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Abstract
On March 12, 2020, the World Health Organization (WHO) announced that the coronavirus disease 2019 (COVID-19) outbreak 
had become a pandemic. COVID-19 is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which 
primarily infects the lower airways and binds to Angiotensin Converting Enzyme 2(ACE2) on alveolar epithelial cells. ACE2 
is widely expressed, not only in the lungs but also in the cardiovascular system. Therefore, SARS-CoV-2 can also damage the 
myocardium. We analyzed three COVID-19 cases that resulted in death, and found that either COVID-19 or antiviral drugs 
could affect coupling between the autonomic nervous system and the sinus node, thus affecting heart rate variability and pre-
venting the heart rate from rising in response to increases in body temperature. Early detection of the preclinical phase of cardiac 
autonomic dysfunction may help determine patients in need of aggressive treatment and control of cardiovascular risk factors. 
Antiviral drugs should be used with caution in patients with heart injury.

Introduction
In December 2019, an outbreak of a novel coronavirus, now 
formally named severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), emerged in Wuhan, Hubei province, 
central China. SARS-CoV-2 causes coronavirus disease 2019 
(COVID-19), and the World Health Organization (WHO) has 
declared COVID-19 a global public health emergency [1]. 
Although reported case numbers in China are slowing, large 
outbreaks in other countries, including Italy, the United States, 
Iran, and South Korea, are of great concern. On March 12, 
2020, the WHO officially announced that the COVID-19 out-
break was a pandemic [2]. 
Information about the new coronavirus and its health impact 
is constantly being updated. SARS-Cov-2 predominantly in-
fects the lower airways and binds to Angiotensin Converting 
Enzyme 2(ACE2) on alveolar epithelial cells. SARS-Cov-2 
viruse is potent inducer of inflammatory cytokines. The virus 
activates immune cells and induces the secretion of inflam-
matory cytokines and chemokines into pulmonary vascular 
endothelial cells. The postulated mechanism for the resultant 
organ damage is the “cytokine storm” or “cytokine cascade” 
response [3]. In addition to lung damage, COVID-19 can 
cause varying degrees of damage to the heart, kidney, liver 
[4,5]. ACE2 is widely expressed in the human body, not only 
in the lungs but also in the cardiovascular system, and thus 
SARS-CoV-2 can also damage the myocardium. However, the 

specific mechanisms of cardiovascular damage are unclear. Pa-
tients with COVID-19 who have an underlying cardiovascular 
disease have an adverse prognosis4. Therefore, early detection 
of cardiovascular damage by COVID-19 is important, and par-
ticular attention should be given to cardiovascular protection in 
the treatment of COVID-19 [6].
In this report, we present three COVID-19 cases that resulted 
in death. The immediate cause of death was cardiogenic shock 
in one patient and cardiac arrest in two patients. We found 
that either COVID-19 or antiviral drugs could affect coupling 
between the autonomic nervous system and the sinus node, 
thus affecting heart rate variability and preventing the heart 
rate from rising in response to increases in body temperature. 
The aim of this report is to highlight cardiac injury caused by 
SARS-CoV-2. Decreased HRV could be used to distinguish 
cardiac injury in COVID-19 earlier than myocardial markers. 
Increased awareness of decreased HRV can lead to improved 
treatment and patient prognosis. 

Case Presentation
This study was approved by the National Health Commission 
of China and Ethics Commission of Tianjin Third Central Hos-
pital (2020-03-14). Written informed consent was waived by 
the Ethics Commission of the hospital.
As of March 14, 2020, a total of 136 patients had been diag-
nosed with COVID-19 in Tianjin, China. Three (2.2%) of these 
patients died in the early stage of the COVID-19 epidemic. 
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 Case 1 Case 2 Case 3
Age (years) 65 64 74
Sex Female Female Male
Height (cm) 150 165 178
Weight (kg) 66 75 86

BMI (kg/m2) 29.33 27.55 27.14

Medical history Hypertension, DM, CAD, CABG CAD Hypertension, DM, Cerebral infarction, Right renal cell 
carcinoma, right nephrectomy

Smoking No No No
Alcohol No No No
Vital signs (on admission)
HR (bpm) 88 94 76
RR (breath/min) 23 36 21
Body Temperature (℃) 37.4 38.3 38.4
SBP (mmHg) 141 114 159
DBP (mmHg) 80 84 86
MAP (mmHg) 100 94 110
SPO2 (%) 100 98 100
Others
Q-SOFA score 0 1 1
CURB-65 score 0 1 0
APACHE II 5 15 11
Hospital stays (day) 2 8 9

Antiviral medicine
Interferon-a, Interferon-a, Interferon-a,
Ritonavir Ritonavir Ritonavir

Cause of death Cardiogenic shock Cardiac arrest Cardiac arrest

 Case 
1 Case 2 Case 3 Normal ranges

Blood gas (on admission)
PH 7.44 7.45 7.4 7.35-7.45
PaO2 (mmHg) 113 108 124 80-100
PaCO2 (mmHg) 24.4 31.1 39.1 35-45
FiO2 (%) 29 29 29 21
Complete blood counts (on admission)
White blood cell (*109/l) 4.59 3.84 10.98 10-Apr
Hemoglobin (g/l) 111 123 129 120-160
Platelet (*109/l) 190 90 185 100-400
Lymphocyte (*109/l) 1.7 1 1.2 0.8-4
Electrolyte (on admission)  
Na+ (mmol/l) 135 133 137 135-145
K+ (mmol/l) 4.6 3.5 4.3 3.5-5.5
Liver function
AST (U/L) 26 64 54 17-59
ALT (U/L) 21 22 22 21-72
Renal function (on admission)
Serum creatinine (µmol/l) 84 45 87 58-110
BUN (mmol/l) 12 4 6 3.2-7.1
Other lab results
CRP (mg/l) 85.3 2.94 54.2 0-10
PCT (ng/ml) 0.058 0.04 0.047 0-0.5

Table 1: Demographic and clinical characteristics of the three cases.

Note: BMI=body mass index, DM=diabetes mellitus, CAD=Cardiovascular disease, CABG=Coronary artery bypass sur-
gery, HR=Heart rate, RR=Respiratory frequency, SBP=Systolic blood pressure, DBP=Diastolic blood pressure, Q-SOFA 
score=Quick-sequential organ failure assessment, APACHE II=Acute physiological and chronic health status evaluation II. 

Table 2: Laboratory results of the three cases on admission.
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Case Cardiac markers Day1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Normal 
ranges

Case 1

Myoglobin (ug/l) 69.3 78.5        0-61.5
Troponin I (ug/ml) 0.045 0.061        0-0.12
CK-MB (ug/l) 0.35 0.52        0-5.31
NTpro-BNP (pg/ml) 1190 NA        0-900

Case 2

Myoglobin (ug/l) 79.2 50.1 39.3 NA 40.2 32.6 28.6 NA  0-61.5
Troponin I (ug/ml) 0.012 0.012 0.012 NA 0.012 0.012 0.012 NA  0-0.12
CK-MB (ug/l) 1.04 1.07 0.99 NA 0.77 0.39 0.22 NA  0-5.31
NTpro-BNP (pg/ml) 106 265 600 NA 62 139 215 113  0-900

Case 3

Myoglobin (ug/l) 50.3 NA NA NA 97.1 402.7 2000 51.5 1598 0-61.5

Troponin I (ug/ml) 0.012 NA NA NA 0.016 0.015 0.039 0.012 1.16 0-0.12

CK-MB (ug/l) 0.27 NA NA NA 0.83 1.37 8.02 0.33 0.86 0-5.31

NTpro-BNP (pg/ml) NA NA NA NA 853 831 NA 83 NA 0-900

 Tmin day 1 
(℃)

HRTmin Tmax day 1 
(℃)

HRTmax 
(bpm)

△HRact 
(bpm)

△HRthe 
(bpm)

△HRthe-act

(bpm)  (bpm)

Case 1 37.3 86 38.5 91 5 8 3
Case 2 36 79 38.7 92 13 17 4
Case 3 36.4 78 38.5 82 4 13 9

Note: PaO2=Arterial oxygen partial pressure, PaCO2=Arterial partial pressure of carbon dioxide, 
FiO2=fraction of inspired oxygen, Na+=Sodium ion, K+=Potassium ion, AST=Aspartate aminotransferase, ALT=Alanine amino-
transferase, BUN=Blood urea nitrogen, CRP=C-reactive protein, PCT=Procalcitonin.

Table 3: Cardiac markers of the three cases.

Note: NA=not available

Table 4: Changes in heart rate and body temperature of the three cases.

Note: Tmin=Minimum body temperature, HRTmin=Heart rate at the minimum body temperature, Tmax=Maximum body tempera-
ture, HRTmax=Heart rate at the maximum body temperature, △HRact=The actual increase in heart rate as the body temperature 
increases, △HRthe=Theoretical increase in heart rate as body temperature increases, 
△HRthe-act=The difference between the theoretical and actual increase of heart rate.

The demographic and clinical characteristics of these cases are 
shown in Table 1. The remaining 131 (96.32%) patients recov-
ered and were discharged from the hospital; of these, 2 (1.47%) 
patients had remained in the hospital after being discharged 
from the intensive care unit. 
On admission, the degree of severity of COVID-19 was cat-
egorized as common type in Case 1 and Case 3, and as severe 
type in Case 2. All three cases were positive for SARS-CoV-2 
based on Polymerase Chain Reaction (PCR) test results on ad-
mission. All three cases had at least one comorbidity (e.g., hy-
pertension, diabetes mellitus, and cardiovascular disease). All 
three cases had varying degrees of cough and fever on admis-
sion, and all three cases had bilateral lung ground-glass opacity 
on computed tomography imaging. Case 2 presented with re-
spiratory distress (respiratory rate, 36 breaths/min). Case 1 and 
Case 3 presented with respiratory rates within the normal limit. 
On admission, Case 1, Case 2, and Case 3 had, respectively, a 
heart rate of 88 bpm, 94 bpm, and 76 bpm; mean arterial pres-
sure of 100 mmHg, 94 mmHg, and 110 mmHg; SpO2 of 100%, 
98%, and 100%; Q-SOFA score of 0, 1, and 1; and APACHE II 
score of 5, 15, and 11.
The laboratory test results of the three cases on admission are 
listed in Table 2. Liver and renal functions of all three cases 

were almost normal on admission. The blood gas and electro-
lyte results indicated that the internal environment was in a sta-
ble state. Case 1 and Case 3 had elevated levels of C-reactive 
protein, indicating that both patients were in an inflammatory 
state. The procalcitonin levels of the three cases were within 
normal limits. 
All three cases were diagnosed and treated according to Pneu-
monitis Diagnosis and Treatment Program for New Coronavi-
rus Infection (Trial Version 5) [7]. The antiviral therapy used 
for all three cases was ritonavir plus interferon-α (as shown in 
Table 1). The immediate cause of death for Case 1, Case 2, and 
Case 3 was cardiogenic shock (hospital stay, 2 days), cardiac 
arrest (hospital stay, 8 days), and cardiac arrest (hospital stay, 9 
days), respectively (Table 1). 
The cardiac biomarkers of the three cases are shown in Table 
3. COVID-19–related cardiac injury can be diagnosed if se-
rum levels of cardiac biomarkers (e.g., troponin I) are above 
the 99th percentile upper reference limit [4]. Troponin I and 
CK-MB were increased substantially only in Case 3, for whom 
the diagnosis of virus-related cardiac injury could not be made 
until day 7. Myoglobin levels were above the normal limit in 
Case 1 and Case 2 on admission. Myoglobin levels were above 
the normal limit in Case 3 from day 5 to day 9. NT-proBNP 
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levels were above the normal value in Case 1, but within the 
normal value in Case 2 and Case 3 for the duration of the hos-
pital stay.
Changes in heart rate and body temperature are presented in 
Table 4. Generally, heart rate has a specific relationship with 
body temperature. As body temperature increases, the heart 
rate will also increase. Recent studies have shown that, in 
acutely admitted patients, heart rate increases by 7.2 times/min 
when body temperature increases by 1ºC [8]. After adjusting 
for age, oxygen saturation, and mean blood pressure, the heart 
rate will increase by 6.4 times/min when body temperature in-
creases by 1 degree [8]. Based on this theory, the heart rates of 
Case 1, Case 2, and Case 3 should have increased by 8 times/
min, 17 times/min, and 13 times/min, respectively, as their 
temperature rose; however, the actual increases in heart rate 
were 5 times/min, 13 times/min, and 4 times/min, respectively. 
The lower increases in heart rate than what would theoretically 
be expected indicates a decrease in the patients’ heart rate vari-
ability (HRV). Decreases in HRV occurred earlier in all three 
cases than increases in cardiac biomarkers (e.g., troponin I and 
CK-MB). 

Discussion
Although the clinical manifestations of COVID-19 are domi-
nated by respiratory symptoms, some patients have severe 
cardiovascular damage [4]. In addition, some patients with 
underlying cardiovascular diseases might have an increased 
mortality risk [4]. Therefore, understanding the damage caused 
by SARS-CoV-2 to the cardiovascular system and the underly-
ing mechanisms is of great importance, allowing for the timely 
and effective treatment of these patients.
ACE2 has been identified as a functional receptor for coronavi-
ruses [9], including SARS-CoV-2 and SARS-CoV. ACE2 is ex-
pressed not only in the lungs but also in the cardiovascular sys-
tem. Thus, ACE2-related signaling pathways might also play a 
role in heart injury. Other proposed mechanisms of myocardial 
injury include a cytokine storm triggered by an imbalanced re-
sponse of Type 1 and Type 2 T helper cells [4,10], or damage to 
myocardial cells from respiratory dysfunction and hypoxemia 
caused by COVID-19. Previous data show that older patients 
(aged > 60 years) who are infected with SARS-CoV-2 tend to 
have more systemic symptoms and more severe pneumonia 
than younger patients (aged ≤60 years) [11]. Therefore, in pa-
tients with COVID-19, underlying cardiovascular disease can 
exacerbate the pneumonia and increase the severity of disease.
Generally, heart rate has a specific relationship with body tem-
perature. As body temperature increases, heart rate will also 
increase [8]. However, increases in the body temperature of 
the three present cases did not correspond with appropriate in-
creases in heart rate. This indicates reduced HRV, which could 
be due to a problem in coupling between the autonomic ner-
vous system and the sinus node. Autonomic nervous system 
(ANS) imbalance, with a shift toward decreased vagal and 
increased sympathetic tone, has been proven to be associated 
with higher risk of cardiac mortality. The presence of auto-
nomic dysfunction should alert clinicians to the possibility of 
coexisting cardiovascular risk factors. Early detection of the 
preclinical phase of cardiac autonomic dysfunction may lead to 
the implementation of more aggressive treatment and control 
of cardiovascular risk factors. Some data indicate that auto-
nomic imbalance can be related to an increased risk of arrhyth-
mias, and even sudden future death [12]. 
The sinus node is the natural pacemaker of the heart and pos-

sesses its own intrinsic activity; nevertheless, a variety of ex-
ternal and internal stimuli that change the balance between 
vagal and sympathetic tone influence the final basic heart rate. 
Heart rate changes may occur as a response to physical or men-
tal stress, cardiac or noncardiac diseases, or pharmacological 
or invasive treatment. HRV describes variations in both instan-
taneous heart rate and RR intervals. HRV is considered an in-
direct measure of autonomic regulation of cardiac activity, and 
can reflect the coupling between the ANS and the sinoatrial 
node [13]. Studying the physiological signals (eg. heart rate) of 
critically ill patients can easily identify “hidden” information 
concerning inherent dynamics and overall variability within 
a time series [14]. Therefore, HRV has become an important 
and well-recognized tool in identifying patients at risk of car-
diogenic death [12].  Time-domain–based HRV parameters 
decreased in patients may reflect higher risk of future mortal-
ity [12]. In the three present cases, decreases in HRV occurred 
earlier than did changes in cardiac markers. In future similar 
cases, staying alert to early changes in HRV may help to pre-
dict the occurrence of cardiac events in the early stage.
The reasons for reduced HRV in infectious disease still debat-
ed. The first theory focuses on reduction of vagal tone [15]. 
The second theory states that normal physiology has fractal-
like properties with high levels of complexity, which explains 
phenomena such as HRV [16]. Severe disease reflects a “de-
complexification” that can mainly be attributed to uncoupling 
between different restorative mechanisms [17]. Accumulating 
evidence, including human studies in cardiac transplant recipi-
ents with hearts devoid of autonomic nervous inputs, supports 
a potential third mechanism associated with an intracardiac 
origin of HRV, which was first proposed by Griffin et al [18]. 
According to that hypothesis, sinus node cells with an extreme 
heterogeneity in electrophysiological properties and intercellu-
lar connections of sinus node cells can be viewed as an ampli-
fier of various input signals [19]. In infectious or cardiovascu-
lar diseases, an unfavorable metabolic milieu could affect ion 
channel gating properties or membrane receptor densities, with 
significant impact on the level and variability of pacemaker 
activity. In addition, a possible reduced responsiveness of sinus 
node cells to external stimuli could also negatively affect HRV 
[18]. 
At present, there are no specific antiviral drugs or vaccines 
against COVID-19 infection approved for therapeutic use in 
humans. Broad-spectrum antiviral drugs are the only avail-
able option, such as nucleoside analogues and HIV-protease 
inhibitors (lopinavir/ritonavir) that can attenuate virus infec-
tion until a specific antiviral becomes available [20]. All three 
of the present cases were treated with ritonavir. However, two 
studies of combination antiretroviral therapy used for patients 
with HIV reported that autonomic dysfunction was present in 
the treated patients [21,22]. Such autonomic dysfunction may 
be due to neuropathy-related adverse effects of antiretroviral 
therapy [23,24,25]. Moreover, the effect of combination anti-
retroviral therapy on metabolic disturbances could also lead to 
parasympathetic damage [26]. Many antiviral drugs can cause 
cardiac insufficiency, arrhythmia, or other cardiovascular dis-
orders. Therefore, during the treatment of COVID-19, which 
necessitates the use of antivirals, the risk of cardiac toxicity 
must be closely monitored [27].
The clinical findings of these three cases suggest that either 
the mechanisms of COVID-19 and/or the antiviral drugs used 
for treatment might affect coupling between the autonomic 
nervous system and the sinus node, thus affecting HRV and 
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