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Abstract
Recently, case series studies on patients with SARS-CoV-2 infection reported an association between remdesivir (RDV) 
administration and incidental bradycardia. However, the phenomenon has not yet been described in detail. We conducted a 
retrospective case–control study to evaluate the occurrence of RDV‐related bradycardia in patients hospitalized for SARS-
CoV2 pneumoniae. We retrospectively evaluated 71 patients, hospitalized in six internal medicine wards of the Milan area, 
affected by mild-to-moderate COVID-19 who received RDV (RDV group) and 54 controls, matched for sex, age and disease 
severity on admission (CTR group). The mean heart rate value recorded during the first two days of hospitalization was 
considered as baseline heart rate (HRb). Heart rate values relative to the 5-days treatment and the 5-days post-treatment 
were extracted for RDV group, while heart rate values relative to 10 days of hospitalization were considered for the CTR 
group. ΔHR values were calculated as maximum HR drop versus HRb. Possible associations between ΔHR and clinical-
demographic factors were assessed through regression analysis. The RDV group experienced a significantly higher incidence 
of bradycardia compared to the CTR group (56% vs 33%, OR 2.6, 95% CI 1.2–5.4, p value = 0.011). Moreover, the RDV 
group showed higher ΔHR values than the CTR group. The HR progressively decreased with daily administration of RDV, 
reaching the maximun drop on day six (-8.6 ± 1.9 bpm). In RDV group, patients who experienced bradycardia had higher 
drop in HR, higher alanine aminotransferase (ALT) values at the baseline (bALT) and during the RDV administration period. 
ΔHR was positively associated with HRb (β = 0.772, p < 0.001) and bALT (β = 0.245, p = 0.005). In conclusion, our results 
confirmed a significant association between RDV administration and development of bradycardia. This effect was propor-
tional to baseline HR and was associated with higher levels of baseline ALT, suggesting a possible interaction between RDV 
liver metabolism and a vagally-mediated effect on HR due to increased availability of RDV metabolites.
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Introduction

Since December 2019, SARS-CoV2 infection has gradually 
spread all over the world, becoming a pandemic. A lot of 
efforts have been made to manage this global emergency and 
to develop effective treatments for SARS-CoV2 infection 
[1]. Unfortunately, effective antiviral treatments in SARS-
CoV2 patients remain limited [2, 3].

Remdesivir (RDV, Veklury®, 100 mg concentrate solu-
tion for infusion) was the first antiviral drug approved by 
the European Medicines Agency with specific indication 
for the "treatment of coronavirus disease 2019 (COVID-
19) in adults and in adolescents (aged 12 years or older and 
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weighing at least 40 kg) with pneumonia requiring supple-
mental oxygen therapy” [4].

Remdesivir (formerly GS-5734) is a monophosphorami-
date nucleoside analog pro-drug that was originally devel-
oped in response to the Ebola outbreak in West Africa.

It has shown broad-spectrum activity against human and 
zoonotic coronaviruses in pre-clinical models and has been 
prioritized for inclusion in COVID-19 clinical trials [5].

The efficacy of RDV has been extensively investigated, 
although the associated adverse events (AEs) are not well‐
characterized. Since RDV has not been extensively used in 
clinical practice—other than in the treatment of Ebola virus 
(EBOV) disease and COVID‐19—there is still limited evi-
dence concerning adverse events. Safety studies reported 
rash, headache, nausea, diarrhea and transaminases elevation 
as the most common adverse effects, while hypotension and 
renal failure rarely occurred. Bradycardia was initially not 
mentioned as a potential adverse event. Nevertheless, since 
approval for clinical use, several cases of bradycardia have 
been reported during administration of RDV in COVID-19 
patients [6–10]. In particular, two studies analyzed the inci-
dence of bradycardia with discordant results. In the study by 
Attena and colleagues, the incidence of bradycardia detected 
on the fifth day of observation was 21% in the RDV group, 
while in the control group it was 3% [11]. They found that 
the group of patients who developed bradycardia showed 
lower resting heart rate, higher D-dimer values and had a 
higher percentage of females than the no-bradycardia sub-
group. In a subsequent study by Pallotto et al., this obser-
vation was confirmed, however the overall incidence of 
bradycardia was higher than in the Attena study (46.8% vs 
27.8%) [12]. Another retrospective study on the etiology of 
bradycardia in COVID-19 patients reported that the use of 
RDV was not associated with cardiac events [13].

Given these contradictory data, the aim of our study was 
twofold: (1) to evaluate the incidence of bradycardia in 
COVID-19 patients treated with RDV, hospitalized in inter-
nal medicine wards of two tertiary hospitals in Milan and 
(2) to investigate possible clinical and laboratory markers 
associated with the risk of RDV-induced bradycardia.

Materials and methods

We conducted a two-center, retrospective, case–control 
study.  We screened all the patients consecutively admitted 
to the Internal Medicine Units of the Fondazione IRCCS 
Ca’ Granda Ospedale Maggiore Policlinico and Ospedale 
Luigi Sacco in Milan (Italy), from 1st April 2020 to 31st 
May 2021. Both centers are two large city hospitals account-
ing each for about 60.000 admissions every year. The vast 
majority of patients in the Internal Medicine wards are 
admitted after an Emergency Department assessment.

Inclusion criteria included:

– confirmed mild COVID-19 infection defined as symp-
tomatic patient without evidence of viral pneumonia or 
hypoxia or confirmed moderate COVID-19 infection 
defined as symptomatic patient with clinical signs of 
pneumonia (fever, cough, dyspnea, fast breathing) but 
no signs of severe pneumonia, including SpO2 ≥ 90%, in 
accordance with WHO Guideline Clinical management 
of COVID-19 patients [14];

– symptoms onset no longer than 10 days prior to hospi-
talization.

Exclusion criteria were the presence of a pacemaker, the 
absence of a stable sinus rhythm defined as the presence or 
development of any other rhythm during study period, need 
for mechanical ventilation, orotracheal intubation, extracor-
poreal membrane oxygenation (ECMO) and previous admis-
sion to an Intensive Care Unit during hospitalization.

We defined two cohorts of patients, those treated with 
RDV (RDV group) and a cohort of control subjects not 
treated with RDV (CTR group) matched for age, sex and 
COVID-19 disease severity.

According to the indications of the Italian Medicines 
Agency (AIFA), Remdesivir has been used for the treatment 
of hospitalized patients, over 12 years old, suffering from 
SARS-CoV2 pneumonia and requiring supplementary low-
flow oxygen therapy.

All patients in the RDV group had to receive a 200 mg 
initial dose of Remdesivir intravenously and maintenance 
doses of 100 mg for the following 4 days, according to stand-
ard guidelines [4]. Any other RDV treatment protocol was 
not included in our analysis.

Two authors for each center (AF & AF and FC & GR) 
independently extracted data of interest from hospital elec-
tronic reports of screened patients.

Demographic data, past medical history, date of symp-
toms onset, clinical course data (e.g., death, transfer to inten-
sive care unit) and concurrent therapies were included into 
the database. The Charlson Comorbidity Index was calcu-
lated for each patient. Creatinine and ALT serum level at the 
admission and during the first six days were included into 
the database. We chose to include creatinine and ALT meas-
urements at admission as surrogates of basal kidney and 
hepatic function that are known to affect RDV metabolism.

For patients in the RDV group, the heart rate at base-
line (HRb) was calculated as the average value between the 
morning HR of the day before the first RDV dose and the 
morning HR of the first day of RDV administration. The 
daily morning HR for the entire duration of RDV therapy 
and for the following 5 days were then considered and used 
for comparison with baseline conditions. For patients of 
CTR group, the baseline heart rate (HRb) was calculated 
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as the average value between the morning HR of the first 
and second hospitalization days. The daily morning HR of 
the following 10 days were considered for comparison with 
baselined conditions. All HR measurements were made 
through pulse oximeter devices and measured between 8 
and 10 am.

For both groups, any HR below 60 bpm recorded dur-
ing the observation period was accounted as a bradycardic 
episode and episodes of HR below 45 bpm as severe brady-
cardia. Patients with bradycardia before RDV measurement 
were excluded from analyses.

The maximum HR variation (ΔHR) was calculated as the 
difference between HRb and minimum HR achieved over the 
10-day observation period.

We compared the incidence of bradycardia in CTR and 
RDV groups. Secondarily, we assessed the incidence of 
severe bradycardia within the patients who developed brad-
ycardia. We also analyzed the difference in the mean heart 
rate variation between the two groups and the possible pre-
dictors for the development of bradycardia in RDV-treated 
group.

A total sample size of 121 patients was defined assuming 
an α error of 0.05 and a power of 80%. This would allow to 
highlight an effect size of 0.255 and a difference of ≥ 18% 
between the incidence of bradycardia in the two groups, as 
observed in a previous study [11].

Data were analyzed using SPSS Statistics 27 (IBM, 
Armonk, New York, United States). The Shapiro–Wilk test 
was used to evaluate the normal distribution of the data. 
Normally distributed parameters were expressed as mean 
and standard deviation (SD), whereas non-normally distrib-
uted data were expressed as median and interquartile range 
(IQR). Categorical variables were tested through χ2 test or 
Fisher exact test. Continuous variables were tested through 
the Student t test when normally distributed and through the 
Mann–Whitney test when non-normally distributed. The dif-
ference in ΔHR between RDV and CTR groups correcting 
for age, sex, HRb and β-blockers assumption were assessed 
through ANCOVA analysis. The linear regression analysis 
was performed to assess the relationship between HR vari-
ation in RDV group and possible predictive factors (demo-
graphic and clinical data on the admission). HR variations 

during the 10-day monitoring were compared with respect to 
HRb through the Friedman test and significance values were 
adjusted by Bonferroni correction for multiple comparisons. 
P values < 0.05 were considered statistically significant.

Results

Through revision of hospital electronic reports between 1st 
April 2020 and 31st May 2021, we extracted data from 71 
patients treated with RDV and 54 control patients matched 
for age, sex and COVID-19 disease severity (Fig. 1).

Characteristics of the enrolled groups are reported in 
Table 1. The two groups did not differ for age, sex, hospi-
talization outcome, assumption of β-blockers or amiodar-
one, comorbidities, HRb and ALT values at the baseline. 
No patients were on digoxin (Table 1). CTR group presented 
higher creatinine values and higher assumption of hydroxy-
chloroquine (HCQ) at the baseline compared to RDV group. 
The impact of HCQ on HR is known [18] and in our obser-
vational study its frequency of administration is higher in 
the CTR group, corroborating our results.

Prevalence of primary and secondary outcomes are 
reported in Table 2. As for the assessment of the primary 
outcome, out of 71 patients treated with RDV, 40 subjects 
experienced at least one episode of bradycardia, whereas 
18 of 54 patients experienced at least one episode of brady-
cardia in the CTR group, with a difference that reached sta-
tistical significance (56% vs 33%, OR 2.6, 95% CI 1.2–5.4,  
p value = 0.011). As for the assessment of the secondary out-
comes, prevalence of severe bradycardia on the total brady-
cardia episodes was not significantly different in the two 
groups, even if it was higher in RDV group (10% vs 0%, OR 
1.1, 95% CI 1.0–1.2, p value = 0.300). ANCOVA analysis 
highlighted a significant difference in ∆HR between CTR 
and RDV groups, with RDV group characterized by a higher 
drop in HR (15.7 ± 8.9 vs 20.6 ± 12.2, mean difference 4.9, 
95% CI 2.0–7.7, p value = 0.001.

Six patients discontinued RDV treatment, three of them 
due to the onset of severe bradycardia during RDV treat-
ment respectively after one, two and three RDV administra-
tions. The fourth patient discontinued therapy after a single 

Fig. 1  Patient selection flow-
chart
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administration due to a marked increase in transaminases 
and the last two patients discontinued RDV for unknown 
cause.

Time course of HR daily variation, calculated as the dif-
ference between morning HR of each observation day and 
HRb, was analyzed in the two groups, showing significant 

difference from the baseline only for the RDV group. In 
particular, a progressive HR reduction was observed in 
the RDV group with the succession of daily RDV admin-
istrations (Fig. 2), reaching the significance at the end 
of the therapy (day 6, mean reduction − 8.6 ± 1.9 bpm, 
p value = 0.009). Subsequently, the HR progressively 
returned to baseline values.

RDV patients who developed bradycardia showed 
higher drop in HR than patients who did not develop 
bradycardia (∆HR, 27.1 ± 1.0  bpm vs 12.9 ± 1.1  bpm 
respectively, p < 0.001). Moreover, RDV group with 
bradycardia presented higher ALT values at the baseline 
(ALT baseline, 43.1 ± 5.9 U/L vs 27.6 ± 3.0 U/L respec-
tively, p = 0.023) and higher ALT values during the RDV 
administration period (ALT maximum, 70.8 ± 11.8 U/L vs 
54.9 ± 6.5 U/L respectively, p = 0.039.

Multiple linear regression analysis was performed to 
find associated factors to ∆HR in RDV group, consider-
ing age, sex, β-blockers assumption, HRb and ALT values 
at the admission (R2 = 0.605, p < 0.001). We observed a 
significant positive relationship between ∆HR and HRb 
(β = 0.772, p < 0.001) and between ∆HR and ALT values 

Table 1  Demographic and 
clinical features of CTR and 
RDV groups

CTR group patients not treated with Remdesivir, RDV group patients treated with Remdesivir, HRb base-
line; heart rate, ALT Alanine Aminotransferase, ∆HR heart rate maximum drop
*Significant p values < 0.05

Characteristics CTR group (N = 54) RDV group (N = 71) p
Mean ± SD, median [IQR]
n° (%)

Mean ± SD, median [IQR]
n° (%)

Age (years) 67.6 [54.9–81.2] 65.0 [54.6–75.7] 0.672
Sex (females) 18 (33%) 29 (41%) 0.390
Death 1 (2%) 2 (3%) 1.000
β-blockers assumption 12 (22%) 18 (25%) 0.685
Amiodarone 2 (4%) 3 (4%) 1.000
Hydroxychloroquine 12 (17%) 2 (4%) 0.001
Azithromycin 16 (30%) 20 (28%) 0.858
Comorbidities
 Cardiac disorders 32 (59%) 40 (56%) 0.743
 Respiratory disorders 8 (15%) 12 (17%) 0.753
 Hepatic disorders 6 (11%) 4 (6%) 0.264
 Renal disorders 6 (11%) 10 (14%) 0.622
 Gastro-intestinal disorders 10 (19%) 8 (11%) 0.253
 Endocrine disorders 19 (35%) 15 (21%) 0.080
 Immune disorders 3 (6%) 4 (6%) 0.985
 Hematologic disorders 7 (13%) 4 (6%) 0.152
 Oncologic disorders 3 (6%) 1 (1%) 0.192
 Charlson Comorbidity Index 1.00 ± 1.55 0.73 ± 1.02 0.250

HRb (bpm) 77.8 ± 8.7 79.3 ± 13.1 0.442
Creatinine baseline (mg/dL) 1.02 [0.85–1.30] 0.90 [0.80–1.07] 0.013*
ALT baseline (U/L) 31.0 [18.5–45.5] 26.0 [18.0–41.0] 0.695

Table 2  Bradycardia events in CTR and RDV groups

Total bradycardia, bradycardia events with HR below 60 bpm; severe 
bradycardia, severe bradycardia events with HR below 45 bpm
CTR group patients not treated with Remdesivir, RDV group patients 
treated with Remdesivir, ∆HR heart rate maximum drop
*Significant p values < 0.05

CTR group (N = 54) RDV group (N = 71) p

Characteristics Mean ± SD,
n° (%)

Mean ± SD,
n° (%)

OR, mean dif-
ference (95% 
CI)

Total Brady-
cardia

18/54 (33%) 40/71 (56%) 2.6 (1.2–5.4) 0.011*

Severe brady-
cardia

0/18 (0%) 4/40 (10%) 1.1 (1.0–1.2) 0.300

∆HR (bpm) 15.7 ± 8.9 20.6 ± 12.2 4.9 (2.0–7.7) 0.001*
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at the admission (β = 0.295, p = 0.001), as shown in Fig. 3a 
and b respectively.

Discussion

The major findings of our study on are: (1) patients with 
mild-to-moderate COVID-19 treated with RDV experienced 
a significantly higher incidence of bradycardia and had a 
higher drop in HR during the 10 days of observation com-
pared to CTR group; (2) in RDV group, the HR progres-
sively decreased with daily administration of remdesivir, 
reaching the nadir on the day 6; (3) higher drop in HR was 
positively associated with higher HR at the baseline and 
higher ALT values at the admission; (4) patients from the 

RDV group who presented bradycardia had higher ALT val-
ues during the RDV administration period.

At difference with another study [13], where no correla-
tion was found between RDV administration and brady-
cardia, in our analysis the occurrence of bradycardia was 
statistically greater in RDV-treated patients compared 
to the CTR group. This observation suggests a possible 
causal association between RDV administration and the 
occurrence of bradycardia, which could not be totally 
explained by SARS-CoV-2 infection or hospital stay. The 
discrepancy with our finding could be due to the different 
patient selection criteria since the study by Umeh et al. 
[13] was not specifically focused on RDV treatment, but 
on all the causes of bradycardia in COVID-19 patients, 
therefore patients treated with RDV and control patients 

Fig. 2  Changes in morning HR 
with respect to HRb during 
the 10 days of the monitoring 
period. *Significant p val-
ues < 0.05 with respect to HRb

Fig. 3  a Regression plot of maximum HR drop in RDV group and HRb. b Regression plot of maximum HR drop in RDV group and ALT values 
at the baseline. ∆HR maximum heart rate drop, HRb baseline heart rate, ALT Alanine Aminotransferase
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were not matched. Our results are instead in agreement 
with two previous case–control studies [11, 12], which 
reported an increased incidence of bradycardia in the 
group of patients treated with RDV although with different 
percentages probably due to the different HR monitoring 
methods: Attena et al. [11] considered the HR at the day of 
the hospitalization and at day fifth of RDV therapy, while 
Pallotto et al. [12] considered the days of RDV treatment, 
as we did, however, without considering the following five 
day.

RDV is a prodrug of an adenosine analog and it is metab-
olized in host cells to form the pharmacologically active 
nucleoside triphosphate metabolite. RDV triphosphate acts 
as an analog of adenosine triphosphate (ATP) and competes 
with the natural substrate for the incorporation into nascent 
RNA chains by SARS-CoV-2 RNA polymerase, causing 
the delayed chain termination during viral replication [15]. 
The pharmacodynamic mechanism for RDV-induced brady-
cardia is still unknown. One of the main hypotheses about 
how RDV can induce sinus node dysfunction is based on its 
active metabolite triphosphate that structurally resembles 
adenosine 5′-triphosphate (ATP). It is known that ATP and 
metabolites exert negative chronotropic and dromotropic 
effects on the automatism of the sinoatrial node and on the 
conduction of the atrioventricular node. Adenosine activates 
purinergic A1 receptors, inducing activation of potassium 
current and also inhibiting adenylyl-cyclase via inhibitory 
G protein [6, 7]. This is the reason why it is used as first-line 
treatment for paroxysmal supraventricular tachycardia. Fur-
thermore, adenosine it is well known to have a direct effect 
on the central autonomic structures, namely increasing vagal 
activity in a dose response-manner [16].

It can be hypothesized that the RDV metabolite may exert 
the same effects. In particular, the link observed in our study 
on the occurrence of higher HR drop in RDV patients with 
higher values of HR at baseline suggests the establishment 
of an accentuated antagonism. It is known that vagal decel-
eration effects are augmented with increased sympathetic 
background levels [17].

The major drop in HR observed on day 6 at the end of 
RDV treatment, could be explained by the pharmacokinetics 
of the antiviral drug. Although remdesivir does not accumu-
late in the organism, by contrast its metabolite GS-441524 
(nucleoside monophosphate) reaches steady state around 
day 4 and accumulates by ~ twofold after multiple once daily 
dosing [5]. Moreover, data showed a higher HR drop when 
baseline ALT values were elevated and RDV patients that 
developed bradycardia presented higher ALT values during 
the 6-day monitoring period. Considering a 50% renal—50% 
hepatic excretion of GS-441524, we could speculate that 
even a subclinical impairment of the hepatic function, may 
determines a slower elimination of the antiviral drug metab-
olite with a consequent increase in the serum availability of 

the metabolite, leading to an increased effect on both sinus 
node and vagal activity, thus inducing bradycardia. How-
ever, our data as well as current knowledge, do not allow 
one-sided interpretation and further studies are needed to 
clarify the interactions between RDV pharmacokinetics and 
possible cardiac side effects.

Other currently available antiviral agents for COVID-19 
also include Nirmatrelvir/ritonavir and Molnupiravir.

Nirmatrelvir mechanism of action is different from RDV, 
it is a peptidomimetic inhibitor of the SarS-CoV2 main pro-
tease, which leads to the prevention of viral replication while 
ritonavir serves to slow the metabolism of nirmatrelvir via 
cytochrome enzyme inhibition, thereby increasing the cir-
culating concentration of the main drug. Until now no effect 
on cardiac rate have been reported. On the other hand, Mol-
nupiravir, which is antiviral drug proven effective against 
influenza A virus, Venezuelan equine encephalitis virus, 
Ebola virus, SARS-CoV, and more recently given emer-
gency use authorization for treatment of COVID-19, has a 
similar mechanism of action as RDV, since it is a prodrug 
metabolized and posphorylated into host cells to form the 
pharmacologically active ribonucleoside N-hydroxycytidine 
triphosphate (NHC-TP). NHC-TP can substitute for either 
cytidine triphosphate or uridine triphosphate, resulting in 
an accumulation of mutations in the viral genome leading 
to inhibition of replication. Thus, it doesn’t have similari-
ties to adenosine and no effect on cardiac rate have been 
reported until now. Concerning monoclonal antibodies, they 
target different epitopes of the receptor binding domain of 
the spike(s) protein of SARS-CoV-2 consequently blocking 
cellular entry and SARS-CoV-2 infection, known adverse 
reactions only account for infusion-related reactions (e.g., 
nausea, headache, tachycardia, hypotension, rash and short-
ness of breath).

Taking into account the hypothesized mechanism 
of action of RDV on cardiac rate, we expect this to be a 
drug-specific effect, due to RDV metabolite similarity to 
adenosine.

Conclusion

Through our retrospective case–control study, we reported 
the experience on RDV-induced bradycardia of six internal 
medicine units from two large hospitals of Milan. We high-
lighted a significant difference in the incidence of brady-
cardia in patients affected by mild-to-moderate COVID-
19 treated with RDV with respect to a group of patients 
matched of age, sex and disease severity not treated with 
RDV. This effect was proportional to baseline HR and was 
associated with higher levels of baseline ALT, suggesting a 
possible interaction between RDV liver metabolism and a 
vagally-mediated effect on HR due to increased availability 
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of RDV metabolites. In our experience, bradycardia did 
not induce any clinically relevant consequences, thus it can 
be considered as a minor side effect of RDV administra-
tion. Furthermore, since fully vaccinated patients admitted 
to hospital with COVID-19 present lower disease severity 
than unvaccinated patients for all the variants, RDV could 
still represent a valid treatment strategy in a contest of non-
critical disease. However, since RDV is currently making its 
way as a forefront treatment in the early stage of COVID-
19, the healthcare workers should be aware of the potential 
cardiac effect and use the drug with caution.
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