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Abstract
What is known and Objective: Hydroxychloroquine and protease inhibitors were 
widely used as off-label treatment options for COVID-19 but the safety data of these 
drugs among the COVID-19 population are largely lacking. Drug-induced QTc prolon-
gation is a known adverse reaction of hydroxychloroquine, especially during chronic 
treatment. However, when administered concurrently with potential pro-arrhythmic 
drugs such as protease inhibitors, the risk of QTc prolongation imposed on these pa-
tients is not known. We aim to investigate the incidence of QTc prolongation events 
and potential factors associated with its occurrence in COVID-19 population.
Methods: We included 446 SARS-CoV-2 RT-PCR-positive patients taking at least one 
treatment drug for COVID-19 within a period of one month (March–April 2020). In 
addition to COVID-19-related treatment (HCQ/PI), concomitant drugs with risks of 
QTc prolongation were considered. We defined QTc prolongation as QTc interval of 
≥470 ms in postpubertal males, and ≥480 ms in postpubertal females.
Results and Discussion: QTc prolongation events occurred in 28/446 (6.3%) patients 
with an incidence rate of 1 case per 100 person-days. A total of 26/28 (93%) patients 
who had prolonged QTc intervals received at least two pro-QT drugs. Multivariate 
analysis showed that HCQ and PI combination therapy had five times higher odds of 
QTc prolongation as compared to HCQ-only therapy after controlling for age, car-
diovascular disease, SIRS and the use of concurrent QTc-prolonging agents besides 
HCQ and/or PI (OR 5.2; 95% CI, 1.11-24.49; p = 0.036). Independent of drug therapy, 
presence of SIRS resulted in four times higher odds of QTc prolongation (OR 4.3; 95% 
CI, 1.66-11.06; p = 0.003). In HCQ-PI combination group, having concomitant pro-
QT drugs led to four times higher odds of QTc prolongation (OR 3.8; 95% CI, 1.53-
9.73; p = 0.004). Four patients who had prolonged QTc intervals died but none were 
cardiac-related deaths.
What is new and conclusion: In our cohort, hydroxychloroquine monotherapy had 
low potential to increase QTc intervals. However, when given concurrently with pro-
tease inhibitors which have possible or conditional risk, the odds of QTc prolonga-
tion increased fivefold. Interestingly, independent of drug therapy, the presence of 
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1  |  WHAT IS KNOWN AND OBJEC TIVE

Hydroxychloroquine (HCQ) and protease inhibitors (PI) were two of 
the most commonly repurposed drugs used as investigational ther-
apeutics for COVID-19.

Hydroxychloroquine possesses antiviral properties in vitro1,2 by 
inhibiting ACE2-mediated viral entry (i.e. pre-infection prophylaxis) 
and has been postulated for having a role in attenuating the viral cy-
tokine storm in severe COVID-19 patients. Due to the promising in 
vitro data, chloroquine or hydroxychloroquine had been extensively 
used in various countries as a COVID-19 treatment3,4. Although ex-
hibiting relatively favourable safety profiles, hydroxychloroquine 
blocks potassium channels and can potentially prolong corrected 
QT(QTc) intervals5, causing known risk of drug-induced torsades 
de pointes (DI-TdP) or drug-induced sudden cardiac death (DI-SCD). 
Several recent reviews have highlighted the risk of cardiac toxicity 
when used for the treatment of COVID-196–8.

Commonly used boosted protease inhibitors in the treatment 
of COVID-19 include lopinavir/ritonavir9 and atazanavir/ritonavir10. 
Similar to hydroxychloroquine, protease inhibitors do not inde-
pendently prolong QTc intervals. However, the risk of QTc prolonga-
tion is increased with other risk factors such as multiple concurrent 
drugs that may prolong QTc and/or have multiple comorbidities5. 
Therefore, protease inhibitors when combined with hydroxychlo-
roquine may potentiate DI-TdP. Lopinavir/ritonavir has possible TdP 
risk whereas atazanavir/ritonavir has conditional TdP risk when hy-
pokalaemia is present or when taken with interacting drugs11.

Concomitant pro-QT drugs or drugs that cause electrolyte distur-
bances such as diuretics and digoxin12 can lead to pharmacokinetic 
and pharmacodynamic drug interactions. Each pro-QT drug is highly 
dependent on the circumstances of its use and on each patient’s clin-
ical characteristics. There were mainly three risk categories—known 
risk (KR), possible risk (PR) and conditional risk (CR)11. The known 
risk category encompasses drugs that prolong QT intervals and are 
clearly associated with a known risk of TdP, even when taken as rec-
ommended. The possible risk category encompasses drugs that can 
cause QT prolongation but currently lack evidence for a risk of TdP 
when taken as recommended, whereas the conditional risk category 
refers to drugs associated with TdP but only under certain condi-
tions of their use (e.g. excessive doses, in patients with conditions 
such as hypokalemia or when taken with interacting drugs) or by 
creating conditions that facilitate or induce TdP (e.g. by inhibiting 
metabolism of a QT-prolonging drug or by causing an electrolyte dis-
turbance that induces TdP).

Additionally, QTc interval may be elevated by patient-related risk 
factors such as age, gender, hypokalemia, sepsis and presence of 
pre-existing comorbidities especially cardiovascular dysfunction12. 
National Health Services (NHS) UK defines cardiovascular dysfunc-
tion as conditions affecting the heart or blood vessels, and these 
conditions include coronary heart disease, stroke or transient isch-
aemic attack, peripheral arterial disease and aortic disease.

Given the extensive but yet experimental use of these drugs in 
the treatment of COVID-19, our study aimed to investigate the in-
cidence of QTc prolongation event and potential factors associated 
with its occurrence in the COVID-19 population. This study was also 
pivotal to provide an insight to targeted recommendation of 12-lead 
electrocardiogram (ECG) screening in patients on pro-QT COVID-19 
therapy, especially in resource-limited settings. This study has been 
approved by the Medical Research and Ethics Committee Malaysia 
and registered with the National Medical Research Register 
(NMRR-20-798-54728).

2  |  METHODS

2.1  |  Design and study population

We established a retrospective study including 446 patients who 
were RT-PCR positive for COVID-19 from Sungai Buloh Hospital, the 
largest referral hospital for the treatment of COVID-19 in Malaysia. 
This large single centre admitted approximately 70% of the country’s 
COVID-19 inpatient cases. All data were collected from electronic 
medical records (EMR).

All patients who received inpatient COVID-19 care were 
screened for a period of one month from 30 March 2020 to 30 April 
2020. We included all adult patients (18 years old and above) diag-
nosed with COVID-19 who were on treatment for at least 1 day. The 
treatment provided was either hydroxychloroquine (400mg twice 
daily on day 1 followed by 200mg twice daily from day 2 onwards) 
or boosted protease inhibitors (lopinavir/ritonavir 400mg/100mg 
twice daily or atazanavir/ritonavir 300 mg/100 mg once daily) alone 
or in combination, all of which are classified as showing known risk 
(KR), possible risk (PR) or conditional risk (CR) for increasing QTc 
(AZCERT, Inc., Oro Valley, AZ)11. Other investigational COVID-19 
pharmacotherapies used were interferon beta-1b and ribavirin. 
Patients who had 12-lead ECG done within two weeks from the 
start of these drugs were included in the study. The ECG findings 
for QTc prolongation were reported by the attending physician 

systemic inflammatory response syndrome (SIRS) resulted in four times higher odds of 
QTc prolongation, leading to the postulation that some QTc events seen in COVID-19 
patients may be due to the disease itself. ECG monitoring should be continued for at 
least a week from the initiation of treatment.
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either in actual time units or as prolonged or not in the EMR. We ex-
cluded patients whose ECG results were unavailable or unrecorded, 
patients whose ECG recorded prolonged QTc at baseline prior to 
starting drugs, patients who were recruited into the WHO Solidarity 
Trial, and pregnant women. We also excluded patients with under-
lying atrial fibrillation as QTc measures might be unreliable. After 
screening for eligibility, patients were screened for QTc prolonga-
tion events. Systemic inflammatory response syndrome (SIRS) was 
included as a potential risk factor for increasing QTC. SIRS was 
defined by two or more criteria, such as temperature >38.3˚C or 
<36˚C, heart rate of <90bpm, respiratory rate >20 breaths/min or 
PaCO2<32mmHg and white blood cell (WBC) >12,000 cells/mm3, 
<4000  cells/mm3 or >10% immature bands13. Patients were ob-
served for hospital outcome measures until discharge, death or up 
until 30th May 2020.

2.2  |  Outcome measures

The primary outcome is the clinical documentation of QTc prolon-
gation. All ECG data were directly recorded from the EMR. QTc 
prolongation was defined as any QTc interval exceeding 470 ms in 
postpubertal males, and 480 ms in postpubertal females, or a QTc 
increase of ≥ 60 ms from baseline. The interval has to be preceded by 
any pro-QT drug within 24 hours. In local practice, for QTc compari-
sons to be made, QTc was calculated from lead II of the 12-lead elec-
trocardiogram and corrected for heart rate using Bazett’s formula14.

2.3  |  Data analysis

Dichotomous variables were expressed using proportions; continu-
ous variables were expressed as medians with interquartile ranges 
(IQRs) and means with standard deviation (SD), where appropriate. 
The associations between QTc prolongation and potential risk fac-
tors were assessed using chi-square and logistic regression analy-
sis. Variables for univariate analysis were chosen based on review 
of published literature. After univariate analysis, multivariate logistic 
regression was used to ascertain the relationship between risk fac-
tors and QT prolongation events. Multicollinearity among the inde-
pendent variables was tested after recoding categorical variables 
into dummy variables. Statistical analyses were performed using 
SPSS version 22 (IBM). All levels of significance were set at 0.05.

3  |  RESULTS

A total of 446 patients were included in the study (Figure 1). The 
baseline demographics and clinical characteristics of the study 
population are shown in Table 1. In terms of COVID treatment drug 
regimens, 437/446 (98.0%) were put on HCQ-based treatment and 
about half of them were receiving PI in addition to HCQ. The median 
hospital stay duration was 9 days (IQR 6-13).

The incidence of QTc prolongation events was 28/446 (6.3%) 
with a rate of 1 case per 100 person-days. The proportion of pro-
longed QTc events in the HCQ-only group, PI-only group, and 

F I G U R E  1  Study recruitment following 
eligibility according to inclusion and 
exclusion criteria. EMR: electronic medical 
records; RT-PCR: real-time reverse-
transcriptase polymerase chain reaction; 
AF: atrial fibrillation
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HCQ-PI combination group were 2/219 (0.9%), 2/9 (22%) and 24/218 
(11%), respectively. Among the 24 patients who developed QTc pro-
longation while being put on the HCQ-PI combination, 13(54%) and 
11 (45.8%) were receiving lopinavir/ritonavir and atazanavir/ritona-
vir respectively. Out of nine patients in the PI-only group, only one 
patient was on atazanavir/ritonavir and this patient was one of the 
two patients who had QTc prolongation. The estimated mean time 
from the commencement of HCQ or/and PI-based treatment to the 
development of QTc prolongation was 6 days (SD 3.3).

All concurrent drugs that had known, possible or conditional 
risk of QTc prolongation were considered in the analyses (Table 2). 
We found that 237/446 (53.1%) were exposed to two or more QTc-
prolonging agents. Among the 28 patients who developed QTc 

prolongation, 19 (67.9%) had received concomitant QTc-prolonging 
drugs besides HCQ and/or PI,and 26 (92.9%) had received at least 
two pro-QT drugs be it HCQ, PI or other concomitant drugs (Table 3).

The results for univariate and multivariate regression analyses are 
shown in Table 4. In multivariate analysis, combination therapy con-
taining both HCQ and PI was associated with five times higher odds 
of QTc prolongation events as compared to HCQ-only therapy after 
controlling for age, concomitant cardiovascular disease, SIRS and the 
use of concurrent QTc-prolonging agents besides HCQ and/or PI (OR 
5.2; 95% CI, 1.11-24.49; p = 0.036). There was no difference in events 
between the use of either HCQ-only regimens and PI-containing reg-
imens without HCQ. The use of lopinavir/ritonavir and atazanavir/
ritonavir showed similar occurrence of events. Independent of drug 
therapy, the presence of SIRS resulted in four times higher odds of 
QTc prolongation (OR 4.3; 95% CI, 1.66-11.06; p = 0.003). There was 
no multicollinearity among the predictor variables (VIF=1).

In a subgroup analysis of patients who had combination therapy 
with HCQ and PI, patients who had concomitant drugs with any risk 
of QTc prolongation were associated with almost four times higher 
odds of QTc events as compared to those who had no concomitant 
drugs (OR 3.8; 95% CI, 1.53-9.73; p = 0.004).

Up until the end of the follow-up process, 431/446 (96.6%) 
were discharged home. There were 8/446 (1.8%) documented 
deaths. Half of those who died had documented prolonged QT 
intervals but none were cardiac-related deaths. Seven (1.6%) pa-
tients remained hospitalized for infective complications and reha-
bilitation issues.

4  |  DISCUSSION

Drugs are the commonest cause of acquired long QT syndrome. Yu 
et al. reported that 6% of patients with prolonged QTc developed 
syncope and life-threatening ventricular arrhythmia and this group 
of patients also had a higher all-cause mortality15.

Our study reported a 0.9% incidence of QTc prolongation in pa-
tients taking onlyhydroxychloroquine. This is in line with the study 
by Gerard et al. which reported an estimated incidence of 0.77% 
to 1.54% for cardiac adverse drug reaction secondary to hydroxy-
chloroquine, with prolonged QTc being the commonest cause16. 
However, there were differences in the study populations in which 
our study population was of a younger age group (median age 52 
vs 65 years old) and with less severe disease (ICU admission 12% 
vs 45.8%). Bessiereet al. and Mercuroet al. recently reported QTc ≥ 
500 ms in 1/22 (5%) and 7/37 (19%) patients receiving HCQ alone, 
respectively, albeit both studies had relatively small sample sizes 

TA B L E  1  Baseline characteristics of study population (N = 446)

Characteristic
n (%) unless 
otherwise specified

Age (years), median (IQR) 52 (34-60)

Gender

Male 297 (66.6)

Female 149 (33.4)

Patients with underlying chronic medical 
conditions

208 (46.6)

Hypertension 145 (32.5)

Cardiovascular dysfunction 37 (8.3)

Diabetes mellitus 108 (24.2)

Severe kidney disease (Stage 4-5) 23 (5.2)

Thyroid dysfunction 7 (1.6)

COVID-19-associated pneumonia 348 (78)

Serum potassium ≤ 3.5 mEq/L 136 (30.5)

Patients requiring admission to intensive care units 54 (12.1)

COVID-19 pharmacotherapy

HCQ-only regimen 219 (49.1)

PI-containing regimen without HCQ 9 (2)

Both HCQ and PI-containing regimen 218 (48.8)

Interferon beta-1b 71 (15.9)

Ribavirin 2 (0.4)

Number of patients on PIs 227 (50.9)

Lopinavir/ritonavir 126 (28.3)

Atazanavir/ritonavir 101 (22.6)

Total number QTc-prolonging drugs

1 pro-QT drug 209 (46.9)

2 or more pro-QT drugs 237 (53.1)

Abbreviations: HCQ, hydroxychloroquine; PI, protease inhibitor

TA B L E  2  Concomitant drugs with QTc prolongation risk (N=446)

Known risk (n=13) Possible risk (n=3) Conditional risk (n=109)

Azithromycin, fluconazole, 
chlorpromazine, levofloxacin

Venlafaxine, efavirenz, 
tramadol

Loperamide, metoclopramide, omeprazole, pantoprazole, esomeprazole, 
metronidazole, frusemide, indapamide, risperidone, piperacillin–
tazobactam, sertraline, fluoxetine, olanzapine, famotidine
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which may overestimate the magnitude of the association17,18. One 
systematic review reported that a severe increase in the QTc inter-
val occurred 1% to 18% of patients8. Yet, there was insufficient ev-
idence from controlled trials to conclude that hydroxychloroquine 
resulted in significant QTc prolongation or torsades de pointes.

We also reported an estimated mean time of 6 days from the 
commencement of HCQ and/or PI-based treatment to the develop-
ment of QTc prolongation. One potential postulation for this find-
ing might be due to the prolonged half-life of hydroxychloroquine 
(22.4 days in blood, 123.5 days in serum)19. In addition, Moschini 
et al found that HCQ combined with PIs darunavir/ritonavir devel-
oped QTc prolongation of >500ms at 7 days20. Therefore, this would 
support the need to extend the ECG surveillance for at least one 
week or throughout the prolonged duration of treatment, especially 
if combination pro-QT drugs are used.

Our multivariate analysis reported higher odds for combination 
therapy of hydroxychloroquine with PIs to develop QTc prolonga-
tion when compared to hydroxychloroquine alone. Boosted PIs such 

as lopinavir/ritonavir have been reported to cause a dose-dependent 
block of HERG-K+ potassium channels leading to QT prolongation21. 
Similarly, hydroxychloroquine is also a hERG-K blocker and drug–
drug interaction occurring with the combination of both therapies 
could explain the result of this finding22. This is supported by an-
other study which reported that HCQ given together with PIs signifi-
cantly increase QTc interval of >500ms with an increase of >40ms 
by day 3 of therapy20. However, PIs do not appear to independently 
predispose patient to QTc prolongation23,24. Our study showed no 
difference in the occurrence of QTc event between the different PI-
based regimens, similar to the findings in the SMART study24.

Our study has shown that HCQ and/or PI-based treatments with 
other concomitant pro-QT drugs had a higher chance of causing 
QTc prolongation when compared to those patients on treatments 
with no other concomitant pro-QT drugs. The increase in risk has 
been highlighted in other studies whereby the concurrent usage of 
a pro-QT drug like azithromycin increased the risk of QTc prolonga-
tion by 3% to 28% as compared to treatments with HCQ alone17,18. 
In critically ill patients, concurrent pro-arrhythmic drugs given to-
gether such as macrolides, fluoroquinolones, typical and atypical an-
tipsychotics were associated with QTc prolongation25. This explains 
the association of QTc prolongation with some of the concomitant 
pro-arrhythmic drugs given in our study in Table 2. QTc prolongation 
was likely due to the drugs’ mechanism of action or through the in-
teraction with other drugs which prolongs the repolarization phase. 
Moreover, the wide extent of underlying clinical conditions predis-
poses patients to higher risk of developing TdP, especially in the crit-
ically ill. This underscores the importance of drug reconciliation to 
enable early identification of QTc-prolonging drugs that patients have 
been taking and discontinuation of them if deemed unnecessary prior 
to the initiation of pro-QT drugs used for COVID-19 treatments.

Interestingly, we found that systematic inflammatory response 
(SIRS) is an independent factor/variable in prolonging QTc. COVID-19 
is known to cause an accentuated immune response in some individ-
uals resulting in a more severe disease26. This explains that COVID-19 
patients reportedly have a longer baseline QTc due to metabolic 
and physiological sequelae of the illness20. Additionally, critically ill 

TA B L E  3  Subgroup analysis of 28 patients who developed QTc 
prolongation

n (%)
HCQ 
only PI only HCQ+PI Total

Prolonged QTc interval 2 (7.1) 2 (7.1) 24 (85.7) 28 (100)

Patient outcomes

Survived 2 (7.1) 2 (7.1) 20 (71.4) 24 (85.7)

Died 0 0 4 (14.3) 4 (14.3)

Concomitant pro-QT 
drugs

1 (3.6) 1 (3.6) 17 (60.7) 19 (67.9)

KR 0 1 (3.6) 5 (17.9) 6 (21.4)

PR 0 0 1 (3.6) 1 (3.6)

CR 1 (3.6) 1 (3.6) 16 (57.1) 18 (64.3)

Total pro-QT drugs 
of ≥ 2

1 (3.6) 1 (3.6) 24 (85.7) 26 (92.9)

Abbreviations: CR, conditional risk of QTc prolongation; HCQ, 
hydroxychloroquine; KR, known risk of QTc prolongation; PI, protease 
inhibitor; PR, possible risk of QTc prolongation.

TA B L E  4  Results from logistic regression of factors associated with QTc prolongation

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI)
p 
value

Age ≥ 65 years 3.41 (1.46-7.94) 0.004 1.75 (0.67-4.55) 0.255

Female gender 0.786 (0.34-1.83) 0.576 -

Cardiovascular dysfunction 3.40 (1.29-9.02) 0.014 2.23 (0.74-6.69) 0.152

SIRS 9.37 (3.99-21.99) 0.000 4.28 (1.66-11.06) 0.003

(PI) vs HCQ 31.29 (3.83-255.34) 0.001 5.74 (0.57-57.71) 0.138

(PI+HCQ) vs HCQ 13.69 (3.19-58.67) 0.000 5.22 (1.11-24.49) 0.036

Use of concomitant QTc-prolonging agents 
other than HCQ and/or PI

7.18 (3.14-16.39) 0.000 3.03 (1.23-7.42) 0.016

Abbreviations: CI, confidence interval; HCQ, hydroxychloroquine; OR, odds ratio; PI, protease inhibitor; SIRS, systemic inflammatory response 
syndrome.
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COVID-19 patients with acute respiratory distress syndrome (ARDS) 
would meet clinical SIRS criteria (tachypnea, fever and lymphope-
nia), further enhanced by elevated inflammatory markers and pro-
inflammatory cytokines27. In the event of SIRS, this explicably describes 
the association of widespread increase in pro-inflammatory cytokines 
with myocarditis28. Independent of the drugs used to treat COVID-19, 
the infection itself could be a risk factor for QTc prolongation due to 
myocardial injury7,29. There are several proposed mechanisms of injury, 
including direct myocardial injury by the virus through ACE2 entry, 
hypoxia-induced myocardial injury, microvascular damage and endo-
thelial shedding, and cytokine / inflammation-mediated damage29,30. 
Therefore, with SIRS being one of the main manifestations in the crit-
ically ill, the incidence of QTc prolongation in severely ill COVID-19 
patients should be attentively anticipated and monitored, particularly 
when HCQ and/or PIs were being administered concurrently.

Of the eight deaths that were reported in our study, four devel-
oped QTc prolongation. However, none of the deceased patients de-
veloped TdP during hospitalization. The cause of death was due to 
multi-organ failure related to COVID-19. Pneumonia and acute respi-
ratory distress were reported as the main causes of death in COVID-19 
patients, but sudden cardiac deaths were reported in patients with 
pre-existing cardiovascular conditions31–33. Reports of severe cardiac 
complications due to hydroxychloroquine in COVID-19 patients were 
rare8,17,18. No ventricular arrhythmias were identified by Bessiereet al., 
and one case of TdP (1/90) was reported by Mercuroet al. As current 
evidence is inconclusive, more reliable drug safety data in COVID-19 
from ongoing large randomized trials is anticipated7,8.

Despite having the highest number of admissions for COVID-19 
in the country, single-centred studies such as ours lacked external 
validity. There were no cardiac-related morbidity and mortality in our 
cohort, which warrants a further validation through multi-centred, 
controlled trials. Another limitation to our study was the absence 
and non-feasibility of continuous ECG monitoring. Ill patients were 
monitored daily whereas fitter patients were monitored periodically 
within the treatment period. This means the actual start time of QTc 
prolongation was not known.

5  |  WHAT IS NE W AND CONCLUSION

In this cohort, HCQ-only regimens had low potential for QTc pro-
longation but the risk was increased with combined use of QTc-
prolonging drugs. ECG monitoring for QTC prolongation should be 
done periodically for at least a week from the initiation of treatment. 
Drug reconciliation is essential to avoid overlapping toxicities.

6  |  APPROVAL OF INSTITUTIONAL 
RE VIE W BOARD

This study has been approved by the Medical Research and Ethics 
Committee Malaysia and registered with the National Medical 
Research Register (NMRR-20-798-54728).

7  |  PATIENT CONSENT STATEMENT

Due to the nature of the retrospective chart review, the need for 
informed consent from individual patients was waived.

8  |  PERMISSION TO REPRODUCE 
MATERIAL FROM OTHER SOURCES

All authors accept the terms and conditions of the editorial for 
publication.
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