Table 4),
depressive symptoms and perceived stress, controlling
for sex and experience. No significant correlations were
found between psychometric variables and RMSSD and
cortisol responses to surgery (Tables S2, Supplemen-
tary material). Likewise, no significant correlations were
found between psychometric characteristics and HR,
RMSSD and cortisol responses to the social stress test
(Table S3, Supplementary material).

Daily cortisol values

One-way ANOVA for repeated measures yielded a sig-
nificant “time x day of assessment” interaction on daily
cortisol levels during the baseline and perioperative
assessments (F=2.84, p<0.05, r]p2 =0.168) (Fig. 4A).
Specifically, cortisol values 30 min after awakening were
significantly higher compared with the values upon awak-
ening both in baseline condition and the day of the sur-
gery (p<0.05), but not the day after the surgery (Fig. 4A),
suggesting a flattening of the CAR. In fact, two-way
ANOVA for repeated measures yielded a significant effect
of “day of assessment” on CAR values (F=6.84, p<0.01,
r]p2=0.345). Considering the full sample of surgeons,
CAR values were significantly lower during the post-sur-
gery assessment (0.070 +0.060 pg/dL) compared with the
pre-surgery (0.295+0.064 pg/dL, p<0.01) and baseline
(0.281+£0.058 pg/dL, p<0.05) assessments. This effect
was independent from surgeons’ experience (Fig. 4B). Of
note, no differences were found in average wake-up times
across the different assessment phases (Fig. 4A).

HR and HRYV sleep values

There were no differences in HR and RMSSD sleep values at
the three assessment points in the full sample of surgeons (HR:
baseline=59.0+ 1.8 bpm, pre-surgery=>58.7+ 1.8 bpm, post-
surgery=60.0£2.5 bpm; RMSSD: baseline=39.3+4.4 ms;
pre-surgery=42.24+2.9 ms; post-surgery=40.3+3.4 ms) and
between the two groups (senior vs expert) (Table 5).
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Fig. 3 Heartrate (A), heart rate variability (B), and cortisol (C)
responses to surgery in senior and expert surgeons (n =8 per
group). Data are reported as mean = standard error. Abbreviation:
RMSSD = root mean square of successive beat-to-beat interval
differences. * p <.05 vs baseline value for both groups

Discussion

To the best of our knowledge, this is the first study to
combine the assessment of both cardiac autonomic (HR
and HRV) and cortisol parameters as markers of intra-
operative stress in surgeons during real operations.
Findings of increased HR and reduced vagally-mediated
HRYV during the first two hours of surgery are indicative
of cardiac sympathetic activation/vagal withdrawal and
complement previous results obtained in smaller sam-
ples (e.g., [17, 23, 34]) or during surgical simulations (e.g.,
[36, 37]). Further, the described increase in salivary cor-
tisol levels after the first hour of surgery is indicative of
HPA axis activation and represents an additional objec-
tive characterization of intraoperative stress response.
Cortisol levels after two hours of surgery were no longer
different from the baseline level, a finding that somewhat
replicates the time course of cortisol changes described
in a smaller sample of surgeons (n=7) during complex
laparoscopic procedures [14]. Of note, a previous study
did not find any increases in salivary cortisol levels in
surgeons during surgical simulations [36]. The authors of
this study argued that surgical stress — in real life or as a
simulation — may not influence HPA axis activity because
the activity of this axis would be more sensitive to social
stressors and elements of low control [36]. Our findings
point to a slightly different interpretation. Specifically,
we argue that elements of low control may lack in surgi-
cal simulations, but not in the real surgical environment
where technical problems and equipment failure may
jeopardize patient safety and, most importantly, patient
complication may occur. Therefore, surgical simulations
may be sub-optimal for studying intraoperative stress
responses.

Moreover, one might expect that younger surgeons
experience more intraoperative stress than senior sur-
geons who are used to managing intraoperative compli-
cations and responsibility. In our study, this hypothesis
could not be confirmed. Indeed, both subjective (STAI
state scores) and objective (HR, HRV, and cortisol
responses) indicators of stress were similar between sen-
ior and expert surgeons. We conclude that real opera-
tions are a significant source of stress for surgeons and
trigger both cardiac sympathetic and HPA axis activation
which cannot be moderated by professional experience.
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Table 4 Partial correlations (controlling for sex and experience) between psychometric characteristics and heart rate responses to

surgery for the full sample of surgeons (n=16)

1 2 3 4 5 6
1.DS-14 (NA) r -
p ,
2.STAIT r 738 -
p <.01 -
3.STAI-S r 422 248 -
p 133 392 -
4.CESD r 509 798 430 -
p 063 <.001 125 -
5.PSS r A7 .509 229 618 -
p 089 063 431 018
6. Delta HR r 638 804 -007 568 575 -
p 014 <.001 981 034 031 -

Only significant correlations between delta heart rate (HR) responses to surgery and psychometric characteristics are reported

Abbreviations: DS-14 (NA) Type D personality scale, negative affectivity subscale, STAI-T State-Trait anxiety inventory, Trait version, STAI-S State-trait anxiety inventory,
state version, CESD Center for epidemiological studies depression scale, PSS Perceived stress scale

Effects of intraoperative stress on cardiac autonomic
and HPA axis function after surgery
A largely unexplored issue in this field of research is the
impact of intraoperative stress on cardiac autonomic and
HPA axis function in the aftermath of surgery. Here, we
found that 30 min after the end of surgery, both cardiac
autonomic parameters and cortisol values returned to the
respective pre-surgery levels, suggesting complete recovery.

Likewise, HR and HRYV sleep values during the night
after surgery did not differ from the previous night (pre-
surgery) and from the baseline condition, suggesting that
cardiac autonomic function at night is not affected by
intraoperative stress. This is relevant because nighttime
HR and HRYV values have prognostic value across a range
of established cardiovascular risk factors in both diseased
and apparently healthy individuals [18, 19]. Of note, a pre-
vious study divided surgeons into a stressed and a non-
stressed group based on the difference in STAI scores from
pre- to postoperative rating. The authors found that those
who reported higher intraoperative stress (i.e., increases in
STALI scores) had lower HRV, but no changes in HR, dur-
ing the following night [28]. However, this study did not
include a pre-surgery and/or baseline assessment of HR
and HRV night values and therefore did not allow to clar-
ify whether decreased HRV at night was a longer lasting
effect of intraoperative stress or was a characteristic of that
sub-group of surgeons. Unfortunately, in the current study
STAI scores were not rated postoperatively and therefore
we could not replicate/confute the results obtained by
Rieger and colleagues using their approach [28].

On the other hand, we found a blunted cortisol
awakening response (CAR) the morning after surgery

compared with both the pre-surgery and the baseline
assessment, which suggests that intraoperative stress
may have a longer lasting impact on HPA axis func-
tion. Notably, this effect was comparable between sen-
ior and expert surgeons. While intraoperative stress
seemed to have no effects on evening cortisol values, a
blunted CAR was also described in healthy individuals
the morning after acute mental/social stress exposure
[7, 16]. Deviations from the typical increase in cortisol
following awakening are characteristic of HPA axis dys-
regulation and associated with negative consequences
for health and well-being. For example, blunted CARs
are associated with fatigue, burnout, and exhaus-
tion [8]. Therefore, our results suggest that surgeons
may still be recovering from intraoperative stress the
next morning as reflected by a failure to fully activate
the HPA axis after awakening. Our interpretation is
strengthened by the fact (i) baseline CAR was assessed
on two consecutive working days to increase the reli-
ability of this measure and was similar to the pre-sur-
gery value, (ii) wake-up hours were similar across the
different assessment phases, and (iii) statistical signifi-
cance survived when the duration of the surgery was
entered as a covariate. Nevertheless, this new finding
asks for a more elaborate replication, for example with
an extension of cortisol sampling days to verify whether
a blunted CAR characterizes only the morning after
surgery or persists for more days. This is particularly
relevant because there is evidence for a blunted CAR in
both clinical and non-clinical burnout [25] and a recent
meta-analysis reported a high prevalence of burnout
among surgeons from different countries and medical
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Table 5 Heart rate and heart rate variability sleep values in  specialties [20]. Therefore, the presence of a blunted

senior (1=8) and expert (n=8) surgeons CAR after surgery suggests a potential pathway by
baseline  pre-surgery  post-surgery which repeated exposure to intraoperative stress might

ultimately predispose vulnerable surgeons to burnout.

HR (bpm) Senior 56.7£2.1 592+£29 620+44

Expert 615432  584+£26 583+£26 Associations between psychobiological characteristics
RMSSD (ms) Senior 408+76 420+52 357+£56 and intraoperative stress responses

Expert 374450 424+£35 442+34

In this study, senior surgeons reported higher levels

Data are reported as mean = standard error. Abbreviations: HR Heart rate, AMssp  Of negative affectivity, depressive symptoms, and trait
Root mean square of successive beat-to-beat interval differences
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anxiety compared to expert surgeons. Importantly,
depressive scores in senior surgeons were around the
standard cut-off for mild depression. This could be attrib-
uted to the fact that more experienced surgeons are con-
fronted with many other work stressors, such as higher
responsibility and administrative and teaching duties,
which may have an influence on their subjective percep-
tion of stress and psychological well-being. However, as
discussed above, we cannot rule out the possibility that
a longer history of repeated exposure to intraopera-
tive stress may ultimately have a negative impact on the
psychological well-being of more experienced surgeons.
Interesting, from a dimensional perspective, depressive
symptoms, negative affectivity, trait anxiety, and per-
ceived stress strongly and positively correlated with the
magnitude of HR responses to real operations. Remark-
ably, similar associations between psychological charac-
teristics and HR stress responses were not found when
surgeons were confronted with a laboratory stressor (i.e.,
social stress test). Also, while the social stress test trig-
gered cardiac autonomic and cortisol responses in both
expert and senior surgeons, these responses did not cor-
relate with those observed during surgery. These pre-
liminary findings need to be replicated in larger samples,
but suggest that individual differences in physiologi-
cal responses to intraoperative stress (i) may be related
to surgeons’ psychological characteristics, and (ii) may
be typical of the surgical environment. Future research
should seek to investigate the optimal level of cardiac
autonomic and cortisol responses to intraoperative stress
and how those surgeons most affected can be supported
with stress management training programs. For example,
in a randomized controlled study, surgeons who attended
a stress management training showed higher HRV and
increased coping skills during a simulated operation [37].
Further, qualitative analysis revealed improved techni-
cal skills, decision making, and confidence [37]. These
interesting findings warrant further investigation on
the effects of stress management training programs on
cardiac autonomic and cortisol reactivity and recovery
from real operations and their relationship with surgical
performance.

Limitations

The results of this exploratory study must be interpreted
within the context of multiple potential confounders
which are difficult to avoid in a real-life investigation of
this kind, but should be considered and discussed. First,
surgeons were monitored during operations of differ-
ent nature and duration. However, all surgeons oper-
ated under similar work conditions (e.g., environmental
characteristics of the operating room, number of assis-
tant operators), complexities and complication rates
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were comparable, and the analysis of cardiac autonomic
and cortisol responses was standardized to the first two
hours of surgery. However, the length of surgery, entered
as covariate in the statistical analysis of CAR measures,
did not change the results. Also, it is unlikely that HR
increases and HRV decreases during surgery were due
to intraoperative posture and musculoskeletal strain
and not to mental stress, as previously discussed [28].
Another possible confounder is the time of intraoperative
assessment. All operations were scheduled in the morn-
ing, which is sub-optimal particularly for cortisol meas-
ures because it is known that cortisol levels peak shortly
after awakening (i.e., CAR) and decline steadily into the
early morning [3, 35]. Therefore, studies of cortisol stress
reactivity frequently measure cortisol in the afternoon,
on the premise that larger responses should occur against
low afternoon baselines compared to high morning base-
lines. This may also explain why significant associations
between psychometric characteristics and intraoperative
stress responses were found for HR but not for cortisol
reactivity.

Conclusion
Two important gaps in the literature hamper our under-
standing of the possible relation between long-term
exposure to intraoperative stress and high rates of burn-
out among surgeons. First, the extent to which intraop-
erative stress impacts on cardiac autonomic and HPA
axis function in the aftermath of the surgery. Based on
the results of this exploratory study, it is possible to
put forward the hypothesis that intraoperative stress
might have long-lasting effects on HPA axis function,
warranting further studies aimed at (i) providing more
robust evidence of a blunted CAR the day after sur-
gery in larger samples and different medical specialties,
and (ii) investigating whether this effect persists for an
even longer period of time with an extension of corti-
sol sampling days. The second open issue is the extent
to which individual psychobiological characteristics
moderate the impact of intraoperative stress. The cur-
rent results suggest that psychological characteristics
might indeed be associated with intraoperative stress
responses regardless of the surgeon’s level of experience
and encourage the combined use of psychometric ques-
tionnaires and stress-related parameters (HR and HRYV,
cortisol) during and after real operations to deepen the
study of this relationship.

We believe that these preliminary results will provide
a springboard for large scale studies aimed at unveiling
windows of vulnerability both at the personal (e.g., psy-
chological features) and temporal (e.g., psychophysi-
ological recovery from intraoperative stress) level, with
the ultimate goal of improving surgical performance
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and patient safety on the one hand and preserving
surgeons’ psychological well-being on the other hand.
This could be achieved, for example, by testing the
efficacy of stress managing interventions in more vul-
nerable surgeons and/or in the aftermath of a surgical
procedure.

Abbreviations
CAR Cortisol awakening response

CESD Center for epidemiological studies depression scale

COPE Coping orientation to problems experienced

DS-14 Type D personality scale

HPA Hypothalamic—pituitary—adrenal

HR Heart rate

HRV Heart rate variability

PSS Perceived stress scale

RMSSD Root mean square of successive beat-to-beat interval differences
STAI State-trait anxiety inventory
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