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There were cases of sudden death in some patients in-
fected with COVID-19 including a few of young physi-
cians, which had a huge impact on medical community
and society [1]. The unexpected phenomenon lets us think
about the underlying problems that caused the sudden
death and some issues maybe ignored and that should be
appropriately resolved. The initial manifestation of severe
COVID-19 pneumonia patients was hypoxemic respira-
tory failure, accompanied by rapid increased reactive heart
rate and susceptibility to supraventricular arrhythmia [2].
It is notable that a proportion of these patients developed
sinus bradycardia, which was significantly different from
other patients with multiple types of respiratory failure.

In addition to lung injury, cardiac injury has often
been reported in patients with COVID-19 [2]. Some ex-
perts believed that the virus invasion into myocardium
led to severe myocarditis or the severe “cytokine storm”-
induced acute myocardial injury may explain the sudden
death in some affected patients [3]. It is noteworthy that
about 1/3 of the patients with severe illness in our study
developed sinus bradycardia (Fig. 1). The troponin and
proBNP were basically normal among these patients ex-
cept for those with renal failure (Table 1). The clinical
characteristics of explosive myocarditis and myocardial
infarction were not presented among these patients,
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suggesting these are not the cause of sinus bradycardia
in these patients. It was previously reported that no
pathological evidence of myocarditis or myocardial
microinfarction was observed in the heart of suffered pa-
tients [4], consisting with our results. Therefore, we
speculated that sudden death among some severe pa-
tients with improved symptoms post-treatment may be
caused by severe arrhythmia such as ventricular fibrilla-
tion induced by severe sinus delay.

We found that sinus bradycardia often occurred dur-
ing sleep. So, deep sleep or sedation may be an import-
ant risk factor for sinus bradycardia. A few patients had
mild to moderate decreased thyroid function, which was
consistent with secondary pathological thyroid syndrome
and may also be one of the causes of sinus bradycardia.
When viral nucleic acid tests gradually turned negative,
the heart rate returned to normal no matter whether the
patient’s condition improved or worsened and the uses
of catecholamine were gradually discontinued. Accord-
ing to the results, we speculated that the inhibitory effect
of virus on sinus node activity was the main cause of
sinus bradycardia in these patients.

Previous study indicated that COVID-19 invaded host
cells via the receptor angiotensin-converting enzyme 2
(ACE2) [5]. Zou et al. identified specific cell types
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Adult patients infected with COVID-19
have been confirmed in
Shanghai, China since Feb 28, 2020
(N =325)

Inclusion criteria

-after treatment with high nasal flow
oxygen therapy (HFNC) or
mechanical ventilation (MV), the
oxygenation index (OI=PaO2/FiO2)

Patients with
severe COVID-19 pneumonia
(N =26)

of patients was < 150 mmHg and the
oxygen concentration (FiO2) in the
inhaled air was > 60%

Sinus bradycardia
-sinus heart rate < 60 beats /min

Patients with
severe COVID-19 pneumonia
and sinus bradycardia
(N =8, heart rate ranged from
45 to 58 beats /min)

Clinical characteristics of the 8 patients
Gender

-5 males; 3 females

Age

-63 £ 9.12 years old

Basic diseases

and last for at least 30min

-delayed sinus with stable vital signs.
Exclusion criteria

-sinus bradycardia due to rapid
deterioration and unstable vital signs
-low heart rate before death.

Clinical course

-The heart rates of patients were increased during
restlessness or activities reaching up to 80
beats/min.

-1 patient with a history of atrial fibrillation had
episodes of atrial fibrillation accompanied by

—{ -1 case of hypertension alone;

-2 cases of hypertension complicated with diabetes
and renal insufficiency;

-1 patient of hypertension with coronary heart
disease ( a history of atrial fibrillation);

-1 case of diabetes alone;

-3 cases (37.5%) had no underlying diseases.

Treatment

-4 Patients with heart rate of 55~60 beats/min were
given intensive care.

-6 Patients with heart rate consistently lower than
55 beats /min were treated with a small dose of
isoproterenol via intravenous administration. The
heart rates of the treated patients were usually
increased and maintained at about 65 beats/min.
-The medication duration was about 52h+12h.

1

-5 patients were gradually recovered with normal
heart rates and discharged from the hospital.

-3 patients without remission and still treated with
intensive mechanical ventilation had gradually
increasing heart rate that was up to 100 beats /min.
-The nucleic acid test of pharyngeal swab gradually
turned negative in all patients.

Outcomes

Fig. 1 Flowchart of the screening and clinical features of severe COVID-19 pneumonia patients with sinus bradycardia involved in the study

increased ventricular rate many times, which was
relievedafter drug treatment.

-2 patients had atrial premature beats, and 1
combined ventricular premature beats. Both
patients improved without treatment.

-4 patients were treated with HFNC without
sedative-muscle relaxant.

Related examinations and findings

-The levels of troponin I, creatine kinase (CK),
creatine kinase isoenzyme (CK-MB) and proBNP
(Table 1) were measured during the initial
occurrence of sinus bradycardia (A) in all patients,
which were not the highest level (B) through the
whole course of the disease (P < 0.05).

-Patients with significantly elevated proBNP were
suffered from renal insufficiency and treated with
both ECMO and blood purification. <
-Myocardial enzymology was only moderately
elevated in most of patients.

-Thyroid function was measured in 4 patients, 2 of
whom were normal and 2 had mild to moderate
decreased thyroid function

-All patients had no left ventricular systolic
dysfunction detected by bedside echocardiography,
and the ejection fraction (EF) was around

57.6% + 4.32%.

including myocardial cells which were vulnerable to
COVID-19 infection through scRNA-seq data analyses
[5]. However, there was no severe myocardial damage or
cardiac insufficiency in our patients with sinus bradycar-
dia. We referred the gene ontology (GO) enrichment
analysis for ACE2 gene in GeneCards Database (https://
www.genecards.org/). Biological processes (BP) for
ACE2 gene showed that it not only promoted the con-
traction of cardiac muscle, but also regulated the cardiac
conduction. Donoghue et al. demonstrated that cardiac
ACE2 overexpression in transgenic mice caused sudden

death in a gene dose-dependent fashion; they also found
that increased ACE2 expression led to progressive con-
duction and rhythm disturbances with lethal ventricular
arrhythmias via detailed electrophysiology [6]. In light of
those evidences, it may be speculated that the toxic role
of virus on cardiac conduction system instead of that
generated myocardial damage resulted in a sudden death
of patients infected with COVID-19.

Taken together, heart rate monitoring of severe
COVID-19 pneumonia patients should be strengthened
during treatment, and catecholamines should be
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Table 1 The related indexes of 8 severe COVID-19 pneumonia patients with sinus bradycardia

Troponin | (ng/ml) CK (UL CK-MB (U/L) proBNP (ng/ml)

A B A B A B A B

0.01 0.05 416 1154 14 34 128 160
0.02 0.03 30 98 9 1 449 896
0.03 0.15 21 445 8 15 200 354
0.07 0.26 29 76 18 16 909 6312*
0.04 0.23 57 568 12 81 780 4048*
0.02 022 34 291 17 28 149 275
0.02 0.03 500 506 19 19 38 38
023 0.06 46 568 " 34 449 4048*
Paired t tests 1.64 Paired t tests 339 Z value 211 Z value 246
P 0.146 P 0.012 P 0.035 P 0.014

Stata 14.0 software was used for the statistical analysis of these data. Paired t test or Wilcoxon’s paired rank sum test was used to calculate the corresponding P

value. Difference is considered statistically significant when P < 0.05
CK creatine jubase, CK-MB creatine kinase isoenzyme MB
*Patients had renal insufficiency and treated with both ECMO and hemodialysis

appropriately applied when necessary. Moreover, a pos-
sible inhibitory influence of the virus on activity of car-
diac nervous conduction system including sinus node via
ACE2 should not be ignored when studying the patho-
genic mechanisms among these patients.
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