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Background: Heart rate variability (HRV) has been used as a measure of stress and
mental strain in surgeons. Low HRV has been associated with death and increased
risk of cardiac events in the general population. The aim of this study was to clarify
the effect of a 17-hour night shift on surgeons’ HRV.

Methods: Surgeons were monitored prospectively with an ambulatory elec-
trocardiography device for 48 consecutive hours, beginning on a precall day and con-
tinuing through an on-call (17-h shift) day. We measured HRV by frequency domain
parameters.

Results: We included 29 surgeons in our analysis. The median pulse rate was
decreased precall (median 64, interquartile range [IQR] 56-70 beats per minute
[bpm]) compared with on call (median 81, IQR 70-91 bpm, p < 0.001). Increased
high-frequency (HF) activity was found precall (median 199, IQR 75-365 ms?) com-
pared with on call (median 99, IQR 48-177 ms?, p < 0.001). The low-frequency:high-
frequency (LF:HF) ratio was lower precall (median 2.7, IQR 1.9-3.9) than on call
(median 4.9, IQR 3.7-6.5, p < 0.001). We found no correlation between the LF:HF
ratio and performance in laparoscopic simulation.

Conclusion: Surgeons working night shifts had a significant decrease in HRV and a
significant increase in pulse rate, representing sympathetic dominance in the autonomic
nervous system.

Trial registration: NCT01623674 (www.clinicaltrials.gov).

Contexte : La variabilité de la fréquence cardiaque (VFC) a été utilisée comme
mesure du stress et de I'effort mental chez les chirurgiens. On a établi un lien entre
une faible VFC et la mort et le risque accru d’événement cardiaque dans la population
générale. Cette étude visait a clarifier I'effet d’'un quart de nuit de 17 heures sur la
VEC des chirurgiens.

Méthodes : On a surveillé prospectivement des chirurgiens au moyen d’un appareil
d’électrocardiographie ambulatoire pendant 48 heures consécutives en commengant la
veille de la période de garde et durant toute la journée de garde (quart de 17 heures).
Nous avons mesuré la VFC au moyen de parametres du domaine fréquentiel.

Résultats : Notre analyse a porté sur 29 chirurgiens. Le pouls médian a diminué
avant la période de garde (médiane de 64, plage interquartile [PIQ] de 56 a 70
battements/minute [b/m]) comparativement a la période de garde (médiane de 81,
PIQ de 70 4 91 b/m, p < 0,001). On a constaté une activité de haute fréquence (HF)
accrue avant la période de garde (médiane de 199, PIQ de 75 a 365 ms?) compara-
tivement a la période de garde (médiane de 99, PIQ de 48 2 177 ms?, p < 0,001). Le
ratio basses fréquences:hautes fréquences (BF:HF) était moins élevé avant (médiane
de 2,7, PIQ de 1,9 a 3,9) que pendant la période de garde (médiane de 4,9, PIQ de
3,72 6,5, p < 0,001). Nous n’avons constaté aucun lien entre le ratio BF:HF et le
rendement au cours d’une simulation de laparoscopie.

Conclusion : Les chirurgiens qui faisaient des quarts de nuit présentaient une dimi-
nution importante de la VFC et une augmentation importante du pouls, ce qui

représente une domination sympathique du systéme nerveux autonome.

Enregistrement de I'essai : NCT01623674 (www.clinicaltrials.gov).

© 2014 Association médicale canadienne



hifting work hours, sleep deprivation and stress have

been shown to affect surgeon performance.'” At the

same time, there is a negative effect on the health of
surgeons themselves.* The negative effects are burnout and
poor mental health.>~” This stress induces changes in the auto-
nomic nervous system that can be recorded noninvasively by
an ambulatory electrocardiography (ECG) device with subse-
quent statistical analysis of heart rate variability (HRV). Heart
rate variability has been used as a measure of mental strain in
surgeons performing laparoscopic versus conventional sur-
gery® and in surgeons performing laparoscopic surgery in
modern operating rooms compared with standard ones.” Fur-
thermore, HRV has been used as a measure of stress in sur-
geons before, during and after night shifts with a standardized
resting period of 10 minutes."” The HRV correlated with per-
ceived stress, showing decreased stress levels during the night
shift. A study by Nishi and colleagues!" stated that the lifespan
of surgeons and obstetrician/gynecologists was shorter than
that of physicians in basic medical sciences and internal medi-
cine; the authors suggested that one of the reasons for this
shorter lifespan was the degree of stress from work conditions.
Furthermore, a systematic review and meta-analysis of
34 studies found that shift work was associated with increased
risk of myocardial infarction and ischemic stroke."” However,
no increased mortality was associated with shift work.

Low HRYV has a prognostic value in patients with myo-
cardial infarction as a predictor of death and as a tool for risk
stratification after myocardial infarctions.”® In the general
population, low HRV has been associated with death and
increased risk of cardiac events.!*!> To our knowledge, no
previous study has investigated the development of HRV
during an entire night shift among medical personnel. Our
aim was to clarify the effect of a 17-hour night shift on
surgeons’ HRV.

METHODS
Design

Surgeons were monitored prospectively with an ambula-
tory ECG device for 48 consecutive hours. The monitor-
ing period started at 8 am on the morning precall and
continued through the second day, on which the surgeons
worked a 17-hour night shift from 3:30 pm to 8:30 am.
The ECG monitoring was discontinued at 8 am on the
morning postcall. Overall, the surgeons were monitored
for psychomotor performance, cognition, circadian
rhythm, sleep and fatigue over a period of 4 consecutive
days. Data on psychomotor performance, cognition and
sleep have been published separately.'¢

Participants

We included male and female interns, residents and attend-
ing surgeons from an academic surgical department in a pro-
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spective monitoring study. The participants did not work
night shifts in the 72 hours preceding the study in order to
avoid pre-existing sleep deprivation. They were instructed to
get their habitual amount of nighttime sleep during this
period. Furthermore, individuals receiving medical treatment
for known endocrine, autoimmune or heart conditions were
excluded, as were those with a previously diagnosed sleep dis-
order. Pregnant or breastfeeding women were not included.
Consumption of alcohol or stimulants in the 24 hours pre-
ceding the study and during the study was not allowed. As we
wished to monitor the surgeons in the habitual state, we did
not restrict their intake of liquids containing caffeine.

HRV recording

We started a 48-hour ECG recording on the morning of
the precall day, and recording continued through the on-
call day. The ECG recording was discontinued on the
morning postcall. We performed HRV monitoring using
the Medilog AR12 recorder (Oxford Instruments Tubney
Woods) with a 3-channel, 5-lead recording. We analyzed
the HRV parameters using Medilog Darwin software
(Huntleigh Healthcare). Mean values of short-term
5-minute recordings were manually viewed and excluded
for noise, ectopy and missing beats; only normal-to-normal
R waves were included to obtain reliable data. The normal-
to-normal R waves are known as the NN interval. Only
intervals with more than 90% valid data were included.

The parasympathetic (vagal) and sympathetic activity
constantly interact. The vagal afferent stimulation leads to
excitation of vagal efferent activity and, by reflex, inhibits
sympathetic efferent activity.!” The opposite effects are
mediated by the stimulation of sympathetic activity. The
efferent vagal activity is a major contributor of high-
frequency (HF) power. However, the interpretation of the
low-frequency (LF) power is more controversial; some
believe it represents sympathetic activity, whereas others
argue it represents a parameter that includes both sympa-
thetic and parasympathetic activity.!” In the present study,
an increase of the LF power was used as a measure of sym-
pathetic and parasympathetic activity,'” and HF power
was used as a measure of increase in parasympathetic activ-
ity.'?* The LF:HF ratio was used as an index of the sympa-
thovagal balance.'”?!? An increase in this ratio represented
a larger sympathetic influence on the HRV, and a decrease
represented a larger vagal influence.

Data analysis

Analysis was performed according to the guidelines of the
HRYV task force.”” The HRV power spectra were calculated
using fast Fourier transformation.”” Two main spectral com-
ponents were distinguished: an LF component of 0.04-
0.15 Hz and an HF component of 0.15-0.4 Hz. The power
and frequency of each spectral component were calculated as
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absolute units (milliseconds squared). We measured heart rate
from the mean NN values. The medians of the 5-minute
intervals were determined for every hour. Then we deter-
mined the medians of the hourly intervals from 4 pm to 8 am
precall and on call for every participant.

Ethics and permissions

Our trial fully complied with the Helsinki declaration on
biomedical research. The Danish Regional Committee on
Biomedical Research Ethics evaluated and approved the
trial (H-4-2011-095). The Danish Data Protection Agency
approved the collection, analysis and storage of data (2011-
41-6384). All participants gave their informed consent
before inclusion in the study. Participation in the study was
voluntary; all participants received 500 Danish kroner
(equivalent to $90 USD) at the end of the study. The trial
was registered at www.clinicaltrials.gov (NCT01623674).

Statistical analysis

We used SPSS software version 19.0 for data entry and
statistical analysis. Group values are presented as medians
and interquartile ranges (IQRs). We used the Wilcoxon
test for paired intragroup comparisons and the Friedman
test for repeated intragroup comparisons. We considered
results to be significant at p < 0.05.

RESuULTS

Thirty surgeons participated in the study; however, we
included the data for only 29 participants in our analyses.
One surgeon was excluded because she received a diag-
nosis of myxoedema 8 weeks after her participation in the
study. Thus, the results are based on data from 9 interns,
11 residents and 9 attending surgeons. The median work
experience was 5 (IQR 1-9) years. Participant characteris-
tics are presented in Table 1.

The development of HF power from 4 pm to 8 am precall
and on call is shown in Figure 1. We found a significant dif-
ference in the development over time for both precall and
on-call values. The median pulse rate is presented as a box
plot in Figure 2A. The precall pulse rate was lower (median
64, IQR 56-70 beats per minute [bpm]) than the on-call pulse
rate (median 81, IQR 70-91 bpm, p < 0.001). High-frequency
activity is presented as a box plot in Figure 2B. The vagal
activity was higher precall (median 199, IQR 75-365 ms?) than
on call (median 99, IQR 48-177 ms?, p < 0.001). Fig. 2C illus-
trates the LF:HF values as a measure of sympathovagal bal-
ance, with a median of 2.7 IQR 1.9-3.9) precall and 4.9
(IQR 3.7-6.5) on call (p < 0.001). There were no significant
differences between precall values and on-call values in LF
power (Fig. 2D). In order to account for differences in train-
ing levels, we conducted subgroup analyses for the interns,
residents and attending surgeons for the LF:HF ratio as a
representative for the sympathovagal balance. No significant
differences were found (Kruskal-Wallis test). In order to
examine the association between HRV and performance in
the laparoscopic simulator, we used the Spearman correla-
tion test for the LF:HF ratio and performance for the precall
and on-call day. Performance was measured as time in lapa-
roscopic simulation, as this was the primary outcome of the
overall study.'® No correlation was found between the
LF:HF ratio and time in laparoscopic performance (precall:
7=-0.20, p = 0.92; on call: » =-0.24, p = 0.20).

Table 1. The age, weight and height of the

participants

Group; median (IQR)

Characteristic Men Women
Participants 16 13

Age, yr 34 (30-38) 37 (31-40)
Weight, kg 80 (77-85) 64 (56-69)
Height, cm 183 (180-187) 168 (165-171)

IQR = interquartile range.
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Fig. 1. The development of high-frequency (HF) power from 4 pm to 8 am (16:00-08:00) for the precall and on-call
days. Squares represent precall values with a p < 0.001. Circles represent on-call values with a p < 0.001. The
p values were determined using the Friedman test. The decrease in HF power from 10 pm to 7 am (22:00-07:00)

on call represents a decrease in vagal activity.
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Discussion

Our results showed a change in the autonomic nervous sys-
tem activity, with sympathetic dominance in the nighttime
on-call values compared with precall values. The HF values
were significantly increased on the precall night compared
with the on-call night, demonstrating a higher vagal influ-
ence (Figs. 1 and 2A). The surgeons had a significantly
higher pulse rate (Fig. 2A) during the 17 hours they worked
on a night shift, which supported the findings of sympathetic
dominance of the autonomic nervous system activity while
on call. The decrease in LF:HF ratio supported a larger vagal
influence on the sympathovagal balance precall, and the
increase in LF:HF ratio on call demonstrated a sympathetic
dominance (Fig. 2C). However, the LF values did not differ
significantly when precall values were compared with on-call
values (Fig. 2D), possibly owing to LF values representing
both vagal and sympathetic influence on the HRV. The
overall findings may be explained solely by surgeons being
awake overnight; still, the findings demonstrate physiologic
stress regardless of surgeons’ training levels.

Our study also showed that surgeons had decreased HRV
during on-call hours, as the vagal activity was significantly
reduced. A previous study examined anesthesiologists, pedia-
tricians and otolaryngologists and compared their HRVs
from 9 pm to 10 pm after daytime work, on a night shift and
on the day after a night shift.? The study found decreased
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HRYV after daytime work and on a night shift in anesthesiolo-
gists compared with the other specialists, indicating higher
physiologic stress. The tasks of anesthesiologists can be com-
pared with the tasks of surgeons, as both have a large work-
load at night because acute situations may arise at all times.

It has been shown previously that low HRV from a
2-minute rhythm strip predicted increased mortality due to
poor general health.?* The authors selected a random sam-
ple of 900 patients without prevalent coronary heart dis-
ease at baseline. The patients with low HRV determined
from a 2-minute rhythm strip had an adverse cardiovascu-
lar risk profile and elevated risk of death from all causes,
including cancer. This may imply that the night shifts
causing a reduced HRV and higher pulse rate in surgeons
may have a negative impact on their general health in the
long run and may cause increased mortality.

Surgeons’ stress and ways to reduce or cope with stress
have been described previously. A study used an anonymous
self-report questionnaire and a randomized response tech-
nique (RRT), with a high degree of anonymity, to assess the
use of prescribed or illicit drugs solely with the purpose of
cognitive or mood enhancement among surgeons.”’ Accord-
ing to the questionnaire, 8.9% of surgeons reported that
they had used drugs at least once, merely for cognitive
enhancement; however, the RRT revealed a prevalence of
19.9%. For mood enhancement, 2.4% of the surgeons stated
on the questionnaire that they had used antidepressants;
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Fig. 2. (A) Median pulse rate from 4 pm to 8 am precall and on call (p < 0.001, Wilcoxon test). (B) High-frequency (HF) power from
4 pm to 8 am precall and on call (p < 0.001, Wilcoxon test). The median precall HF value was higher and had a wider interquartile
range (IQR) than the on-call value, demonstrating a greater parasympathetic influence. (C) The LF:HF ratio as a measure of the sym-
pathovagal balance from 4 pm to 8 am precall and on call (p < 0.001, Wilcoxon test). The decrease in the LF:HF ratio precall repre-
sents a larger vagal influence, and the increase on call represents a larger sympathetic influence on heart rate variability. (D) Low-
frequency (LF) power from 4 pm to 8 am precall and on-call (p = 0.39, Wilcoxon test). Boxes represent the IQRs. Lines within the
boxes represent the medians. Whiskers represent minimum and maximum IQR values.
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again, the RRT revealed a higher prevalence (15.1%). The
use of drugs is hardly recommended as a coping strategy for
stress in surgeons. A study found that scheduled intraopera-
tive breaks reduced surgeons’ cortisol levels by 22%, with-
out prolonging the operation.?® A systematic review looking
at residents’ health found 2 studies on protected sleep time
to reduce residents’ fatigue.”’” Further studies on scheduled
breaks and protected sleep time with a focus on how sur-
geons’ stress can be reduced are needed.

The strengths of the present study were that HRV moni-
toring and analysis were performed continuously for the
17-hour periods of evening and nighttime both precall and
on call, providing solid insight on the sympathovagal balance
of the entire recording period. Unfortunately, we did not
perform postcall HRV monitoring. This would have
strengthened the study further, as it would have shown when
a normalization of the sympathovagal balance took place.

CONCLUSION

Our study showed a significant decrease in HRV and a sig-
nificant increase in pulse rate in surgeons working night
shifts compared with nighttime hours off call. Future studies
could investigate methods to reduce sympathetic dominance
during night shifts, as the decreased HRV may be harmful to
surgeons’ health.
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