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Abstract
Background COVID-19, is primarily a respiratory illness but is known to cause extrapulmonary manifestations, especially 
on the cardiovascular system. Bradycardia is commonly reported in COVID-19 patients despite no prior history of occur-
rence, and many studies have shown an association with increased mortality. Multiple case reports have been published 
showcasing remdesivir potentially causing bradycardia. Our aim was to investigate the incidence of bradycardia in patients 
receiving remdesivir and examine the association with disease severity and survival outcomes.
Methods A retrospective study was performed including 160 COVID-19 patients receiving remdesivir for 5 days. Patients’ 
demographics, comorbidities, medication, vital signs, laboratory tests and outcome were recorded. Bradycardia was defined 
as a heart rate < 60 beats/min and severe bradycardia < 50 beats/min.
Results One hundred eighteen (73.8%) patients experienced at least one episode of bradycardia during hospitalisation. 
Bradycardia was present in 12 (7.5%) patients before treatment with remdesivir. The rate of bradycardia increased up to 
the 6th day of hospitalisation (40.6%) and subsequently diminished and normalised within 5 days after the last remdesivir 
dose (5% at Day 10). Severe bradycardia was observed in 13 (7.5%) patients. No difference was observed in ICU admission 
between groups (bradycardia vs no bradycardia). When we stratified patients according to the outcome of hospitalisation, 
no significant difference was observed in the occurrence of bradycardia between groups (alive vs dead) [p = 0.853].
Conclusions Treatment with remdesivir may be associated with new-onset bradycardia in hospitalised patients with COVID-
19. However, bradycardia is transient and is not associated with ICU admission and mortality.

Key Points 

Treatment with remdesivir may be associated with new-
onset bradycardia in hospitalised patients with COVID-
19.

Remdesivir-induced bradycardia is transient and not 
associated with ICU admission and mortality.

1 Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) emerged in Wuhan, China, in December 2019 and 
became a pandemic within a few months [1]. Coronavirus 
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disease 2019 (COVID-19), is primarily a respiratory illness 
but is known to cause a wide array of extrapulmonary mani-
festations, especially on the cardiovascular system. Cardiac 
manifestations may include myocardial infarction, viral 
myocarditis and arrhythmias [2].

The pathophysiology of arrhythmogenesis is diverse, 
and myocardial injury, hypoxia, hypotension, enhanced 
inflammatory response, ACE-2 receptor down-regulation 
and/or medication may be implicated [3]. Bradycardia is 
commonly reported in COVID-19 patients despite no prior 
history of occurrence [4]. Several studies have shown that 
the onset of bradycardia in COVID-19 patients is associ-
ated with increased mortality [5, 6]. However, these studies 
did not include patients receiving remdesivir. Remdesivir is 
an inhibitor of the viral RNA‐dependent RNA polymerase 
that was authorised by the Food and Drug Administration 
(FDA) for COVID-19 hospitalised patients and multiple case 
reports have been published showcasing remdesivir poten-
tially causing bradycardia [7, 8]. The association between 
remdesivir-induced bradycardia and clinical outcome is not 
yet clear.

The aim of the present study was to investigate the inci-
dence of bradycardia in patients receiving remdesivir and 
examine the association with disease severity and survival 
outcomes.

2  Methods

This retrospective study was approved by the Ethics Com-
mittee of our University Hospital (General University Hospi-
tal of Larissa, ID: 55944) and the requirement for informed 
consent was waived.

2.1  Study Subjects

Patients with COVID-19 pneumonia who were hospital-
ised between September 2020 and June 2021 were included 
in this retrospective analysis. Inclusion criteria were: (1) 
adult (aged ≥ 18 years) patients hospitalised primarily for 
COVID-19; (2) a confirmed SARS-CoV-2 infection diag-
nosed through reverse transcriptase polymerase chain reac-
tion test of nasopharyngeal and/or oropharyngeal samples; 
(3) treatment including remdesivir. Patients with confirmed 
SARS-CoV-2 infection who were not primarily admitted for 
COVID-19 and patients with incomplete data were excluded.

All patients received oxygen supplementation therapy, 
dexamethasone, and low‐molecular-weight heparin accord-
ing to the recommendations of the National Institutes of 
Health (NIH) [9]. Remdesivir was administered according 
to the indications of the European Medicines Agency (EMA) 
as follows: 200 mg as loading dose on Day 1 and 100 mg on 

Days 2–5 [10]. All patients received remdesivir for a total 
of 5 days.

2.2  Data Collection

Patients’ written and electronical medical records were 
reviewed. Data on demographics, comorbidities, Charlson 
Comorbidity Index (CCI), chronic medication, presenting 
day of illness since symptom onset, vital signs [blood pres-
sure, heart rate, oxygen saturation  (SpO2) and fraction of 
inspired oxygen  (FiO2), temperature], laboratory studies 
[including white blood cells (WBC), ferritin, C-reactive 
protein (CRP), D-dimers], as well as medications and out-
come were recorded during hospitalisation. All patients were 
classified following NIH severity classification at admission 
[11]. The electrocardiograms (ECGs) acquired on admission 
and during bradycardic episodes were reviewed to further 
characterise the bradycardia. Bradycardia was defined as 
a heart rate of < 60 beats/min and severe bradycardia as a 
heart rate of < 50 beats/min. Heart rates were collected three 
to six times per day according to patients' clinical status. 
Measurement of heart rate was not performed during sleep.

2.3  Statistical Analysis

Test of normality was performed to all numerical vari-
ables using the Shapiro-Wilk test. Numerical variables that 
followed normal distribution were presented as mean ± 
standard deviation (SD). For data not normally distributed, 
median with interquartile range (IQR) was used. The com-
parison between groups was performed using independent 
t-test. Categorical variables were presented as frequencies 
and percentages (N, %). Chi-square test (χ2) was used to 
compare the clinical outcomes associated with bradycardia 
occurrence. P-values of <0.05 were considered statistically 
significant. All analyses were performed using the statistical 
software SPSS 22.0 (IBM Statistics).

3  Results

One hundred sixty patients were included with mean age 
61.9 ± 16.48 years. Of them, 82 (51.3%) were men and 27 
(16.9%) received antiarrhythmic drugs. The average time 
from the onset of symptoms was 6.78 ± 3.77 days. All 
patients had severe COVID-19 disease on admission, with 
median WBC, CRP, D-dimers, and ferritin on admission 
being 6.20 K/μL, 4.58 mg/dL, 285.00 μg/L, and 399.65 ng/
mL, respectively.
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3.1  Incidence of Bradycardia

Of the 160 patients, 118 (73.8%) experienced at least one 
episode of bradycardia during hospitalisation. Bradycar-
dia was present in 12 (7.5%) patients before treatment 
with remdesivir. The rate of bradycardia increased up to 
the 6th day of hospitalisation (40.6%) and subsequently 
diminished and normalised within 5 days after the last 
remdesivir dose (5% at Day 10) [Fig. 1]. The fluctuation 
of the incidence of bradycardia remained the same even 
after excluding patients who were under treatment with 
antiarrhythmic drugs (Fig. 1). Severe bradycardia was 
observed in 13 (7.5%) patients of whom 7 were from the 
group of patients that presented with bradycardia before 
treatment with remdesivir. The lowest heart rate was 38 

beats/min. All patients had sinus bradycardia. One patient 
had QT interval prolongation and two patients had first 
degree atrioventricular block. No case of haemodynamic 
instability was observed.

3.2  Comparison Between Groups According 
to Bradycardia Occurrence

No differences were observed regarding age, sex,  SpO2/
FiO2 on admission,  SpO2/FiO2 on Day 6, antiarrhythmic 
drugs, WBC, CRP, CCI, D-dimers, ferritin and body tem-
perature on admission and on Day 6 between patients with 
and without Day 6 bradycardia occurrence, as shown in 
Table 1.

Fig. 1  Rate of bradycardia 
occurrence in patients receiving 
remdesivir (black) until Day 10 
of hospital stay. Grey columns 
indicate patients who were not 
under chronic use of antiar-
rhythmic drugs

Table 1  Differences according to bradycardia occurrence at Day six of hospital stay

CCI Charlson Comorbidity Index, CRP C-reactive protein, FiO2 fraction of inspired oxygen, IQR interquartile range, SD standard deviation, 
SpO2 oxygen saturation, WBC white blood cells

Day 6 of hospital stay

Parameters Bradycardia (N = 65) No bradycardia (N = 95) P-value

Age, years, mean ± SD 61.2 ± 14.7 62 ± 17.7 0.109
Male sex, n (%) 44 (67.7%) 60 (63.2%) 0.167
SpO2/FiO2 on admission, mean ± SD 277 ± 53.6 274.1 ± 50.7 0.626
SpO2/FiO2 on Day 6, mean ± SD 318.2 ± 67.6 314.9 ± 65.8 0.734
CCI, median (IQR) 4 (1–5) 4 (2–5) 0.163
Cardiovascular disease, n (%) 33 (50.7%) 44 (46.3%) 0.652
Antiarrhythmic drugs, n (%) 6 (13.3%) 21 (18.3%) 0.454
WBC, K/μL, median (IQR) 6.2 (5.40–9.00) 6.1 (4.85–7.95) 0.398
CRP, mg/dL, median (IQR) 4.28 (1.51–8.03) 4.77 (1.66–8.25) 0.346
D-dimers, μg/L, median (IQR) 250.00 (169.50–472.25) 311.55 (240.25–509.25) 0.381
Ferritin, ng/mL, median (IQR) 328.1 (90.70–900.30) 446.30 (239.80–768.00) 0.145
Body temperature on admission, oC, mean ± SD 36.5 ± 4.9 36.9 ± 0.8 0.119
Body temperature on Day 6, oC, mean ± SD 36.2 ± 0.5 36.2 ± 0.4 0.180
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3.3  Outcome

Mortality rate until the end of remdesivir administration on 
day 5 was significantly higher in the non-bradycardic group 
(3/42 vs 1/118, p = 0.025). When we stratified patients 
according to the outcome of hospitalisation, no statistically 
significant difference was observed in the occurrence of 
bradycardia between groups (alive vs. dead). Figure 2 shows 
cumulative survival according to the presence of bradycar-
dia. In total, 6 (3.8%) patients were transferred to the inten-
sive care unit (ICU) and 20 (12.6%) patients died. No case 
of sudden cardiac death was observed. From the six patients 
who were admitted in the ICU, three had bradycardia (50%). 
One patient from the bradycardia group and one from the 
non-bradycardic group finally died.

4  Discussion

The results of the present study demonstrate that bradycar-
dia associated with remdesivir administration in COVID-19 
hospitalised patients does not affect the course of the disease 
and is not associated with ICU admission or mortality.

Increasing evidence on the benefits of remdesivir in 
severe COVID-19 pneumonia has made the drug one of the 
most commonly prescribed medications during the pan-
demic. As a consequence, various side effects have been rec-
ognised. A recent study evaluating cardiovascular events and 

safety outcomes associated with remdesivir using a WHO 
international pharmacovigilance database reported that 
remdesivir was associated with cardiac arrest, bradycardia, 
and hypotension [12]. Although more research is needed 
regarding the mechanism of bradycardia after remdesivir 
infusion, several assumptions have been reported during the 
last two years. Some researchers support that remdesivir has 
a structural similarity with adenosine and acts on the sinus 
node causing bradycardia and conduction delay [13]. Oth-
ers believe that remdesivir causes mitochondrial dysfunc-
tion and cardiotoxicity by affecting the human mitochondrial 
RNA polymerase, although its affinity towards viral RNA 
polymerase is > 500 times than human mitochondrial RNA 
polymerase [7]. Moreover, time-dependent worsening cyto-
toxic effects of remdesivir on cardiomyocytes infected with 
SARS‐CoV‐2 have been reported in an in vitro study at 24 
and 48 h.

The incidence of bradycardia in our study (73.8%) is 
higher than that reported in previous studies (17–60%), 
which can be attributed to age, sex, temperature, severity, 
comorbidities, or even the definition of bradycardia [14–16]. 
For example, Palloto et al reported 47% of transient brady-
cardia  defined as a heart rate < 60 beats/min in two con-
secutive measurements or a heart rate < 50 beats/min in one 
measurement. In our study, the incidence of bradycardia 
increased during the first five days of hospitalisation, reach-
ing a peak 24 h after the last dose of remdesivir and return-
ing to the pre-remdesivir levels at Day 10. Of note, several 

Fig. 2  Kaplan-Meier curves 
showing cumulative survival 
according to the presence of 
bradycardia
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studies have reported that both symptoms and lung abnor-
malities on chest CT scans show greatest severity approx-
imately 10 days after initial onset of symptoms [17, 18]. 
Since our patients were admitted after a median 6.78 days 
from the onset of symptoms, the peak of bradycardia over-
laps not only with remdesivir administration but also with 
the peak of symptoms and radiological abnormalities. This 
raises the question of whether remdesivir or the severity of 
the disease is the cause of bradycardia. Since the severity of 
the disease is associated with the oxygen level [11], when we 
compared  SpO2/FiO2 at Day 6 of hospitalisation, we found 
no significant difference compared to that of admission or 
that of patients without bradycardia.

An interesting result was that the mortality rate dur-
ing the first 5 days of remdesivir administration was sig-
nificantly higher in the non-bradycardic group, showcasing 
that remdesivir-induced bradycardia was not associated with 
worse mortality during the infusion period. Furthermore, 
when we stratified our patients according to the outcome of 
hospitalisation, we found that bradycardia was not associ-
ated with ICU admission or death. These observations are 
in accordance with previous studies [14, 15]. Interestingly, 
Bistrovic et al, suggested that the remdesivir-induced brady-
cardia might be associated with a favourable disease course 
due to the lack of a sympathetic-adrenergic cardiovascular 
stimulation that is often present in patients with respiratory 
deterioration [19]. Moreover, a matched case-control retro-
spective study suggested that if remdesivir is given during 
lower oxygen level requirements (before high-flow oxygen 
therapy or mechanical ventilation) it might be associated 
with improved survival in the subgroup of patients with 
atrial fibrillation [20]. This was attributed to both antiviral 
effects of the drug and improved heart rate control in patients 
with atrial fibrillation. However, it should be kept in mind 
that differences in patient population and proportion of spe-
cific subgroups might affect the observed results in different 
studies. In our study, all patients with remdesivir-induced 
bradycardia had sinus rhythm and a small number (7.6%) 
had severe bradycardia but without hemodynamic instability. 
Based on the available evidence and our results, all patients 
with remdesivir-induced bradycardia should be continuously 
monitored but physicians should not discontinue the drug in 
those who remain hemodynamically stable. Furthermore, 
physicians should keep in mind that the heart rate may nor-
malise rapidly within 5 days after the last remdesivir dose. 
However, in case of deterioration and/or airway manage-
ment, the potent adverse cardiovascular effects of remdesivir 
must be taken into account [21, 22].

We acknowledge that this is a single-centre study with 
a relatively small sample with a low rate of adverse events. 
Moreover, due to its retrospective nature, selection bias and 
misclassification or information bias may exist.

Treatment with remdesivir may be associated with new-
onset bradycardia in hospitalised patients with COVID-19. 
In our study, bradycardia was transient and was not associ-
ated with ICU admission and mortality.
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