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Abstract
Background

Heart rate variability (HRV) is a tool used to measure the bio-psycho-social
aspects of stress. Night call is associated with increased levels of stress and
therefore decreased HRV. HRV in anaesthetists is currently unknown. The aim of
this study was, therefore, to compare HRV pre and post night call in registrars in
the Department of Anaesthesiology at Chris Hani Baragwanath Academic
Hospital.

Methods

This was a cross-sectional study using convenience sampling. Pre and post night
call HRV recordings were taken from 27 registrars using the Suunto® Smart Belt.
The computer-based software Kubios® was used for data analysis. Time- and
frequency-based analyses were done. The normal values from a systematic
review for short-term HRV were used in this study.

Results

Overall HRV was low with no significant difference pre and post night call (Low
frequency to high frequency ratio (LF:HF), 3.215 vs 3.473, p=0.719). There was no
significant difference in overall HRV pre and post call between male and female
registrars (LF:HF, 3.331 vs 3.090, p=0.805 and 4.128 vs 2.768, p=0.296). No
significant differences in overall HRV pre and post call between junior and senior
registrars (LF:HF, 3.094 vs 3.391, p=0.765 and 3.034 vs 4.113, p=0.417).
However, there was a significant difference in post call overall HRV in time-domain
variable, standard deviation of the normalised RR interval (SDNN) (54.2 vs 42.4,
p=0.048). There was a positive, statistically significant correlation between number
of night calls, SDNN (r=0.456, p=0.0017) and the square root of the mean squared
differences of successive NN intervals (RMSSD) (r=0.502, p=0.008).

Conclusion

In this study, registrars showed increased sympathetic nervous system
dominance, with the associated decreased HRV both pre and post night call with
no significant difference between these two time periods. The reasons for this
decreased HRV may be multifactorial. There was no significant difference between
HRV of male and female registrars or between junior and senior registrars.
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Section 1: Review of the literature

1.1 Introduction

In this review a background to shift work and burnout, the physiology of stress,
work and recovery, measuring stress and heart rate variability (HRV) including
methods measuring HRV in health care workers pre and post call will be

discussed.
1.2 Background

According to the World Health Organization (1), occupational health “deals with all
aspects of health and safety in the workplace and has a strong focus on primary
prevention of hazards”. The health of workers encompasses physiological and
psychosocial well-being, which is particularly pertinent to the medical fraternity.
Due to the high work stress profile of medicine, there has been a concerning rise

in physician burnout and suicide rate over time (2).

A meta-analysis by Vyas et al (3), deduced that shift work was associated with an
increased incidence of macro and microvascular disease and injury and measures
that encompass bio-psycho-social well-being should be put in place to prevent
disease progression (3). According to the South African Basic Conditions of
Employment Act, 1997 (4), night work is defined as working between 18:00 and
06:00. In the medical fraternity, shift work typically encompasses night duty, with
longer working hours and in a study by Ferri et al (5), shifts done during the night
had a greater stress load on the worker as compared to shifts done during the day.
Work stress or burnout is seen in approximately 21% of training physicians (6),

while 20.9% — 43.2% described symptoms of depression (7).

Burnout is defined as a form of physical, emotional and mental fatigue established
through extended periods of physiological and emotional strain and stress (8). The
physiological strain may manifest pathologically as raised blood pressure,
cardiovascular disease and diabetes, to name a few, while the emotional and
mental strains may develop into mood disorders, anxiety and even substance
abuse (9).



It is because of these physiological and mental stressors that burnout in the
medical fraternity has far-reaching consequences that may affect not only the
healthcare provider personally but their patients, their families and the health

system as a whole.
1.3 The physiology of stress

The physiology of stress within the work environment has been shown to manifest
in alterations in the autonomic nervous system (ANS) and the hypothalamic-
pituitary-adrenal (HPA) axis (10). This has been described by McEwen (10) as
allostasis and is essential for maintaining homeostasis. Within this concept, it is
made clear that an individual is able to oscillate between catabolism and
anabolism to cope with these changes and adapt accordingly. However, the
allostatic concept only explains the individual’s ability to manage and maintain

relative homeostasis under acute changes and acute phases of stress (10).

Although the individual is able to maintain homeostasis in the acute setting,
organisms throughout their lives go on to experience prolonged phases or periods
of acute stress, which then develops into chronic stress. This chronic stress will
have altered effects on the individual’s homeostasis, as described by McEwen
(10).

McEwen (10), introduced the allostatic load theory. The theory establishes a link
between acute stress developing into chronic or prolonged stress via the ongoing
activation of the neuroendocrine stress response, the ANS, HPA axis, immune
system and physiological wear and tear (11). This chronic wear and tear and
disruption of homeostasis are thought to promote disease through the pathological
process of an imbalance between the sympathetic nervous system (SNS),

parasympathetic nervous system (PNS) and the HPA axis (12).

The SNS response is commonly referred to as the “fight or flight” response. The
SNS is activated in response to stressful environments, alerting the body that a
swift decision needs to be made for self-preservation. Catecholamines, cortisol,
growth hormone and thyroid-stimulating hormone are released in anticipation of a

“fight or flight” response. As mentioned, in the acute phase, these surges in the



SNS and HPA axis are well tolerated by the body and no long-term damage or

injury is sustained (10).

Acute and chronic SNS activation is known to raise heart rate, blood pressure,
muscle strength, mental processing and energy utilisation when external stress is
experienced and concurrently, decreased vagal tone (12—15). According to the
Framingham Heart Study (16), an independent predictor for new-onset

hypertension is decreased vagal tone.

The PNS facilitates a state of “rest and digest”. During the activation of the PNS,
the neuroendocrine system ensures restitution and replenishing of energy and its
stores to maintain homeostasis. Due to vagal tone suppression by the SNS during
stress, it is therefore expected that to function optimally, vagal tone activity
predominates during the relaxation and recovery period after work shifts and other
activities associated with sustained SNS activities (14). In a prospective study by
Suadicani et al (17), coronary heart disease was found to occur three times as

often in subjects who stated they did not partake in leisurely activities after work.

Due to the complexity of the physiological and psychophysiological systems,
rhythmic variations exist to maintain stability and these are generated by the
circadian clock system (18). This system follows a 24-hour cycle, ensures
timekeeping and that time specific physiologically driven processes are correctly
coordinated to the correct time of day and with each other (18-20). There are
internal and external stimuli known as “zeitgebers” (time-givers) and these include
light, food intake, social activities and alertness, which then stimulate the central
circadian pacemaker found in the suprachiasmatic nuclei located in the

hypothalamus and generate a rhythm referred to as the diurnal rhythm (18).

During the sleep-wake cycle or diurnal rhythm, melatonin and cortisol are released
and levels peak during the night and morning, respectively. Cortisol secretion
plays a pivotal role in metabolic equilibrium through processes of
gluconeogenesis, lipolysis and protein catabolism. Sustained release of cortisol
can lead to undesirable pathologies, such as diabetes, obesity, dyslipidaemia and

associated cardiovascular disorders (21). Sleep suppresses the release of cortisol



and with frequent night duty, Broussard and Brady (22) concluded that shorter

sleep durations are associated with increased evening cortisol levels (18).

Night calls are often associated with disruption of the worker’s sleep pattern and
regularly results in sleep deprivation. In Hong Kong, it has been demonstrated in
doctors that deoxy-ribonucleic-acid (DNA) repair gene expression is at lower
baseline levels in those who work night calls and that levels are further decreased
after periods of acute sleep deprivation (23). The authors concluded that doctors
who worked overnight on-site demonstrated a 30% increase in DNA breaks in their
alkali-labile sites compared to doctors not working overnight. The defect in DNA
repair has been associated with oxidative damage and as a consequence, is a

precursor to the development of chronic diseases (23).
1.4 Work and recovery

It has been suggested that not only do night calls have destructive consequences
on the health of night shift workers, but the recovery between these shifts plays an
important role in the workers’ well-being (12). The “Effort-Recovery Model”
emphasises the crucial role recovery has in the process of acute to chronic stress
or allostatic loading (24). The premise of the model is that the physiological and
psychophysiological systems placed under stress during a working shift will return
and equilibrate to their baseline resting level, to a state of metabolic, physiological

and psychophysiological harmony, if resting and recovery time is adequate (12).

The process of recovery, by convention, should follow periods of work and stress.
However, there are situations where this recovery process is delayed or even
deficient and the body is unable to attain the harmonious physiological and
psychophysiological state for optimal functioning (12). With this suboptimal state
and lack of adequate recovery, the individual or worker must utilise more energy to
compensate for this deficit in order to ensure they are able to carry out their work
effectively (12). With this ongoing state of compensation, chronic strain ensues
and this may manifest in the form of disease, chronic fatigue and substance

abuse, among others (12,25,26).

In two systematic literature reviews (26,27), it was concluded that the

catecholamine, adrenaline, remained elevated after taxing work shifts suggesting
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suboptimal recovery (12). In driving instructors, it was demonstrated that with days
of increased intensity of stress or workload, higher levels of adrenaline were noted

to be present (12).

Recovery from work stress has been described as a two-pronged process. There
are “internal” and “external” forms of recovery (28). Internal recovery is recovery
occurring within the working environment and includes short breaks from work
such as lunch and coffee breaks (12). Fatigue management and strategies in the
workplace through rest breaks are essential to minimise fatigue and maximise
performance (29). The importance of when, how often and how long workers
should break is a determining factor in the effectiveness of recovery. In many
instances, there was no recovery due to the nature of the work, for example,
dealing with emergencies in the hospital setting. Some studies concluded that job
settings with low control such as the ability to take controlled breaks, satisfying
basic personal needs, such as toilet breaks and eating or drinking were associated

with poor physiological and psychophysiological recovery (30).

External recovery is the process of recovery that occurs after a work shift has
been completed, on weekends and during planned annual holiday time. External
recovery is divided into three main type sets: work-related time, which involves
taking work home to complete, semi-leisure time where essential home chores like

cooking and cleaning are done and leisure time, being pure relaxation (12).

Leisure time can be further sub-divided into passive, low energy-requiring activities
such as playing an instrument or doing pottery, or active leisure time requiring a
higher energy requirement such as social and sporting activities (12,31,32). Within
the sphere of medicine, this leisure time is limited due to the nature of the

profession.

The recovery process is essential to maintaining homeostasis. Besides internal
and external recovery and the factors that influence them, there are other
conditions that may obstruct the recovery process. Cognitive processes, like
rumination, have been shown to have an impact on the recovery process (33).
Rumination is a perseverative thought process that focuses on negative content

that has happened or is happening, which goes on to result in emotional distress



(34). In a study by Zoccola and Dickerson (35), a link was found between
rumination and raised cortisol levels associated with SNS activation and hence
delayed recovery. Hogan and Linden (36) determined that rumination was

associated with elevated ambulatory blood pressure and its associated sequelae.

Anaesthesia and intensive care share the emotional and physical stress levels
associated with looking after critically ill patients. Both are associated with long,
intense working hours in high-risk, complex environments with many changing
variables (37). In a study by Vandevala et al (38), in the intensive care unit,
intensivists’ were dealing with environmental (heavy workload, prolonged shifts),
patient (witnessing pain, suffering, critical illness) and ethical issues, often leading
to rumination. These effects can be extrapolated to the anaesthetist due to the

shared type of patient and working environment (39).

During the COVID-19 pandemic, there has been an increase in workload and
stress both physiologically and mentally in all health care workers (40). A study in
Singapore found a significant increase in psychological stress among
anaesthesiologists and nurses working in intensive care units (41). Another study
by Sneyd et al (42), stated that the COVID-19 pandemic had significantly affected
the post graduate training across six continents with cancelled educational
programmes, delayed changes in rotations thus delaying academic progression
and postponement of exams. All these changes in the background of the COVID-
19 pandemic will have significant consequences for training anaesthetists, their

seniors and their current and future patients (42).
1.5 Measuring stress

Stress is a subjective phenomenon perceived by all individuals and may manifest
either physiologically, psychologically or both. Qualitative and quantitative
measures of stress will enable a better understanding of the mechanics of stress

and thus provide a platform to manage the acute and chronic stress periods (43).

Stress may manifest psychologically in the form of behavioural changes, altered
performance, inability to cope and in some cases, self-harm (44). Cohen (45)
stated that qualitative questionnaires, such as the Perceived Stress Scale and the

Daily Hassles Scale were developed to investigate these psychological changes.
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A disadvantage of using qualitative measurements of stress is the subjectivity of
stress, as each individual perceives stress differently. It is perhaps prudent to use
qualitative measurements in conjunction with quantitative measurements when

assessing stress (43).

Stress manifests through physiological changes as mentioned in Section 1.3.
Stress and its response play a critical role in the survival of all living organisms.
Various systems such as the ANS and the HPA axis are activated, which control
and release hormones, allowing the individuals to respond and act according to
the stress perceived (12). It is these hormones and their effects that are

measurable, thus allowing the amount of stress perceived to be approximated.

Cortisol, a stress hormone of the pituitary gland, can be measured from obtaining
a blood, salivary or urine specimen. The cortisol found in blood is 90% bound to
proteins and hence only 10% is free and able to be measured, while urine and
salivary cortisol have a higher percentage of free and unchanged cortisol (46).
Urine cortisol has some practical limitations in that a 24-hour urine specimen is
needed. There are good alternatives available as surrogates for serum cortisol
such as liquid chromatography-tandem mass spectrometry, but its use is limited by
the absence of a single, validated reference range and inadequately standardised

assays (46).

The changes in the ANS due to stress can be analysed using measurements of
heart rate, blood pressure and vagal tone. HRV is a measurement used to assess
and monitor the way the heart responds and functions under resting and stressed
conditions. It is a useful, non-invasive and reliable tool that allows the interplay
between the SNS and PNS to be observed (47).

1.6 Heart rate variability

1.6.1 Background

HRYV is defined as “the variation over time of the period between consecutive
heartbeats and is predominantly dependent on the extrinsic regulation of the heart
rate” (47).



The use of heart rate variation stems from the assessment of heart rate and the
variation in its rhythm beginning as early as 2 000 years ago (48,49). The pulse of
a patient was first used in ancient forms of medicine, including Chinese and Indian

medicine, around 800 BC and was termed pulse diagnosis (49).

Stephen Hales, in the eighteenth century, used arterial blood pressure readings
taken from intra-arterial lines of animals and assessed the height blood would rise
in a column (49,50). Throughout the nineteenth and twentieth centuries (48),
research focusing on the heart, its rate, rhythm and link to the ANS lead to
valuable information, as shown in Figure 1. In 1965 the fetal electrocardiogram
(ECG) was first used in pregnant women to assess whether the fetus was
distressed by looking at the inter-beat interval (51). However, fetal ECG can be
invasive and the less invasive cardiotocograph is used, which measures the fetal
heart rate and uterine contractions concurrently and reflect the changes in the
ANS (52). A decrease in variability in the heart rate (decreased fluctuations in
heart rate) between tracings is suggestive of fetal distress and further
management is required (51). It is these increased or decreased fluctuations in
heart rate that are measured and termed HRV, which is currently used in obstetric

practise (53) and multiple applications within the adult population (54).

An individual's baseline HRV, either increased or decreased, is determined by the
current physical and mental health status of the patient. Gang and Malik (55) and
Ahmad et al (56), used HRYV in patients in an intensive care unit as a diagnostic
and prognostic indicator of cardiac autonomic modulations. Emotional states of
happiness and sadness have been shown to alter HRV as illustrated in a study by
Shi et al (57). Due to the non-invasive nature of its measurement, its use is

particularly useful in patients with head injuries or brain death (55).



HRV
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(1990's) HRV
Frequency domain analysis
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Physician’s Pulse Watch
Floyer 1707

Pulse in diagnosis/prognosis
(Galen ca. 170 AD!

Pulse 1" described —
(Herophilos ca. 300 BC)

Figure 1: Heart rate variability evolutionary timeline (38)

An important attribute of HRV is the concept of respiratory sinus arrhythmia (RSA).
Ernst (49) referenced Carl Ludwig’s theory of RSA, where fluctuations in the heart
rate can be a response to changes in the breath cycle, with inspiration being
associated with increased heart rate while expiration is associated with decreased
heart rate (49). Katona and Jih (58) demonstrated that respiratory rate had an
impact on vagal tone and was able to separate the two, thus illustrating the
connection. The implication was that the degree of RSA correlated with changes in
vagal tone. From this initial study, RSA or external factors such as stress were

shown to modify vagal tone.
1.6.2 Methods of measuring and analysing heart rate variability

With the development of technology, knowing an individual’s health now goes
beyond seeing a doctor and getting a clean bill of health. Various devices have
been developed, ranging from a simple home-based finger prick test for diabetes
to a more complex 24-hour Holter monitor used to assess blood pressure, heart
rate and rhythm. An essential aspect of the well-being of a patient is self-care and
insight into their health (59). Polar® and Fitbit®, to name a few, are companies

focused on bringing health information to individuals.
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Some devices have more sophisticated hardware and software, which allow more
than just steps walked and distance covered to be collected and analysed (60).
Heart rate and HRV measurements are two of the more sophisticated domains
found in the more advanced fitness devices, which when collected and analysed
give valuable data regarding the wearer’s health. The advantages of such devices
are their ease of use, mobility and minimally invasive techniques of attaining the
data (61).

The Suunto® system is such a device used to record and analyse heart rate and
HRV. It was shown by Bouillod et al (62), that the Suunto® Memory Belt is an
accurate and simple system that allowed RR interval recording. Due to the inbuilt
memory, transmission to a receiver is not needed, thus minimising artefacts (62).
In a study by Menghini et al (63), devices worn on the wrist were associated with
higher rates of measurement error. It is therefore suggested for research and

accuracy purposes that a chest strap such as the Sunnto® system be used.

All medical tests, whether clinical such as heart rate, or biochemical such as
haemoglobin levels have normal values. This allows a comparison of the test
subject’s result to these normal values and informs the physician or researcher to
what degree the test subject’s results deviate from the normal. In a systematic
review by Nunan et al (64), it was noted due to multiple factors, inconsistent
normal values for HRV were reported. Cognisance of such inconsistencies must
be taken into account when comparing HRVs to a normal value. With respect to
assessing and collecting data for HRV for interpretation, the duration for HRV
assessment can be divided into three groups. Twenty-four-hour, short-term (5 — 15
minutes) and ultra-short-term (< 5 minutes) (54). It has been recommended to take
readings = 5 minutes to ensure the data is reliable and the results collected have

been comparable to 24-hour HRV readings (65,66).

A study in the Netherlands by van den Berg et al (67) established ultra-short
normal values in two time-domain variables, in five age groups in people aged 11
days to 91 years through ten-second ECGs. It was found within the study that from
birth to increasing age, certain statistical trends calculated decreased and only
small difference between males and females was noted. Table 1 shows the normal

ultra-short values for the standard deviation of the NN interval (SDNN) (ms) and
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the square root of the mean squared differences of successive NN intervals
(RMSSD) (ms) for both males and females.

Table 1: Normal ultra-short values for SDNN (ms) and RMSSD (ms) for both

males and females (67)

SDNN RMSSD
Male Female Male Female
<1 month — 19 years | 99.6 - 60.7 | 109.2 - 67.3 | 153.1 — 70.1 161.9 — 80.4
20 years — 29 years 48.5 56.0 51.9 63.7
30 years — 39 years 37.5 43.4 37.7 a47.7
40 years —89 years |304-15.6 | 33.3-16.1 |29.9-17.9 35.8-19.2

There are many different ways to measure HRV and this is more complex than
commonly understood and this may lead to incorrect conclusions and
extrapolations (68). In 1996, the Task Force of the European Society of Cardiology
(ESC) and the North American Society of Pacing and Electrophysiology (NASPE)
(68) specified methods to analyse HRV, namely time-domain and frequency-

domain analysis.

Heart rate is portrayed as a signal and it is, therefore, useful to analyse both the

time- and frequency-domain as each conveys different information about the same
phenomenon. Some aspects of the signal may be easier to identify and quantify in
the time-domain and other aspects easier in the frequency-domain. Consequently,
the use of time- and frequency-domain analysis is complimentary as the one does

not exclude or prohibit the other.
Time-domain analysis

Time-domain analysis measures either instantaneous heart rate or uses the
intervals between consecutive heartbeats from an ECG (48). On an ECG (Figure
2), the RR interval (R peak of one QRS complex to the next R peak of another
QRS complex) is measured between 0.5 and 5 minutes (68). The RR interval may,
however, include arrhythmias (atrial or ventricular), which are then removed and
only sinus rhythms are measured, resulting in normalised RR interval, known as

the normal to normal interval (NN) (69). Artefact recognition and RSA may also
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influence time-domain measurement and other forms of analysis are employed to
address such artefacts (69). Time-domain analysis uses statistical or geometric
methods or both, is easier to measure, however, can be associated with less

detailed information as compared to frequency-domain analysis.

R R

Figure 2: ECG with R-R distance (R:R wave) peak

There are two classes of statistical time-domain analysis measurements: the first
is derived from taking direct measurements from the NN interval or heart rate and
the second from the differences between the NN intervals (68). The SDNN is the
easiest variable to calculate and is attained by square rooting the variance. SDNN
measurements are usually dependent on the length of recordings, and thus, short-

term 5-minute and nominal 24-hour long-term recordings are appropriate options.

The RMSSD, the number of interval differences of successive NN intervals greater
than 50 ms (pNN50) and the proportion derived by dividing the NN50 by the total
number of NN intervals are valuable measurements derived (58). These
measurements are all strongly correlated in estimating high-frequency (HF)
variation used to analyse HRV (68). All variables within the statistical method have

ms as their unit of measure with the exception of pPNN50, which uses percentages.

Within geometric methods, the NN intervals can also be converted into geometric
patterns allowing simple formulae to judge the variability of the graphic or
geometric properties (68). There are multiple geometric methods for assessing
HRV. These include the histogram, the HRV triangular index and its modification,

the triangular interpolation of the NN interval histogram (TINN) and Poincaré plots.
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The histogram evaluates the relationship between the total number of RR intervals
detected and the RR interval variation (68,70). The triangular index and the TINN
assess the major peaks of the histogram as a triangle, with its baseline width
corresponding with the amount of RR interval variability (68,70). Geometric
methods are, however, dependent on the duration of the readings (at least 20
minutes) but are, however, less influenced by the quality of recorded data (68).
Many of the time-domain variables correlate with each other and it has been
recommended by the ECS and NASPE task force to use the following parameters:
SDNN and HRYV triangular index for overall HRV, SDANN (standard deviation of
the five minute average NN) for long-term HRV components and RMSSD for the
short HRV components. RMSSD method is preferred to pNN50 and NN50
because of its better statistical properties (68). RMSSD represents the short-term
parasympathetic branch while SDNN and HRYV triangular index represent total
variability. It would be desirable to have an increase in RMSSD, HRYV triangular
index and SDNN values, as this would indicate an increased HRV (68). Table 2
shows standard measurements proposed by the ECS and NASPE task force (68).
The value of these statistical parameters is seen through the use in their
interpretation of abnormalities such as bigger values seen with pre-ventricular
contractions, atrial fibrillation, and sick sinus syndrome as compared to smaller
values seen in complete heart blocks, bundle branch blocks and dilated or

ischaemic cardiomyopathies (47).
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Table 2: Normal values for HRV variables over 24-hour recordings from the
ECS and NASPE task force (68)

Variable Units Normal values
(meanxSD)
Time-domain analysis
SDNN ms 141439
RMSSD ms 27412
HRV triangular index 37115
Frequency-domain analysis
LF nu 5414
HF nu 2943
LF/HF ratio 1.5-2.0

Frequency-domain analysis

Frequency-domain analysis may be defined as an association between different

frequency ranges of the SNS and PNS as described by Akselrod et al (71). Power

spectral density (PSD) analysis is applied to HRV measurements for interpretation,

as seen in Figure 3. PSD calculations are classified into nonparametric and

parametric and have comparable results.
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Figure 3: Power spectrum analysis (71)

Nonparametric methods have the advantage of having a simplistic algorithm
(mostly fast Fourier transformation) and higher processing speed (68). Parametric
methods are more advantageous in that that they have smoother spectral
components that can be independently distinguished from preselected frequency
bands, easier post processing of the spectrum with automatic calculation of low-
frequency (LF) and HF power components and accurate estimation of PSD even
on smaller numbered samples (68). Within the frequency-domain analysis, there
are spectral short-term and long-term components. Short-term components are
calculated from readings of 2 — 5 minutes with three main peaks identified, very
low frequency (VLF) <0.04Hz, LF 0.04-0.15Hz and HF 0.15-0.4Hz (48,68). The
interplay of power distribution and central frequency between LF and HF is not
fixed and varies with autonomic modulation of the heart period. VLF is less defined
and the physiological process to the change in heart period is questionable and is
therefore not advised to be used in readings < 5 minutes (68). VLF, LF and HF
measurements are usually made in absolute values of power (ms?), however, LF
and HF may also be measured in normalised units (nu), which represent the
controlled balance between the SNS and PNS (48,68).

Long-term recordings over a 24-hour period also utilise spectral analysis of the NN

interval and utilise VLF, LF, HF and incorporate the ultra-low frequency

15



component. However, it is possible that during long-term recordings, there may be
a period where frequencies remain unchanged. Thus at analysis, the results may
have to be obtained from the shorter 5-minute segments and averaged over the
entire 24-hour period, all of which will result in details being obscured about the
autonomic modulation of RR intervals (68). HRV measures fluctuations in
autonomic inputs to the heart rather than the mean level of autonomic inputs.
Therefore, both autonomic withdrawal and high level of sympathetic tone lead to
decreased HRV (72). The HF and LF components represent the PNS and SNS
systems, respectively. Therefore having an increased HF component and a
decreased LF component, the balance would favour an increased HRV. This is

also reflected by a lower LF/HF ratio.

The study by van den Berg et al (67) only measured two of the time-domain
variables (SDNN and RMSSD) for 10 seconds, representing ultra-short recordings
while the ECS and NASPE task force (68) gave normal values for the 24-hour
recordings for both time-domain and frequency-domain. In the systematic review
of normal values for short-term HRV by Nunan et al (64), a collection of short-term
HRYV studies including adults 18 years and older were analysed in both the time-

domain and frequency-domain as seen in Table 3.

Table 3: Normal values for short-term HRV (64)

HRV Variable Mean (SD)
mRR (ms) 926 (90)
SDNN (ms) 50 (16)
RMSSD (ms) 42 (15)
LF (nu) 52 (10)
HF (nu) 40 (10)
LF:HF ratio 2.8 (2.6)
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1.6.3 Heart rate variability in health care workers pre and post call

Health care workers including doctors, nurses, physio- and occupational therapists
to name a few, play a pivotal role in ensuring the delivery of care and services to
the young, old, sick and ailing (73). However, not only do these health care
workers have to deal with the daily stresses of life, they experience the stress of
long working hours that may include night calls or shifts or both. HRV has been
used to assess the role night calls or night shifts may have on the health of health
care workers (54). In a 2019 pilot study in critical care units of a regional
Department of Veterans Affairs Medical Center, in South Carolina (74), continuous
HRV monitoring for 36-hours was measured in nurses doing night shift and
compared the results to the HRV in nurses doing the day shift. The results
suggested no apparent difference in HRV between the two shifts (74). Similar
results were found in a 2013 Finnish study (75) involving nurses, where HRV
measurements were recorded from a three-shift schedule. The study suggested

no difference and attributed this to the nurses’ ability to adapt to night shifts.

All medical disciplines experience their own unique stresses that are associated
with the type of patients and ilinesses they manage. In 2011 a Swedish study
involving physicians working on night call (18), anaesthetists HRV was compared
to the HRV of paediatricians and ear, nose and throat surgeons using a Holter
ECG, during a 16-hour night call. The authors concluded that while on call, HRV
was decreased in the anaesthetist group but post night call, there was no
significant difference in HRV between the two groups and that overall HRV post
call was unchanged across all groups. In a Danish surgical department study done
in 2014 (76), including interns to specialist surgeon, HRV was measured during a
48-hour period and determined that night calls have a significant role in decreasing
HRV. It was also reported that no difference in HRV was noted across the group.
In a 2019 study of an orthopaedic department in Texas (77), involving the
orthopaedic residents and their attendings, HRV was measured over a four-week
period and included their leisure and on-duty time. The results demonstrated that
orthopaedic surgeons have a poor resting heart rate and decreased HRYV, likely
attributable to the night calls they do. It also concluded that resting heart rate in the

residents was higher than that of the attendings and that number of night calls

17



have a correlation with decreased HRV. Hulsegge (78) deduced that HRV only
decreased among males doing shift work and that HRV in females showed little to
no changes. This suggests that imbalances of the ANS may occur only in male

shift workers and consequently, the associated sequelae.
1.7 Summary

HRYV is a useful, non-invasive measurement tool used to investigate the balance
between the SNS, PNS and ANS. These systems, along with the HPA axis are
affected when the body is placed under stress. Although it is possible to ascertain
an individual is under stress from them verbally, there are many subjective
variables that will impact the findings and hence the results. In a meta-analysis
(79) it was illustrated that HRV is impacted by psychological stress and hence can
be reliably used as a marker of physiological health. In a study (73), a link between
an organism’s state of well-being (cardiovascular) and increased or decreased
HRV was suggested. Studies (55,56) have illustrated the prognostic value of HRV
in healthy and critically ill patients. With the acute and chronic stress and their
sequelae experienced by the medical fraternity and the alarming rise in physician
suicide rates, that being the highest globally among all professions (80)
intervention is needed. In a study by Stellenbosch University (81), it was
demonstrated that severe burnout among anaesthetists is three times the
international average. It is therefore pertinent to the well-being of all anaesthetists,
their families and their patients that investigations into work stress are explored
and if night calls play a critical role in stress and its mental and psychological
ramifications. With the ongoing and validated use of HRV used in various research
fields, it being minimally invasive and accurate, a better understanding of stress

and its effects experienced by anaesthetists during a night call may be elucidated.

18



1.8 References

10.

11.

12.

13.

World Health Organisation | Occupational health [Internet]. [cited 2018 Nov
16]. Available from: http://www.who.int/topics/occupational health/en/.

Gerada C. Doctors, suicide and mental iliness. BJPsych Bull.
2018;42(4):165-8. doi:10.1192/bjb.2018.11.

Vyas MV, Garg AX, lansavichus AV, Costella J, Donner A, Laugsand LE, et
al. Shift work and vascular events: Systematic review and meta-analysis. Br
Med J. 2012;345(1):e4800—e4800. doi:10.1136/bmj.e4800.

South Africa. Basic conditions of employment act No. 75 of 1997. Pretoria,
South Africa: Government Printer.

Ferri P, Guadi M, Marcheselli L, Balduzzi S, Magnani D, Di Lorenzo R. The
impact of shift work on the psychological and physical health of nurses in a
general hospital: A comparison between rotating night shifts and day shifts.
Risk Manag Healthc Policy. 2016;9:203-11. doi:10.2147/RMHP.S115326.

Van der Walt N, Scribante J, Perrie H. Burnout among anaesthetists in South
Africa. South Afr J Anaesth Analg; SAJAA. 2015;21(6):27-30.
doi:10.1080/22201181.2015.1102798.

Mata DA, Ramos MA, Bansal N, Khan R, Guille C, Angelantonio ED, et al.
Prevalence of depression and depressive symptoms among resident
physicians: A systematic review and meta-analysis. JAMA.
2015;314(22):2373-83. doi:10.1001/jama.2015.15845.

Sousa ARC, Mourao JI de B. Burnout in anesthesiology. Brazilian Journal of
Anesthesiology. 2018;68(5):507—-17. doi:10.1016/j.bjane.2018.04.007.

Govender I, Mutunzi E, Okonta HI. Stress among medical doctors working in
public hospitals of the Ngaka Modiri Molema district (Mafikeng Health
Region), North West province, South Africa. S Afr J Psychiatr. 2012;18(2):5.
doi:10.4102/sajpsychiatry.v18i2.337.

McEwen BS. Stress, adaptation, and disease: Allostasis and allostatic load.
Ann N'Y Acad Sci. 1998;840(1):33—44. doi:10.1111/j.1749-
6632.1998.tb09546.x.

Viljoen M, Claassen N. Allostatic load and heart rate variability as health risk
indicators. Afr Health Sci. 2017;17(2):428-35. do0i:10.4314/ahs.v17i2.17.

Geurts SA, Sonnentag S. Recovery as an explanatory mechanism in the
relation between acute stress reactions and chronic health impairment.
Scandinavian Journal of Work, Environment & Health. 2006;32(6):482-92.
doi:10.5271/sjweh.1053.

Dutheil F, Marhar F, Boudet G, Perrier C, Naughton G, Chamoux A, et al.
Maximal tachycardia and high cardiac strain during night shifts of emergency

19



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

physicians. Int Arch Occup Environ Health. 2017;90(6):467-80.
doi:10.1007/s00420-017-1211-5.

Vrijkotte TG, van Doornen LJ, de Geus EJ. Effects of work stress on
ambulatory blood pressure, heart rate, and heart rate variability.
Hypertension. 2000;35(4):880—6.

McEwen BS. Stressed or stressed out: What is the difference? J Psychiatry
Neurosci. 2005;30(5):315-8.

Singh JP, Larson MG, Tsuji H, Evans JC, O’'Donnell CJ, Levy D. Reduced
heart rate variability and new-onset hypertension: Insights into pathogenesis
of hypertension: The Framingham Heart Study. Hypertension.
1998;32(2):293-7. doi:10.1161/01.hyp.32.2.293.

Suadicani P, Heina HO, Gyntelberg F. Are social inequalities as associated
with the risk of ischaemic heart disease a result of psychosocial working
conditions? Atherosclerosis. 1993;101(2):165-75. doi:10.1016/0021-
9150(93)90113-9.

Malmberg B, Persson R, Flisberg P, @rbaek P. Heart rate variability changes
in physicians working on night call. Int Arch Occup Environ Health.
2011;84(3):293-301. doi:10.1007/s00420-010-0593-4.

Czeisler CA, Gooley JJ. Sleep and circadian rhythms in humans. Cold Spring
Harb Symp Quant Biol. 2007;72(1):579-97. doi:10.1101/sgb.2007.72.064.

Chung S, Son GH, Kim K. Circadian rhythm of adrenal glucocorticoid: Its
regulation and clinical implications. Biochim Biophys Acta. 2011;1812(5):581—
91. doi:10.1016/j.bbadis.2011.02.003.

Nader N, Chrousos GP, Kino T. Interactions of the circadian CLOCK system
and the HPA Axis. Trends Endocrinol Metab. 2010;21(5):277-86.
doi:10.1016/j.tem.2009.12.011.

Broussard J, Brady MJ. The impact of sleep disturbances on adipocyte
function and lipid metabolism. Best Pract Res Clin Endocrinol Metab.
2010;24(5):763-73. doi:10.1016/j.beem.2010.08.007.

Cheung V, Yuen VM, Wong GTC, Choi SW. The effect of sleep deprivation
and disruption on DNA damage and health of doctors. Anaesthesia.
2019;74(4):434-40. doi:10.1111/anae.14533.

Van Hooff MLM, Geurts SAE, Beckers DGJ, Kompier MAJ. Daily recovery
from work: The role of activities, effort and pleasure. null. 2011;25(1):55-74.
doi:10.1080/02678373.2011.570941.

Van Hooff MLM, Geurts SAE, Taris TW, Kompier MAJ, Dikkers JSE,
Houtman ILD, et al. Disentangling the causal relationships between work-
home interference and employee health. Scand J Work Environ Health.
2005;31(1):15-29. doi:10.5271/sjweh.844.

20



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Sluiter JK, Frings-Dresen MH, van der Beek AJ, Meijman TF. The relation
between work-induced neuroendocrine reactivity and recovery, subjective
need for recovery, and health status. J Psychosom Res. 2001;50(1):29-37.
doi:10.1016/s0022-3999(00)00213-0.

Fritz C, Sonnentag S. Endocrinological processes associated with job stress:
Catecholamine and cortisol responses to acute and chronic stressors.
Employee Health, Coping and Methodologies. 2006;5:1-59.
doi:10.1016/S1479-3555(05)05001-8.

Taris DTW, Beckers DGJ, Verhoeven LC, Geurts SAE, Kompier MAJ, Linden
D van der. Recovery opportunities, work — home interference, and well-being
among managers. European Journal of Work and Organizational Psychology.
2006;15(2):139-57. doi:10.1080/13594320500513889.

Sadeghniiat-Haghighi K, Yazdi Z. Fatigue management in the workplace. Ind
Psychiatry J. 2015;24(1):12—7. doi:10.4103/0972-6748.160915.

Riese H, Van Doornen LJP, Houtman ILD, De Geus EJC. Job strain in
relation to ambulatory blood pressure, heart rate, and heart rate variability
among female nurses. Scand J Work Environ Health. 2004;30(6):477—-85.
doi:10.5271/sjweh.837.

Rook JW, Zijlstra FRH. The contribution of various types of activities to
recovery. European Journal of Work and Organizational Psychology.
2006;15(2):218-40. doi:10.5271/sjweh.837.

Sonnentag S. Work, recovery activities, and individual well-being: A diary
study. J Occup Health Psychol. 2001;6(3):196—-210. doi:10.1037/1076-
8998.6.3.196.

Glynn LM, Christenfeld N, Gerin W. The role of rumination in recovery from
reactivity: Cardiovascular consequences of emotional states. Psychosomatic
Medicine. 2002;64(5):714. doi:10.1097/00006842-200209000-00004.

Sansone RA, Sansone LA. Rumination. Innov Clin Neurosci. 2012;9(2):29—-
34.

Zoccola PM, Dickerson SS. Assessing the relationship between rumination
and cortisol: A review. Journal of Psychosomatic Research. 2012;73(1):1-9.
doi:10.1016/j.jpsychores.2012.03.007.

Hogan BE, Linden W. Anger response styles and blood pressure: At least
don’t ruminate about it! Annals of Behavioral Medicine. 2004;27(1):38—49.
doi:10.1207/s15324796abm2701_6.

Wong AV-K, Olusanya O. Burnout and resilience in anaesthesia and intensive
care medicine. BJA Education. 2017;17(10):334—40.
doi:10.1093/bjaed/mkx020.

Vandevala T, Pavey L, Chelidoni O, Chang N-F, Creagh-Brown B, Cox A.
Psychological rumination and recovery from work in intensive care

21



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

professionals: Associations with stress, burnout, depression and health.
Journal of Intensive Care. 2017;5(1). doi:10.1186/s40560-017-0209-0.

Kluger MT, Laidlaw TM, Kruger N, Harrison MJ. Personality traits of
anaesthetists and physicians: An evaluation using the Cloninger
Temperament and Character Inventory (TCI-125). Anaesthesia.
1999;54(10):926-35. doi:10.1046/j.1365-2044.1999.01112.x.

Kannampallil TG, Goss CW, Evanoff BA, Strickland JR, McAlister RP,
Duncan J. Exposure to COVID-19 patients increases physician trainee stress
and burnout. PLoS ONE. 2020;15(8):e0237301.
doi:10.1371/journal.pone.0237301.

Lee MCC, Thampi S, Chan HP, Khoo D, Chin BZB, Foo DPX, et al.
Psychological distress during the COVID-19 pandemic amongst
anaesthesiologists and nurses. British Journal of Anaesthesia.
2020;125(4):e384-6. doi:10.1016/j.bja.2020.07.005.

Sneyd JR, Mathoulin SE, O’Sullivan EP, So VC, Roberts FR, Paul AA, et al.
Impact of the COVID-19 pandemic on anaesthesia trainees and their training.
Br J Anaesth. 2020;125(4):450-5. doi:10.1016/j.bja.2020.07.011.

Liu C, Spector P, Shi L. Use of both qualitative and quantitative approaches to
study job stress in different gender and occupational groups. Journal of
occupational health psychology. 2008;13:357-70. doi:10.1037/1076-
8998.13.4.357.

Menon P, Chaudhury S, Saldanha D, Sahu S, Singh V, Pathak V. Stress
levels and its association with self-harm and risk-taking behavior in medical
undergraduates. Ind Psychiatry J. 2018;27(1):41-6. doi:10.4103/ipj.ipj_31_18.

Cohen S. Perceived stress in a probability sample of the United States. In:
The social psychology of health. Thousand Oaks, CA, US: Sage Publications,
Inc; 1988. p. 31-67. (The Claremont Symposium on Applied Social
Psychology).

El-Farhan N, Rees DA, Evans C. Measuring cortisol in serum, urine and
saliva — are our assays good enough? Ann Clin Biochem. 2017;54(3):308-22.
doi:10.1177/0004563216687335.

Acharya UR, Joseph KP, Kannathal N, Lim CM, Suri JS. Heart rate variability:
A review. Medical & Biological Engineering & Computing. 2006;44:1031-51.
doi:10.1007/s11517-006-0119-0.

Billman GE. Heart rate variability - a historical perspective. Front Physiol.
2011;2(86). doi:10.3389/fphys.2011.00086.

Ernst G. Hidden signals-the history and methods of heart rate variability. Front
Public Health. 2017;5(265). doi:10.3389/fpubh.2017.00265.

Hall WD. Stephen Hales: Theologian, botanist, physiologist, discoverer of
hemodynamics. Clin Cardiol. 1987;10(8):487-9. doi:10.1002/clc.4960100816.

22



51.

52.

53.

54.

55.

56.

o7.

58.

59.

60.

61.

62.

63.

Hon EH, Lee ST. The fetal electrocardiogram. American Journal of Obstetrics
& Gynecology. 1965;91(1):56—60. doi:10.1016/0002-9378(65)90586-7.

Afors K, Chandraharan E. Use of continuous electronic fetal monitoring in a
preterm fetus: Clinical dilemmas and recommendations for practice. Journal
of Pregnancy. 2011;2011:1-7. doi:10.1155/2011/848794.

Ayres- de- Campos D, Spong CY, Chandraharan E. FIGO consensus
guidelines on intrapartum fetal monitoring: Cardiotocography. International
Journal of Gynecology & Obstetrics. 2015;131(1):13—-24.
doi:10.1016/j.ijgo.2015.06.020.

Shaffer F. An overview of heart rate variability metrics and norms. Frontiers in
Public Health. 2017;5:17.

Gang Y, Malik M. Heart rate variability in critical care medicine. Current
Opinion in Critical Care. 2002;8(5):371-5. doi:10.1097/00075198-200210000-
00002.

Ahmad S, Tejuja A, Newman KD, Zarychanski R, Seely AJ. Clinical review: A
review and analysis of heart rate variability and the diagnosis and prognosis
of infection. Critical Care. 2009;13(6):232. doi:10.1186/cc8132.

ShiH, Yang L, Zhao L, Su Z, Mao X, Zhang L, et al. Differences of heart rate
variability between happiness and sadness emotion states: A pilot study. J
Med Biol Eng. 2017;37(4):527-39. doi:10.1007/s40846-017-0238-0.

Katona PG, Jih F. Respiratory sinus arrhythmia: Noninvasive measure of
parasympathetic cardiac control. J Appl Physiol. 1975;39(5):801-5.
doi:10.1152/jappl.1975.39.5.801.

Narasimhan M, Allotey P, Hardon A. Self care interventions to advance health
and wellbeing: A conceptual framework to inform normative guidance. BMJ.
2019;365. doi:10.1136/bm;.1688.

Reeder B, David A. Health at hand: A systematic review of smart watch uses
for health and wellness. Journal of Biomedical Informatics. 2016;63:269—76.
doi:10.1016/}.jbi.2016.09.001.

Naranjo-Hernandez D, Roa LM, Reina-Tosina J, Barbarov-Rostan G,
Galdamez-Cruz O. Smart device for the determination of heart rate variability
in real time. Journal of Sensors. 2017;2017:8910470.
doi:10.1155/2017/8910470.

Bouillod A, Cassirame J, Bousson JM, Sagawa Y (Jr), Tordi N. Accuracy of
the Suunto system for heart rate variability analysis during a tilt-test. Revista
Brasileira de Cineantropometria e Desempenho Humano. 2015;17(4):409-17.
doi:10.5007/1980-0037.2015v17n4p409.

Menghini L, Gianfranchi E, Cellini N, Patron E, Tagliabue M, Sarlo M.
Stressing the accuracy: Wrist- worn wearable sensor validation over different
conditions. Psychophysiology. 2019;56(11):e13441. doi:10.1111/psyp.13441.

23



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Nunan D, Sandercock GRH, Brodie DA. A quantitative systematic review of
normal values for short-term heart rate variability in healthy adults: Review of
short-term hrv values. Pacing and Clinical Electrophysiology.
2010;33(11):1407-17. doi:10.1111/j.1540-8159.2010.02841 .x.

Min KB, Min J-Y, Paek D, Cho S-I, Son M. Is 5-minute heart rate variability a
useful measure for monitoring the autonomic nervous system of workers? Int
Heart J. 2008;49(2):175-81. doi:10.1536/ihj.49.175.

Bourdillon N, Schmitt L, Yazdani S, Vesin J-M, Millet GP. Minimal window
duration for accurate HRV recording in athletes. Front Neurosci.
2017;11:456-456. doi:10.3389/fnins.2017.00456.

Van den Berg ME, Rijnbeek PR, Niemeijer MN, Hofman A, van Herpen G,
Bots ML, et al. Normal values of corrected heart-rate variability in 10-Second
electrocardiograms for all ages. Frontiers in Physiology. 2018;9(424).
doi:10.3389/fphys.2018.00424.

Task Force of the European Society of Cardiology. Heart rate variability:
Standards of measurement, physiology interpretation, and clinical use.
Circulation. 1996;93(5):1043-65. doi:10.1161/01.CIR.93.5.1043.

Loisiel B. Guidelines heart rate variability standards of measurement,
physiological interpretation, and clinical use. European Heart Journal.
1996;(17):354-81.

Physiological Basis of HRV - VitalScan [Internet]. [cited 2020 Nov 19].
Available from: https://www.vitalscan.com/dt hrv1.htm.

Akselrod S, Gordon D, Ubel FA, Shannon DC, Berger AC, Cohen RJ. Power
spectrum analysis of heart rate fluctuation: A quantitative probe of beat-to-
beat cardiovascular control. Science. 1981;213(4504):220-2.
doi:10.1126/science.6166045.

Malik M, Camm AJ. Components of heart rate variability-what they really
mean and what we really measure. Am J Cardiol. 1993;72(11):821-2.
doi:10.1016/0002-9149(93)91070-x.

Sharpley CF. Heart rate reactivity and variability as psychophysiological links
between stress, anxiety, depression, and cardiovascular disease: Implications
for health psychology interventions. Australian Psychologist. 2002;37(1):56—
62. doi:10.1080/00050060210001706686.

Burch JB, Alexander M, Balte P, Sofge J, Winstead J, Kothandaraman V, et
al. Shift work and heart rate variability coherence: Pilot study among nurses.
Applied Psychophysiology and Biofeedback. 2019;44(1):21-30.
doi:10.1007/s10484-018-9419-z.

Jarvelin-pasanen S, Ropponen A, Tarvainen MP, Karjalainen PA, Louhevaara
V. Differences in Heart Rate Variability of Female Nurses between and within
Normal and Extended Work Shifts. Industrial Health. 2013;51(2):154—64.
doi:10.2486/indhealth.MS1368.

24



76.

77.

78.

79.

80.

81.

Amirian |, Toftegard Anderson L, Rosenberg J, Gégenur I. Decreased heart
rate variability in surgeons during night shifts. Can J Surg. 2014;57(5):5.
doi:10.1503/cjs.028813.

Sochacki KR, Dong D, Peterson L, McCulloch PC, Lisman K, Harris JD.
Overnight call is associated with poor resting heart rate and heart rate
variability in orthopaedic surgeons. Journal of ISAKOS: Joint Disorders &
Orthopaedic Sports Medicine. 2019;4(3):123-6. doi:10.1136/jisakos-2019-
000273.

Hulsegge G. Shift work is associated with reduced heart rate variability
among men but not women. Int J Cardiol. 2017;6.
doi:10.1016/j.ijcard.2018.01.089.

Kim H-G, Cheon E-J, Bai D-S, Lee YH, Koo B-H. Stress and heart rate
variability: A meta-analysis and review of the literature. Psychiatry Investig.
2018;15(3):235-45. doi:10.30773/pi.2017.08.17.

Sansone RA, Sansone LA. Physician Suicide. Psychiatry (Edgmont).
2009;6(1):18-22.

Liebenberg AR, Coetzee JF, Conradie HH, Coetzee JF. Burnout among rural
hospital doctors in the Western Cape: Comparison with previous South
African studies. African Journal of Primary Health Care and Family Medicine.
2018;10(1):1-7. doi:10.4102/phcfm.v10i1.1568.

25



Section 2: Author’s guidelines

Southern African Journal of Anaesthesia and Analgesia (SAJAA)

How to submit your paper online:

1. Registered authors must login to submit a paper
1. REGISTER HERE if you do not have a username and password
2. LOGIN HERE if you have already registered with SAJAA

2. Select Author

3. Click on CLICK HERE TO FOLLOW THE FIVE STEPS TO SUBMIT YOUR
MANUSCRIPT

4. Follow the five steps to submit your paper

5. To view a video on how to submit a paper online CLICK HERE
6. To download instructions to authors CLICK HERE

Review policy and timelines

1. Immediate notification if submitted successfully

2. Notification within 3 weeks if not accepted for further review

3. Notification within 3 months if accepted for publication, if revisions are required
or if rejected by both reviewers.

4. Publication within 6 months after submission.

Aims, scope and review policy

The SA Journal of Anaesthesia and Analgesia aims to publish original research
and review articles of relevance and interest to the anaesthetist in academia,
public sector and private practice. Papers are peer reviewed to ensure that the
contents are understandable, valid, important, interesting and enjoyed. All

manuscripts must be submitted online.

SAJAA is accredited by the Department of Education for the measurement of
research output of public higher institutions of South Africa (SAPSE accredited).
All articles in SAJAA will be peer reviewed.

26



Article sections and length

The following contributions are accepted (word counts exclude abstracts, tables

and references):

. Original Research (2 800 — 3 200 words / 4-5 pages)
. Clinical Reviews (2 400 words / 3-4 pages)

. Drug Reviews (2 400 words / 3-4 pages)

. Case Studies (1 800 words / 3 pages)

. Scientific Letters (2 400 words / 3-4 pages)

. Letters to the Editor (400-800 words]

Please see the journal’s section policies section policies for further details.

FULL AUTHOR GUIDELINES

Title page

All articles must have a title page with the following information and in this
particular order: Title of the article; surname, initials, qualifications and affiliation of
each author; The name, postal address, e-mail address and telephonic contact

details of the corresponding author and at least 5 keywords.
Abstract

All articles should include an abstract. The structured abstract for an Original
Research article should be between 200 and 230 words and should consist of four
paragraphs labelled Background, Methods, Results, and Conclusions. It should
briefly describe the problem or issue being addressed in the study, how the study
was performed, the major results, and what the authors conclude from these
results. The abstracts for other types of articles should be no longer than 230

words and need not follow the structured abstract format.

Keywords

All articles should include keywords. Up to five words or short phrases should be

used. Use terms from the Medical Subject Headings (MeSH) of Index Medicus

27



when available and appropriate. Key words are used to index the article and may

be published with the abstract.

Acknowledgements

In a separate section, acknowledge any financial support received or possible
conflict of interest. This section may also be used to acknowledge substantial
contributions to the research or preparation of the manuscript made by persons

other than the authors.
References

Cite references in numerical order in the text, in superscript format (Format> Font>
Click superscript). Please do not use brackets or do not use the foot note function
of MS Word.

In the References section, references must be typed double-spaced and

numbered consecutively in the order in which they are cited, not alphabetically.

The style for references should follow the format set forth in the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals
(http://www.icmje.org) prepared by the International Committee of Medical Journal
Editors. Abbreviations for journal titles should follow Index Medicus format.
Authors are responsible for the accuracy of all references. Personal
communications and unpublished data should not be referenced. If essential, such

material should be incorporated in the appropriate place in the text.

List all authors when there are six or fewer; when there are seven or more, list the
first three, then “;et al.”; When citing URLs to web documents, place in the
reference list, and use the following format: Authors of document (if available).
Title of document (if available). URL. (Accessed [date]).

The following are sample references:

1. Jun BC, Song SW, Park CS, Lee DH, Cho KJ, Cho JH. The analysis of

maxillary sinus aeration according to aging process: volume assessment by 3-

28



dimensional reconstruction by high-resolutional CT scanning. Otolaryngol Head
Neck Surg. 2005 Mar;132(3):429-34.

2. Polgreen PM, Diekema DJ, Vandeberg J, Wiblin RT, Chen YY, David S, et al.
Risk factors for groin wound infection after femoral artery catheterization: a
case-control study. Infect Control Hosp Epidemiol [Internet]. 2006 Jan [cited
2007 Jan 5];27(1):34-7. Available from:
http://www.journals.uchicago.edu/ICHE/journal/issues/v27n1/2004069/2004069

.web. pdf.

More sample references can be found at:

http://www.nlm.nih.gov/bsd/uniform requirements.html

Tables

Tables should be self-explanatory, clearly organised, and supplemental to the text
of the manuscript. Each table should include a clear descriptive title on top and
numbered in Roman numerals (I, I, etc) in order of its appearance as called out in
text. Tables must be inserted in the correct position in the text. Authors should
place explanatory matter in footnotes, not in the heading. Explain in footnotes all

non-standard abbreviations.
For footnotes use the following symbols, in sequence:*,t,1,8,|,**,TT,1T

Figures

All figures must be inserted in the appropriate position of the electronic document.
Symbols, lettering, and numbering (in Arabic numerals e.g. 1, 2, etc. in order of

appearance in the text)

should be placed below the figure, clear and large enough to remain legible after

the figure has been reduced. Figures must have clear descriptive titles.

Photographs and images

If photographs of patients are used, either the subject should not be identifiable or
use of the picture should be authorised by an enclosed written permission from the

subject. The position of photographs and images should be clearly indicated in the

29



text. Electronic images should be saved as either jpeg or gif files. All photographs
should be scanned at a high resolution (300dpi, print optimised). Please number

the images appropriately.
Permission

Permission should be obtained from the author and publisher for the use of
quotes, illustrations, tables, and other materials taken from previously published
works, which are not in the public domain. The author is responsible for the
payment of any copyright fee(s) if these have not been waived. The letters of
permission should accompany the manuscript. The original source(s) should be

mentioned in the figure legend or as a footnote to a table.

Review and action

Manuscripts are initially examined by the editorial staff and are usually sent to
independent reviewers who are not informed of the identity of the author(s). When
publication in its original form is not recommended, the reviewers’ comments
(without the identity of the reviewer being disclosed) may be passed to the first
author and may include suggested revisions. Manuscripts not approved for

publication will not be returned.

Ethical considerations

Papers based on original research must adhere to the Declaration of Helsinki on
“Ethical Principles for Medical Research Involving Human Subjects”; and must
specify from which recognised ethics committee approval for the research was

obtained.

Conflict of interest

Authors must declare all financial contributions to their work or other forms of
conflict of interest, which may prevent them from executing and publishing
unbiased research. [Conflict of interest exists when an author (or the author’s
institution), has financial or personal relationships with other persons or
organizations that inappropriately influence (bias) his or her opinions or actions.]

**Modified from: Davidoff F, et al. Sponsorship, Authorship, and Accountability.

30



(Editorial) JAMA 2001: 286(10) The following declaration may be used if
appropriate: “I declare that | have no financial or personal relationship(s) which

may have inappropriately influenced me in writing this paper.”

Submissions and correspondence

All submissions must be made online at www.sajaa.co.za and correspondence

regarding manuscripts should be addressed to:

The Editor, SAJAA, E-mail: toc@sajaa.co.za

Note: Ensure that the article ID [reference] number is included in the subject of

your email correspondence.

Electronic submissions by post or via email

Authors with no e-mail or internet connection can mail their submissions on a CD
to: SAJAA, PO Box 14804, Lyttelton Manor, 0140, Gauteng, South Africa.

All manuscripts will be processed online. Submissions by post or by e-mail must
be accompanied by a signed copy of the following indemnity and copyright form.

CLICK HERE to download and save it to your computer.
Submissions by email should be send as an attachment to

Tips on Preparing your manuscript

1. Please consult the “Uniform requirements for manuscripts submitted to

biomedical journals” at www.icmje.org

2. Please consult the guide on Vancouver referencing methods at:
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=citmed. TOC&depth=2

3. The submission must be in UK English, typed in Microsoft Word or RTF with no
double spaces after the full stops, double paragraph spacing, font size 10 and
font type: Times New Roman.

4. All author details (Full names, Qualifications and affiliation) must be provided.

5. The full contact details of corresponding author (Tel, fax, e-mail, postal
address) must be on the manuscript.

6. There must be an abstract and keywords.

31



7. References must strictly be in Vancouver format. (Reference numbers must be
strictly numerical and be typed in superscript, not be in brackets and must be
placed AFTER the full stop or comma.)

8. It must be clear where every figure and table should be placed in the text. If
possible, tables and figures must be placed in the text where appropriate. If too
large or impractical, they may be featured at the end of the manuscript or
uploaded as separate supplementary files.

9. All photographs must be at 300dpi and clearly marked according to the figure
numbers in the text. (Figure 1, Table Il, etc.)

10. All numbers below ten, without percentages or units, must be written in words.

11.Figure numbers: Arabic, table numbers: Roman

32



Section 3: Draft article

Heart rate variability of anaesthesiology registrars pre

and post night call at a central hospital

Trevor Martin Blumenthal, MBBCh, DA (SA), Bsc (Hons)

Juan Scribante, PhD

Helen Perrie, MSc

Tristan Leonard, MBBCh (Wits) DA (SA) FCA (SA) MMed (Anaes)

Department of Anaesthesiology, School of Clinical Medicine, Faculty of Health

Sciences, University of the Witwatersrand

Corresponding Author
T M Blumenthal

Department of Anaesthesiology

Charlotte Maxeke Johannesburg Academic Hospital
7 York Road

Parktown

Johannesburg

2193

tmblument@gmail.com

27114884344

Key words: heart rate variability, night call, anaesthetist

33



Abstract
Background

Heart rate variability (HRV) is a tool used to measure the bio-psycho-social
aspects of stress. Night call is associated with increased levels of stress and
therefore decreased HRV. HRV in anaesthetists is currently unknown. The aim of
this study was, therefore, to compare HRV pre and post night call in registrars in
the Department of Anaesthesiology at Chris Hani Baragwanath Academic
Hospital.

Methods

This was a cross-sectional study using convenience sampling. Pre and post night
call HRV recordings were taken from 27 registrars using the Suunto® Smart Belt.
The computer-based software Kubios® was used for data analysis. Time- and
frequency-based analyses were done. The normal values from a systematic
review for short-term HRV were used in this study.

Results

Overall HRV was low with no significant difference pre and post night call (Low
frequency to high frequency ratio (LF:HF), 3.215 vs 3.473, p=0.719). There was no
significant difference in overall HRV pre and post call between male and female
registrars (LF:HF, 3.331 vs 3.090, p=0.805 and 4.128 vs 2.768, p=0.296). No
significant differences in overall HRV pre and post call between junior and senior
registrars (LF:HF, 3.094 vs 3.391, p=0.765 and 3.034 vs 4.113, p=0.417).
However, there was a significant difference in post call overall HRV in time-domain
variable, standard deviation of the normalised RR interval (SDNN) (54.2 vs 42.4,
p=0.048). There was a positive, statistically significant correlation between number
of night calls, SDNN (r=0.456, p=0.0017) and the square root of the mean squared
differences of successive NN intervals (RMSSD) (r=0.502, p=0.008).

Conclusion

In this study, registrars showed increased sympathetic nervous system
dominance, with the associated decreased HRV both pre and post night call with
no significant difference between these two time periods. The reasons for this
decreased HRV may be multifactorial. There was no significant difference between
HRV of male and female registrars or between junior and senior registrars.
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Introduction

The health of workers encompasses physiological and psychosocial well-being,
which is particularly pertinent to the medical fraternity. The high work stress profile
of medicine has been associated with a concerning rise in physician burnout and
suicide rates (1). Measures encompassing the bio-psycho-social well-being of
doctors should be put in place to prevent complications such as macro and

microvascular diseases associated with shift work (2).

Stress is a subjective phenomenon perceived and experienced by all living
organisms. Heart rate variability (HRV) is one type of measurement used to
assess stress, the balance between the sympathetic nervous system (SNS) and
parasympathetic nervous system (PNS) and gives an impression of the overall

health of the cardiovascular system (3).

According to the Basic Conditions of Employment Act, 1997 (4), night work is
defined as being between 18:00 and 06:00 meaning, a 12-hour shift. However,
within the medical fraternity, these hours worked vary in duration and in some
cases, often exceed those stipulated by the Act. Multiple night calls are often done
to address the patient load. Ferri et al (5) demonstrated that with greater stress
loads, there was increased burnout. Night shift duty longer than 17 hours should
be avoided, as suggested by the South African Society of Anaesthesiologists (6).
There has been no defined amount of recovery time between night calls, and
studies suggest a lack of recovery time negatively impacts the night worker’s
health (7).

Burnout is defined as a form of physical, emotional and mental fatigue due to
extended periods of physiological and emotional stress and strain (8). Burnout has
been shown to manifest pathologically through maladaptation of the
cardiovascular, endocrine and nervous systems, among others as seen by raised
blood pressure, diabetes and mood disorders, respectively (9). Burnout seen in
the medical fraternity has far-reaching consequences affecting health care workers

directly, their families, their patients and the health care system itself.
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Maladaptive alterations of the autonomic nervous system and hypothalamic-
pituitary-adrenal axis are seen when stress is experienced in the work-place over
prolonged periods (10). McEwen (10) described the concepts of allostasis and the
allostatic load theory where the body is able to maintain the balance of the
autonomic nervous system and hypothalamic-pituitary-adrenal axis under acute
stress (allostasis), while under chronic stress (allostatic load) there is an
imbalance resulting in wear and tear and hence multisystem pathologies. The
allostatic load theory explains the imbalance between the SNS and PNS and it is
the over-stimulation of the SNS that is associated with disease progression as
noted by the Framingham Heart Study (11).

Registrars working in the University of the Witwatersrand affiliated hospitals are
required to work between 52 - 80 hours of overtime every month. However, due to
increased patient load and resource demand exceeding supply, more night calls
are needed, hence leading to increased overtime. HRV in orthopaedic (12) and
general surgeons (13) was noted to be decreased and inversely correlated to the

number of night calls and duration of night calls.

With ongoing stress, there is an unfavourable balance between the SNS and PNS,
which results in undesirable sequelae. With the increasing rate of suicide, high
levels of stress (14) and burnout (15) seen in anaesthetic registrars in South
Africa, these factors contribute to the imbalance of the SNS and PNS as reflected
by changes in HRV. HRV is currently not known in anaesthetic registrars. The aim
of this study was to compare HRYV in registrars in the Department of
Anaesthesiology at Chris Hani Baragwanath Academic Hospital (CHBAH) pre and

post night call using the Suunto® Smart Belt.
Methods

Approval to conduct this study was obtained from the Human Research Ethics
Committee (Medical) (M191114) of the University of the Witwatersrand and other

relevant authorities. A cross-sectional research design was followed.

The study population consisted of registrars, 29 — 39 years of age, working in the
Department of Anaesthesiology at CHBAH. The sample size was determined in

consultation with a biostatistician. A sample size of 27 registrars was calculated as
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based on a standard deviation of 2 (16), a population corrected factor of 112,
alpha of 5% and a power of 80%. A convenience sampling method was used.
Registrars with known arrhythmias, taking beta-blockers or sympatholytic type
drugs or both and those who did not have a post call HRV measurement were
excluded from the study. First- and second-year registrars were classified as

juniors and those = 3 years were seniors.

Following an extensive literature review, a draft data collection sheet was compiled
and was reviewed by one anaesthesiologist and two physiologists with an interest
in HRV. Their recommendations were included in the final data collection sheet,
that collected demographics, pre and post night call HRV measurements of

reqgistrars.

The Suunto® Smart Belt, a mobile device, was used to record HRV. It has been

validated as a surrogate to a Holter monitor to measure HRV (17). The computer
software, Kubios® (Department of Applied Physics, University of Cuopio, Finland)
(18) was used to interpret the data. It has been validated for use in research and

for other clinical applications (19).

Registrars were invited to participate by one author (TB) in advance and written
consent was obtained. The pre night call data were collected between 07:00 and
11:00 any day before the scheduled night call. The demographic form was
completed and the Suunto® Smart Belt was attached. The registrar sat quietly for
five minutes before the recording of data started. HRV was then measured for 10
minutes. The data from the Suunto® Smart Belt was downloaded to Kubios® on a
laptop. The data were checked to ensure successful transfer. In between
recordings, the Suunto® Smart Belt was cleaned with an alcohol-based solution.
The post night call data collection followed the same process as the pre call HRV
as soon as possible at the end of the night call. Five Suunto® Smart Belt devices
were available to record HRV, thus minimising the time registrars were asked to
remain at the hospital post night call. Night call at CHBAH is from 16:00 — 08:00.

The following concepts were used in this study.

* HRV is the variability of intervals between QRS complexes generated by

sinus node depolarisation in one continuous recording.
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* RRinterval is the distance between two consecutive R-waves of the QRS
complex on an ECG.

* NN interval is the normalised RR interval.

* SDNN is the standard deviation of the NN interval and represents overall
HRV in ms.

* RMSSD is the root mean square of successive RR intervals and represents
the PNS in ms.

* LF represents the low-frequency modulation of the SNS and PNS and is
measured in normalised units (nu).

* HF represents the high-frequency modulation of the PNS and measured in
normalised units (nu).

* LF:HF ratio represents autonomic nervous system balance (20).

Data were analysed in consultation with a statistician using the statistical programs
STATA (StataCorp, USA) 13.1 and Kubios® (Department of Applied Physics,
University of Cuopio, Finland). Categorical variables (sex and rank of registrar)
were described using frequencies and percentages. For the primary objective, the
pre night call HRV was used as a control and the post night call HRV as a
comparison. As data were normally distributed, continuous variables were
summarised as means and standard deviations and compared using paired t-
tests. The secondary objectives of comparing male and female and junior and
senior registrars were done using independent t-tests. A p-value of 0.05 or less

was considered statistically significant.

The frequency- and time-domain variables measured for HRV, the normal values
(21) and the effect on the SNS and PNS are shown in Table 1. In the tables, SNS
dominance is shown by blue shading, PNS dominance by green shading and

values within the normal range remain unshaded.
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Table 1: Heart rate variability variables and normal values (21)

Heart rate variability

Domain Normal values

SNS dominance PNS dominance

1 Heart rate 60-100 | Heart rate
Time | SDNN 50 (16) 1 SDNN

| RMSSD 42 (15) 1 RMSSD
Frequency | | HF 40nu (15) T HF

T LF 52nu (52) | LF

1 LF:HF ratio 2.8 | LF:HF ratio

Results

Twenty-eight registrars were invited to participate in this study. One registrar

declined participation, resulting in a sample of 27 participants. The characteristics

of the participants are shown in Table 2.

Table 2: Characteristics of participants

Characteristic Number | Percent

Sex

Male 14 51.9

Female 13 48.1

Registrar year

Junior 16 59.3

Senior 11 40.7
Mean SD

Age (years)

Male 33.0 3.2

Female 31.7 2.0

Number of calls (per month)

Junior 5.3 0.7

Senior 4.7 0.6
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The comparison between the participants’ HRV variables pre and post call are
shown in Table 3. There were no statistically significant differences between any

of the variables pre and post call.

Table 3: Participants’ pre and post call HRVs

HRYV variable Mean SD p-value
Time-domain

Mean HR (bpm)

Pre call 78.4 12.6

Post call 75.0 11.4 0.146
SDNN (ms)

Pre call 49.7 19.3

Post call 49.4 16.9 0.940
RMSSD (ms)

Pre call 41.6 20.5

Post call 44 .2 21.2 0.612
Frequency-domain

LF (nu)

Pre call 69.9 13.1

Post call 69.6 14.7 0.934
HF (nu)

Pre call 30.0 13.1

Post call 30.3 14.6 0.934
LF:HF ratio

Pre call 3.2 2.5

Post call 3.5 3.3 0.719

The comparisons between the pre and post call HRV variables of males and
females and between senior and junior participants are shown in Table 4 and
Table 5, respectively. There were no significant differences between the pre call
HRV of males and females or the post call HRV or between junior and senior

participants.
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Table 4: Male and female pre and post call HRVs

HRYV variable Pre call Post call
Time-domain Mean (SD) | p-value | Mean (SD) | p-value
Mean HR (bpm)

Male 74.7 (11.8) 71.1 (11.3)

Female 82.4(12.6) | 0.110 | 79.1(10.4)| 0.066
SDNN (ms)

Male 46.6 (14.1) 49.8 (16.7)

Female 53.0(23.9) | 0.401 |49.0(17.9)| 0.907
RMSSD (ms)

Male 37.5(16.4) 44 .4 (23.9)

Female 46.0 (24.1) | 0.291 | 43.9(18.9) | 0.956
Frequency-domain

LF (nu)

Male 71.1 (13.6) 73.4 (12.4)

Female 68.6 (12.9) | 0.629 | 65.6 (16.2) | 0.170
Hf (nu)

Male 28.8 (13.6) 26.5(12.4)

Female 31.3(12.9) | 0.623 | 34.3(16.2) | 0.172
LF HF ratio

Male 3.3(2.4) 4.1 (4.0)

Female 3.1(2.6) 0.805 2.8 (2.3) 0.296
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Table 5: Junior and senior pre and post call HRVs

HRV parameter Pre call Post call
Time-domain Mean (SD) | p-value | Mean (SD) | p-value
Mean HR (bpm)

Junior 78.2 (12.4) 71.7 (10.6)

Senior 78.7 (13.5) | 0915 |79.6(11.4)| 0.076
SDNN (ms)

Junior 49.7 (20.2) 54.2 (19.1)

Senior 49.7 (19.0) | 0.999 |42.4(10.3)| 0.048
RMSSD (ms)

Junior 42.0 (23.8) 50.1 (23.7)

Senior 41.0(15.7) | 0.908 | 35.5(13.7) | 0.080
Frequency-domain

LF (nu)

Junior 71.5(10.4) 68.7 (14.8)

Senior 67.7 (16.5) | 0.470 | 80.0(15.1) | 0.701
Hf (nu)

Junior 28.4 (10.4) 31.2 (14.7)

Senior 32.3(16.5) | 0.466 | 28.9(15.0) | 0.466
LF HF ratio

Junior 3.1 (1.958) 3.0(2.2)

Senior 3.4(3.159) | 0.765 4.1 (4.6) 0.417

The correlations for change in HRV variable with the number of calls per month
are shown in Table 6. Within the time-domain variables, strong and moderate
statistically significant positive correlations were found for the number of night calls

per month and RMSSD and SDNN, respectively. This may suggest that with an

increasing number of night calls, HRV and PNS dominance increase.
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Table 6: Correlation of change in HRV parameters with number of night calls

HRV parameter | Post call (r) p-value
Mean HR -0.332 0.091
SDNN 0.456 0.017
RMSSD 0.502 0.008
LF nu -0.267 0.179
HF nu 0.266 0.179
LF HF ratio -0.192 0.337
Discussion

There is an SNS dominance as seen by a decreased HRYV in this study with no
statistically significant difference between pre and post call night. Similarly in a
physician working on night call study (16) and a pilot study among critical care
nurses (22), there were no differences in HRV noted in pre and post night call and
post night shift. These findings were also found in a study done in a surgical
department (13), where HRV was only decreased during the night call. In a study
involving an orthopaedic department (12), HRV was measured over a four-week
period and showed that HRV was decreased among participants. However, it must
be noted that the methodologies of these studies differed from this study where
10-minute readings pre and post night call were done on registrars being their own
controls. In the previously mentioned studies, continuous recordings were done for
36-hours (22) to four weeks (12). In the critical care nurses, recordings were taken

in two separate groups, day shift and night shift (22).

Decreased HRV and SNS dominance may indicate chronic stress (23). The
possible contributors to the decrease in HRV and SNS dominance, and no change
between pre and post night call HRV in this study may be multifactorial. At CHBAH
night calls are randomly assigned that may not allow registrars adequate time for
recovery. Night call and stress should be followed by a process of recovery and
where this recovery process is delayed or even deficient, the individual may be
unable to attain the harmonious recovery state for optimal functioning (7).
Registrar night calls are done in a milieu of high demand for service delivery,

studying and personal commitments all of which contribute to chronic stress.
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Furthermore, South Africa is rated 109" in the World Happiness Report (24) and
according to Shi et al (25), emotional states of happiness and sadness have been
shown to alter HRV. South Africans are exposed to the worries of uncontrolled
crime rates, load-shedding, corruption and moral decline (26), all of which may

have an impact on happiness, levels of stress and therefore HRV.

No difference in HRV was noted between female and male registrars pre or post
call. This result is similar to a general population study in the Netherlands, where
only a small difference in HRV between male and females was noted (27). This is
in contrast to Hulsegge (28) who found a decrease in HRV among males doing
shift work while no change was noted among female shift workers. No difference
in HRV was found in junior registrars compared to senior registrars within the
frequency-domain variables. However, a difference was noted in the time-domain
variable SDNN. Having greater responsibilities such as supervising and managing
night shifts, avoiding conflict with medical staff and attending to more critically ill
patients may result in higher stress levels. A Taiwan study (29) also found junior
staff to have a higher HRV, however, no difference in HRV were found between

staff seniority in the orthopaedic (12) and surgical study (13).

The number of night calls showed a positive correlation to an increased overall
HRV and PNS dominance within the time-domain variable of SDNN while no
differences were seen in the frequency-domain variables. This may be attributed
to randomly assigned night calls for the month. The night calls may also be
clumped together early or later on in the month with an isolated call, weeks apart
from the clumped night calls thus impacting the value of the pre HRV recording.
This was found to be in contrast to the orthopaedic study (12) which found the

number of overnight calls had the strongest correlation with worse HRV.

A limitation of this study is that it was a single contextual study only including
registrars. Furthermore, the length of time from the last call was not ascertained

and also only a snapshot of HRV recordings were obtained.

It is recommended that HRV be acquired in all anaesthetists in the department to

determine if a low HRV is isolated in only anaesthetic registrars. Longer periods of
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HRYV recordings should be done to more accurately assess the impact of night call
on HRV.

Conclusion

In this study, registrars had decreased HRV with SNS dominance in both pre and
post night call and there was no significant difference between these two time
periods. This is concerning as decreased HRYV is associated with current health
status, including stress levels and as the pre-call HRV was decreased this may
indicate chronic stress in these registrars. The reasons for this decreased HRV
may be multifactorial. There was no significant difference between HRV of male
and female registrars however, post call there was a statistically significant
difference in the HRV of senior and junior registrars with seniors having lower HRV

than juniors.
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4.1 Introduction and problem statement

The health of workers encompasses physiological and psychosocial well-being,
which is particularly pertinent to the medical fraternity. The high work stress profile
of medicine has been associated with a concerning rise in physician burnout and
suicide rates (1). Measures encompassing the bio-psycho-social well-being of
doctors should be put in place to prevent complications such as macro and

microvascular diseases associated with shift work (2).

Stress is a subjective phenomenon perceived and experienced by all living
organisms. Heart rate variability (HRV) is one type of measurement used to
assess stress, the balance between the sympathetic nervous system and
parasympathetic nervous system, and gives an impression of the overall health of

the cardiovascular system (3).

According to the Basic Conditions of Employment Act, 1997 (4), night work is
defined as being between 18:00 and 06:00 meaning, a 12-hour shift. However,
within the medical fraternity, these hours worked vary in duration and in some
cases, often exceed those stipulated by the Act. Multiple night calls are often done
to service the increasing patient load, which have been shown by Ferri et al (5) to
result in greater stress loads and hence burnout. Night call duty longer than 17
hours should be avoided, as suggested by the South African Society of
Anaesthesiologists (6). There has been no defined amount of recovery time
between night calls, and studies suggest a lack of recovery time negatively

impacts the health of the night worker (7).

Burnout is defined as a form of physical, emotional and mental fatigue due to
extended periods of physiological and emotional stress and strain (8). Burnout has
been shown to manifest pathologically through maladaptation of the
cardiovascular, endocrine and nervous systems among others as seen by raised
blood pressure, diabetes and mood disorders, respectively (9). Burnout seen in
the medical-fraternity has far-reaching consequences affecting health care

workers directly, their families, their patients and the health care system itself.
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Maladaptive alterations of the autonomic nervous system and hypothalamic-
pituitary-adrenal axis are seen when stress is experienced in the work-place over
prolonged periods (10). McEwen (10) described the concepts of allostasis and the
allostatic load theory where the body is able to maintain the balance of the
autonomic nervous system and hypothalamic-pituitary-adrenal axis under acute
stress (allostasis), while under chronic stress (allostatic load) there is an

imbalance resulting in wear and tear and hence multisystem pathologies.

The allostatic load theory explains the imbalance between the sympathetic
nervous system and parasympathetic nervous system and it is the over-stimulation
of the sympathetic nervous system that is associated with disease progression as
noted by the Framingham Heart Study (11).

Registrars working in the University of the Witwatersrand (Wits) affiliated hospitals
are required to work between 52 — 80 hours of overtime every month. However,
the amount of overtime worked often exceeds these agreed hours leading to more
night calls. HRV in orthopaedic (12) and general surgeons (13) was noted to be
decreased and inversely correlated to the number of night calls and duration of

night calls.

HRYV represents the balance between the sympathetic and parasympathetic
nervous systems. With ongoing stress, there is an unfavourable balance between
these systems, which results in undesirable sequelae. With the increasing rate of
suicide, high levels of stress (14) and burnout (15) seen in anaesthetic registrars in
South Africa, these factors contribute to the imbalance of the sympathetic and
parasympathetic systems as reflected by changes in HRV. HRV is currently not

known in anaesthetic registrars.
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4.2 Aim and objectives
4.2.1 Aim

The aim of this study is to compare HRV in registrars in the Department of
Anaesthesiology at Chris Hani Baragwanath Academic Hospital (CHBAH) pre and

post night call using the Suunto® Smart Belt.
4.2.2 Objectives

The primary objective of this study is to compare registrars’ HRV pre and post

night call.
The secondary objectives of this study are to:

* compare HRV between male and female registrars
* compare HRV between senior and junior registrars

* correlate the average number of night calls to HRV.
4.3 Research assumptions

The following definitions will be used in this study.

Registrar: is a qualified doctor who is registered with the Health Professions

Council of South Africa as a trainee anaesthetist.

Night call: is a defined time period specific to after-hour work in the Department of
Anaesthesiology. A night call at CHBAH is from 16:00 — 08:00.

Heart rate variability: “the variation over time of the period between consecutive
heartbeats and is predominantly dependent on the extrinsic regulation of the heart
rate” (16). HRV is measured using time-domain and frequency-domain analysis
(17). From the HRV collected, multiple time-domain and frequency-domain
variables are constructed and analysed. In this study, HRV will be measured with

a Suunto® Smart Belt.

Pre night call measurement: will occur a day preceding the night call, preferably

in the morning.
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Post night call measurement: will occur in the morning at the end of the night

call as soon as possible.
4.4 Demarcation of study field

The study will be conducted in the Department of Anaesthesiology at CHBAH,
which is affiliated to the Faculty of Health Sciences of WITS. CHBAH is a central
hospital with 2 888 beds, 25 theatres and on average 65 000 surgeries are done
per annum. Forty-four anaesthetic registrars rotate at any one time through the

department.
4.5 Ethical considerations

The study will be conducted in accordance with the Declaration of Helsinki (17)
and the South African Good Clinical Practice Guideline (18). Approval to conduct
the study will be obtained from the Human Research Ethics Committee (Medical)
and the Graduate Studies Committee at Wits. Further approval will be obtained
from the Medical Advisory Committee at CHBAH (Appendix 1). Permission to
conduct the research was obtained from the Head of the Department of
Anaesthesiology at CHBAH (Appendix 2).

Anaesthetic registrars will be approached, the study will be explained, and they will
be invited to participate. The anaesthetic registrars who elect to participate in the
study will in no way be subordinate to the researcher. Those who agree will be
provided with an information letter (Appendix 3), whereafter they will be requested
to sign a consent form (Appendix 4). The duration of the study will be
approximately 15 minutes on a preceding day, preferably a morning, before their
next night call, and 15 minutes post night call. The registrar will rest for five
minutes before each test. The Suunto® Smart belt will be attached to the
participants, secured for 10 minutes, and the registrars will be asked to supply

demographic information pre night call (Appendix 5).

Each registrar will be allocated a study number and data will be collected
anonymously. A separate list with the registrars’ name and study number will be
compiled and filed separately. Only the researcher and supervisors will have

access to the raw data, thereby ensuring confidentiality.
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The data collected will be stored electronically and password protected for six
years after the completion of the study. Results will be made available to registrars
on request after completion of the study. Should the results indicate a decreased
HRYV, the results of the study will be made available to the Head of Department
and the Anaesthesiology Wellness Committee with a view to modify the current
night call system. If necessary, the participant will be referred to a physician to aid

in modifying their current health status.
4.6 Research methodology

4.6.1 Research design

A cross-sectional research design will be followed in this study.

A cross-sectional design “involves the collection of data once the phenomena

under study are captured during a single period of data collection” (19).
4.6.2 Study population

The study population consists of registrars working in the Department of
Anaesthesiology at CHBAH.

4.6.3 Study sample
Sample size

The sample size was determined in consultation with a biostatistician. The number
of registrars included will be 27 as based on a standard deviation of 2 (20), a

population corrected factor of 112, alpha of 5% and a power of 80%.
Sampling method

In this study, a convenience sampling method will be used. Convenience sampling
is a non-probability sampling method whereby participants are enrolled according

to their availability and accessibility (21).
Inclusion and exclusion criteria

The inclusion criteria for this study are:
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* registrars who are between the age of 29 — 39 years

* who consent to take part in the study.

The exclusion criteria in this study are:

* registrars with known arrhythmias
* registrars taking beta-blockers or sympatholytic type drugs or both

* registrars who do not have a post call HRV measurement.
4.6.4 Data collection

Data collection
Data collection sheet

Following an extensive literature review, a draft data collection sheet was
compiled. The draft data collection sheet was reviewed by one anaesthesiologist
and two physiologists with an interest in HRV. Their recommendations were

included in the final data collection sheet.
The final data collection sheet (Appendix 5) will collect the following data:

* demographics
* pre night call HRV measurements

* post night call HRV measurements.
Equipment

The Suunto® Smart Belt is a mobile device that will be used to record HRV in this
study. It has been validated as a surrogate to a Holter monitor to measure HRV
(22). Kubios®is the computer software that will be used to interpret the data from
the Suunto® Smart Belt. It has been validated for use in research and for other

clinical applications (23).
Data collection process

Once ethics approval has been received, the researcher will invite the registrars in

advance. The participating registrar will not be subordinate to the researcher. The
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pre night call data collection will start between 07:00 and 11:00 any day before
their scheduled night call. The demographic form will be completed and the
Suunto® Smart Belt will be attached. The registrar will then sit quietly for five
minutes before the recording of data starts. HRV will then be measured for 10
minutes. The data from the Suunto® Smart Belt will then be downloaded to
Kubios® on a laptop. The data will be checked to ensure it was successfully
transferred across, and if not, the readings will be repeated. In between registrar

recordings, the Suunto® Smart Belt will be cleaned with an alcohol-based solution.

The post night call data collection will follow the same collection process as the
pre call HRV. Five Suunto® Smart Belt devices will be available to record HRV,

thus minimising the time registrars will be asked to stay post night call.
4.6.5 Data analysis

A Microsoft Excel spreadsheet will be used to capture data. Data will be analysed
in consultation with a biostatistician using the statistical programs STATA
(StataCorp, USA) 13.1 and Kubios®. Kubios® software analysis HRV into multiple
variables as seen in table Categorical variables will be described using
frequencies and percentages for sex and rank of registrar. For the primary
objective, the pre night call HRV variables will be used as a control and the post
night call HRV variables will be used for comparison. Due to HRV involving
multiple variables, each variable will be analysed independently and compared.
Continuous variables will be summarised as means and standard deviations or
medians and inter-quartile ranges. Should the data follow a normal distribution, a
paired t-test will be used. A Wilcoxon signed-rank test will be used should the data
not follow a normal distribution. The secondary objectives of male and female
comparison and junior and senior comparison, depending on the distribution, will
be done with either the independent t-test or Mann-Whitney test. A p-value of 0.05
or less will be considered statistically significant. A correlation of 0 signifies no
relationship at all. A correlational value near — 1 signifies a strong negative

relationship, and a value near + 1 signifies a strong positive relationship (19).
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4.7 Significance of the study

Night calls have been associated with an increase in complications such as macro
and microvascular disease (2) and damage to DNA (24). Associated with night
calls and concurrent day shifts is the decreased time for recovery, thus resulting in
burnout. Burnout has far-reaching consequences, including cardiovascular
disease, substance abuse and increased rate of suicide (25) to name a few. It has
been documented that burnout among South African anaesthetists is three times

the international average (26).

The results of the study will give insight into the HRV of anaesthesiology
registrars. If the HRV is shown to be decreased, the current night call system can
be modified, this may then contribute to an improved recovery period, increased
HRV, less stress and less burnout in the department. Should any abnormal results
be collected, the participant will be notified and given the appropriate channels of

support.
4.8 Validity and reliability of the study

Bothma et al (27) refer to the validity of a study as “the degree to which a
measurement represents a true value” and reliability as “the consistency of the

measure achieved”.
The validity and reliability of the study will be ensured by:

* using an appropriate research design

* an appropriate sample size determined in consultation with a biostatistician
« use of the validated Suunto® Smart Belt on all registrars

« use of the validated processing software Kubios®

* data collection will be done by one researcher

* data analysed in consultation with a biostatistician.
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4.9 Project outline

4.9.1 Time frame

Sept | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug
Activity
2019 | 2019 | 2020 | 2020 | 2020 | 2020 | 2020 | 2020 | 2020 | 2020
Proposal preparation
Literature review
Proposal submission
Ethics approval
Post graduate
approval
Data collection
Data analysis
Draft article
Submission
4.9.2 Budget
Number
Price
Item of Copies Total
per page/item
pagesl/items
Proposal R1 15 6 R 150
Post graduate form R1 2 6 R 12
Information letter R1 1 30 R 30
Consent forms R1 1 30 R 30
Complete report R1 100 4 R 400
Suunto® Smart Belt R 125 5 - R 500
Kubios® software R 3 500 1 - R 3 500
Grand total R 4 662

Five Suunto® Smart belts and Kubios ® software were purchased at the cost to the

researcher. The Wits Department of Anaesthesiology will incur the costs of paper

and printing of the post graduate application, information letters, consent forms

and data collection sheets.
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4.11 Appendices

Appendix 1: Letter to the Medical Advisory Committee

Dr Trevor Martin Blumenthal
Department of Anaesthesiology
University of Witwatersrand

7 October 2019

Attention: Medical Advisory Committee
Medical Advisory Committee

Re: Pre and post night call heart rate variability of registrars in the department of

anaesthesiology

Burnout, stress and suicide rate are factors that influence the lives of anaesthetic
registrars. | will be conducting an M Med research study where | aim to compare the pre
and post night call heart rate variabilities of registrars in the Department of
Anaesthesiology. A Suunto® Smart Belt will be attached to the registrar for 10 minutes on
the morning a day before the scheduled night call and for 10 minutes post their night call.
A 5-minute rest period will be given prior to the collection of data both pre and post call.
The pre and post measurements are done to determine their baseline heart rate variability
and then to see whether night call duty has an impact on their heart rate variability
respectively. Decreased heart rate variability is associated with multisystem diseases

typically cardiovascular disease.

Only my supervisors and | will have access to the results thus ensuring confidentiality. A
copy of the final report will be made available to you and the participating registrars after
the completion of my data collection. My research done at Chris Hani Baragwanath
Academic Hospital will not involve any cost to the hospital or Department of

Anaesthesiology.

Yours sincerely,

I . Qluradn

Trevor Martin Blumenthal (071 361 5180)
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Appendix 2: Approval of Head of department of anaesthesiology
CHBAH

Dr Trevor Martin Blumenthal
Department of Anaesthesiology
University of Witwatersrand

7 October 2019

Attention: The Head of Department of Anaesthesiology
Dear Dr Lines

Re: Pre and post night call heart rate variability of registrars in the department of

anaesthesiology

| will be conducting an M Med research study where | aim to compare the pre and post
night call heart rate variabilities of registrars in the Department of Anaesthesiology. | will
be using the Suunto® Smart Belt which will be attached to the registrar for 10 minutes on
the morning a day before the scheduled night call and for 10 minutes post their night call.
The pre and post measurements are done to determine their baseline heart rate variability
and then to see whether night call duty has an impact on their heart rate variability
respectively. Decreased heart rate variability is associated with multisystem diseases

typically cardiovascular disease.

Only my supervisors and | will have access to the results thus ensuring confidentiality. A
copy of the final report will be made available to you and the participating registrar after
the completion of my data collection. My research done at Chris Hani Baragwanath
Academic Hospital will not involve any cost to the hospital or Department of

Anaesthesiology.

Yours sincerely,

I . GluradnQ

Trevor Martin Blumenthal ( 071 361 5180)
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Appendix 3: Information letter

Pre and post night call heart rate variability of registrars in the department of

anaesthesiology.

Dear Colleague,

Good day, my name is Trevor Martin Blumenthal. | am a registrar in the Department of
Anaesthesiology and am currently busy with my M Med. | would like to invite you to participate in
my research. The aim of my research is to determine the baseline heart rate variability of registrars
in the Department of Anaesthesiology and compare it to the post night call heart rate variability.

The study will require you to be available for two mornings between 07:00 and 08:00, one morning
pre night call, preferably the day before your scheduled night call and one morning post your night
call. The test will take approximately 15 minutes. You will be asked to provide your demographics
before attaching a Suunto® Smart Belt “hygienically cleaned” to your chest. No identifying
information will be displayed and you will be given a study number. The data captured from the
Suunto® Smart Belt will be uploaded to a secured database that is password protected. Only my
supervisors and | will have access to the data. On completion of the study, you may request access
to your data.

Participation is voluntary and you will be required to sign a consent form. You may, at any time,
withdraw without explanation and will in no way be discriminated against.

Participation in this study does require you to stay up to 15 minutes after a night call but the value
of the data may provide insight into the health of registrars and the impact night duties have on
their health.

This study has been approved by the Human Research Ethics Committee (Medical) and the
Graduate Studies Committee of Wits. Should you require any more information or wish to contact
me regarding this study, my number is 071 361 5180. You may also contact:

* Professor CB Penny, Chairperson of the Human Research Ethics Committee (Medical) at
the University of the Witwatersrand, on telephone: 011 717 2301, e-mail:
Clement.Penny@wits.ac.za

e Committee Secretariat: Ms Z Ndlovu or Mr Rhulani Mkansi, telephone: 011 717 2700/1234,
or e-mail: Zanele.Ndlovu@wits.ac.za or Rhulani.Mkansi@wits.ac.za or
Charmaine.khumalo@wits.ac.za or josh.ndkingumandla@wits.ac.za

Thank you for your time

Yours Sincerely,

Trevor Blumenthal
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Appendix 4: Consent

Pre and post night call heart rate variability of registrars in a department of

anaesthesiology

L S agree to participate in this research project. The

research has been explained to me and | understand what my participation will involve.

2. | was given time to ask questions and found any answers given to me to be

reasonable and satisfactory.

3. l understand that there will be no immediate benefit to me, should | agree to participate,

nor will | receive any payment.
4. Participation will not cost me anything but my time.

5.  understand that even if | initially consent to take part in the study, | may withdraw at
any time and would not be required to give reasons. If that happened, any data collected
about me for the purposes of the study would immediately be destroyed, unless | give

consent for it to be retained.
6. If | require further information, | have been given contact details, listed below.

.......................................... (signature)

Contact details:

TM Blumenthal, cell phone: 071 361 5180 or by e-mail:
0404436Y @students.wits.ac.za

Professor CB Penny, Chairperson of the Human Research Ethics Committee (Medical) at
the University of Witwatersrand, on telephone: 011 717 2301, or my e-mail:

Clement.Penny@wits.ac.za

Committee Secretariats: Ms. Z Ndlovu or Mr. Rhulani Mkansi, telephone: 011 717

2700/1234, or e-mail at: Zanele.Ndlovu@wits.ac.za or Rhulani.Mkansi@wits.ac.za or

Charmaine.khumalo@wits.ac.za or josh.ndkingumandla@wits.ac.za.
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Appendix 5: Data collection sheet

Study Number |Age Sex Registrar year | Average number of night calls |Average number of days between calls | Pre call HRV Post call HRV
SDNN SDNN
RMSSD RMSSD
PNS INDex PNS Index
SNS INDEX SNS Index
Study Number [Age Sex Registrar year | Average number of night calls [Average number of days between calls | Pre call HRV Post call HRV
SDNN SDNN
RMSSD RMSSD
PNS INDex PNS Index
SNS INDEX SNS Index
Study Number [Age Sex Registrar year | Average number of night calls |Average number of days between calls | Pre call HRV Post call HRV
SDNN SDNN
RMSSD RMSSD
PNS INDex PNS Index
SNS INDEX SNS Index
Code:

SSDN- standard deviation of NN intervals.

RMSSD- the square root of the mean of the squares of the successive differences between adjacent NNs

PNS Index- Kubios® HRV software computed PNS value based on Mean RR (ms), RMSSD (ms) and SD1 (%)

SNS Index- Kubios® HRV software computed SNS value based on Mean HR (bpm), Baevsky’s stress index and SD2 (%)

*A PNS (or SNS) index value of zero means that the parameters reflecting parasympathetic (or sympathetic) activity are on

average equal to the normal population average.
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Section 5: Annexures

5.1 Ethics approval

N 7

UNIVERSITY OF THE @
WITWATERSRAND. \&7
JOHANNESBURG
R14/49 Dr TN Blumenthal

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M191114

NAME: Dr TN Blumenthal
(Principal Investigator)
DEPARTMENT: School of Clinical Medicine

Department of Anaesthesiology
Charlotte Maxeke Johannesburg Academic Hospital

PROJECT TITLE: Heart rate variability of anaesthesiology registrars
pre- and post- night call at a central hospital

DATE CONSIDERED: 2019/11/29

DECISION: Approved unconditionally

CONDITIONS:

SUPERVISOR: Prof J Scribante; Ms H Perrie; Dr T Leonard

APPROVED BY: 5/2/?% 2y .

Dr CB PenWREU(Medical)

DATE OF APPROVAL: 2020/02/18

This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Research Office Secretary on the 3rd Floor, Phillip
Tobias Building, Parktown, University of the Witwatersrand, Johannesburg.

liwe fully understand the conditions under which | am/we are authorized to carry out the above-mentioned
research and liwe undertake to ensure compliance with these conditions. Should any departure be
contemplated, from the research protocol as approved, l/we undertake to submit details to the Committee. |
agree to submit a yearly progress report. When a funder requires annual re-certification, the application date
will be one year after the date when the study was initially reviewed. In this case, the study was initially reviewed
in November and will therefore reports and re-certification will be due early in the month of November each
year. Unreported changes to the application may invalidate the clearance given by the HREC (Medical).

4 W /Lw( 2020/02/18

Principal Investigator Signature Date

PLEASE QUOTE THE CLEARANCE CERTIFICATE NUMBER IN ALL ENQUIRIES



5.2 Graduate studies approval

Private Bag 3 Wits, 2050
UNIVERSITY OF THE Fax: 027117172119
WITWATERSRAND, 8¢/ Tel: 02711 7172076
JOHANNESBURG
Reference: Mrs Sandra Benn
E-mail: sandra.benn@wits.ac.za
11 December 2019
Dr TM Blumenthal Person No: 0404436Y
P O Box 3719 PAG
Edenvale
1610
South Africa

Dear Dr Trevor Blumenthal

Master of Medicine in Anaesthesia: Approval of Title

We have pleasure in advising that your proposal entitled Heart rate variability of anaesthesiology
registrars pre and post night call at a central hospital has been approved. Please note that any

amendments to this title have to be endorsed by the Faculty's higher degrees committee and formally
approved.

Yours sincerely

CeR ecn

Mrs Sandra Benn
Faculty Registrar
Faculty of Health Sciences
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5.3 Medical advisory committee

=S GAUTENG PROVINCE

REPUBLIC OF SOUTH ASRICA

MEDICAL ADVISORY COMMITTEE

CHRIS HANI BARAGWANATH ACADEMIC HOSPITAL

PERMISSION TO CONDUCT RESEARCH
Date: 3 February 2020

TITLE OF PROJECT:
Pre and post night shift HRV of registrars in the department of anaesthesiology
UNIVERSITY: Witwatersrand
Principal Investigator: TM 8lumenthal
Department: Anaesthesiology
Supervisor/s : J Scribante, H Perrie
Permission Head Department (where research conducted): Yes

The Medical Advisory Committee recommends that the said research be conducted at Chris Hani
Baragwanath Academic Hospital. The CEOQ / management of Chris Hani Baragwanath Academic
Hospital is accordingly informed and the study is subject to:-

® Permission having been granted by the Committee for Research on Human Subjects of the
University of the Witwatersrand.

® The Hospital will not incur extra costs as a result of the research being conducted on its
patients within the hospital

* The MAC will be informed of any serious adverse events as soon as they occur

* Permission is granted for the duration of the Ethics Committee Approval.

ecommended Approved/|
(On behalf of the MAC) Hospital ManagementDate:

2020/02/03 Date: O‘F’[ éq/{ T

69



5.4 Turnitin report

0404436y:ref.docx

ORIGINALITY REPORT
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"Contamination of pulse oximeter probes before
and after decontamination in two intensive care
units", Southern African Journal of Critical Care,
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UNIVERSITY OF THE [E
WITWATERSRAND,
JOHANNESBURG

FACULTY OF

§i
€| HEALTH SCIENCES

12 February 2021

The Chairperson

Graduate Studies Committee
Faculty of Health Sciences
University of the Witwatersrand

Dear Professor Papathanasopoulos

Re: M Med: Heart rate variability of anaesthesiology registrars pre and post night call at
a central hospital

Dr Trevor Blumenthal, student number: 0404436Y, has submitted his research report to
Turnitin, which revealed a similarity index of 14%. These similarities appear not to
be plagiarism but mainly the use of common terminology and phrases specific to
the research topic.

Yours sincerely,

Juan Scribante
Supervisor
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