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A 59-year-old man presented to hospital with cough and 
shortness of breath after a positive polymerase chain 
reaction test for SARS-CoV-2, 1 week earlier. He had no 

past medical history, a normal body mass index, and was not tak-
ing any prescription or over-the-counter medications. He did not 
smoke cigarettes, drink alcohol or take any recreational drugs. He 
lived in a multigenerational home and worked as a jeweller.

On physical examination, his vital signs were normal (blood 
pressure 129/74 mm Hg, heart rate 89 beats/min, body tempera-
ture 36.9°C), apart from hypoxia requiring 2 L of oxygen via nasal 
prong cannula. He was not in respiratory distress and his cardio-
vascular, respiratory and abdominal examinations were normal. 
The results of routine laboratory testing showed decreased lym-
phocyte count (1.1 × 109/L) and an elevated C-reactive protein 
level (70 mg/L). Platelet count and hemoglobin, creatinine, high-
sensitivity troponin and liver enzyme (alanine aminotransferase 
[ALT]) levels were normal. His electrocardiogram (ECG) showed 
normal sinus rhythm with a heart rate of 79 beats/min (Figure 1), 
and his chest radiograph showed normal cardiac silhouette and 
moderate opacification in the mid to lower lung zones bilater-
ally, in keeping with COVID-19.

The patient was admitted to hospital and started on dexa-
methasone 6 mg daily and enoxaparin 40 mg subcutaneous daily 
for prophylaxis of deep vein thrombosis. He was also enrolled in 
the World Health Organization (WHO) Solidarity trial,1 as well as 
the Convalescent Plasma for Hospitalized Adults With COVID-19 
Respiratory Illness (CONCOR-1) and Prone Positioning for 
Patients on General Medical Wards With COVID19 (COVID Prone)
trials and randomized to remdesivir, convalescent plasma and 
prone positioning. These interventions were started on day 2 of 
his hospital stay. Convalescent plasma was administered on 
day 2 and remdesivir was administered as a loading dose of 200 mg 
intravenously (IV) on day 2, followed by 100 mg IV on day 3 and 
daily thereafter. On day 4 of his stay in hospital (i.e., after his 
third dose of remdesivir), he developed sinus bradycardia with a 
heart rate of 50 beats/min (confirmed on ECG, Figure 2). He had 
generalized weakness, fatigue and headache, but did not experi-
ence lightheadedness or loss of consciousness. He had no consti-
pation, nausea or pain, and no symptoms suggestive of 
increased vagal tone. Bloodwork was notable for an elevated 
ALT (127 unit/L, upper limit of normal 40), normal electrolytes 

(sodium, potassium, bicarbonate, calcium, magnesium, phos-
phate), thyroid-stimulating hormone and C-reactive protein. The 
fourth dose of remdesivir was held, given his bradycardia and 
elevated ALT. After we stopped the remdesivir, the patient’s 
heart rate began to increase and on day 7, his heart rate had 
increased to 62 beats/min, his ALT was 133 unit/L and he was dis-
charged home (Figure 3). We did not restart the remdesivir.

Discussion

Remdesivir was approved through an emergency use authoriza-
tion by the United States Federal Drug Administration (FDA) for 
the treatment of patients with COVID-19 requiring admission to 
hospital.2 Health Canada approved remdesivir for patients in 
hospital with severe COVID-19 with pneumonia requiring supple-
mental oxygen.3

The 2 largest randomized controlled trials (RCTs) evaluating 
the efficacy and safety of remdesivir are the Adaptive COVID-19 
Treatment Trial (ACTT-1) and the World Health Organization Soli-
darity Trial.1,4 ACTT-1 showed that patients randomized to rem-
desivir (n = 541) recovered faster than patients randomized to 
placebo (i.e., 15 d v. 10 d, p < 0.001).4 Solidarity demonstrated 
that patients randomized to remdesivir (n = 2750) had a mortality 
rate similar to those randomized to standard of care.1 Despite no 
evidence of a reduction in mortality in the Solidarity trial, remde-
sivir is one of the most commonly prescribed medications for 
people admitted to hospital with COVID-19. It is estimated that 
more than 2 million doses of remdesivir have been administered 
worldwide during the COVID-19 pandemic.6 
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KEY POINTS
• Remdesivir is one of the most commonly prescribed 

medications for patients admitted to hospital with COVID-19.

• Sinus bradycardia has been associated with remdesivir in the 
treatment of patients with COVID-19.

• An association between remdesivir and bradycardia is 
particularly relevant for many patients who are admitted to 
hospital with COVID-19 who have other risk factors for 
bradycardia including older age, cardiovascular disease and 
concomitant β- blocker use.
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Remdesivir is an intravenous prodrug of an adenosine analogue 
originally developed in research programs in hepatitis C and respira-
tory syncytial virus and later refined for the treatment of Ebola. It 
inhibits viral ribonucleic acid (RNA) polymerase and is active against 
a broad range of viruses, including the Middle East respiratory syn-
drome coronavirus, SARS and SARS-CoV-2.4 It is generally well toler-
ated although transaminitis, which primarily manifests as an ele-
vated ALT, is a common adverse effect seen in both patients and 
healthy volunteers receiving remdesivir.2

Recent case reports suggest that remdesivir may also cause 
brady cardia.5,7,8 Our patient had both an elevated ALT and sinus 
brady cardia. Although there were no adverse clinical sequelae of the 

latter, if remdesivir does cause bradycardia, it will be particularly rel-
evant for patients who are admitted to hospital with COVID-19 and 
have other risk factors for bradycardia (e.g., older age, concomitant 
β-blocker use). Our discussion will focus primarily on the potential 
association between remdesivir and bradycardia and briefly summa-
rize the efficacy and safety data for remdesivir.

Common adverse events for remdesivir (1%–10% incidence) 
include rash, headache, nausea, diarrhea, and moderate to severely 
elevated transaminases.2,4 Rarely, hypersensitivity reactions (infu-
sion related and anaphylaxis), hypotension and renal impairment 
may also occur (< 0.1% incidence). In ACTT-1, arrhythmias (other 
than ventricular fibrillation and tachycardia, supraventricular 

Figure 1: Electrocardiogram of a 59-year-old man before remdesivir treatment, showing normal sinus rhythm.

Figure 2: Electrocardiogram after dose 3 of remdesivir treatment, showing sinus bradycardia.
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tachycardias and atrial fibrillation) affected 0.2% of patients receiv-
ing remdesivir, compared with no reported events in the placebo 
group. Data specifically on bradycardia were not reported.

Other potential cardiac complications described with remdesi-
vir include supraventricular tachycardia, which was reported in 
0.6% of patients in the ACTT-1 experimental group (compared with 
0.4% in the control group) and serious atrial fibrillation in 0.9% of 
patients in the experimental group (compared with 0.2% in the 

control group). There was also 1 case of cardiac arrest during rem-
desivir therapy in 0.6% of patients in 1 RCT of remdesivir versus 
placebo (compared with no events in the control group).7 ACTT-1 
reported cardiac arrests in 1.9% of patients receiving remdesivir 
compared with 1.4% receiving placebo. Additionally, in the initial 
clinical trial evaluating remdesivir for the treatment of Ebola, 
1 patient out of 175 had hypotension leading to cardiac arrest after 
remdesivir, which was deemed potentially related to the drug.7

Although neither ACTT-1 nor Solidarity identified bradycardia as a 
potential adverse effect, clinical trials are generally underpowered to 
detect uncommon adverse events.9 Recent case reports have 
described 4 cases of sinus bradycardia in patients with COVID-19 who 
received remdesivir (Table 1).5,7,8 Gubitosa and colleagues described 
a case of a 54-year-old woman with a baseline left bundle branch 
block of unknown cause, who developed marked sinus bradycardia 
to 38 beats/min within 24 hours after her first dose of remdesivir for 
COVID-19, along with mild widening of the QRS and lengthening of 
her QT interval (QTc 496 ms from 440 ms). Her bradycardia worsened 
to a nadir of 34 beats/min after her third dose and she required atro-
pine temporarily for angina and hypotension.7 Sanchez-Codez and 
colleagues described a case of severe sinus bradycardia (heart rate 
40 beats/min) in an otherwise healthy 13-year-old boy after he 
received his third dose of remdesivir.5 The bradycardia resolved 
within 24 hours of discontinuing remdesivir. Transient sinus brady-
cardia associated with QT prolongation (QTc 439 ms to 555 ms) was 
also reported in a 26-year-old woman with a past medical history of 
obesity, who was receiving remdesivir for treatment of COVID-19. A 
77-year-old woman had similar transient bradycardia after adminis-
tration of remdesivir.8 Additionally, the FDA reported 9 cases of 
brady cardia with remdesivir use for COVID-19 between January and 
June 2020, which were not in the context of an infusion reaction.10

Heart rate and ALT over time
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Figure 3: Changes in mean daily heart rate (beats per minute [BPM]) and 
alanine aminotransferase (ALT; units/L) from day of admission to dis-
charge. Remdesivir was started on day 2 and discontinued on day 5.

Table 1: Reports of sinus bradycardia in patients with COVID-19 receiving remdesivir

Study
Age, 

yr; sex

Bradycardia 
onset 

relative to 
remdesivir 
initiation

Risk factors 
for 

bradycardia

Lowest 
heart 
rate, 
BPM

Other ECG 
abnormalities Clinical sequelae

Time to recovery 
after drug 

discontinuation

Gupta et al.8 26; F Day 2, nadir 
on day 3

None 40 Prolonged QT/QTc to 
628/555 ms* (from 
388/439 ms) with 
T-wave abnormalities

Asymptomatic Within 48–72 h

Gupta et al.8 77; F Day 3 Age 48 None Asymptomatic Within 48 h

Sanchez-Codez 
et al.5

13; M Day 3 None 40 None Asymptomatic Within 24 h

Gubitosa et al.7 54; F Day 2, nadir 
on day 4

None 34 QRS widening to 
170 ms (from 168 ms 
before administration 
and 150 ms baseline) 
and QTc prolongation 
to 496 ms (from 440–
460 ms)†

Angina and 
hypotension 
requiring atropine

Within 4 d†

Current case 59; M Day 3 None 50 None Asymptomatic Within 72 h

Note: BPM = beats per minute, ECG = electrocardiogram.
*On azithromycin until the day before discontinuation of remdesivir.
†From correspondence with Gubitosa et al., Feb. 2021 (Dr. James Gubitosa [Department of Medicine, Rutgers New Jersey Medical School, Newark, New Jersey]: personal communication, 2021).
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There are several possible mechanisms for cardiac adverse 
effects with remdesivir. First, an active metabolite of remdesivir is 
similar to adenosine triphosphate, which has been shown to reduce 
sinus node automaticity through vagal stimulation, which could 
cause sinus bradycardia.11 Although remdesivir has a markedly high 
binding affinity for viral polymerases, any cross-reactivity with 
human mitochondrial RNA polymerase could lead to mitochondrial 
dysfunction, which is an established mechanism for drug-induced 
cardiotoxicity.5,8 Drug-induced cardiac myocyte cytotoxicity has 
been shown in in-vitro studies of cardiomyocytes derived from 
human stem cells treated with remdesivir.12 Choi and colleagues 
showed that the cytotoxic effects of remdesivir on cardiomyocytes 
increased over time, such that a longer duration of treatment (48 v. 
24 h) was associated with reduced cell viability.12 Additionally, as an 
adenosine analogue, remdesivir could affect atrioventricular nodal 
conduction, which could explain the QRS prolongation seen in pre-
vious cases.5,7,8 Further studies to evaluate these mechanisms and 
their effect specifically on sinoatrial node activity are needed.

In our patient, the bradycardia occurred soon after starting the 
medication (Figure 3) and improved within 48 hours of discontinu-
ing it. He was on no other medications that would otherwise 
account for the bradyarrhythmia seen and there were no clinical 
features suggestive of heightened vagal tone. Although case 
reports cannot establish causality, this time course raises suspi-
cion that remdesivir was a causative factor. Additionally, although 
bradycardia has been reported among patients with severe COVID-
19, our patient did not present with bradycardia, and the brady-
cardia occurred after starting remdesivir when he was improving 
clinically.7,10 Furthermore, our patient had a score of 6 on the 
Naranjo Adverse Drug Reaction Probability Scale, a score that sug-
gests a probable causative association between remdesivir and 
the bradycardia.13 We did not re-trial the medication because the 
patient was well enough to be discharged home.

Conclusion
Our case report adds to the literature on the association between  
remdesivir and bradycardia. This association is relevant, because 
remdesivir is one of the most commonly used medications to 
treat patients admitted to hospital with COVID-19. Although our 
patient did not have serious clinical sequelae, it is relevant for 
patients who are older or on medications known to cause brady-
cardia. After all, the mean age of patients admitted to hospital 
with COVID-19 is about 70 years, and many have cardiovascular 
disease or hypertension and often take β-blockers.2 Data from 
large cohort studies are needed to understand whether our case 
report represents a spurious finding or a true association.
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