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Abstract

Viral infection, sepsis and multiple organ dysfunction are the most common causes of death in critically ill patients. Early diagnosis and early
management are the key factor in improving outcome in sepsis due to viral infection, so, there is need to develop more rapid, sensitive, and specific
diagnostic strategies that allow early intervention to improve patient outcome. Heart rate variability (HRV) has been documented to be both altered
in the presence of systemic infection, and correlated with its severity. This aim of this article is to review the HRV analysis and its value in detection
early diagnosis of viral infection including COVID-19 patients. The prognostic value of clinical bedside application of HRV in the management and
treatment viral infection and sepsis are highlighted in this review. The overall HRV decreased with lower low frequency component has been shown
to be consistently correlated with the presence and severity of viral infection. HRV monitoring may enhance the early diagnosis, prognosis and early
initiation of treatment of viral infectionCOVID-19. Bedside wearable devices that are based on photoplethysmography such as watch-like devices
and mobile phone apps may be used as a useful non-invasive tool for early diagnosis of COVID -19 by analyzing the HRV.
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Introduction

Viral infection has been demonstrated to be the most common
cause of morbidity and mortality, particularly in immune-
compromised patients. In critically ill patients who are admitted
to intensive care unit (ICU), septicemia and organ dysfunction
represent a high mortality rate ranging from 10% to 59% for all
ICU admissions [1,2,3]. Viral infection including Coronavirus
disease 2019 (COVID-19) (also named SARS-CoV-2) increases
capillary permeability resulting in internal hemorrhage and multi-
organ dysfunction. The vascular permeability syndrome has been
one of greatest challenges since dengue shock syndrome was first
described [4,5].

Understanding the harmony of the host response to septicemia
and multiple organ dysfunction remains defective despite of the full
knowledge of the involved receptor levels, mechanisms, mediators,
gene activation and pathways. The early goal-directed therapy
in patients with septic shock secondary to sever viral infection
includes early diagnosis, aggressive resuscitation, maintenance
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of adequate tissue perfusion and oxygen delivery and starting the
appropriate antiviral drug [6,7]. Kumar A, et al. [8] found that the
delay for each hour in the initiation of the appropriate anti-viral
therapy was associated with 7.6% decrease in the mean survival
rate. The common causes of delayed diagnosis of viral infection with
subsequent rapid deterioration, organ dysfunction and admission
to ICU are waiting the onset of fever and the occurrence of changes
in the vital signs. Early, rapid management and resuscitation is the
cornerstone in improving the outcome in septic shock due to viral
infection, for this reason, there is urgent need for development of
new methods and techniques that allow more sensitive, specific
and rapid diagnosis that could be complementary or superior to

the existing conventional methods.

The biomarkers and serological studies allow only early
detection of severe viral infection, but they are of limited use because
of the poor diagnostic capability and the long time they take to get
the results. The response of the host to viral infection includes a
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dynamic interaction between organs, cells, mediators, and genes
resulting in an increase in a complex non-linear system [9,10]. The
approach of the analysis this complex system by interval-in-time or
variation of pattern over time is defined as variability analysis [11].
Recording heart rate variation over time intervals may be analysed
with several mathematical techniques. Heart rate variability (HRV)
analysis has several advantages as it’s, a non-invasive, easy to
apply, good reproducibility and have a useful role in the diagnosis
of autonomic dysfunction and other pathological conditions. Heart
rate variability has been demonstrated to be changed in response to
systemic infection with strong correlation between its degree and
the severity of infection. The aim of this article is to review the value
of the use of HRV monitoring as a predictive for early diagnosis of

Clinical Presentation and Diagnosis

viral infection including COVID-19. The values of clinical bedside
application of HRV in the management and treatment viral infection
and sepsis are highlighted in this review.

Coronavirus Disease 2019 (COVID-19) (SARS-
CoV-2)

Inthe lastmonths of 2019 year, outbreaks of cases with broncho-
pneumonia with no obvious cause emerged in Wuhan, Hubei
Province, China [12]. A novel Corona virus named COVID-19 was
considered to the cause of pneumonia [13]. Every day, thousands of
patients with severe viral infection have died all over the world due

unavailability of the specific antiviral drugs.

Common symptoms

+ Fever
+ Dry cough
+ Flu-like symptoms

Severe cases

« Dyspnea

« Chest pain

- Hemoptysis

- Crackles

+ Respiratory insufficiency

Figure 1: The clinical presentation of COVID-19.

« Pneumonia

« ARDS

+ Cardiac injury

« Arrhythmia

« Septic shock

- Liver dysfunction

= Acute kidney injury
+ Multi-organ failure

Dry cough, rise of body temperature, easy fatigability and myalgia
are the most common presentations. Less frequent symptoms are
headache, productive cough, diarrhea and hemoptysis. More than
50 % of infected patients develops dyspnea [14]. On performing
complete blood count, the white blood cell count is either normal or
low and lymphocyte countis reduced (lymphopenia) in 65% of cases
[14]. The classic findings on computed tomography (CT) in patients

Pathogenesis of COVID-19

who are admitted to ICU are bilateral multiple consolidations that
are lobular and sub segmental [13,14]. The clinical presentation of
COVID-19 is illustrated in Figure 1.

The diagnosis of COVID-19 is based on the clinical presentation,
radiologic imaging (chest X ray and high-resolution chest CT) [15]
and detection the virus by serologic studies by RT-PCR [16] and
CRISPR/Cas13 System [17].
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Figure 2: Shows the pathogenesis of SARS-CoV-2 infection.

Antibody-dependent enhancement (ADE); ACE2: angiotensin-converting enzyme 2; RAS: renin-angiotensin system; ARDS: acute respiratory
distress syndrome [18].
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The main routes of transmission of SARS-CoV-2 are droplet
infection via respiratory tract, direct contact with the patient and
through the fecal-oral route. The epithelium of upper respiratory
tract mucosa is the initial site of viral replication with subsequent
multiplication of the virus in the lung and gastrointestinal mucosa,
resulting in mild viremia. Few patients remain asymptomatic at
this stage, but some patients may show non-respiratory symptoms
such as hepatic, cardiac, and renal failure with the development
of multiple organ failure. The pathogenesis of SARS-CoV-2 host

infection is illustrated in Figure 2.
Severe Acute Respiratory Syndrome (SARS)

SARS is a critical, severe life-threatening lung injury that
interferes with pulmonary oxygenation and requires mechanical
ventilation as the histopathological findings also confirms SARS [19].
The occurrence of SARS is closely related to genetic susceptibility
and the liberal release of inflammatory cytokines. Greater than 40
susceptible genes including ACE2, tumour necrosis factor (TNF),
interleukin IL-6, IL-8, and ILO, and vascular endothelial growth

factor are involved in the pathogenesis and outcome of SARS [20].
Heart Rate Variability (HRV)
Pathophysiology

Heart rate (HR) is a dynamic signal that varies with time.
The variability in heart rate may indicate the presence of current
pathologic condition. Heat rate variability (HRV) which is defined
as the variation of the period between consecutive heartbeats
over time, is mainly dependent on the extra cardiac regulation of
the HR. HRV is a physiological phenomenon depending on factors
modulating the cardiac activity produced by the autonomic nervous
system [21]. Thus, HRV is a non-invasive and indirect assessment
of the control of autonomic nervous system on cardiac function
and provides an idea about the balance in the activity between the
sympathetic and parasympathetic nervous systems. HRV shows
that the structure generating the signal is not only simply linear,
but also involves nonlinear contributions [22].

The parasympathetic control of HR is regulated through
the release of acetylcholine by the vagus nerve. Muscarinic
acetylcholine receptors respond to this release mostly by increasing
the K2+ conductance in cell membrane. The sympathetic control of
HR is mediated by the release of epinephrine and norepinephrine
[23]. Rhythms from sympathetic and parasympathetic autonomic
activity contribute independently on the modification of QRS
complex intervals of HR in the electrocardiogram (ECG), at
determined frequencies. The variation in RR interval is a normal
finding during resting conditions represent beat-by-beat variations
in cardiac autonomic inputs [24].

Alteration in HRV is closely related to the presence of illness
and pathologic condition, and the degree of HRV alteration is an
indicator of the severity of the current disease. A high degree of
variability in HR means a healthy person with a good functioning
autonomic nervous system. A low HRV indicates an abnormal
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autonomic system, HRV have been reported in a variety of medical
conditions including myocardial infarction, diabetes, the metabolic
syndrome, end-stage renal disease, chronic liver disease, hypoxic
lung disease, congestive heart failure, and hypertension [25-29].

Altered HRV and autonomic dysfunction have been previously
reported with viral infection. Carter, et al. [30] have been previously
found that the cardiac parasympathetic activity (high frequency
component) is responsible for the majority of the HRV reduction
in patients with dengue viral infection [30]. Lebech AM, et al. [31]
and Galdino GAM, et al. [32] have been suggested that the HIV and
AIDS patients have abnormal HRV and the use of anti-viral therapy
modifies the HRV.

Techniques of HRV analysis

There are several methods for analysis and evaluation of HRV
alteration or altered patterns of heart rate change over time. The
conventional method of assessment of HRV is based on calculating
certain indices of statistical analytic tests on RR intervals (means
and variance). The average HR, standard deviation of NN intervals
[SDNN] and the root mean square of successive heartbeat interval
differences [RMSSDs] are the most used indices. All the indices of
time domain measure are liable to be influenced by outliers and
artifacts, and these measures for this reason need data from which
ectopic beats and artifacts have been accurately excluded [33].
Geometrical methods present RR intervals in geometric patterns
and triangular index, Poincare plots have been used, but it is poorly

sensitive to ectopic beats and artifacts [34].

Analysis of frequency domain is a unique and non-invasive
method for obtaining a more accurate evaluation of autonomic
activity and function. Depending on Fourier theory, any time
series may be considered as a sum of sinusoidal oscillations with
distinct frequencies. A time domain analysis can be converted to
a frequency domain analysis by the fast Fourier transform (FFT)
or the discrete Fourier transform, which can measure the spectral
content of the signal in well-defined ranges of frequencies [35].
Techniques like wavelet analysis are referred to as ‘time-frequency
domain analyses’ High frequency [HF] component is far better
understood than that of the lower frequency [LF] components.
Respiratory pattern also can significantly affect HF power [36].
LF power is more complex as it is affected and controlled by both
sympathetic and parasympathetic nervous system beside the other
factors such as baroreceptor activity. Therefore, LF analysis by itself
cannot afford an accurate delineation of the level of sympathetic
activation [36].

Nonlinear dynamicsand chaos theory can measure the dynamics
of HR variation. Approximate entropy [ApEn] is a parameter and
measure that can estimate the predictability or regularity of time-
series data [37]. The detrended fluctuation analysis (DFA) is a
method of measurement which determine the presence or absence
of fractal correlation properties and has been validated for time-
series data [38].
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The Benefits of HRV Analysis in COVID-19 Patients
Early diagnosis

Analysis of HRV have been demonstrated to be useful for early
diagnosis of infection, especially in neonates and infants. Kovatchev
BP, et al. [39] have presented the sample asymmetry analysis (SAA)
and showed its benefit for analysing heart rate characteristics
[HRC] occurring in the early stage of neonatal sepsis and multiple
organ dysfunction on 158 neonates and infants admitted to the
intensive care unit. In their study, infants who suffered from sepsis
when compared to normal healthy infants, had similar sample
asymmetry in health, and elevated values before sepsis. They
concluded that measurement of HRV was useful in predicting the

early diagnosis of the onset of sepsis.

Griffin MP, et al. [40] and Moorman JR, et al. [41] introduced
a novel HRC to analyse HRV in high risk neonates and infants
for developing sepsis. They found that, the abnormal HRC with
decreased HRV and temporary decelerations occurred just before
the onset and diagnosis of sepsis in neonates and infants. Griffin
MP, et al. [40] demonstrated abnormalities in HRV that were
observed about 12 to 24 hours just before the onset, the clinical
and laboratory diagnosis of sepsis. The traditional diagnosis of
sepsis depends on the presence of fever, tachycardia and positive
blood culture. Also, Cao H, et al. [42] measured the degree of non-
stationarity in the heart rate signal to predict neonatal sepsis and
they reported abnormal HRC of decreased HRV and temporary
decelerations 12 to 24 hours just before the onset of neonatal
sepsis.

Prognosis of patient outcome

Analysis of HRV may give us a valuable prognostic tool of
infection in the critically ill patients. The degree and severity of
the fluctuation in HRV may be correlated well with severity of the
disease and may indicate high mortality rate and poor outcome of
sepsis and viral infection. The frequency domain Fourier spectral
analysis has been frequently used for prognosis and prediction the
outcome of critically ill patients admitted to ICU [43]. Yien HW, et al.
[44] reported that in ICU patients, a progressive decrease of LF and
very LF components of HRV were demonstrated to be a significant
marker of high risk of morbidity and mortality with poor outcome
depending on trend changes in the LF and very LF components and
correlated positively with Acute Physiological and Chronic Health
Evaluation (APACHE) II scores.

Also, Soriano F, et al. [45], reported a significant correlation
between LF power and mortality in critically ill patients admitted to
ICU due to septic shock. Piepoli M, et al. [46] analyzed HRV in twelve
critically ill patients during septic shock and during recovery from
it. They reported ten patients who recovered from infection with
normalization of LF component of HRV. Pontet ], et al. [47] used
the power spectral analysis of HRV as an early indicator of septic
shock and multiple organ dysfunction in septicemic patients. They
demonstrated that HF power was significantly decreased in the
studied patients.
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Barnaby D, et al. [48] found that septicemia was the main illness
leading to a reduction in the LF/HF ratio (LF/HF <1) and that a
decreased LF/HF ratio correlated with a high risk of mortality. HRV
was assessed in in septic shocked patients by Chen WL and Kuo CD
[49] and found Normalized LF component and LF/HF components
ratio were reduced.

Bedside HRV analysis

Most of the studies report HRV measurements to diagnose early
sepsis 12 to 24 hours prior to traditional clinical methods [40-42].
However, the study by Kovatchev BP, et al. [39], the only one study
reported observable changes in HRV as early as 3 to 4 days before
the onset of sepsis. Ahmad S, et al. [50] studied the usefulness of
HRV analysis for the early diagnosis of sepsis in adult bone marrow
transplant patients for an average of 12-17 days and demonstrated
satisfactory results including the specificity and sensitivity of
frequent analysis of HRV metrics for the early detection of sepsis

in adults.

Electrocardiography (ECG) is the traditional method of HRV
analysis conducted by medical personnel’s. Wearable devices
for assessment of HRV may be a simple, low cost and convenient
alternative. Wearable devices are reliable instruments for analysis
of HRV in static posture. Nowadays, different wearable devices have
been used as abedside non-invasive test to evaluate HRV. They based
on photoplethysmography (PPG). PPG is an optical method that
detects cardiac beats by analyzing changes in light absorption and
the color of skin. The PPG sensor sense the alteration in intensity
of light via transmission through or reflection from the tissue. The
variations in the light intensity are related to changes in the blood
perfusion of the tissue, and based on these changes, heart-related
information can be retrieved [51]. The most popular ones are
the watch-like devices [52] and mobile phone applications, many
smartphones have high speed data transmission capabilities like
3G, WiFi and external sensors connectivity via Bluetooth [53]. HRV
indices that are derived from the Apple Watch RR interval series are
correlated with changes caused by mental stress. Hernando D, et
al. [52] found a significant decrease of HF power as well as RMSSD
during mental stress HRV with respect to relax derived from Apple
Watch.

Conclusion

The overall HRV decreased with lower Low frequency
component has been shown to consistently correlate with the
presence and severity of viral infection. HRV monitoring may
enhance the early diagnosis, prognosis and initiation of treatment
of viral infection in critically ill patients including COVID-19.
Bedside wearable devices based on photoplethysmography such as
watch-like devices and mobile phone application may be used as
useful non-invasive tool for early diagnosis of COVID -19 through
evaluating the HRV.
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