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Recently, remdesivir was approved by the United States Food and Drug Administration for patients with Coronavirus disease
2019 (COVID-19). We herein describe 3 patients with COVID-19 who showed significant bradycardia and QTc prolongation
after remdesivir administration. Bradycardia did not respond to atropine treatment in 2 of the patients, one of whom received
theophylline and the other required a temporary pacemaker. Fortunately, the patients’ heart rate and rhythm returned to
normal after the discontinuation of remdesivir, albeit it lengthened their hospital stays. Careful monitoring during remdesivir
infusion may decrease the risk of adverse cardiovascular side effects.
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COVID-19. Treatment with remdesivir may shorten the
duration of patients” hospital stays, especially those receiving

Introduction

Coronavirus disease 2019 (COVID-19) is a global
pandemic that affects various organs and has caused
more than 2.6 million deaths as of 11 March 2021. It has
numerous pulmonary and extra-pulmonary manifestations
including renal, hepatic, cardiac, endocrine, gastrointestinal,
dermatological, and thromboembolic.'

Several medications have been investigated for the treatment
and management of patients with COVID-19, and supportive
care has an important role for hospitalized patients.>

Recently, remdesivir was approved by the United States
Food and Drug Administration for patients suffering from

this agent within the first 10 days of symptom initiation.?
Nonetheless, no in-hospital mortality benefit has been seen
with remdesivir,*>* nor has the safety of this agent been fully
understood. Here, we describe 3 patients who experienced
significant bradycardia associated with this remdesivir.

Case Reports
Case #1

A 52-year-old man with a history of dyslipidemia
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who presented with cough and fever was admitted to the
emergency department. Upon his arrival, the patient had a
respiratory rate of 22 beats/min, a blood pressure (BP) of
130/80 mmHg, and a heart rate of 110 beats/min. Initial
evaluation showed an oxygen saturation of 89%, and
computed tomography (CT) scan findings showed bilateral
ground-glass opacification. Laboratory data revealed
leukopenia (3.8%109/1) and positive COVID-19 polymerase
chain reaction (PCR) and qualitative C-reactive protein
(CRP) tests. All other lab data were normal.

With a possible diagnosis of COVID-19, dexamethasone
(16 mg/d) and remdesivir were administered. Other agents
prescribed were pantoprazole, doxycycline, heparin,
atorvastatin, and diphenhydramine. On day 4 of remdesivir
therapy, the patient experienced dizziness, diaphoresis, and
significant bradycardia (heart rate=37 beats/min and QTc
interval=313 ms). Therefore, remdesivir was discontinued,
and supportive therapy, including hydration and atropine,
was initiated.

Unfortunately, bradycardia was not resolved following
atropine treatment. Therefore, the patient was transferred
to a specialized heart center, where he underwent the
implantation of a temporary pacemaker. Forty-eight hours
after the pacemaker insertion, the patient’s heart rate was
increased, and the pacemaker was removed. Finally, 3 days
after the discontinuation of remdesivir, he was discharged
from the hospital with a normal heart rate (90-95 beats/min
and QTc interval=335 ms) and an oxygen saturation level of
96%.

Case #2

A 52-year-old woman with a history of fever, shivering,
and shortness of breath was admitted to our hospital. Her

medical history showed diabetes and hypothyroidism. Upon
her arrival, she had a blood pressure of 120/80 mmHg, a
respiratory rate of 16 beats/min, and a heart rate of 83 beats/
min.

The patient had leukocytosis (11 x 109/1) and positive
COVID-19 PCR and qualitative CRP tests. A CT scan
showed ground-glass opacification. Other laboratory data
were normal. Remdesivir, dexamethasone (16 mg/d),
heparin at prophylactic doses, insulin, levothyroxine, and
pantoprazole were administered.

After 3 doses of remdesivir, the patient experienced chest
pain, critical bradycardia (heart rate=23 beats/min), and
QTc prolongation (533 ms). Remdesivir was immediately
discontinued, and atropine was injected. Unfortunately,
the patient did not respond, and she was transferred to the
specialized heart center for more interventions.

At the heart center, dexamethasone, levothyroxine, and
heparin were continued. In addition, theophylline was
initiated. Four hours after remdesivir discontinuation and
theophylline administration, the patient’s heart rate increased
to 45 beats/min. She was discharged with an oxygen
saturation level of 96% and a heart rate of 55 beats/min 2
days after her admission.

Case #3

A 59-year-old man with a 3-day history of dyspnea, cough,
and fever was admitted to the hospital with an oxygen
saturation level of 88%. His vital signs upon arrival were a
respiratory rate of 24 beats/min, a blood pressure of 130/80
mmHg, and a heart rate of 125 beats/min (Figure 1). A CT
scan showed ground-glass opacification. The patient had
lymphopenia and positive COVID-19 PCR and qualitative
CRP tests. Other lab data were within the normal range.

Figure 1. The image depicts the baseline electrocardiogram (speed =25 mm/s) of a 59-year-old man, 1 hour before he received remdesivir for COVID-19

(heart rate=125 beats/min and QTc=404 ms).
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Figure 2. The images show the electrocardiograms (speed =25 mm/s) of a 59-year-old man, 20 minutes after the third dose of remdesivir for COVID-19

(heart rate =30 beats/min and QTc =548 ms).

With a diagnosis of COVID-19, remdesivir, heparin,
dexamethasone, doxycycline, and pantoprazole were
prescribed. The loading and second doses of remdesivir
were tolerated well. However, 20 minutes after the third
dose, the patient experienced sweating, bradycardia
(heart rate=30 beats/min), and QTc prolongation (548 ms)
(Figure 2). With supportive care and atropine, the patient
was hemodynamically stabilized, and remdesivir was
discontinued after 3 doses.

Discussion

Since the outbreak of COVID-19, several complications
related to this disease or its treatment have been reported.>
¢ Cardiovascular complications, including QTc prolongation
and sudden cardiac death, were initially seen due to
hydroxychloroquine/chloroquine treatment.® Owing to a lack
of clear evidence, hydroxychloroquine is not recommended
by the current guidelines.”®

Since gaining the approval of the United States Food and
Drug Administration, remdesivir has been commonly used
in our center and has recently been covered by insurance
for inpatient use in Iran. Remdesivir is commonly used
alongside intravenous corticosteroids (high, very high,
and pulse equivalent doses) and interferon Bla in our
hospital. Remdesivir is a nucleoside prodrug analog that
is phosphorylated intracellularly to the active metabolite
rapidly, consequently inhibiting RNA-dependent RNA
polymerase.® 1

The patients described in this paper received no other
negative chronotropic agents, and they experienced

significant bradycardia 3 to 4 days after remdesivir
initiation. Remdesivir triphosphate, the active metabolite of
remdesivir, has an elimination half-life of 35 to 40 hours.
Therefore, a loading dose is necessary to achieve an effective
concentration.! Remdesivir is an adenosine analog and
could, theoretically, slow atrioventricular (AV) conduction.!!
Adenosine slows atrioventricular conduction by stimulating
adenosine receptors (ie, A1, A2A, A2B, and A3 receptors)."?

The safety profile of remdesivir was investigated in a
multicenter study. No significant differences were observed
between remdesivir and placebo groups regarding acute
kidney injury, anemia, lymphopenia, respiratory failure,
pyrexia, hyperglycemia, and cardiac events.?

Remdesivir warnings are hypersensitivity reactions (ie,
bradycardia, hypotension, dyspnea, and angioedema),
hepatotoxicity, and potential drug interactions with
chloroquine and hydroxychloroquine."”” Notably, slower
infusions (eg, over 120 min) can be considered to minimize
the risk of hypersensitivity reactions. In our hospital,
remdesivir is usually infused over 120 minutes for all
patients. Due to significant bradycardia in our patients
described herein, remdesivir was discontinued.

One of the patients experienced severe bradycardia and
subsequently needed a temporary pacemaker. There are
a few reports of remdesivir-induced bradycardia in the
literature.' '* Gubitosa et al'' reported a case of remdesivir-
associated bradycardia and QRS prolongation in a patient
with underlying left bundle branch block and lymphoma.'
Gupta et al'* reported 2 cases of bradycardia, one of whom
experienced QTc prolongation.

Whether remdesivir prolongs QTc remains to be
elucidated. In the above reports, cardiac adverse effects
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were resolved very quickly after remdesivir discontinuation.
Still, in 2 of our patients, bradycardia was not resolved
immediately after remdesivir discontinuation and atropine
treatment (eg, 0.5 mg every 5 min for 3 doses). One reason
for this delay might be the prolonged terminal half-life of
remdesivir active triphosphate metabolites.” '* Mitochondrial
dysfunctions associated with the inhibition of mitochondrial
polymerase could be another proposed effect of remdesivir-
induced bradycardia.'

The QTc interval was prolonged in 2 of our cases. Both
of them had normal serum potassium, magnesium, and
glucose levels, and they received no other medication that
might have predisposed them to arrhythmia. The association
between remdesivir and the QTc interval prolongation has
been observed in a few reports.'* 17 In a recent study,
9% of patients (6/67) who received remdesivir had QTc
interval prolongation. Their analysis showed that receiving
remdesivir alone was not a predictor of the QTc interval
prolongation.'”

The potential of remdesivir to block the rapid delayed
rectifier (IKr) channel can be considered the main
mechanism of the QTc interval prolongation. Accordingly,
cardiac monitoring might be reasonable during remdesivir
intravenous administration.'®

Remdesivir should be prepared according to the product
information. Vigorous shaking and improper storage may
increase free adenosine concentrations and consequently
increase the risk of bradycardia.

Corticosteroids are among the agents that can cause
bradycardia.'® Direct corticosteroids on the myocardium,
altered responses to catecholamines, and electrolyte shifts are
among the proposed mechanisms underlying corticosteroids
associated with bradycardia.' In our patients, corticosteroid
was not discontinued.

Relative bradycardia is a common finding in patients with
COVID-19.% This can be mediated via the ACE2 receptor
activation in the sinoatrial node by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Amaratunga et al*
highlighted 4 cases of significant bradycardia (heart rate=49,
46, 46, and 42 beats/min) in patients without a pre-existing
disease. Relative bradycardia could be a warning sign of
cytokine storms and severe pneumonia.?’ Nevertheless, our
patients had normal heart rates at the time of admission and
pre-remdesivir initiation.

Favipiravir and sofosbuvir are other antiviral agents that
are commonly used for COVID-19. They might increase
the risk of bradycardia. Clinicians should be aware of
bradycardia associated with remdesivir.

Robust evidence is not available regarding remdesivir-
induced bradycardia. Significant bradycardia precluded
us from studying this link. Nonetheless, our case series
and previous reports highlight the need for more cardiac
monitoring of patients who receive remdesivir and more
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focus on the adverse cardiovascular effects of this drug.

Conclusion

Given that no mortality benefit is associated with
remdesivir and considering the efficacy in the earlier stage of
the disease, remdesivir should be restricted to patients who
are in the viral replication phase with no contraindication.
Observational and post-marketing studies are needed to
determine the cardiac safety of remdesivir. Additionally,
there is a need to include a new black box warning on its
monograph.
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