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Introduction

COVID-19 is caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). SARS-CoV-2 was first iso-
lated in December 2019 in Wuhan, China and is highly trans-
missible through direct contact or respiratory droplets.1 Lung 
epithelial cells are the primary target of the virus. Four struc-
tural proteins of SARS-CoV-2 are accountable for the patho-
genicity of the virus—spike glycoprotein (S), small envelope 
glycoprotein (E), membrane glycoprotein (M), and nucle-
ocapsid protein (N).2 The SARS-CoV-2 virus binds to host 
receptors through its spike S-glycoproteins. Data suggest 
that the main receptor for SARS-CoV-2 entry into host cells 
is the angiotensin-converting enzyme 2 (ACE2) receptor, 
which is responsible for both respiratory and cardiac compli-
cations of COVID-19.3 As of January 2023, COVID-19 has 
resulted in more than 6.5 million deaths worldwide, which 
has led to the rapid development of novel therapeutics such 
as antivirals to prevent COVID-19-related hospitalization, 
intubation, and death.

Patients infected with SARS-CoV-2 can have a range of 
clinical manifestations, from no symptoms to severe or criti-
cal illness. The National Institutes of Health (NIH) defines 

severe illness as individuals who have SpO2 less than 94% 
on room air, a ratio of arterial partial pressure of oxygen to 
fraction of inspired oxygen (PaO2/FiO2) less than 300 mmHg, 
a respiratory rate greater than 30 breaths per minutes (bpm), 
or lung infiltrations of greater than 50%. Critical COVID-19 
illness includes patients who have respiratory failure, septic 
shock, and/or multiple organ dysfunction.4 Patients with 
critical COVID-19 illness require a high level of clinical 
resources, and the influx of patients has put a strain on 
healthcare systems globally. Efforts have been made to iden-
tify patients at high risk and provide interventions to avoid 
disease progression. At this time, the percentage of patients 
who are asymptomatic at presentation and progress to clini-
cal disease is not clearly defined. Characteristics of SARS-
CoV-2, such as asymptomatic variants, long incubation 
period, and high level of transmissibility, make the 
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elimination of the virus a challenge. COVID-19 has caused 
significant impact on the communities, economies, and 
health systems, which has led to the development of novel 
therapeutics such as nirmatrelvir/ritonavir (NMV/r).

NMV/r was authorized by the US Food and Drug 
Administration (FDA) in December 2021 for the treatment 
of mild to moderate COVID-19 in adult and pediatric patients 
at least 12 years old with a positive COVID-19 test and who 
are at high risk of progressing to severe COVID-19, includ-
ing hospitalization or death. The NIH recommends NMV/r 
as the preferred therapy for outpatients who are at high risk 
of progressing to severe COVID-19.4 NMV/r was authorized 
under an Emergency Use Authorization (EUA), and there is 
a lack of data on adverse effects.

We present a case of a patient with asymptomatic COVID-
19 and risk factors for developing severe COVID-19. She 
developed symptomatic bradycardia following the adminis-
tration of three doses of NMV/r, which led to transfer to the 
intensive care unit (ICU) for administration of a dobutamine 
drip and close cardiac monitoring.

Case

A 61-year-old Caucasian female with a medical history of 
peripheral arterial disease, hyperlipidemia, and previous 
tobacco use presented to the emergency department second-
ary to a 2-day history of midsternal chest pain. In 2019, she 
presented with acute occlusion of the right anterior artery 
and underwent a right common iliac artery stenting and 
stenting in the right tibial artery. The stent has since occluded 
in the right tibial artery. The patient was unvaccinated for 
COVID-19. She did not report any respiratory symptoms, 
nausea, or vomiting. The patient was admitted to the hospital 
to rule out acute coronary syndrome and was seen by the 
cardiology service. Initial laboratory tests, including tro-
ponins and D-dimer, were ordered, and results were not sig-
nificant. Her vitals were all within normal limits, including 
her heart rate (HR) that remained in the 60s. A COVID-19 
antigen and polymerase chain reaction (PCR) test were com-
pleted due to hospital policy for admission. The patient’s 
both COVID-19 antigen and PCR were incidentally found to 
be positive. She was evaluated by the infectious disease ser-
vice and was started on dexamethasone 6 mg intravenously 
(IV) daily and NMV/r after evaluating her risk factors for 
developing severe COVID-19 illness. NMV/r was initiated 
based on the data that suggest a significant reduction in death 
due to COVID-19 in high-risk patients.

Her medication list was reviewed by the team for drug 
interactions. Home medications included apixaban 5 mg oral 
daily, atorvastatin 40 mg oral at bedtime, and clopidogrel 
75 mg oral daily and were all ordered at the time of hospi-
tal admission. According to the Liverpool COVID-19 
Drug Interactions Database, co-administration of atorvas-
tatin, a cytochrome P450 (CYP) 3A4 substrate, with NMR/r 
is not recommended unless clinically required for the acute 

management of the patient. Holding atorvastatin for the short 
duration of anti-viral therapy minimizes the risk of adverse 
events due to drug interaction without negatively impacting 
the therapeutic effects.5 The mean plasma half-life of the 
atorvastatin parent drug in humans is about 14 h, and the 
half-life of its equipotent metabolites is 20–30 h.6 In patients 
aged ⩾65 years at high risk of atherosclerotic cardiovascular 
disease, continuation of statin therapy can be considered to 
minimize the risk of atherosclerotic events during NMV/r 
therapy.7 After reviewing this information, our patient’s 
specific factors, and the limited number of statins on the 
hospital formulary, the team decided to hold atorvastatin 
during the duration of NMV/r therapy and resume 3 days 
following completion, as per the Liverpool COVID-19 Drug 
Interactions Database recommendations.5 Apixaban is a sub-
strate of p-glycoprotein and metabolized by CYP3A4. The 
package insert recommends either reduced dosing or avoided 
the use of apixaban with strong CYP3A4 and p-glycoprotein 
inhibitors.8 Her apixaban dose was dose-adjusted from 5 mg 
twice daily to 2.5 mg twice daily, as recommended by the 
Liverpool COVID-19 Drug Interactions Database.5 No other 
medication interactions were identified in her medication 
list. Her serum creatinine was under 1 mg/dL with an esti-
mated glomerular filtration rate (eGFR) of ⩾60 mL/min. She 
was ordered nirmatrelvir 300 mg and ritonavir 100 mg twice 
daily for a planned duration of 5 days.

Our patient’s HR progressively declined after initiation of 
NMV/r, as illustrated in Figure 1. After receiving three doses 
of NMV/r, the patient was found to be in sinus bradycardia 
on cardiac telemetry with an HR in the mid 30s and her 
NMV/r was discontinued at this time. Her electrocardio-
gram (ECG) demonstrating sinus bradycardia is shown in 
Figure 2. She was not on any medications that would have 
contributed to her bradycardia, such as beta-blockers. The 
patient denied any chest pain, headache, dizziness, or blurry 
vision, and all electrolytes were within normal limits. She 
was administered atropine 0.5 mg IV twice, placed on trans-
cutaneous pacer, and transferred to the medical ICU for close 
monitoring and further management. At this point, her blood 

Figure 1. Graph demonstrating trend of the patient’s HR in 
relation to time.
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pressure dropped to 90 mmHg/45 mmHg, HR was 33 bpm, 
and her mean arterial pressure (MAP) was 60. Cardiology 
recommended to place the patient on a dobutamine drip at a 
starting rate of 2.5 µg/kg/min. The dobutamine was titrated 
up to 5 µg/kg/min to maintain an HR above 50 bpm, but the 
patient was unable to tolerate the medication due to episodes 
of palpitations. The drip was subsequently titrated back 
down and discontinued after a total duration of 10 h due to 
intolerance and improvements in her HR. Cardiology initi-
ated an order for terbutaline tablet 5 mg by mouth to be 
administered if her HR dropped below 50 bpm. The patient 
was able to maintain her HR above 50 bpm and terbutaline 
was discontinued.

Our patient did not have any risk factors, such as hypox-
emia or elevated inflammatory markers, that would predis-
pose her for COVID-19-induced cardiac arrhythmias. She 
had a further workup that included cortisol and thyroid stud-
ies. Laboratory results revealed low cortisol levels but appro-
priate cosyntropin stimulation tests. The decision was made 
to perform a magnetic resonance imaging (MRI) of the brain 
to rule out a pituitary cause for her bradycardia. The MRI 
came back negative for any abnormalities. At discharge, the 
patient remained asymptomatic from COVID-19.

Based on the patient’s clinical presentation of bradycardia 
after initiation of NMV/r and resolution of bradycardia after 
stopping NMV/r, it was thought that the patient had medica-
tion-induced bradycardia.

Discussion

NMV/r is a novel antiviral medication that the FDA approved 
in December 2021 for emergency use in the treatment of mild 
to moderate COVID-19. In clinical trials, NMV/r was associ-
ated with an 88% reduction in hospitalization or death among 
high-risk, unvaccinated individuals with COVID-19.9 It 

contains the combination of nirmatrelvir and ritonavir. 
Nirmatrelvir is a novel second-generation protease inhibitor 
that is active against the Mpro protease. This protease  
is responsible for cleaving polyproteins in viral replication  
in all known human coronaviruses.10,11 Ritonavir is a  
strong CYP3A4 inhibitor and is commonly utilized as a 
pharmacokinetic boosting agent for protease inhibitors. 
Co-administration of ritonavir with nirmatrelvir is required 
for the protease inhibitor to reach therapeutic levels in the 
plasma. Healthcare providers must be mindful of the possible 
drug interactions with ritonavir as a strong CYP3A4 inhibi-
tor. As of November 2022, the NIH recommends using 
NMV/r orally twice daily for 5 days in nonhospitalized adults 
and pediatric patients aged ⩾12 years and weighing ⩾40 kg 
with mild to moderate COVID-19 who are at high risk of dis-
ease progression. Patients are classified as high risk if they 
have an underlying medical condition or risk factor that has 
published meta-analysis or systematic review demonstrating 
an increase in risk for at least one severe COVID-19 out-
come.4 Examples include asthma, cancer, coronary artery dis-
ease, chronic kidney disease, chronic lung diseases, diabetes 
mellitus, HIV, smoking, and use of immunosuppressive med-
ications. In clinical trials, NMV/r was associated with an 88% 
reduction in hospitalization or death among high-risk, unvac-
cinated individuals with COVID-19. Renal impairment 
reduces excretion of nirmatrelvir. In patients with an eGFR of 
⩾30–60 mL/min, a reduced dose is recommended. NMV/r is 
not recommended in patients with an eGFR less than 30 mL/
min due to lack of data.6 Our patient had normal renal func-
tion with an eGFR >60 mL/min, and the standard dose of 
NMV/r was administered.

COVID-19 targets the ACE2 receptor, which is primarily 
expressed in the lung tissue and also present in the myocar-
dium. Cardiac manifestations of COVID-19 include acute 
coronary syndrome, heart failure, myocarditis, arrhythmias, 

Figure 2. ECG demonstrating sinus bradycardia.
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and venous thromboembolism. Mechanisms behind cardiac 
complications of COVID-19 include direct damage of the 
myocardium and indirect damage through cytokine release 
syndrome, resulting in systemic inflammation.12 Cardiac 
arrhythmias, including sinus bradycardia, can occur in ~6%–
17% of patients with COVID-19.13 Clinically stable patients, 
including patients who are asymptomatic, have a low inci-
dence of arrhythmias, whereas patients admitted to the ICU 
have a much higher risk.14,15 The mechanisms of which 
COVID-19 patients develop arrhythmias include acute myo-
cardial injury, hypoxia, systemic inflammation, autonomic 
imbalances, electrolyte abnormalities, QT-prolonging medi-
cations, drug–drug interactions, and cardiovascular comor-
bidities.16 Specifically, bradycardia may be caused by severe 
hypoxemia and injury of the sinus node by circulating 
cytokines. Bradycardia has been found to be a sign of the 
onset of a cytokine storm. Some reports describe a correla-
tion between elevated troponin and C-reactive protein levels 
and incidences of ventricular arrhythmias.17 Our patient was 
asymptomatic, with no hypoxia or other risk factors for 
developing a COVID-19-related cardiac arrhythmia. The 
team ruled out her arrhythmia to be COVID-19-induced.

The EPIC-HR was a large randomized controlled study 
that compared NMV/r to placebo in patients aged ⩾18 years 
with mild to moderate COVID-19 who were at high risk of 
clinical progression and were within 5 days of symptom 
onset. High risk of clinical progression was defined as unvac-
cinated against COVID-19 and the presence of at least one 
risk factor for progression to severe disease.18 The trial dem-
onstrated that NMV/r reduced the risk of hospitalization or 
death through Day 28 by 89% compared to placebo.10,18 
Patients were included in the EPIC-HR safety analysis if 
they received at least one dose of NMV/r or placebo. The 
most common adverse effects of NMV/r were dysgeusia, 
diarrhea, hypertension, and myalgia.17 The FDA fact sheet 
for providers lists a potential risk of bradycardia only when 
the patient is concomitantly taking ivabradine or eplerenone, 
which our patient was not on. This risk is due to ritonavir’s 
inhibition of CYP3A4 enzyme.

A small amount of data is available to support ritonavir 
contributing to heart arrhythmias. Lopinavir/ritonavir is an 
HIV-1 antiviral trialed in COVID-19 patients early in the pan-
demic. A large, randomized controlled trial in May 2020 eval-
uated lopinavir-ritonavir in adults hospitalized with COVID-19 
and noted a very small incidence of rhythm disorders.19 In 
2020, a review of a French health system reported 22 cases of 
arrhythmias in elderly patients taking lopinavir/ritonavir, 
including 5 cases of sinus bradycardia.20 A retrospective study 
published in 2020 evaluated the incidence of bradycardia in 
COVID-19 patients receiving lopinavir/ritonavir in the ICU. 
The study included 41 critically ill COVID-19 patients who 
received lopinavir/ritonavir. There were nine cases of brady-
cardia occurring in patients at least 48 h after initiation, and 
the bradycardia resolved after discontinuation or dose-reduc-
tion of lopinavir/ritonavir.21 Confounding variables such as 

the cardiovascular effects of COVID-19 disease, severity of 
COVID-19 disease, cardiac comorbidities, and drug interac-
tions should be considered.

Among other viral protease inhibitors, ritonavir has 
shown in vitro dose-dependent activity blocking human 
ether-a-go-go-related gene (HERG) potassium channels 
involved in cardiac repolarization. This activity can elongate 
the QT interval.22 These data suggest there is potential for 
viral protease inhibitors, such as the components of NMV/r, 
to cause bradycardia. Post-marketing surveillance is essen-
tial to identify clinically significant adverse events.

Conclusion

COVID-19 continues to impact our communities, and it is 
expected that new antivirals such as NMV/r will continue to 
be prescribed to patients. This case report demonstrates a 
possible side effect of NMV/r, which is noteworthy given the 
lack of data on the side effect profile of the medication. As 
NMV/r continues to be prescribed in the outpatient setting, 
healthcare providers should monitor patients and counsel 
about possible side effects, such as symptomatic bradycar-
dia. Further randomized controlled trials are warranted to 
assess the possible causality and incidence of bradycardia in 
patients who are prescribed NMV/r.
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