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CASE REPORTS

Significant bradycardia in patient with COVID-19
sepsis: Full management review
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ABSTRACT

Cardiovascular manifestations of COVID-19 infection remain an ongoing study. We present a case of significant bradycardia
in the patient with COVID-19 sepsis. We discuss about the possible mechanism, pathophysiology, and management in this
pathology.
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1. INTRODUCTION

Sepsis, a condition where organs are damaged due to a dys-
regulated response to an infection, is one of the leading
causes of death across United States hospitals. In fact, one
out of three deaths in the hospital come from sepsis.[1] Most
patients with sepsis present with tachycardia. The opposite,
low heart rate, a condition called “bradycardia,” is rarely
described. We present a case of patient who presented with
COVID-19 pneumonia which progressed to sepsis, and later
found to be bradycardic.

2. CASE PRESENTATION

An 80-year-old man with history of hypertension, hyperlipi-
demia, and benign prostatic hyperplasia was hospitalized in
December 2020 for COVID-19 pneumonia. He was treated
with Remdesivir and steroids. He was then discharged. Un-
fortunately, a week later one, he was found to have sepsis
with leukocytosis (white blood cell of 43.6). Patient also
developed acute kidney injury (AKI) with Creatinine 4.1 (his
baseline is 0.8), and transient hypotension (blood pressure
75/58), requiring Norepinephrine drip. At second admission
on 12/26/2020, patient had a heart rate (HR) of 101 (see
Figure 1). Two days after, patient developed constant sinus
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bradycardia with HR in 30s-50s range for four days (see
Figure 2). The lowest HR was 36 while awake (see Figure 3).
Urine culture was positive for two bacteria, which was possi-
bly contaminated. Blood culture was negative for four bottles
in two consecutive days. Patient denies chest pain and syn-
cope. There were non-specific ST changes on electrocardio-

gram (EKG) and elevated Troponin at 0.37. Echocardiogram
01/02/2021 was overall unremarkable with left ventricular
ejection fraction (LVEF) 60%-65%, grade 1 diastolic dys-
function, and right ventricular systolic pressure (RVSP) of
26 mmHg.

Figure 1. Sinus tachycardia on 12/26/2020 Day 1 on second admission (HR 101)

Figure 2. Linear graph showing heart rate of patient from tachycardia (max HR 101) to bradycardia (min HR 36) during
sepsis phase

Figure 3. Sinus bradycardia on 12/31/2020 during sepsis (HR 36)
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Cardiac telemetry monitor at home for seven days showed
sinus rhythm with an average HR of 76 (HR ranging from 58-
123). His recovered HR was 78 (see Figure 4). There were

rare premature ventricular contractions (PVCs) and prema-
ture atrial contractions (PACs). Nuclear stress test revealed
no evidence of ischemia.

Figure 4. Recovery of HR (HR 78)

On follow-up on April 2021, patient was asymptomatic. His
physical examination was unremarkable, and EKG demon-
strated normal sinus rhythm.

3. DISCUSSION
Since December 2019, the world has been suffering from dev-
astating pandemic caused by a novel virus SARS-CoV-2. By
January 2021, the number of people who were infected with
COVID-19 have surpassed 80 million worldwide, leading to
over 1.7 million deaths. In addition to respiratory manifesta-
tions, various cardiac complications have been increasingly
reported in patients with COVID-19 infection, including but
not limited to acute coronary syndrome, heart failure, left
ventricular dysfunction, and myocarditis.[2] Arrhythmias
and correlated symptoms have also been reported, with sinus
tachycardia being the most common finding. However, brady-
cardia is relatively uncommon (0.9% - 30.8%).[2–7] The time
of onset of bradycardia varies from 4 days to 3 weeks.[2, 7]

During bradycardic episodes, patients usually had normal
cardiac biomarkers, normal EKG, and echocardiogram.[8–12]

Fortunately, most of symptoms did not persist after patients
recovered from COVID-19 infection.[6]

3.1 Mechanism
The underlying etiology of bradycardia in COVID-19 pa-
tients seems to be multifactorial.[2, 13] The proposed mecha-
nisms include respiratory dysfunction resulting in hypoxia,
systemic and local inflammatory responses releasing pro-
inflammatory cytokines, myocardial injury, and side ef-
fects of drugs. The normal cardiac biomarkers values com-
monly found in COVID-19 patients experiencing bradycar-
dia favor the hypothesis that the virus causes bradycardia
through other pathways rather than direct cardiac cell de-
struction.[6, 8, 10, 12, 14] The arrhythmogenicity of SARS-CoV-
2 remains controversial.

This new coronavirus has been well-documented to invade
cells using angiotensin-converting enzyme 2 (ACE-2) recep-

tor, which is widely expressed in the cardiovascular system
including cardiomyocytes, endothelial cells, macrophages,
and other interstitial cells. The presence of ACE-2 in SA
node reported in recent animal studies and the conduction
disturbances following altered ACE-2 expression suggested
possible direct inhibitory effect of SARS-CoV-2 on SA node
and conduction system.[6, 8]

Another hypothesis suggested that the coronavirus may cause
dysfunction of the cardiorespiratory center along with auto-
nomic nervous system. Several cases have been reported
to be able to spread from the respiratory airways to the
medullary cardiorespiratory center through synaptic trans-
mission. This hypothesis may take responsibility for the
simultaneously presence of both respiratory and cardiac col-
lapse in numerous COVID-19 infected patients.[15] In addi-
tion, altered ion channel functions secondary to interstitial
edema, abnormal intercellular coupling and another features
of local inflammatory process could also be involved, as seen
in other arrythmias in viral infection.[16]

On the other hand, the elevation of inflammatory markers
may play a major role in eliciting inflammatory response in
the etiology of bradycardia. The pro-inflammatory cytokines,
most prominently IL-6, significantly contribute to the patho-
genesis of relative bradycardia. The excessive release of
cytokines is suggested as a sign of worsening inflamma-
tory reactions as well as a prediction of upcoming cytokine
storm.[7] Additionally, the currently used medications for
patients with COVID-19 infections may also contribute to
the bradycardia in such patients. Anti-infective medications
(azithromycin, chloroquine, lopinavir/ritonavir/remdesivir)
or supportive treatment (propofol) potentially cause arrhyth-
mia and bradycardia.[2, 7, 9, 13]

3.2 Relative bradycardia
Relative bradycardia describes the phenomenon where the
heart rate does not increase appropriately with an increase
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of body temperature. Even though this phenomenon is de-
scribed in multiple infectious and non-infectious conditions,
the pathogenesis still remains poorly understood.[17] Pro-
posed mechanisms include direct effects of pathogen on the
SA node as well as involvement of inflammatory cytokines.
IL-6, a cytokine that plays a significant role in the “cytokine
storm” commonly found in COVID-19 patients, appears to
correlate the most with low heart rate variability.[18, 19] As
a result, relative bradycardia is suggested as a clinical fea-
ture of COVID-19. This characteristic may become useful
to distinguish community-acquired pneumonia caused by
COVID-19 or bacteria.[18, 20–22]

3.3 Management/ Treatment

To date, as our acknowledgement of bradycardia caused by
SARS-CoV-2 remains in its infancy, the specific treatment
has not been well-established. The current management plan
mainly focuses on treating the underlying COVID-19 infec-
tion and possible correlated symptoms following relevant
guidelines. Transient bradycardia can be resolved sponta-
neously by the recovery from COVID-19 infection without
any additional interventions.[7, 16] Isoproterenol could be
given intravenously to help stabilize vital signs, deferring the
use of pacemaker devices.[6, 23] In some cases, pacing therapy
with either pacemaker pads or permanent pacemaker may be

necessary.[8, 10, 14, 15, 23] Leadless pacemaker was proposed in
patients requiring permanent pacemaker to lower the risk of
virus transmission to healthcare workers as well as reducing
cardiac and IV infections.[14] Based on the proposed mecha-
nisms, anti-inflammatory medications have been suggested
as possible therapeutic agents for cardiovascular complica-
tions in COVID-19 patients.[16]

3.4 Prognosis/ Follow-up
In most cases, rhythmic abnormalities resolved within less
than 2 weeks or even less than 24 hours.[7, 8, 16] However,
the symptoms may persist in some patients despite recovery
from COVID-19 infections.[9, 12, 23] The prognostic value of
bradycardia in COVID-19 patients remains unclear. Patients
with severe bradycardia during COVID infection could have
high short-term mortality and morbidity.[14] However, the
accuracy of this result may be questionable due to the small
sample size (7 patients) as well as the difference in severity
of COVID-19 infection and comorbidities in those patients.
This problem should be established in further studies with
larger sample size. Most of aforementioned studies proposed
frequent vital signs, inflammatory markers monitoring, and
ECG reevaluation on subsequent follow-up.
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