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Background COVID-19 infection is the most serious global public health crisis of the century. With no approved treatments
against it, investigational treatments are being used despite limited safety data. Besides being at higher risk of com-
plications of COVID-19 infection, patients with underlying cardiovascular disease are more likely to develop
cardiac-related side effects of treatment. We present a case of sinus arrest with junctional escape related to lopina-
vir–ritonavir.

...................................................................................................................................................................................................
Case summary A 67-year-old man, with underlying stable ischaemic heart disease, acquired COVID-19 infection. He had a pro-

longed duration of fever and cough. He subsequently developed acute respiratory distress and required intensive
care unit (ICU) care. Given his severe infection, he was started on lopinavir–ritonavir. Hydroxychloroquine was
not used as he had a prolonged QTc interval. During observation in the ICU, the patient developed recurrent epi-
sodes of sinus arrest with junctional escape. Initial concerns were of myocarditis, but he had no ST-segment
changes on ECG, with mild elevations of highly sensitive troponin I and a normal transthoracic echocardiogram. A
multidisciplinary team discussion involving the intensivist, infectious disease physicians, and cardiologist; the decision
was made to stop treatment with lopinavir–ritonavir. Within 48 h, the bradyarrhythmia resolved. The patient did
not require transvenous and permanent pacemaker insertion.

...................................................................................................................................................................................................
Conclusion Current efficacy and safety evidence of lopinavir–ritonavir as a treatment in COVID-19 patients is limited.

Although uncommonly reported, those with underlying cardiovascular disease are at increased risk of
bradyarrhythmia-related adverse effects of lopinavir–ritonavir. When initiating investigational therapies, especially in
patients with cardiovascular conditions, adequate counselling and close monitoring are required.
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Learning points

• Lopinavir–ritonavir is an antiviral drug used to treat HIV. Current efficacy and safety evidence for use in COVID-19 patients is limited.
Those with underlying cardiovascular disease may be more prone to cardiac side effects of lopinavir–ritonavir, such as bradyarrhythmia,

and require closer monitoring.
• It is important to counsel the patient on risks and benefits and acknowledge the shortfalls when using investigational therapy for COVID-19.
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Introduction

Much of the evidence for treatment of COVID-19 patients remains
uncertain. In this rapidly evolving pandemic, time is of the essence. A
myriad of treatments are being utilized despite inconclusive evidence.
Treatment options include hydroxychloroquine, azithromycin,
remdesivir, and lopinavir–ritonavir.1 Our patient, with COVID-19
pneumonia, was started on lopinavir–ritonavir and developed sinus
arrest. We want to highlight the potentially fatal side effect of lopina-
vir–ritonavir-induced bradyarrhythmia with this case report.

Timeline

Case presentation

A 67-year-old Chinese man presented with a 1-week history of fever
and cough. He visited the family physician and was prescribed a week
of co-amoxiclav 500 mg/125 mg t.i.d. He had no significant travel or
contact history. He is an ex-smoker and has hypertension, hyperlipid-
aemia, and gout. He also has stable ischaemic heart disease (IHD), for
which he presented with angina last year and underwent elective per-
cutaneous coronary intervention at another hospital. His chronic
medications included clopidogrel 75 mg o.m., rosuvastatin 20 mg o.n.,
bisoprolol 2.5 mg o.m., omeprazole 40 mg o.m., and cozaar (amlodi-
pine 5 mg/losartan 50 mg) 1 tablet o.m. He has no family history of
cardiac disease or arrhythmias.

As his fever persisted, he revisited the clinic and was referred for
COVID-19 testing. Test results were positive, and he returned to the
hospital for further assessment and admission. Clinical examination
was unremarkable. His vitals were normal except for a temperature
of 38�C. Initial investigations revealed mild thrombocytopenia and
lymphopenia. Chest radiograph did not show evidence of pneumonia
(Figure 1). Baseline ECG was normal sinus rhythm with first-degree
atrioventricular block (Figure 2).

On the third day, he had mild haemoptysis with saturations of 93–
95% on room air. Repeat chest radiograph showed interval develop-
ment of scattered bilateral consolidations (Figure 3). Inflammatory
markers increased from a C-reactive protein of 16–54 mg/mL (nor-
mal <10 mg/mL) and ferritin of 410–1289 lg/L (normal <300 lg/L).
Because of worsening clinical findings, hydroxychloroquine and azith-
romycin were considered but were deemed unsuitable as he had a
prolonged QTc interval of 496 ms (Figure 2). The next day, he had
temperatures up to 40�C and had intermittent blood-streaked spu-
tum. He had no anaemia or coagulopathy. His oxygen saturations
decreased to 91% and required 2 L of supplemental oxygen. He also
developed bilateral lower zone crepitations. The infectious disease
team was consulted, and he was started on lopinavir–ritonavir 400
mg/100 mg twice daily. He was brought to the intensive care unit
(ICU) for closer monitoring and initiation of awake prone therapy.
During the first day in the ICU, he had escalating oxygen require-
ments and respiratory distress which required intubation. He was
concurrently started on intravenous piperacillin–tazobactam 4 g/0.5
g every 8 h for empirical coverage of bacterial superinfection.

In the ICU, continuous ECG monitoring detected intermittent
sinus pauses and junctional escape rhythm, but he remained normo-
tensive (Figures 4 and 5). Importantly, his bisoprolol dose of 2.5 mg
o.m. was stopped before the ICU admission. He also was not on tica-
grelor, which may worsen bradyarrhythmias and interact with lopina-
vir–ritonavir. Electrolytes and thyroid function were normal. Despite
optimization, he still had intermittent sinus arrests up to 3.2 s
(Figure 6). The ICU team were worried about the possibility of
COVID-19-related myocarditis. However, subsequent investigations
suggested otherwise—there were no ST-segment evolving changes,
and serial highly sensitive troponins were marginally elevated up to
33.6 ng/L (99th percentile upper reference limit 17.5 ng/L).
Transthoracic echocardiogram showed preserved cardiac function

Figure 1 Normal chest radiograph on admission.
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Day of

illness

Events

Day 1 The onset of cough and fever. The patient visited his

family physician.

Day 5 Persistent fever and symptoms. COVID-19 swab test-

ing done.

Day 6 The test returns positive. He was admitted to hospital.

Day 9-10 Haemoptysis started. Interval chest radiograph findings

of pneumonia. The patient was started on lopinavir–

ritonavir on day 10.

Day 11 The patient was admitted to the ICU.

Day 12 The patient required intubation and had sinus arrest.

Day 16 Lopinavir–ritonavir was stopped.

Day 18 Bradyarrhythmia resolved.
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and no regional wall motion abnormalities or significant pericardial ef-
fusion. After several days of supportive measures, he developed tran-
sient junctional escape rhythm of 35 b.p.m. with hypotension. He
required emergency transcutaneous pacing with transition to intra-
venous dopamine infusion of 5 lg/kg/min. No obvious reversible
causes of sick sinus syndrome were found. A multidisciplinary discus-
sion, involving the intensivist, cardiologist, and infectious disease
physicians, concluded that lopinavir–ritonavir was the likely cause of
the bradyarrhythmia and was stopped. Although an uncommon side

effect, lopinavir–ritonavir is associated with atrioventricular block in
0.1% of patients. It has a Food and Drug Administration warning for
patients with IHD or conduction disease.2 Within 48 h, the bradycar-
dic episodes resolved and he was extubated. After a day of observa-
tion, he was discharged from the ICU. Since then, he has recovered
from COVID-19. He was last seen in the infectious disease outpatient
clinic and reported no symptoms suggestive of bradycardia.

Discussion

Lopinavir–ritonavir is a combination drug of a protease inhibitor with
a CYP3A4 inhibitor used for the treatment of human immunodefi-
ciency virus (HIV-1). It was effective in vitro against other coronavi-
ruses, such as the 2003 SARS coronavirus.3 Like remdesivir, an
antiviral drug developed for the treatment of the Ebola virus, both
these drugs were purported to be effective against COVID-19, and
diverted from their original purposes.

Within a short time, both positive and negative reports for lopina-
vir–ritonavir have been published.4–6 In the recent randomized con-
trolled study in Wuhan China, no benefit was found in time to clinical
improvement with 14-day treatment of lopinavir–ritonavir compared
with standard of care.6 Virus RNA concentrations between the
control and treatment subgroup were not significantly different.
However, post-hoc subgroup analysis showed potential benefit if the
treatment was started before 12 days. These early data are difficult to
interpret due to the heterogeneous characteristics of the patients,
disease severity, and confounding drugs. Other limitations include the
non-blinded nature of the study and the use of glucocorticoids.
Reported adverse events were predominantly gastrointestinal

Figure 2 Electrocardiogram on admission. Normal sinus rhythm with first-degree atrioventricular block.

Figure 3 Development of bilateral consolidations.
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Figure 4 Junctional rhythm.

Figure 5 Escape–capture bigeminy.
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related. The authors reported an isolated case of prolonged QT
interval but no bradyarrhythmias. Similar to the patients in that study,
our patient was started on treatment before 12 days of symptom
onset but he had to stop therapy due to adverse effects.

Before being used as a treatment for COVID-19, there have been
case reports of lopinavir–ritonavir-induced cardiac arrhythmias in
patients on treatment for HIV-1.7,8 As our patient had pre-existing
IHD with first-degree atrioventricular block and prolonged interval
QTc, he was at risk for cardiac-related side effects of lopinavir–ri-
tonavir. Furthermore, as his baseline ECG was abnormal, he may
have underlying genetic predisposition to arrhythmias, such as muta-
tions of the SCN5A sodium channel. SCN5A polymorphisms modu-
late cardiac conduction velocity variability and increase susceptibility
to a broad spectrum of arrhythmias.9 He was unfortunate to develop
rare bradyarrhythmia side effects, but these resolved after stopping
the offending medication. As the incidence and reports are few, it is
difficult to postulate the mechanism of lopinavir–ritonavir-induced
bradyarrhythmia. More reports and clinical trials are required to as-
certain this.

Finally, we considered the potential of COVID-19 infection itself
inducing arrhythmias. Although it is well reported that myocardial
damage and myocarditis are caused by COVID-19, whether the virus
itself causes arrhythmia is not known yet. Potential mechanisms of
arrhythmias in COVID-19 may be due to acute cardiac injury from
hypoxia, worsening of coronary perfusion, direct tissue damage, or a
product of hyperacute systemic inflammatory response syndrome.10

In another study from China looking at the clinical characteristics of
138 patients with COVID-19, 17% of patients had arrhythmias.
However, the arrhythmia types and treatment were not specified.11

Our patient did not have significant cardiac injury, ischaemia, or
stress-induced cardiomyopathy, as evidenced by his preserved left
ventricular ejection fraction and minimally elevated troponin.
Myocarditis-related bradyarrhythmias are often related to atrioven-
tricular block rather than sick sinus syndrome. In a recent case series
publication, it was reported that two critically ill patients with
COVID-19 developed new-onset sinus node dysfunction with

haemodynamic instability, and the authors postulate that it was
caused by the virus itself or myocardial inflammation. However, un-
like our patient, both cases were not on investigational therapy and
remained in stable sinus bradycardia.12

In unusual situations such as this pandemic, it is vital to discuss with
patients the risk and benefits of drugs that lack conclusive evidence
or guidelines. While racing against time to look for an effective treat-
ment, many drugs will continue to surface as potential candidates
with a promising hypothesis and in vitro or animal studies. However,
the medical community needs to be hypervigilant for potential side
effects which can be as serious as the COVID-19 infection. This case
highlights the importance of considering lopinavir–ritonavir as a re-
versible cause of bradyarrhythmia in a COVID-19 patient, as well as
the importance of a multidisciplinary team effort in the battle against
COVID-19.
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Figure 6 Sinus arrest with junctional escape rhythm.
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Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.

Slide sets: A fully edited slide set detailing this case and suitable for
local presentation is available online as Supplementary data.

Consent: The author/s confirm that written consent for submissio-
nand publication of this case report including image(s) and associa-
tedtext has been obtained fromthe patient in line with COPE
guidance.

Conflict of interest: none declared.
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