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Abstract

Remdesivir is approved by the FDA for the treatment of hospitalized coronavirus disease 2019 (COVID-19)
patients. It is known to be associated with transient bradycardia that resolves after discontinuation of the
drug. We present a case of a 71-year-old male with a history of congestive heart failure, hypertension, and
atrial flutter (rate controlled with carvedilol) presented for evaluation of worsening dyspnea, dry cough, and
fatigue. His COVID-19 reverse transcription-polymerase chain reaction (RT-PCR) was positive and his chest
x-ray showed right mid-lung opacity. Oxygen saturation was 88% on room air. He was started on
dexamethasone and remdesivir. Bradycardia was noted on telemetry monitoring 48 hours after starting
remdesivir. Carvedilol was discontinued, but the bradycardia persisted. Heart rate reached a nadir of 38
beats per minute (bpm) three days after completion of remdesivir therapy. Due to persistent bradycardia, he
received a dual-chamber cardiac pacemaker without any immediate complications. Three months later, his
pacemaker interrogation showed 99% ventricular pacing. We recommend that extra caution should be taken
when initiating remdesivir therapy in individuals with baseline conduction abnormalities due to the
possibility of persistent bradycardia.
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Introduction

The emergence of coronavirus disease 2019 (COVID-19) has had widespread implications on healthcare. The
scientific community responded to this new threat with extensive research that helped identify new
medications and therapeutic approaches to combat this deadly disease. The current medications available
include and are not limited to remdesivir, tocilizumab, Paxlovid, and dexamethasone among others. The
non-medication interventions that can be used include hyperbaric oxygen therapy and extracorporeal
membrane oxygenation (ECMO) [1]. One of the pharmaceutical tools available to combat COVID-19 is
remdesivir, which is metabolized into a nucleoside analog which is then incorporated into the viral RNA
leading to the inhibition of viral replication [2]. The consensus among the clinical community is that
remdesivir treatment should be started as soon as possible in hospitalized patients to slow the progression of
the disease and prevent complications [3]. The emergency authorization by the FDA led to the widespread
use of remdesivir, and further studies have validated the effectiveness of remdesivir therapy [3-5].

Commonly reported side effects of remdesivir include, transaminitis, nausea, hypokalemia, and
hypersensitivity reactions [6]. Furthermore, there have been numerous case reports stating bradycardia as a
side effect of remdesivir treatment. In all but one of these cases, the bradycardia resolved after remdesivir
was stopped [6,7]. We present a case of persistent bradycardia in a patient with history of chronic atrial
flutter with variable atrioventricular (AV) block. The bradycardia persisted even after stopping remdesivir,
which necessitated the implantation of a permanent pacemaker.

Case Presentation

A 71-year-old male presented for evaluation of worsening dyspnea, dry cough, and fatigue. His past medical
history included heart failure with preserved ejection fraction, coronary artery disease status-post coronary
artery bypass grafting, atrial flutter, and hypertension. His family history included myocardial infarction in
his father, mother, and one sibling. He was an active smoker and averaged approximately half a pack per day
for more than 60 years. He was recently discharged from the hospital after being treated for heart failure
exacerbation. His medications included carvedilol for heart failure and rate control of atrial flutter. Physical
examination revealed coarse breath sounds, an irregular heart rate, and 1+ lower extremity edema. Vital
signs showed an oxygen saturation of 88% on room air. He was initially placed on bilevel positive airway
pressure (BiPAP) and was then transitioned to a nasal cannula. His EKG was consistent with atrial flutter
with variable atrioventricular block (Figure 7).
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FIGURE 1: EKG showing baseline atrial flutter with variable AV block.

AV: atrioventricular

His COVID-19 reverse transcription-polymerase chain reaction (RT-PCR) was positive significant laboratory
values (Table 7). The patient’s chest x-ray showed right mid-lung opacity. His echocardiogram showed an
ejection fraction of 64%. The aortic valve gradients and size were consistent with mild aortic stenosis. The
serum electrolytes were within normal limits.

Parameter Values Reference range
Hemoglobin 6.2 g/dL 14-18 g/dL

White blood cell count 7.98 K/uL 4.8-10.8 K/uL
Platelet count 303 K/uL 130-400 K/uL
Lactate dehydrogenase 347 U/L 50-242 U/L
Ferritin 490 ng/mL 30-400 ng/mL
Procalcitonin 2.67 ng/mL 0.02-0.10 ng/mL
Creatine 3.0 mg/dL 0.7-1.5 mg/dL
Thyroid-stimulating hormone 0.98 ulU/mL 0.27-4.20 ulU/mL
C-reactive protein 48 mg/L <4 mg/L

D-dimer 327 ng/mL DDU 0-230 ng/mL DDU
Brain natriuretic peptide 8057 pg/mL 0-300 pg/mL
Troponin 0.24 ng/mL <0.01 ng/mL

TABLE 1: Pertinent lab values on admission and early during the hospital course.

The patient received one unit of packed red blood cells in the setting of demand ischemia. He also received
IV Lasix 20 mg. He was treated for COVID-19 with a regimen of dexamethasone 6 mg IV once daily.
Remdesivir was added on day two of admission with an initial dose of 200 mg IV on day one, followed by 100
mg IV daily for the next four days. Episodes of bradycardia were noted on telemetry monitoring 48 hours
after starting remdesivir therapy. During these episodes, he remained asymptomatic. Carvedilol was initially
reduced and eventually discontinued due to the persistence of bradycardia. His heart rate reached a nadir of
38 beats per minute (bpm) three days after completion of remdesivir therapy (Figure 2).
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FIGURE 2: EKG with worsening high-grade AV block.

AV: atrioventricular

The average heart rate during the five-day remdesivir regimen was around 55 bpm, while the average heart
rate for the five days following remdesivir treatment was 53 bpm. The patient was evaluated by the cardiac
electrophysiologist for nine days of persistent bradycardia after completion of remdesivir therapy. His EKG
also showed worsening high-grade AV block. He received a dual chamber cardiac pacemaker on hospital day
15 without any immediate complications and was discharged the following day.

Discussion

There have been multiple trials evaluating the effectiveness of remdesivir for COVID-19 such as the WHO
solidarity trial [8] and the Adaptive COVID-19 Treatment Trial-1 (ACTT-1) [9]. The WHO solidarity trial
included 11,330 adults and found no difference in mortality between the different treatment groups. In the
ACTT-1 trial, a total of 1,062 patients hospitalized with COVID-19 were randomized to receive either a
placebo or remdesivir. The results of this trial showed that patients who received remdesivir had a shorter
time to recovery [9].

The cardiotoxic effects of remdesivir have been well-reported even before the COVID-19 pandemic. Earlier
trials that evaluated the efficacy of remdesivir therapy in the Ebola epidemic reported multiple cardiac side
effects including cardiac arrest, hypotension, bradycardia, and atrial fibrillation [10]. With the widespread
use of remdesivir in the treatment of COVID-19, these side effects have now been reported in COVID-19
patients as well [11]. The occurrence of bradycardia during treatment with remdesivir is also well-reported
[6,7,12,13]. We reviewed a retrospective study that evaluated a cohort of 473 patients being treated with
remdesivir [12]. The study showed that bradycardia (heart rate (HR)<60 beats/min) was observed in 1.3% of
the patients before the initiation of treatment with remdesivir. However, the rate of bradycardia was directly
proportional to the duration of remdesivir therapy, and on day five bradycardia was observed in 16.8% of the
cohort [12]. Another study showed that the incidence of transient bradycardia in patients being treated with
remdesivir can be as high as 47% [14]. Interestingly bradycardia during treatment was associated with more
favorable outcomes [12,15]. We also reviewed a study that evaluated the cardiotoxic effects on
cardiomyocytes derived from human pluripotent stem cells. This study reported an increased risk of QT
prolongation [16]. The changes in the electrocardiogram induced by treatment with remdesivir are not only
limited to bradycardia and QT prolongation as mentioned above, but they also include a rightward T-axis
deviation [17]. The rightward T-axis deviation is an indicator of increased mortality risk [18].

The exact mechanism of remdesivir-induced bradycardia is unknown. However, the proposed mechanisms
include the following: (1) the active metabolite of remdesivir is a nucleoside triphosphate which is similar to
adenosine triphosphate (ATP) and ATP itself has negative chronotropic effects on the sinoatrial (SA) node
through vagal stimulation [19]; (2) the ATP metabolite adenosine binds the AV node and induces a negative
chronotropic effect [13,19]; and (3) the binding of remdesivir to mitochondrial RNA polymerase can lead to
cardiotoxicity [20,21].

The bradycardia caused by remdesivir therapy is usually transient [22]. Bradycardia that persisted after
stopping remdesivir has been reported in only one other case report [7]. However, unlike the other case
report, this patient's bradycardia was severe and persistent enough to necessitate the placement of a
permanent pacemaker.
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It is noteworthy to mention that he had an elevated troponin on admission that trended down after his
sepsis and acute anemia were appropriately treated. He needed beta blockers for rate control at baseline, but
following remdesivir therapy, he required a pacemaker due to bradycardia. To our knowledge, this is the first
case of persistent bradycardia after the administration of remdesivir requiring the placement of a permanent
pacemaker. The post permanent pacemaker EKG showed ventricular paced rhythm (Figure 3). In addition, his
pacemaker interrogation revealed his dependency on the pacemaker as the total ventricular-paced (V-paced)
time was 98.7%. This observation leads us to believe that remdesivir might have been responsible for

a cardiac conduction abnormality that failed to resolve after stopping remdesivir. This permanent cardiac
conduction abnormality can be explained by mitochondrial dysfunction and permanent damage to the
conduction system induced by remdesivir treatment.
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FIGURE 3: Post pacemaker EKG showing ventricular paced rhythm.

Conclusions

Keeping the data presented in mind, we suggest that a baseline EKG should be done before the initiation of
remdesivir therapy. Patients with baseline conduction abnormalities undergoing treatment with remdesivir
therapy should have their cardiac rhythm continuously monitored with a telemonitor. Extra caution should
be exercised in this patient population, and treatment with remdesivir should only be initiated after
carefully weighing the risks and benefits of therapy. The addition of additional QT-prolonging medications
should be avoided as well.

Additional Information
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relationships or activities that could appear to have influenced the submitted work.
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