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Systemic inflammation-related sinus bradycardia in COVID-19 infection has not been well described yet. This six-patient case
series excludes common causes of bradycardia. As bradycardia may be a sequela of COVID-19 infection, we recommend
closely monitoring hemodynamics and stopping medications that can exacerbate bradycardia in these patients.

1. Introduction

Coronavirus disease 2019 (COVID-19), caused by the patho-
gen SARS-CoV-2, is primarily a respiratory illness with
secondary systemic and cardiovascular involvement reported
[1]. Acute myocardial injury is the most commonly reported
cardiac manifestation, with elevations in serum troponin
reported in 8-10% of patients and troponin elevations associ-
ated with increased mortality [2]. Additionally, it has been
reported that COVID-19 patients with hyperglycemia, even
without known diabetes, have higher risk of severe disease
than those with normoglycemia [3]. This issue in COVID-
19 patients is important as tight glycemic control has been
described as affecting cardiovascular outcome [4]. Arrhyth-
mias have also been noted, with a recent report fromWuhan,
China, noting that 16.4% of hospitalized patients and 44% of
ICU patients developed arrhythmias [1]. This phenomenon
was also reported in a global survey of electrophysiologists
conducted by the Heart Rhythm Society, which reported that
bradyarrhythmias occurred in conjunction with COVID-19
[2]. In this case series, we report a new arrhythmic phenom-
enon of sinus bradycardia without underlying myocardial
injury in six patients with COVID-19. We recommend close
monitoring of hemodynamic stability and stopping medica-
tions that can further exacerbate bradycardia in these
patients.

2. Case Description

Patient 1 presented with weakness, dyspnea, and dizziness
since testing positive for SARS-CoV-2 five days before
admission. His admission electrocardiogram (EKG) and
laboratory studies were unremarkable (Table 1). He required
high-flow nasal cannula (HFNC). Chest X-ray (CXR)
showed pulmonary infiltrates consistent with bilateral pneu-
monia. Given his worsening respiratory status, convalescent
plasma, dexamethasone, and full-dose enoxaparin were
started. He experienced persistent bradycardia for five days,
starting on day six of his hospitalization (Figures 1, 2). His
oxygen requirements progressively increased, with a CXR
on hospital day eleven showing worsening moderate bilateral
pneumothorax, for which a thoracostomy was performed.
Despite treatment, the patient became hypothermic, tachyp-
neic, hypotensive, and eventually passed away from pulseless
electrical activity.

Patient 2 presented with worsening shortness of breath
(SOB) after testing positive for SARS-CoV-2 five days before
admission. Her admission EKG and laboratory results were
unremarkable (Table 1). She required a nonrebreather and
BiPAP. CXR revealed extensive bilateral pulmonary infil-
trates. Dexamethasone, ceftriaxone, azithromycin, and full-
dose enoxaparin were initiated. Remdesivir and convalescent
plasma initiated when her respiratory status worsened. She
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developed bradycardia on hospital day four, which resolved
on day 9 (Figures 1 and 2). Once her respiratory status
improved and oxygen requirements decreased, she was dis-
charged home with dexamethasone.

Patient 3 presented with ten days of worsening SOB,
dry cough, fever, and generalized body pain. She tested pos-
itive for SARS-CoV-2 four days before admission. CXR
revealed extensive bilateral pulmonary infiltrates. Though
she required HFNC, her admission EKG and laboratory
studies were unremarkable. Dexamethasone, remdesivir,
convalescent plasma, and azithromycin were initiated. On
hospital day three, she developed eight days of persistent
bradycardia (Figures 1 and 2). Once her respiratory status
improved, oxygen requirement decreased, and heart rate
improved, she was discharged with prednisone.

Patient 4 presented with SOB and cough after testing
positive for SARS-CoV-2 nine days before admission. CXR
revealed bilateral pneumonia. Though she required HFNC,
her admission EKG and laboratory studies were unremark-
able. Remdesivir, convalescent plasma, azithromycin, dexa-

methasone, and full-dose anticoagulation were started on
admission. She started experiencing persistent bradycardia
lasting eight days on hospital day four (Figures 1 and 2).
Once her respiratory status and heart rate improved, she
was discharged.

Patient 5 presented with SOB after testing positive for
SARS-CoV-2 seven days before admission and being dis-
charged from the ED on steroids. His admission EKG and
laboratory studies were only remarkable for elevated liver
function tests; he now required HFNC (Table 1). CT of the
chest showed ground glass opacities. He received convales-
cent plasma, dexamethasone, and full-dose enoxaparin, with
remdesivir initiation on hospital day three after improve-
ment in kidney and liver function (Tables 1 and 2). He
developed sinus bradycardia on the same day. Once his
respiratory status improved, he was discharged on albuterol
and dexamethasone.

Patient 6 presented with SOB after testing positive for
COVID-19 infection seven days before admission. His
admission EKG and laboratory studies were unremarkable,
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per minute.

3Case Reports in Cardiology



although he required HFNC and subsequently BiPAP
(Table 1). CXR showed bilateral pneumonia. He received
convalescent plasma, remdesivir, dexamethasone, cefepime,
and full-dose enoxaparin. On hospital day three, he developed
persistent bradycardia lasting five days (Figures 1 and 2). Once
his respiratory status and oxygen requirement improved, he
was discharged with dexamethasone and amlodipine.

3. Discussion

Cardiac phenomena associated with COVID-19 include
direct myocardial injury, myocarditis, heart failure, and
cardiogenic shock [1]. However, COVID-19-associated
arrhythmias are not well described in the literature. In this
case series, we present several patients with sinus bradycardia
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Figure 2: Average heart rate throughout hospitalization juxtaposed with remdesivir administration. Each patient’s average daily heart rate
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(2) 2/6, patient (3) 2/6, patient (4) 2/6, patient (5) 4/8, patient (6) 1/5. The threshold for bradycardia is noted, and the third day after the
last dose of Remdesivir is noted. Recovery from bradycardia was expected at this point should remdesivir be causative.

Table 2: Additional patient data.

Patient
Lowest HR between

8 AM and 5 PM (bpm)
Peak D-dimer

(ng/mL)
Peak CRP (normal range:

0-12.4mg/L)
IL-6 (normal range:

0-14.6 pg/mL)

1 46 1843 181.4 20.0

2 43 294 167.7 108.9

3 36 831 67.4 NA

4 48 1240 48.1 NA

5 42 41352 201.2 93.6

6 35 878 179.8 125.7

bpm: beats per minute; CRP: C-reactive protein; HR: heart rate; IL-6: interleukin 6; L: liter; mL: milliliter; mg: milligrams; NA: not available; ng: nanograms;
pg: picograms.
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associated with COVID-19 in the absence of myocardial
injury.

Our case series includes six patients—three male and
three female. None had any reported history of coronary
artery disease. Five patients had a prior history of hyperten-
sion. Echocardiography was unremarkable except a mildly
reduced ejection fraction of 45-50% in patient 5. On admis-
sion, every patient exhibited normal sinus rhythm on EKG,
with patients developing sinus bradycardia while hospital-
ized despite their generally healthy baseline cardiac status
(Table 1). The lowest daytime heart rates for every patient
were 46, 43, 36, 48, 42, and 35 beats/min, respectively. Sever-
ity of bradycardia that each patient exhibits does not appear
to be related to their cardiovascular morbidity.

On admission, EKG on all patients revealed normal
sinus rhythm. A retrospective cohort study from Wuhan,
China, showed an increase in cardiac troponin I in fatal
cases that started around 16 days into their illness [2]. All
the six patients in this series had serial troponin enzymes
of less than 0.012 during bradycardia episodes, which indi-
cates that sinus bradycardia was not associated with myocar-
dial injury. Thyroid function was within normal limits for all
patients. In patients 3 and 4, home thyroid medications were
resumed on admission and thyroid function was normal
during hospitalization. All patients had a normal range of
potassium levels during the bradycardia period. All patients
did not receive any AV nodal blocking agents or sedatives
prior to or during the period of bradycardia. The patients
were not given any AV nodal blocking agents or sedatives
prior or during their periods of bradycardia (Table 1).

Recent literature shows remdesivir to be a potential
cause of sinus bradycardia [5]. But patient 5 developed bra-
dycardia prior to administration of remdesivir. The half-life
of remdesivir is approximately one hour, and the half-life of
its active metabolite is approximately 27 hours. However,
patients 2, 3, and 4 did not recover to normal sinus rhythm
even after three to four days of the last dose of remdesivir
administration (Figure 2). This finding indicates remdesivir
likely is not the sole cause of bradycardia.

Another virus in the same family, severe acute respira-
tory syndrome coronavirus (SARS-CoV), has been found
to resemble closely with SARS-CoV-2 [6]. Interestingly,
sinus bradycardia has been previously reported in 18
patients (14.1%) with SARS-CoV [6]. It is possible that the
SARS-CoV-2 and related viruses may be associated with bra-
dycardia secondary to structural interactions at a molecular
level between these pathogens and their biological hosts.

Possible mechanisms for bradycardia such as direct
myocardial injury, hypoxia, enhanced inflammatory stages,
and drug toxicity have been postulated in recent reports
[1]. In a multicenter autopsy study performed on 21 patients
with SARS-CoV-2, 18 cases showed macrophage interstitial
infiltration in the myocardium, while the other 3 cases
showed lymphocytic myocarditis [7]. These high levels of
myocardial macrophages in COVID-19 patients may largely
result from systemic elevations of proinflammatory cyto-
kines such as interleukin-6 (IL-6). Four of the patients in this
case series had elevated IL-6 levels (Table 2) at the onset of
bradycardia. All six patients exhibited elevated CRP at the

onset of bradycardia. The inflammatory cytokines including
IL-6 released during the host inflammatory response phase
could act on sinoatrial (SA) node. This finding suggests a
possible association between bradycardia and host inflam-
matory response. Finally, the age range of the six patients
in this series was 41 and 67 years. The age range of nearly
30 years makes this observation limited to potential bias.
Therefore, more studies are needed to investigate and estab-
lish the correlation between bradycardia and COVID-19
infection.

4. Conclusion

As per our knowledge and published data, association of
sinus bradycardia in COVID-19 patients has not been well
described yet. In this case series, we excluded all major causes
of bradycardia. We recommend closely monitoring these
patients for hemodynamic stability, especially the patients
with underlying cardiovascular conditions. As described,
arrhythmia gets better along with improvement in clinical
condition in most cases. We also believe it is important to
exclude other main causes of bradycardia and to know that
sinus bradycardia is a potential sequela of COVID-19 infec-
tion. We recommend to be prudent about not taking any
medications that can exacerbate the severe bradycardia fur-
ther. More studies need to be done in survivors for long-
term cardiac sequelae.

Abbreviations

COVID-19: Coronavirus disease 2019
EKG: Electrocardiogram
HFNC: High-flow nasal cannula
CXR: Chest X-ray
SOB: Shortness of breath
SARS-CoV: Severe acute respiratory syndrome coronavirus
IL-6: Interleukin-6
CRP: C-reactive protein
SA: Sinoatrial node.

Data Availability

Data used to support the findings of this study are available
from the corresponding author upon request.

Additional Points

Learning Objectives. (i) To recognize bradycardia as a
sequela of COVID-19 infection. (ii) Needs close monitoring
of these patients for hemodynamic instability.

Consent

No written consent has been obtained from the patients as
there is no patient identifiable data included in this case
series.
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