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Abstract 

Background:  The aim of this Pilot study was to investigate the cardiac surgical residents’ workload during different 
surgical teaching interventions and to compare their stress levels with other working time spent in the intensive care 
unit or normal ward.

Methods:  The objective stress was assessed using two cardiac surgical residents’ heart rate variability (HRV) both 
during surgical activities (32 selected teaching operations (coronary artery bypass graft n = 26 and transcatheter 
aortic valve implantation n = 6), and during non-surgical periods. Heart rate, time and frequency domains as well as 
non-linear parameters were analyzed using the Wilcoxon test.

Results:  The parasympathetic activity was significantly reduced during the surgical phase, compared to the non-sur-
gical phase: Mean RR (675.7 ms vs. 777.3 ms), RMSSD (23.1 ms vs. 34.0 ms) and pNN50 (4.7% vs. 10.6%). This indicates 
that the residents had a higher stress level during surgical activities in comparison to the non-surgical times.

The evaluation of the Stress Index during the operations and outside the operating room (8.07 vs. 10.6) and the para-
sympathetic nervous system index (− 1.75 to − 0.91) as well as the sympathetic nervous system index (1.84 vs. 0.65) 
confirm the higher stress level during surgery. This can be seen too used the FFT Analysis with higher intraoperative 
LF/HF ratio (6.7 vs. 3.8).

Conclusion:  HRV proved to be a good, objective method of identifying stress among physicians both in and outside 
the operating room. Our results show that residents are exposed to high psychological workloads during surgical 
activities, especially as the operating surgeon.
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Introduction
Physicians in operating theaters are exposed to various 
risks and occupational hazards such as unfavorable body 
posture [1], anesthetic gases and electrosurgical smoke 
plumes [2], radiation, disturbing noise and infections [3]. 
In addition, surgeons complain about high psychological 
stress levels during working hours [4].
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Today, preventive medicine and occupational health 
research are concerned with searching for stress param-
eters, which can detect psychological disorders and men-
tal illness at an early stage. However, higher psychological 
strain and workloads have also been reported among sur-
geons. In comparison to other medical disciplines, they 
work longer and have a lower quality of life [5].

Another study, which analyzed psychosocial stress 
at work in various surgical departments in Germany, 
revealed that this group of physicians suffers from 
more severe stress at work than other occupational 
groups. Furthermore, one quarter of hospital doctors 
who perform surgery experience an occupational grati-
fication crisis [6]. This study was carried out using the 
Job-Demand-Control Model proposed by Karasekand 
Siegrist’s model of professional gratification crises [7].

In fact, many versions and concepts (including Rohm-
ert and Rutenfranz’s stress–strain model [8]) have 
been established by research to identify stress in differ-
ent occupational groups and to clarify the relationship 
between work and illness or health [9]. While evaluat-
ing the workload and strain were challenging, the blood 
pressure, heart rate (HR) and heart rate variability (HRV) 
are considered to be objective determinants of stress 
[10, 11]. Also, current neurobiological evidence suggests 
that HRV is influenced by stress and supports its use for 
objective assessment of psychological health and stress 
[12].

A psychophysiological multi-level approach is recom-
mended to allow a better grasp of the mental stress—
individual—mental strain reaction chain’s complexity. 
This enables the mental stress and occurred strain [13, 
14] to be evaluated, as well as the collection of objective 
performance characteristics and subjective and objective 
stress data.

Heart rate variation is considered to be the result of 
the different regulatory mechanisms which control the 
homeostasis of the cardiovascular system, being acti-
vated. HRV is one of the most informative stress param-
eter for estimating or assessing the state of a patient´s 
autonomic function. For example, a lower HRV is associ-
ated with a weak cardiovascular system adaptability and 
is therefore not ideal for the organism.

Recently, 17 studies which observed the use of HRV 
to measure mental stress among surgeons were col-
lected and analyzed [15]. This systematic review showed 
that HRV is a good method for detecting and determin-
ing stressors during operations. In addition, the existing 
studies of the determination and assessment of work-
loads in surgical disciplines, show that the collection of 
stress parameters (mainly parameters from HRV analy-
ses) is essential for the evaluation of surgeons’ intraop-
erative conditions [10, 16, 17].

In two major reviews of various studies relating to sur-
geons’ mental stress between 1980 and 2015, Thielmann 
and Boeckelmann [10] and Arora et  al. [18] confirmed 
that the HR increases in stressed surgeons and the HRV 
decreases.

According to the current state of literature, more 
research is needed in this area. Therefore, we aimed to 
objectively investigate the workloads of the cardiotho-
racic surgical residents during different phases of their 
working day, by using HR and HRV parameters. Nonlin-
ear analysis and HRV parameters from the time and fre-
quency domain were used for this purpose.

In addition, we also sought to compare the young 
surgeons’ workload during training in coronary artery 
bypass graft (CABG) procedures and while learning tran-
scatheter aortic valve implantation (TAVI) with their 
normal daily medical activities (intensive care unit or 
normal ward) in terms of a Pilot study.

Materials and methods
Study design, participants and operational procedure
The objective workload and stress experienced by surgi-
cal residents during various times at their workplace were 
observed as part of a cooperation between the occupa-
tional medicine and cardiothoracic departments of the 
Otto-von-Guericke-University Magdeburg.

Two residents from the department of cardiothoracic 
surgery volunteered as test subjects. They had been in 
the cardiac surgery training program for 7 years and were 
between 30 and 35 years old. They were healthy with no 
previous conditions or medication.

The two test subjects signed declarations of con-
sent and completed questionnaires for the collection of 
socio-demographic data. A portable Holter-2-channel 
electrocardiogram (ECG) (model MT-101, Schiller AG, 
Switzerland) was for 24-h applied during 32 selected sur-
gical teaching interventions (on-pump coronary artery 
bypass graft (CABG = 26); transaortic valve implantation 
(TAVI = 6)) and during their work in the intensive care 
unit or on a normal ward. The heart rates were collected 
over an 8-month period and the HRV was analyzed. The 
data for the two work phases, i.e. the intraoperative and 
the non-surgical phases, were compared.

A distinction was made in the intraoperative phase, 
between two different procedures in which the test resi-
dents were working as surgeons or as assistants. During 
the CABG operations, the two residents performed as 
surgeons, supervised by a senior surgeon. In the other 
cases, the residents assisted in the TAVI procedure, 
while an attending performed the intervention. Data was 
acquired during the CABG and TAVI procedures at pre-
defined time points.
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The non-surgical time points were recorded outside 
the operating theatre on surgery days or on other work-
ing days, when the test residents were working in the 
intensive care unit or on the surgical medical floor. This 
data was documented using a protocol performed by 
the resident himself. The duration of the non-surgical 
phase was similar to the intraoperative, as required by 
the HRV analysis quality criteria.

HRV analysis
The database consisted of 32 ECG recordings (n = 19 
from resident 1 and n = 13 from resident 2). All the 
ECGs were recorded using a 2-channel ECG device, 
which could identify each QRS complex and record all 
the RR intervals with a sampling rate of 1,000 Hz. The 
AWMF-s2k guideline for quality criteria was consid-
ered [11, 19]. The collected data were transferred and 
analyzed using the Medilog DARWIN 2 Enterprise 
software (version 2.9.2; Fa. SCHILLER, Switzerland), 
whereby artefacts were manually verified and excluded. 
The NN-intervals were then analyzed (NN = RR with-
out any artefacts).

All recordings of successive NN-intervals were 
exported into a text file (txt format) and then analyzed 
using the Kubios HRV Premium program (Kubios, 
Kuopio, Finnland) [20, 21]. In accordance with the rec-
ommendations by the Task Force of the European Soci-
ety of Cardiology and the North American Society of 
Pacing and Electrophysiology, the time and frequency 
domain analysis with non-linear methods were selected 
as the informative stress und load indicators in this 
study.

An artefact correction was performed with the set-
tings 0.3 and custom (or smoothing, i.e. all NN-inter-
vals that deviate from the one before by more than 
30%, are eliminated as artifacts) without changing the 
trend components. A Fast Fourier Transform (FFT) was 
selected for the frequency analysis. A window width 

setting was selected of the time period of the analysis 
range and a 50% window overlap.

Frequency bandwidths (Table 1) were used in accord-
ance with the international and national recommenda-
tions and guidelines [11, 22, 23].

The HRV analysis was performed used three different 
methods: (Fig. 1).

Time‑domain measurements
The NN intervals were evaluated with respect to their 
variance. The monitoring periods ranged from 1  min 
to 24  h. A few time-related parameters were attributed 
to both sympathetic and parasympathetic activity, and 
another does not have a clear classification (Table 2) [22].

Frequency‑domain measurements
The most common methods of analyzing frequency-
related parameters are spectral analysis using nonpara-
metric Fast Fourier Transform (FFT) or Parametric 
Auto-Regression (AR) [11, 22]. The FFT or AR separate 
the HRV into ULF, VLF, LF and HF rhythms, which oper-
ate in several different frequency ranges (Table 2) [24].

Nonlinear measurements
The ECGs yield a series of successive NN-intervals. The 
time intervals between the heartbeats are variable and the 
relationship between these variables cannot be mapped 
as a straight line. Nonlinear methods, such as a Poin-
caré plot (Lorenz-Plot) or detrended fluctuation analysis 
(DFA), were used to examine the variability of the succes-
sive NN-intervals [22]. Both methods are explained and 
well described [24].

Table  2 gives an overview of the individual HRV 
parameters differentiated by time, frequency, and nonlin-
ear ranges.

Parameters of the sympathetic and parasympathetic 
nervous system and the stress index
The stress index is based on the values in Baevsky’s Stress 
Index and shows how long the test subjects were in stress 

Table 1  Explanation of the examined spectral bands

Spectral band Definition and description Physiological interpretation

VLF Very low frequency or thermoregulation band:
Power spectral density (PSD) in the frequency range up to 0.04 Hz (≤ 0.04 Hz), period duration 
from 25 s to 5:30 min, here the sympathetic nervous system is involved

Thermoregulation related fluctua-
tions, hormonal rhythms

LF Low Frequency Power or Baroreflector band:
Power spectral density (PSD) in the frequency range 0.04–0.15 Hz, period duration from 7 to 25 s; 
here both the sympathetic and the parasympathetic nervous system are involved

Blood pressure related fluctuations

HF High Frequency Power or Respiratory sinus arrhythmia, respiratory band:
Power spectral density (PSD) in the frequency range 0.15–0.40 Hz, period duration from 2.5 bis 
7 s; shows only the parasympathetic function

Breathing related fluctuations
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zones during a recording. To gain an overview of the 
subjects’ HRV parameter levels, six HRV parameters are 
presented, divided into parasympathetic nervous sys-
tem (PNS) tone and sympathetic nervous system (SNS) 
tone [25]. A description of these parameters is given in 
Table 3.

Statistical analyses
The statistical analysis was performed using the IBM 
SPSS software package 25 (IBM Corp., Somers, NY). The 
Kolmogorov–Smirnov test was used to check the inter-
val-scaled data for normal distribution. If the data were 
not normally distributed, the paired-sample Wilcoxon 
test was used for nonparametric tests. A value < 0.05 was 
considered to indicate statistical significance.

Results
Table  4 presents an overview of the time-related HRV 
parameters and the respective significance levels (p). The 
mean values (Mean) and the standard deviations (SD) of 
the HRV parameters from the intraoperative periods are 
compared with those from the non-surgical periods.

The low values for mean RR (675.7 ms vs. 777.3 ms; 
p < 0.001), RMSSD (23.1  ms vs. 34.0  ms; p < 0.001), 
NN50 (816.7 vs. 1786.2; p < 0.001), pNN50 (4.7% vs. 
10.6%; p < 0.001) and TINN (296.94  ms vs. 340.6  ms; 
p < 0.001) revealed that the residents had significantly 
higher levels of stress during surgical activities, com-
pared to non-surgical activities. This can also be seen 

in the higher mean HR value of 89.4 vs. 78.5  min−1 
(p < 0.001). For the parameters SDNN, STD_HR and 
RR_tri, no statistically significant differences were 
found between the surgical- and non-surgical times. 
However, the average RMSSD values of 23.1 ms during 
surgery are still considered to be low. The frequency-
related HRV parameters from the FFT are shown in 
Table 5.

The HF band analyses, which represent the parasym-
pathetic activity, showed that the mean of the power 
spectrum with 200.9 ms2 and the relative part of the 
total power of 11.7%, was lower during the surgical 
periods than during non-surgical (411.3 ms2 and 20.4%; 
p < 0.001). The low level intraoperative indicates lower 
vagal activity during this phase. The higher value for the 
LF po nu (86.06 to 77.71) and the lower HF po nu (13.88 
to 22.23) during the surgical times, are also attributed to 
the increased stress during operations. The LF/HF ratio is 
higher, on average 6.7, for the operating times, compared 
to 3.8 for non-surgical times, which also proves that there 
is a higher level of stress and thus a higher stress and load 
situation, in the operating theater.

Table  6 illustrates the nonlinear parameters of this 
study.

SD1 is an indicator of short-term variability and SD2 is 
an indicator of long-term variability (Table 2). Regarding 
short-term variability, the SD 1 parameters are signifi-
cantly different for surgical and non- surgical time. The 
RR intervals’ low dispersion (16.3 ms vs. 24.1 ms) during 

Fig. 1  Overview of the options for HRV analyses
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Table 2  Explanation of HRV parameters by Time–Frequency-Domain and nonlinear Parameters (according to [19, 25])

HRV-parameter Description Activity as part 
of the autonomic 
nervous system

Reaction with 
increased 
stress

Time-domain

Mean HR (1/min) The mean heart rate Sympathetic and 
parasympathetic 
nervous system (SNS 
and PNS)

↑

STD HR (1/min) Standard deviation of instantaneous heart rate values

Mean RR or NN (ms) The mean of RR intervals Unclear classification ↓
SDNN (ms) Standard deviation of RR intervals SNS and PNS ↓
RMSSD (ms) Square root of the mean squared differences between successive RR intervals PNS ↓
NN50 Number of successive RR interval pairs that differ more than 50 ms PNS ↓
pNN50 (%) NN50 divided by the total number of RR intervals PNS ↓
RR_Tri The integral of the RR interval histogram divided by the height of the histogram Unclear classification

TINN (ms) Baseline with of the RR interval histogram Unclear classification ↓
Frequency-domain (FFT)

FFT VLF-peak (Hz) VLF band peak frequencies Unclear classification No information

FFT LF-peak (Hz) LF band peak frequencies Unclear classification No information

FFT HF-peak (Hz) HF band peak frequencies Unclear classification No information

FFT_VLF_po (ms2) Absolute powers of VLF bands SNS ↑
FFT_LF_po (ms2) Absolute powers of LF bands SNS and PNS ↑
FFT_HF_po (ms2) Absolute powers of HF bands PNS ↓
FFT TP (ms2) Total Power: Overall Power spectral density: from 0.00001 to 0.4 Hz Unclear classification ↓
FFT_LF_po% (%) Relative power of LF bands SNS and PNS ↑
FFT_HF_po% (%) Relative power of HF bands PNS ↓
FFT LF nu Low frequency normalized unit:

LF/(Total Power-VLF) × 100
SNS and PNS ↑

FFT HF nu High frequency normalized unit:
HF/(Total Power − VLF) × 100

PNS ↓

FFT LF/HF Ratio between LF and HF band powers SNS and PNS ↑
Nonlinear

SD1 (ms) The standard deviation of the Poincaré plot perpendicular to (SD1) and along (SD2) the 
line-of-identity

PNS ↓

SD2 (ms) The standard deviation of the Poincaré plot perpendicular to (SD1) and along (SD2) the 
line-of-identity

SNS and PNS

DFA1 Detrended fluctuation analysis:
Short term fluctuation slope

Unclear classification

DFA2 Detrended fluctuation analysis:
Long term fluctuation slope

Unclear classification

Table 3  Explanation of HRV parameters according to the Kubios Manual [25]

HRV-parameter Description Activity as part of the 
autonomic nervous 
system

Reaction with 
increased 
stress

Overview stress parameter

Stress index The square root (to make the index normally distributed) of the Baevsky’s stress index SNS ↑
PNS index Parasympathetic nervous system activity compared to normal resting values (PNS 

tone described by Mean RR, RMSSD and SD1(%)
PNS ↓

SNS index Sympathetic nervous system activity compared to normal resting values (SNS tone 
described by Mean HR, Stress Index and SD2(%))

SNS ↑
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the operations, reveals a limited regulation in the resi-
dents intraoperatively.

Both the DFA values are above the normal range of 
1.0 and significantly different in the two phases investi-
gated (p < 0.001 and 0.018). With 1.51, the DFA1 in the 
surgical phases shows a higher correlation to the short-
term fluctuations of the NN intervals compared to the 
non-surgical phases, with 1.33. The lower DFA 2 in the 
non-surgical phase, indicates a poor distribution of the 
NN-intervals.

Table  7 shows the parameters of the stress index, the 
PNS- and SNS index.

All these three parameters differ significantly in the two 
phases (p < 0.001). The activity of the parasympathetic 
component, which is indicated by the PNS index, is lower 
during the operations than in the non-surgical phase (− 
1.75 to − 0.91; p < 0.001). The activity of the sympathetic 
part, which reflected by the SNS index, is higher intraop-
eratively, with 1.84, compared to 0.65 outside the operat-
ing room (p < 0.001).

The stress index is lower in the non-surgical phase, 
which reflects a lower stress level during this time. How-
ever, the stress index with average values of 8.07 (non-
surgical phase) and 10.6 (surgical phase), are both within 
the normal range (7.1–12.2; p < 0.001).

Discussion
The results of our single-center, observational Pilot 
study shows that the cardiac surgical residents have sig-
nificantly higher sympathetic activity as operators dur-
ing surgical procedures than outside the operating room. 
This was proven by several stress and load parameters, 
especially HRV, which was recommended by the current 
scientific studies and reviews in this field [10, 16, 26, 27].

Many of the residents’ psychological and psycho-emo-
tional burdens are not restricted to the operating room, 
but also occur in the intensive care unit or surgery. Other 
potential burdens on surgeons may include night shifts, 
responsibility towards patients or superiors [28], high 
bureaucracy [29], and very long working hours [30]. 
Residents are therefore exposed to a large health risk. 
In the literature, a study by Raspe et al. reported on the 

Table 4  Comparison of time-related HRV parameters between 
intraoperative times (for CABG and TAVI) and non-surgical times 
(N = 32)

Variable Intraoperative 
times

Non-surgical times p 
value

Mean ± SD Mean ± SD

Mean RR (ms) 675.7 ± 56.57 777.3 ± 102.67 < 0.001

SDNN (ms) 40.6 ± 12.34 43.6 ± 7.22 0.112

Mean HR (1/min) 89.4 ± 7.71 78.5 ± 10.07 < 0.001

STD_HR (1/min) 4.34 ± 1.73 4.6 ± 1.43 0.135

RMSSD (ms) 23.1 ± 8.16 34.0 ± 6.25 < 0.001

NN50 816.7 ± 743.13 1786.2 ± 1059.80 < 0.001

pNN50 (%) 4.7 ± 4.58 10.6 ± 4.56  < 0.001

RR_tri 10.6 ± 4.45 10.6 ± 1.82 0.350

TINN (ms) 296.94 ± 63.66 3406 ± 47.23 0.006

Table 5  Comparison of frequency-related HRV parameters from 
the FFT analysis between intraoperative times (for CABG and 
TAVI) and non-surgical times (N = 32)

Variable Intraoperative 
times

Non-surgical 
times

p 
value

Mean ± SD Mean ± SD

FFT_VLF_pe (Hz) 0.0289 ± 0.01430 0.03419 ± 0.0041 0.562

FFT_LF_pe (Hz) 0.0899 ± 0.0152 0.0870 ± 0.0214 0.466

FFT_HF_pe (Hz) 0.160 ± 0.0092 0.178 ± 0.0468 0.513

FFT_VLF_po (ms2) 450.2 ± 817.59 152.5 ± 61.84 0.477

FFT_LF_po (ms2) 1139.2 ± 585.32 1420.64 ± 582.01 0.030

FFT_HF_po (ms2) 200.9 ± 139.69 411.3 ± 195.87 < 0.001

FFT_Total_po (ms2) 1791.4 ± 942.30 1985.6 ± 764.76 0.191

FFT_VLF_po% (%) 18.3 ± 24.74 8.4 ± 3.41 0.926

FFT_LF_po% (%) 69.9 ± 20.74 71.2 ± 5.73 0.184

FFT_HF_po% (%) 11.7 ± 5.01 20.4 ± 5.11 < 0.001

FFT_LF_po_nu 
(n.u.)

86.06 ± 3.55 77.71 ± 5.53 < 0.001

FFT_HF_po_nu 
(n.u.)

13.88 ± 3.55 22.23 ± 5.51 < 0.001

FFT_LF/HF 6.7 ± 2.06 3.8 ± 1.27 < 0.001

Table 6  Comparison of the nonlinear HRV parameters between 
intraoperative times (for CABG and TAVI) and non-surgical times 
(N = 32)

Variable Intraoperative times Non-surgical times p value
Mean ± SD Mean ± SD

SD1 (ms) 16.3 ± 5.77 24.1 ± 4.42 < 0.001

SD2 (ms) 54.8 ± 17.32 56.7 ± 9.70 0.231

DFA1 1.51 ± 0.071 1.33 ± 0.083  < 0.001

DFA2 0.53 ± 0.229 0.42 ± 0.044 0.018

Table 7  Comparison of stress HRV parameters (stress index, PNS 
and SNS) between intraoperative times (for CABG and TAVI) and 
non-surgical times (N = 32)

Variable Intraoperative times Non-surgical times p 
valueMean ± SD Mean ± SD

PNS index − 1.75 ± 0.40 − 0.91 ± 0.53 < 0.001

SNS index 1.84 ± 0.72 0.65 ± 0.77 < 0.001

Stress index 10.62 ± 2.14 8.07 ± 0.92 < 0.001
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increased use of illicit and prescription drugs among 
young physicians due to high workload [29], and in a 
study by Franke et al., specifically among surgeons. This 
can be understood as a consequence of the high work-
load [31].

Based on our observations, we could prove that the res-
idents’ heart rates were significantly higher during opera-
tions than during the non-surgical phases. This has also 
been observed in other studies associated with HR analy-
ses during surgery [32–34].

Recording the HR as the unique parameter for the 
description of a stress situation is now considered a very 
limited method for making adequate statements about 
psychological stress [35]. However, the HRV analyses are 
appropriate for determining stress in the psychophysi-
ological studies, as they allow a more specific statement 
to be made about the stress level, as well as the cardiovas-
cular system’s competence and regulatory ability [11, 22].

Different studies have mainly used spectral analyses 
with nonparametric FFT or parametric AR, as well as 
measurements in the time domain, to assess psychologi-
cal stress among surgeons. However, so far, nonlinear 
analyses have rarely been used in research studies of sur-
geons [15].

The intraoperative stress parameters collected in our 
study illustrate the residents’ high stress levels dur-
ing surgical training procedures. The parasympathetic 
parameters are significantly lower during surgical activi-
ties than during other medical activities. This also applies 
to the sympathetic parameters, which are higher during 
an operation than during the non-surgical phases. For 
example, for the physicians, tasks on a normal ward or 
in ICU or talking with the patient’s relatives, are not as 
stressful as the surgical interventions.

This is illustrated by the low PNS activity, based on the 
reaction of the Mean RR, RMSSD and SD1(%) parame-
ters and the higher tone of the SNS (based on the changes 
in the Mean HR, Stress Index and SD2 (%) parameters 
(Tables 4, 6).

Considering the RMSSD zones proposed by M. P. Tar-
vainen et  al. [25], the residents’ RMSSD values can be 
classified as being in the lower zone (12–27  ms) during 
surgery and in the normal zone (27–72) outside the oper-
ating room. Within the stress zone, the residents’ values 
were average (7.1–12.2) [25].

Low parasympathetic activity is associated with an 
increased level of stress [22]. Prichard et al. [36] showed 
the same results when they compared two groups of 
endocrine surgical consultants and fellows, who per-
formed 50 thyroid lobectomies as primary operators and 
50 as assistants in a cross-over study design. The HRV 
analysis revealed that members of the fellows’ group had 
higher stress levels during surgery than when assisting. 

Although there was a lack of statistical significance, this 
was shown by lower RMSSD and pNN50 parameters and 
a higher SDNN, as well as a higher LF/HF ratio.

In Rieger et  al. [16] the surgeons were allocated to a 
stressed and a non-stressed group based on their per-
ceived stress (State Trait Anxiety Inventory). The interop-
erative stress was measured using HRV and the changes 
in autonomic nervous system activity were quantified 
by frequency and time domain analysis of RR interval 
variability. The stressed surgeons showed low intraop-
erative values for RMSSD, SDNN and pNN50, compared 
to the non-stressed group [16]. Using the time-related 
HRV parameters, Stress-, parasympathetic nervous Sys-
tem—and sympathetic nervous System Index illustrated 
that the residents showed higher stress levels than their 
supervising seniors during CABG teaching procedures 
[37].

The HF band is associated with parasympathetic (vagal) 
activity [22, 23]. This explains the significantly lower 
power and relative share of the HF band in our study, as 
well the residents’ higher power and relative share of the 
LF band during surgical procedures.

The LF/HF ratio has been used in other studies to 
make statements about the interaction between the 
parasympathetic nervous system (HF) and the sympa-
thetic nervous system (LF). On the assumption that LF 
power increases with increasing sympathetic activity 
and HF power increases with increasing vagal activity, 
Song et  al. (2009) investigated psychological stress dur-
ing cardiosurgical bypass operations by using the ratio of 
LF to HF (LF/HF ratio) [38]. The residents (less experi-
enced surgeons) exhibited higher LF/HF ratio, mainly in 
the ischemia phases (cross-clamp time). The residents in 
our study had an LF/HF ratio of 6.7 in the FFT, which is 
slightly below the values reported in the Song et al. 2009 
study but still far higher that the LF/HF ratio of 1.5–2.0 
which is defined as normal [23].

In the study conducted by Demirtas et al. [35], the HRV 
parameters of the surgeon and his first assistant during 
rhinoplasty procedures were compared with rest periods 
[35]. The results obtained were similar to those obtained 
in our study. For both surgeons and assistants, the sym-
pathetic activity is higher in the OR than during the non-
surgical phases. Nevertheless, it is possible to observe a 
higher stress level in the surgeons than in their assisting 
surgeons.

Yamanouchi et  al. [39] used frequency domain meth-
ods with surgeons before, during and after surgical activi-
ties, to make statements about parasympathetic and/or 
sympathetic activity and therefore about the respective 
psychological stress level. Although the surgeons’ expe-
rience was not taken into account, it was shown that 
there are significantly lower HF components and higher 
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LF components in the HRV analyses during surgery. The 
resulting higher LF/HF ratio reflects the higher psycho-
logical stress during the operations [39]. This project also 
demonstrated that an increase in sympathetic activity 
was mainly observed during critical phases of surgery.

The small sample of two residents in our study has lim-
ited significance. Therefore, the results should not be gen-
eralized and it would be desirable to sensitize physicians 
and especially surgical residents to more studies of this 
kind. Moreover, the surgical procedures used in our study 
were very different. While the residents mainly assisted 
in the TAVI procedures, in the CABGs, the young sur-
geons were operating themselves, under the supervision 
of a consultant. In addition, there are various factors that 
can have different effects on the residents’ stress levels in 
the OR, such as unexpected bleeding or each patient’s dif-
ferent risk factors. Therefore, this study can be considered 
as a pilot study that addresses important questions con-
cerning the health consequences of the stressful situations 
faced by surgeons and might lead the surgical community 
to pay attention to these aspects of surgical training pro-
grams. In this context, we like to pint out that the teaching 
situation is special in cardiac surgery due to the particular 
process of the procedures: At first, most of the possible 
complications during the procedures are potentially acute 
life threatening (e.g. aortic dissection during cannulation; 
myocardial infarction due to insufficient anastomosis etc.) 
and secondly, the time aspect is of major importance as 
the cross clamp time is directly related to patients out-
come. Having these facts in mind, teaching and learning 
in cardiac surgery is special and requires a long learning 
period. This does not mean, that the demands in other 
surgical specialities are less challenging and it would be 
interesting and useful to investigate stress response in 
every surgical (and medical) field.

As mentioned above, we cannot generalize the results 
based on the data of only two residents. The findings of 
our study should be investigated and verified in future 
studies with a larger sample size. As cardiac surgery 
training programs often show a limited number of train-
ees, a multicenter setting might be most useful to further 
investigate this topic. Nevertheless, the purpose of this 
publication is also to raise awareness of this topic among 
cardiac surgeons and the surgical community in general.

One of the strengths of this study is the HRV recording 
method with using 3-channel ECG devices with automatic 
detection of the R peaks over 24 h and a set sampling fre-
quency of 1.000 Hz. This increased accuracy in detecting the 
RR intervals and reduced problems with artifacts detection.

Nevertheless, the results are consistent with those of 
other research contributions on intraoperative stress 
analysis using HRV in surgeons, and confirm the demon-
strably high risk of burnout in the medical professions 

[40–42]. In addition, the various effects of long-term 
work-related stress on health, such as cardiovascular dis-
eases [43], diabetes mellitus type 2 [44] and depression 
[45], underline the need for action/treatment from an 
occupational health perspective.

The fact that young surgeons demonstrated high levels 
of stress in the operating theatre can be considered as an 
initial potential starting point for early sensitization con-
cerning mental load of both medical students and inexpe-
rienced surgical residents. In this context, it is important 
to act on an institutional and individual level to generate 
awareness, which can help to counteract the high level of 
stress they will experience later in their professional lives.

Acknowledgements
We thank the staff of the Department of Cardiothoracic Surgery at the Univer-
sity hospital Magdeburg for participating in this study. Special thanks to Esther 
Meyer for excellent technical assistance.

Author contributions
Conceptualization: GA, RP, MS and IB; Data collection: GA, RP, MW and SV; 
Methodology: GA, RP, SD, BT, MS and IB; Manuscript preparation and writing: 
GA; RP, MS and IB; Review of manuscript: MW, SV, HS, BT, SD and JW; All authors 
read and approved the final manuscript. MS and IB contributed equally for this 
manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
Basic data are saved in the Department of Occupational Medicine, Otto-von-
Guericke University Magdeburg and can be made available on request.

Declarations

Ethics approval and consent to participate
Before the start of the study, we received approval from the institutional eth-
ics committee of the medicine faculty of the Otto-Von-Guericke-University 
Magdeburg with the registration number 2020/185/19/in accordance with 
the Helsinki Declaration of 1975.

Consent for publication
Consent for publication has been obtained from all test subjects.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Cardiothoracic Surgery, Otto-von-Guericke University 
Magdeburg, Leipziger Strasse 44, 39120 Magdeburg, Germany. 2 Department 
of Occupational Medicine, Otto-von-Guericke University Magdeburg, Magde-
burg, Germany. 3 Clinic for Cardiology and Diabetology, Magdeburg Clinic, 
Magdeburg, Germany. 4 University Clinic for Internal Medicine III, Martin Luther 
University Halle-Wittenberg, Halle, Germany. 

Received: 20 December 2021   Accepted: 30 April 2022

References
	1.	 Kant IJ, de Jong LC, van Rijssen-Moll M, Borm PJ. A survey of static and 

dynamic work postures of operating room staff. Int Arch Occup Environ 
Health. 1992;63:423–8. https://​doi.​org/​10.​1007/​bf003​86939.

	2.	 Böckelmann I, Sammito S, Meyer F. Arbeitsbelastung durch Anästh-
esiegase und chirurgische Rauchgase und Schutzmaßnahmen im 

https://doi.org/10.1007/bf00386939


Page 9 of 10Awad et al. Journal of Cardiothoracic Surgery          (2022) 17:112 	

chirurgischen Operations(OP-)bereich—was der Chirurg wissen sollte. 
[Work strain by anaesthetic gas and surgical smoke due to tissue coagu-
lation as well as safety measures in surgical operating rooms—what the 
surgeon needs to know]. Zentralbl Chir. 2013;138:94–103. https://​doi.​org/​
10.​1055/s-​0032-​13281​79.

	3.	 Darius S, Meyer F, Boeckelmann I. Arbeitsmedizinische Aspekte in der 
Allgemein-(Viszeral-)Chirurgie—Infektionsgefährdung durch Nadelstich-
verletzungen (was der Chirurg wissen sollte). [Occupational medicine 
aspects in general and abdominal surgery—risk of infection attributable 
to needlestick injuries (what the surgeon should know)]. Zentralbl Chir. 
2013;138:88–93. https://​doi.​org/​10.​1055/s-​0032-​13152​02.

	4.	 Darius S, Meyer F, Böckelmann I. Gefährdungsbeurteilung und Arbe-
itsschutzmaßnahmen in der Chirurgie: Relevantes Wissen über die 
Arbeitsmedizin. [Hazard assessment and occupational safety measures 
in surgery: relevant knowledge on occupational medicine]. Chirurg. 
2016;87:948–55. https://​doi.​org/​10.​1007/​s00104-​016-​0205-2.

	5.	 Jurkat HB, Reimer C. Arbeitsbelastung und Lebenszufriedenheit bei 
berufstätigen Medizinern in Abhängigkeit von der Fachrichtung. Sch-
weizerische Ärztezeitung. 2001:1745–50.

	6.	 von dem Knesebeck O, Klein J, Frie KG, Blum K, Siegrist J. Psychosocial 
stress among hospital doctors in surgical fields: results of a nationwide 
survey in Germany. Dtsch Arztebl Int. 2010;107:248–53. https://​doi.​org/​
10.​3238/​arzte​bl.​2010.​0248.

	7.	 Karasek RA. Job demands, job decision latitude, and mental strain: impli-
cations for job redesign. Adm Sci Q. 1979;24:285. https://​doi.​org/​10.​2307/​
23924​98.

	8.	 Rohmert W, Rutenfranz J. Arbeitswissenschaftliche Beurteilung der 
Belastung und Beanspruchung an unterschiedlichen industriellen Arbeit-
splätzen. Bonn; 1975.

	9.	 Böckelmann I, Seibt R. Methoden zur Indikation vorwiegend psychischer 
Berufsbelastung und Beanspruchung—Möglichkeiten für die betriebli-
che Praxis. Zeitschrift für Arbeitswissenschaften. 2011;65:205–21.

	10.	 Thielmann B, Boeckelmann I. Herzfrequenzvariabilität als Beanspruchun-
gsindikator für psychische Belastungen bei Chirurgen—ein Literaturüber-
blick. [Heart rate variability as an indicator of mental stress in surgeons—
a review of the literature]. Zentralbl Chir. 2016;141:577–82. https://​doi.​
org/​10.​1055/s-​0034-​13962​95.

	11.	 Sammito S, Thielmann B, Seibt R, Klussmann A, Weippert M, Böckelmann 
I. Guideline for the application of heart rate and heart rate variability in 
occupational medicine and occupational science. ASUI. 2015. https://​doi.​
org/​10.​17147/​ASUI.​2015-​06-​09-​03.

	12.	 Kim H-G, Cheon E-J, Bai D-S, Lee YH, Koo B-H. Stress and heart rate vari-
ability: a meta-analysis and review of the literature. Psychiatry Investig. 
2018;15:235–45. https://​doi.​org/​10.​30773/​pi.​2017.​08.​17.

	13.	 Fahrenberg J. Das Komplementaritätsprinzip in der psychophysiologis-
chen Forschung und psychosomatischen Medizin: Psychopathologie 
und Psychotherapie. Z Klin Psychol. 1979;27:151–67.

	14.	 Fahrenberg J. Die Bedeutung individueller Unterschiede für die Methodik 
der Aktivierungsforschung. In: Schönpflug W, editor. Methoden der 
Aktivierungsforschung. Bern, Berlin: Huber; 1969. p. 95–122.

	15.	 The A-F, Reijmerink I, van der Laan M, Cnossen F. Heart rate variability as a 
measure of mental stress in surgery: a systematic review. Int Arch Occup 
Environ Health. 2020. https://​doi.​org/​10.​1007/​s00420-​020-​01525-6.

	16.	 Rieger A, Stoll R, Behrens K, Weippert M. Heart rate and heart rate 
variability as indirect markers of surgeons’ intraoperative stress. Int 
Arch Occup Environ Health. 2014;87:165–74. https://​doi.​org/​10.​1007/​
s00420-​013-​0847-z.

	17.	 Grantcharov PD, Boillat T, Elkabany S, Wac K, Rivas H. Acute mental stress 
and surgical performance. BJS Open. 2019;3:119–25. https://​doi.​org/​10.​
1002/​bjs5.​104.

	18.	 Arora S, Sevdalis N, Nestel D, Woloshynowych M, Darzi A, Kneebone R. 
The impact of stress on surgical performance: a systematic review of the 
literature. Surgery. 2010;147(318–30):330.e1-6. https://​doi.​org/​10.​1016/j.​
surg.​2009.​10.​007.

	19.	 Sammito S, Thielmann B, Seibt R, Klussmann A, Weippert M, Böckelmann 
I. Nutzung der Herzschlagfrequenz und der Herzfrequenzvariabilität 
in der Arbeitsmedizin und der Arbeitswissenschaft: Reg-Nr. 002-042: 
Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesells-
chaften e.V. (AWMF); 2014.

	20.	 Niskanen J-P, Tarvainen MP, Ranta-Aho PO, Karjalainen PA. Software for 
advanced HRV analysis. Comput Methods Progr Biomed. 2004;76:73–81. 
https://​doi.​org/​10.​1016/j.​cmpb.​2004.​03.​004.

	21.	 Tarvainen MP, Niskanen J-P, Lipponen JA, Ranta-Aho PO, Karjalainen PA. 
Kubios HRV-heart rate variability analysis software. Comput Methods 
Progr Biomed. 2014;113:210–20. https://​doi.​org/​10.​1016/j.​cmpb.​2013.​07.​
024.

	22.	 Sammito S, Böckelmann I. Analyse der Herzfrequenzvariabilität. Math-
ematische Basis und praktische Anwendung. [Analysis of heart rate 
variability. Mathematical description and practical application]. Herz. 
2015;40(Suppl 1):76–84. https://​doi.​org/​10.​1007/​s00059-​014-​4145-7.

	23.	 Task Force of the European Society of Cardiology and the North 
American Society of Pacing and Electrophysiology. Heart rate variability: 
standards of measurement, physiological interpretation and clinical use. 
Circulation. 1996;93:1043–65.

	24.	 Shaffer F, Ginsberg JP. An overview of heart rate variability metrics and 
norms. Front Public Health. 2017;5:258. https://​doi.​org/​10.​3389/​fpubh.​
2017.​00258.

	25.	 Tarvainen MP, Lipponen JA, Niskanen JP, Ranta-Aho PO. Kubios HRV (ver. 
3.3) User’s Guide: ©Kubios Oy; 2019.

	26.	 Böhm B, Rötting N, Schwenk W, Grebe S, Mansmann U. A prospective ran-
domized trial on heart rate variability of the surgical team during laparo-
scopic and conventional sigmoid resection. Arch Surg. 2001;136:305–10. 
https://​doi.​org/​10.​1001/​archs​urg.​136.3.​305.

	27.	 Heemskerk J, Zandbergen HR, Keet SWM, Martijnse I, van Montfort G, 
Peters RJA, et al. Relax, it’s just laparoscopy! A prospective randomized 
trial on heart rate variability of the surgeon in robot-assisted versus 
conventional laparoscopic cholecystectomy. Dig Surg. 2014;31:225–32. 
https://​doi.​org/​10.​1159/​00036​5580.

	28.	 Bergner T. Burn-out bei Ärzten: Lebensaufgabe statt Lebens-Aufgabe. 
Dtsch Arztebl A. 2004;101:2232–4.

	29.	 Raspe M, Koch P, Zilezinski M, Schulte K, Bitzinger D, Gaiser U, et al. 
Arbeitsbedingungen und Gesundheitszustand junger Ärzte und profes-
sionell Pflegender in deutschen Krankenhäusern. [Working conditions 
and health status of young physicians and nurses in German hospitals]. 
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 
2020;63:113–21. https://​doi.​org/​10.​1007/​s00103-​019-​03057-y.

	30.	 Leibner M, Zwiener H, Meschenmoser M, von Stillfried D. Öffnungs- und 
Betriebszeiten sowie Arbeitszeiten in Praxen von Vertragsärzten und 
Vertragspsychotherapeuten: Daten aus dem Zi-Praxis-Panel. Berlin; 2018.

	31.	 Franke AG, Bagusat C, Dietz P, Hoffmann I, Simon P, Ulrich R, Lieb K. Use 
of illicit and prescription drugs for cognitive or mood enhancement 
among surgeons. BMC Med. 2013;11:1–9. https://​doi.​org/​10.​1186/​
1741-​7015-​11-​102.

	32.	 Becker WG, Ellis H, Goldsmith R, Kaye AM. Heart rates of surgeons in 
theatre. Ergonomics. 1983;26:803–7. https://​doi.​org/​10.​1080/​00140​13830​
89634​01.

	33.	 Bergovec M, Orlic D. Orthopaedic surgeons’ cardiovascular response dur-
ing total hip arthroplasty. Clin Orthop Relat Res. 2008;466:411–6. https://​
doi.​org/​10.​1007/​s11999-​007-​0037-y.

	34.	 Demirtas Y, Ayhan S, Latifoglu O, Atabay K. Monitoring the surgeon, not 
the free flap. J Reconstr Microsurg. 2006;22:457–8. https://​doi.​org/​10.​
1055/s-​2006-​947701.

	35.	 Demirtas Y, Tulmac M, Yavuzer R, Yalcin R, Ayhan S, Latifoglu O, Atabay 
K. Plastic surgeon’s life: marvelous for mind, exhausting for body. Plast 
Reconstr Surg. 2004;114:923–31. https://​doi.​org/​10.​1097/​01.​PRS.​00001​
33166.​50279.​7C (discussion 932–3).

	36.	 Prichard RS, O’Neill CJ, Oucharek JJ, Holmes CYV, Delbridge LW, Sywak MS. 
A prospective study of heart rate variability in endocrine surgery: surgical 
training increases consultant’s mental strain. J Surg Educ. 2012;69:453–8. 
https://​doi.​org/​10.​1016/j.​jsurg.​2012.​04.​002.

	37.	 Awad G, Pohl R, Darius S, Thielmann B, Kuzmin B, Slottosch I, et al. Evalu-
ation of stress levels of trainee cardiac surgery residents during training 
interventions using physiological stress parameters. Int J Environ Res 
Public Health. 2021. https://​doi.​org/​10.​3390/​ijerp​h1822​11953.

	38.	 Song M-H, Tokuda Y, Nakayama T, Sato M, Hattori K. Intraoperative heart 
rate variability of a cardiac surgeon himself in coronary artery bypass 
grafting surgery. Interact Cardiovasc Thorac Surg. 2009;8:639–41. https://​
doi.​org/​10.​1510/​icvts.​2008.​195941.

	39.	 Yamanouchi K, Hayashida N, Kuba S, Sakimura C, Kuroki T, Togo M, et al. 
Increase in operator’s sympathetic nerve activity during complicated 

https://doi.org/10.1055/s-0032-1328179
https://doi.org/10.1055/s-0032-1328179
https://doi.org/10.1055/s-0032-1315202
https://doi.org/10.1007/s00104-016-0205-2
https://doi.org/10.3238/arztebl.2010.0248
https://doi.org/10.3238/arztebl.2010.0248
https://doi.org/10.2307/2392498
https://doi.org/10.2307/2392498
https://doi.org/10.1055/s-0034-1396295
https://doi.org/10.1055/s-0034-1396295
https://doi.org/10.17147/ASUI.2015-06-09-03
https://doi.org/10.17147/ASUI.2015-06-09-03
https://doi.org/10.30773/pi.2017.08.17
https://doi.org/10.1007/s00420-020-01525-6
https://doi.org/10.1007/s00420-013-0847-z
https://doi.org/10.1007/s00420-013-0847-z
https://doi.org/10.1002/bjs5.104
https://doi.org/10.1002/bjs5.104
https://doi.org/10.1016/j.surg.2009.10.007
https://doi.org/10.1016/j.surg.2009.10.007
https://doi.org/10.1016/j.cmpb.2004.03.004
https://doi.org/10.1016/j.cmpb.2013.07.024
https://doi.org/10.1016/j.cmpb.2013.07.024
https://doi.org/10.1007/s00059-014-4145-7
https://doi.org/10.3389/fpubh.2017.00258
https://doi.org/10.3389/fpubh.2017.00258
https://doi.org/10.1001/archsurg.136.3.305
https://doi.org/10.1159/000365580
https://doi.org/10.1007/s00103-019-03057-y
https://doi.org/10.1186/1741-7015-11-102
https://doi.org/10.1186/1741-7015-11-102
https://doi.org/10.1080/00140138308963401
https://doi.org/10.1080/00140138308963401
https://doi.org/10.1007/s11999-007-0037-y
https://doi.org/10.1007/s11999-007-0037-y
https://doi.org/10.1055/s-2006-947701
https://doi.org/10.1055/s-2006-947701
https://doi.org/10.1097/01.PRS.0000133166.50279.7C
https://doi.org/10.1097/01.PRS.0000133166.50279.7C
https://doi.org/10.1016/j.jsurg.2012.04.002
https://doi.org/10.3390/ijerph182211953
https://doi.org/10.1510/icvts.2008.195941
https://doi.org/10.1510/icvts.2008.195941


Page 10 of 10Awad et al. Journal of Cardiothoracic Surgery          (2022) 17:112 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

hepatobiliary surgery: evidence for surgeons’ mental stress. Tohoku J Exp 
Med. 2015;237:157–62. https://​doi.​org/​10.​1620/​tjem.​237.​157.

	40.	 Wegner R, Kostova P, Poschadel B, Manuwald U, Baur X. Belastung 
und Beanspruchung von Krankenhausärzten/-innen: Ergebnisse einer 
aktuellen Erhebung. Arbeitsmedizin, Sozialmedizin Umweltmedizin. 
2009;44:389–99.

	41.	 Darius S, Balkaner B, Böckelmann I. Psychische Beeinträchtigungen 
infolge erhöhter Belastungen bei Notärzten. Notfall Rettungsmed. 2020. 
https://​doi.​org/​10.​1007/​s10049-​020-​00696-6.

	42.	 Peckham C. Medscape Physician Lifestyle Report 2015; 2015.
	43.	 Kivimäki M, Virtanen M, Vartia M, Elovainio M, Vahtera J, Keltikangas-

Järvinen L. Workplace bullying and the risk of cardiovascular disease and 
depression. Occup Environ Med. 2003;60:779–83. https://​doi.​org/​10.​
1136/​oem.​60.​10.​779.

	44.	 Huth C, Thorand B, Baumert J, Kruse J, Emeny RT, Schneider A, et al. Job 
strain as a risk factor for the onset of type 2 diabetes mellitus: findings 
from the MONICA/KORA Augsburg cohort study. Psychosom Med. 
2014;76:562–8. https://​doi.​org/​10.​1097/​PSY.​00000​00000​000084.

	45.	 Stansfeld A, Shipley MJ, Head J, Fuhrer R. Repeated job strain and the 
risk of depression: longitudinal analyses from the Whitehall II study. Am 
J Public Health. 2012;102:2360–6. https://​doi.​org/​10.​2105/​AJPH.​2011.​
300589.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1620/tjem.237.157
https://doi.org/10.1007/s10049-020-00696-6
https://doi.org/10.1136/oem.60.10.779
https://doi.org/10.1136/oem.60.10.779
https://doi.org/10.1097/PSY.0000000000000084
https://doi.org/10.2105/AJPH.2011.300589
https://doi.org/10.2105/AJPH.2011.300589

	Activation of the stress response among the cardiac surgical residents: comparison of teaching procedures and other (daily) medical activities
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study design, participants and operational procedure
	HRV analysis
	Time-domain measurements
	Frequency-domain measurements
	Nonlinear measurements

	Parameters of the sympathetic and parasympathetic nervous system and the stress index
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


