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Methods: This is a single-center, retrospective and observational study. All data
were extracted from the electronic medical records. The initial and post-treatment
mean QTc intervals were calculated and compared in patients with HCQ alone or
HCQ + AZM therapy. Associated factors with QTc prolongation, the incidence of
ventricular arrhythmia during treatment and in-hospital mortality because of ven-
tricular arrhythmias were evaluated.

Results: Our cohort comprised 101 hospitalized COVID-19 patients (mean age of
49.60 + 18 years, 54.4% men). HCQ + AZM combination therapy group (n = 56) was
more likely to have comorbidities. After 5-days treatment, 19 (18.8%) patients had
QTc prolongation, and significant increase in the QTc interval was observed in both
two groups (P < .001). However, HCQ + AZM combination group had significantly
higher AQTc compared to HCQ group (22.5 + 18.4 vs 7.5 + 15.3 ms, P < .001). All of
101 patients completed the 5-days treatment without interruption. Also, no malig-
nant ventricular arrhythmia or death secondary to ventricular arrhythmia occurred
during the treatment in both groups.

Conclusions: The present study revealed that although HCQ + AZM treatment was
independently associated with QTc prolongation, none of patients experienced ma-
lighant ventricular arrhythmia or death during treatment. Further prospective stud-
ies are needed to determine the exact implications of these drugs on arrhythmias in
patients with COVID-19.

COVID-19.2 The WHO declared a global health emergency, and on

1 | INTRODUCTION

On December 31st, 2019, the World Health Organization (WHO)
China Country Office was informed about several cases of atypical
pneumonia in Wuhan City, China.! Chinese authorities later identi-

fied a new type of coronavirus (novel coronavirus) disease called

March 11th, 2020 a pandemic. The medications used against severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) were mainly
based on their effectiveness against earlier strains of coronavirus
(SARS-CoV and Middle East Respiratory Syndrome-Coronavirus).
The antimalarial drug chloroquine was reported as being success-
ful in the treatment of SARS-CoV-2 infection in China in shortening
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the duration of infection in patients.3 One small scale French study
reported that the use of azithromycin (AZM), in combination with
hydroxychloroquine (HCQ), was associated with a more rapid clear-
ance of the virus compared to HCQ used alone. This promoted the
worldwide use of that combination against COVID-19.% Initial hopes
for these medications may have lead to the underestimation of seri-
ous cardiac side effects such as torsade de pointes (TdP) type ar-
rhythmias.>® However, this combination should be interpreted with
caution because of the potentially life threatening side effects as-
sociated with these molecules. Both HCQ and AZM are associated
with corrected QT (QTc) prolongation, and the combined use may
potentiate this adverse effect.” On the other hand, there is no con-
sensus on the way to follow-up the QT interval prolongation related
to HCQ and AZM treatment for COVID-19. Some authors suggested
daily electrocardiogram (ECG) monitoring after obtaining a baseline
ECG 1012, others suggested daily monitoring for high risk patients
only in order to avoid contagion to the healthcare personnel.*®

COVID-19 patients with pre-existing cardiovascular diseases are
especially at risk to experience cardiac arrhythmias and sudden car-
diac death.** However, few studies have investigated cardiac safety
of HCQ and AZM treatment in patients with COVID-19. Therefore,
we aimed to assess the implications of HCQ and HCQ + AZM treat-
ment regimens on QTc interval and malignant ventricular arrhyth-
mias in hospitalized patients with COVID-19.

2 | METHODS
2.1 | Study participants

This is a single-center, retrospective, observational study evalu-
ating consecutive hospitalized adults with COVID-19 at Manisa
Merkezefendi State Hospital (Pandemic hospital), Turkey. All data
were extracted from the electronic medical records. The present
study comprised 101 hospitalized patients diagnosed with COVID-
19 by polymerase chain reaction (PCR) test (SARS-CoV-2, qPCR
Detection Kit by Bio-Speedy). Patients who were prescribed only
HCQ (loading dose 2x400 mg, maintenance dose 2x200 mg), and
HCQ in addition to AZM (loading dose 1x500 mg, maintenance dose
1x250 mg) between March 20, 2020 and April 20, 2020 were in-
cluded. Five-days only HCQ or HCQ + AZM combination treatment
was prescribed to the patients according to the recommendation of
The Ministry of Health of Turkish Republic treatment protocol. All
patients underwent thorax computed tomography, and patients with
associated pneumonia received HCQ combined with AZM.X® The
protocol was administered by caring physicians in accordance with
clinical and laboratory findings of patients.

Exclusion criteria were; patients with QRS width 2120 ms be-
fore treatment, left bundle branch block, right bundle branch block,
pre-excitation syndromes, patients with implantable-cardioverter
defibrillator or cardiac resynchronization therapy, patients with
cardiac pacemaker, pregnants, and patients who have to use other

drugs (antipsychotics, antidepressants, antiarrhythmics, other

What'’s known

e HCQ and AZM are widely used in off-label treatment of
COVID-19.

e This combination is associated with QTc prolongation in
other clinical conditions.

e Cardiac safety of these drugs is still controversial in
COVID-19.

What'’s new

e COVID-19 patients who were treated with HCQ or
HCQ + AZM had a significantly increased QTc interval
after treatment administration.

e QTc prolongation was more likely to occur in those re-
ceived HCQ + AZM combination.

e Baseline QTc interval and HCQ + AZM treatment were
independently associated with QTc prolongation.

e No patient experienced malignant ventricular arrhyth-
mias during treatment.

e All of patients completed the 5-days treatment without

interruption.

antimicrobials etc) that may cause QTc prolongation. Also, patients
requiring intensive care unit were excluded as they recieved osel-
tamivir treatment known to prolong further the QT interval.'é

This study was conducted in accordance with the Declaration of
Helsinki. Informed consent was waived because of the retrospective
nature of the study and the analysis used anonymous clinical data.
The study was approved by the Clinical Research Ethics Committee
of Manisa Celal Bayar University (15/06/2020, Decision No: 82).
Approval was also obtained from The Ministry of Health of Turkish

Republic.

2.2 | Assessment of laboratory findings, ECG and
QTc interval

The ECG recording device was MAC 2000, GE Medical Systems
Information Technologies, Inc, Milwaukee, USA. The treatments
were initiated after obtaining a first standard 12 derivation ECG on
admission which was repeated after 5-days of treatment (25 mm/s
paper speed, 10 mm/mV amplitude, and 250 Hz sampling rate). QT
values were extracted from all ECGs as noncorrected, with QT in-
tervals being determined using the tangent method. The QT inter-
val was calculated as the time from the start of the QRS complex
to the end of the T wave. The measurements were performed on
lead Il and lead V5 for all patients, and the longest QT intervals
were used for the analyses. ECG measurements of QT and QRS
intervals were performed by two cardiologists blind to the patient
data. Calipers and magnifying glasses were used to reduce meas-

urement errors. QT corrections were performed using the Bazett
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method on the patients' initial ECG and post-treatment ECG. The
current clinical standard is the most widely used Bazett's formula
which provides a known overcorrection at high heart rates and un-
dercorrection at lower rates.!” Therefore, QTc was evaluated with
the Framingham method in six patients who had an initial heart
rate over 100 beats per minutes. The limits of QTc prolongation
were considered over 470 ms for women and 450 ms for men.'® A
QTc interval >500 ms or an increase of more than 60 ms was de-
fined as severely prolonged. Tisdale risk score was used to predict
prognosis of QT prolongation in participants.w'z1 We monitored
daily electrolyte levels of patients with high risk for arrhythmia
according to Tisdale risk score. Malignant ventricular arrhythmias
were defined as sustained or non-sustained ventricular tachycar-
dia, ventricular fibrillation or TdP. Ventricular arrhythmia records
were examined. Also, comorbid conditions and laboratory param-
eters were analysed.

The participants were divided into two groups: patients with
treated only HCQ and patients with treated HCQ + AZM combi-
nation therapy. The initial and post-treatment mean QTc intervals
were calculated and compared. Incidence of malignant ventricular
arrhythmia during treatment, associated factors with QTc prolon-
gation and in-hospital deaths secondary to ventricular arrhythmias

were evaluated.

2.3 | Statistical analysis

Categorical variables are shown as frequencies and percentages, and
continuous variables as means with SDs or median with interquartile
range. The Chi-square test was used to determine the correlation
between the categorical variables. The Kolmogorov-Smirnov test
was used to check whether the continuous variables were distrib-
uted normally. Non-parametric tests were used to analyse the data
as the variables did not exhibit a normal distribution. A 1-sample t
test (if samples were normally distributed) or a 1-sample Wilcoxon
signed-rank test (if samples were not normally distributed) was per-
formed to compare mean QTc interval before and after treatment
in HCQ and HCQ + AZM combination groups. Mann-Whitney-U
test was used to compare parameters if samples did not have nor-
mal distributions. Univariate and multiple regression analyses were
used to calculate hazard ratio (HR) and 95% confidence interval (Cl).
Multivariable analysis was performed to find associated factors
with QTc prolongation. All analyses were performed with IBM SPSS
Statistics for Windows, Version 21.0 (IBM Corp., Armonk, NY, USA).

A 2-sided P value of <.05 was considered statistically significant.

3 | RESULTS

A total of 101 hospitalized COVID-19 patients (mean age of
49.60 + 18 years, 54.4% men) were included. Patients were treated
with HCQ alone or HCQ + AZM combination during 5 days. The

maximum follow-up time was 7 days and ECG follow-up time was 5
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days for all participants. Clinical characteristics of all population are
presented in Table 1. Twenty-nine patients (28.7%) were smokers
and the mean body mass index was 27.3 kg/m?2. 19.8% of patients
had morbid obesity. Patients prescribed HCQ + AZM combination
therapy were older and were more frequent smokers. The mean
heart rate was similar in two groups and all of participants were in
sinus rhythm at admission. Hypertension (38.6%) was the most com-
mon comorbidity in all population. HCQ + AZM combination therapy
group was more likely to have hypertension (P = .002), coronary ar-
tery disease (P = .034), chronic heart failure (P = .020) and chronic
obstructive pulmonary disease (P = .034). There were no significant
differences in diabetes mellitus and hyperlipidemia between the
two groups. Serum creatinine, sodium, potassium, calcium, magne-
sium, aspartate aminotransferase, alanine aminotransferase levels
were also similar in between HCQ and HCQ + AZM groups. During
follow-up, because of electrolyte deficiencies, potassium replace-
ment was performed in two patients and magnesium replacement
in three patients. Thereby, one of the well-known risk factors for
arrhythmias were eliminated. COVID-19 patients who received
HCQ + AZM combination had comparatively higher Tisdale risk
score (6.64 + 0.7 vs 4.26 + 1.4, P < .001). The use of p-blockers and
nondihydropyridine calcium channel blockers were similar in two
groups. Arrhythmic events during follow-up are also given in Table 1.
Sinus bradycardia was observed during follow-up in five (11.1%) pa-
tients in the HCQ treatment group, and seven (12.5%) patients in the
HCQ + AZM group. However, no malignant ventricular arrhythmia
or death because of ventricular arrhythmia was detected during the
treatment in both groups. Of note, new-onset atrial fibrillation was
not detected.

Individual QTc intervals before and after treatment are given in
Figure 1. The mean initial QTc interval was 416 + 29.8 ms for all pa-
tients. As expected, women had longer initial mean QTc interval com-
pared to men (423.9 + 32.4 vs 409.3 + 25.9 ms, P = 0,020). However,
there was no significant difference after therapy in women and in
men (436.9 + 35.6vs 427.6 + 27.1 ms, P =.213). Also, AQTc level was
similar in women and inmen (12.9 + 18.9 vs 18.2 + 18.1 ms, P=.153)
(Table 2). Before treatment, QTc interval was longer than 450 ms in
three (2.9%) men, and was longer than 470 ms in four (3.9%) women
patients. After treatment, QTc interval was longer than 450 ms in
nine (8.9%) men, and was longer than 470 ms in 10 (9.9%) women pa-
tients. Three of these patients (2.9%) had severe QTc prolongation.
One (1.7%) patient in HCQ + AZM treatment group had an increase
of more than 60 ms and two (3.5%) patients’ QTc interval exceeded
500 ms on the fifth day of treatment, but no complaints such as syn-
cope, palpitation and chest pain were noted. Further significant in-
crease in the QTc was observed after treatment in all seven patients
with prolonged QTc before treatment (P < .05).

In whole cohort, 19 patients (18.8%) had QTc prolongation after
treatment, and 12 of 19 patients (63.1%) were in HCQ + AZM com-
bination treatment group. All of 101 patients completed the 5-days
treatment without interruption. No patient experienced malignant
ventricular arrhythmias and all patients remained free of arrhythmia

symptoms throughout hospital stay.
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TABLE 1 Clinical characteristics of study population

OZDEMIR ET AL.

Total (n = 101) HCQ alone (n = 45) HCQ + AZM combination (n = 56) P value
Gender, male, n (%) 55 (54.4) 29 (64.4) 26 (46.4) .070
Age,y 49.60 + 18 46.0+ 16 53.5+19 <.001
Body mass index, kg/m2 27.32 + 3.15 28.12 + 3.65 27.02 +2.95 .090
Smoking, n (%) 29 (28.7) 8(17.7) 21 (37.5) .030
Initial heart rate, bpm 751+ 20 74.5 + 18 77.2 + 23 198
Comorbidities, n (%)
Diabetes mellitus 18 (17.8) 7 (15.5) 11 (19.6) .593
Hypertension 39 (38.6) 10 (22.2) 29 (51.7) .002
Hyperlipidemia 7 (6.9) 3(6.6) 4(7.1) 925
Coronary artery disease 9(8.9) 1(2.2) 8(14.2) .034
Chronic heart failure 10(9.9) 1(2.2) 9 (16) .020
Chronic obstructive 9 (8.9) 1(2.2) 8(14.2) .034
pulmonary disease
Laboratory data
Creatinine, mg/dL 0.8(0.6-2.4) 0.8 (0.6-1.5) 0.9 (0.5-2.4) .882
Aspartate aminotransferase, 25 (18-76) 27 (20-80) 24 (19--42) 461
u/L
Alanine aminotransferase, u/L 23 (16-124) 22 (18-98) 24 (21-124) .501
Sodium, mEq/L 139 (136-140) 139 (135-139) 140 (136-141) .339
Potassium, mEq/L 3.9 (3.7-4.2) 4.0(3.8-4.3) 3.9 (3.6-4.2) 212
Calcium, mEq/L 8.8 (8.4-9.4) 8.7(8.3-9.2) 8.9 (8.4-9.5) 109
Magnesium, mEq/L 1.9 (1.7-2.3) 1.9 (1.6-2.3) 2.0(1.7-2.3) .289
Tisdale risk score 59+1.2 426 +1.4 6.64 +0.77 <.001
Medications, n (%)
B-blockers 10 (9.9) 4(8.8) 6(10.7) .760
Nondihydropyridine calcium 4(3.9) 2(4.4) 2(3.5) .823
blockers
Antiarrhythmic drugs 0(0) 0(0) 0(0) -
Arrhythmic events, n (%)
New-onset atrial fibrillation 0(0) 0(0) 0 (0) —
Sinus bradycardia 12(11.8) 5(11.1) 7 (12.5) .830
Non-sustained ventricular 0(0) 0(0) 0 (0) —
tachycardia
Sustained ventricular 0(0) 0(0) 0(0) —
tachycardia
Torsade de pointes/ 0(0) 0(0) 0(0) -
ventricular fibrillation
In-hospital mortality secondary 0(0) 0(0) 0(0) —

to ventricular arrhythmia, n (%)

Abbreviations: AZM, azithromycin; HCQ, hydroxychloroquine.

Comparison of the mean QTc interval at admission and after
5-days treatment in two groups are shown in Figure 2. The mean
QTc interval before treatment was longer in HCQ group than in
HCQ + AZM group (424.9 + 34.6 vs 408.8 + 29.4 ms, P < .001). Of
note, significant increase in the QTc interval was observed in both
two groups (P < .001) after treatment. However, in terms of the
mean QTc interval, there was no significant difference after 5-days
of treatment between HCQ and HCQ + AZM groups (432.4 + 34.1

vs 431.3 + 23.4 ms, P = .733). HCQ + AZM combination group had
significantly higher AQTc compared to HCQ group (22.5 + 18.4 vs
7.5 + 15.3 ms, P < .001). In other words, more pronounced increase
in the QTc interval was observed in patients with HCQ + AZM ther-
apy compared to only HCQ treatment (Figure 3).

Predictors of QTc prolongation for whole cohort are given in
Table 3. Univariate analyses showed that chronic heart failure, base-
line QTcinterval, only HCQ treatment, and HCQ + AZM combination
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azithromycin; HCQ, hydroxychloroquine

TABLE 2 Gender disparities in mean
QTc interval before and after COVID-19
treatment

QTc interval after treatment, ms

AQTc, ms

therapy were associated with QTc prolongation. However, after
adjusting for other potential confounding factors, multivariable
analyses showed that only baseline QTc interval (HR: 1.37, 95% Cl
1.21-1.78, P = .001) and HCQ + AZM combination therapy (HR:
1.25, 95% Cl 1.17-1.49, P = .002) were independently associated
with QTc prolongation.

4 | DISCUSSION

This study investigated the effects of 5-days uninterrupted HCQ or
HCQ + AZM treatment on QTc interval and malignant ventricular
arrhythmias in hospitalized COVID-19 patients at single center. Our
results revealed that (a) significant increase in the QTc interval was
detected after HCQ and HCQ + AZM treatments. (b) QTc prolonga-
tion was more likely to occur in patients received HCQ + AZM com-
bination therapy. Also, (c) baseline QTc interval and HCQ + AZM
treatment were independently associated with QTc prolonga-

tion. However, (d) no patient experienced malignant ventricular

QTc interval before treatment, ms

Women (n = 46) Men (n = 55) P value

4239 +32.4 409.3 +25.9 .020

436.9 + 35.6 427.6 +27.1 .213
12.9 +18.9 18.2+18.1 153

arrhythmias during treatment, and (e) all of patients completed the
5-days treatment without interruption.

After some preliminary reports from small scale clinical trials HCQ
and AZM started to be widely used worldwide for the treatment of
COVID-19.3* At the cellular level, HCQ prolongs cardiac action po-
tential duration, enhances automaticity, and reduces the maximum
diastolic potential. As a consequence, HCQ causes prolongation of the
QT and QRS intervals on the surface ECG.?? There have been sev-
eral findings showing pronounced QT interval prolongation and TdP
following the AZM administration.?® Previous studies showed that
HCQ and AZM combination have been independently associated with
increase the risk in other populations for QT-interval prolongation,
drug-induced malignant ventricular arrhytmia and drug-induced sud-
den cardiac death.®82% On the other hand, it has not been demon-
strated that HCQ and AZM treatments have clear benefit in outcomes
of COVID-19.% Therefore, the use of these drugs in COVID-19 treat-
ment is still controversial. As a result of widespread use all over the
world, it is important to characterize the cardiac adverse effect profile
of these medications in COVID-19 patients.
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FIGURE 3 Comparison of the mean QTc increase (AQTc)
after treatment between HCQ + AZM and HCQ groups. AZM,
azithromycin; HCQ, hydroxychloroquine

The largest report of adverse effects and safety of HCQ and
AZM among patients with COVID-19 has recently been published
by Rosenberg et al.?® In this large scale, multicenter study revealed
that among 1438 hospitalized patients with a diagnosis of COVID-
19, treatment with HCQ, AZM or both, compared with neither treat-
ment, was not significantly associated with differences in-hospital
mortality. Additionally, there were no significant differences in the
relative likelihood of abnormal ECG findings.?

Some studies have recently reported that although HCQ + AZM
combination therapy may induce increase in the QTc interval, this
treatment is not associated with mortality because of ventricular ar-
rhythmias.?”?® Saleh et al prospectively analysed 201 hospitalized
COVID-19 patients who received HCQ monotherapy or HCQ and

AZM combination.?® They found that the maximum QTc interval

p<0.001

430
425
420
415
410
405
400
395

HCQ + AZM treatment

M Post-treatment QTc interval

FIGURE 2 The mean QTc intervals at
admission and after 5-days treatment in
two treatment groups

during treatment was significantly longer in the combination group
vs the monotherapy group. Although participants experienced QTc
interval prolongation, especially when combination therapy was
used, the risk of arrhythmic death and TdP were not increased in
this study. Therefore, authors suggested that though the beneficial
effects of HCQ and AZM in patients with COVID-19 is unproven, the
malignant arrhythmic risk appears to be low and may not warrant
monitoring in most hospitalized patients.?® Ramireddy et al studied
98 hospitalized COVID-19 patients.?’ Sixty-one of these patients
received HCQ + AZM treatment, and they concluded that a total
of 12% of patients manifested critical QTc prolongation, and the
combination caused greater prolongation than either drug alone.
Also, no patients manifested TdP in this study.?’ In French pro-
spective study,®® 73 patients with COVID-19 who were prescribed
HCQ + AZM treatment were assessed for QT prolongation and ar-
rhythmia. At the end of study no patient presented syncope, TdP or
cardiac arrest under HCQ + AZM treatment.*° Similar to the pre-
vious data, our results showed that although HCQ + AZM combi-
nation was associated with QTc prolongation, malignant ventricular
arrhythmia or related death was not observed in any patient.
Another study®! enrolled 90 participants to retrospectively eval-
uate the risk and degree of QT prolongation in patients with COVID-
19 in association with their use of HCQ or/and AZM. Patients who
received HCQ + AZM combination had a greater median change in
QT interval compared with those received HCQ alone.®! In line with
these findings, AQTc was significantly higher in HCQ + AZM group
in our cohort. In this study, of patients who received combination, 11
of 53 (21%) had prolonged QTc of 500 ms or more and 7 of 53 (13%)
had a change in QTc of 60 ms or more and 1 case had TdP.3! QTc
interval over 500 ms and the increase of QTc over 60 ms are consid-
ered important risk factors for TdP.%2 In our entire cohort, one (1.7%)
patient in combination group experienced increase of more than
60 ms and two (3.5%) patients had prolonged QTc interval of 500 ms
or more. However, no ventricular arrhythmia was observed in any of
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TABLE 3 Univariate and multivariable
analysis for associated factors with QTc
prolongation (n = 19 of 101 [18.8%])

Univariate
analysis

Age

Gender, female
Hypertension

Diabetes
mellitus

Coronary artery
disease

Chronic heart
failure

Creatinine
Potassium
Baseline QTc
HCQ alone
HCQ + AZM

- WILEY- 7

CLINICAL PRACTIC
Hazard ratio Multivariable Hazard ratio
(95% Cl) Pvalue analysis (95% Cl) Pvalue
1.02 (0.97-1.03) 582  — - -
1.32(0.87-2.32) .189 — — —
1.41(0.79-2.78) 201 — - -
1.01 (0.89-1.11) .781 — — —
1.32(0.85-1.98) 106 - - -
1.98 (1.34-4.87) .020  Chronic heart 1.02 (0.98-1.10) .073

failure

1.01(0.98-1.02) 320 — — -
1.24(0.82-1.37) .109 — — —
1.83(1.38-2.49) <.001 Baseline QTc 1.37 (1.21-1.78) .001
1.43(1.15-3.19) .010 HCQalone 1.26 (0.96-2.08) .098
1.69 (1.26-2.01) <.001 HCQ+AZM 1.25(1.17-1.49) .002

Note: Univariate and multivariable logistic regression analysis is used to obtain the hazard ratios.

Abbreviations: AZM, azithromycin; HCQ, hydroxychloroquine.

Statistically significant values are set in bold.

the patients. This may be related that, our participants were younger
and comorbid conditions such as coronary artery disease, hyperten-
sion, chronic heart failure and diabetes mellitus were relatively less
in our study population. Also, patients who needed intensive care
unit and had to use other drugs that could cause QT prolongation
were excluded from our study.

The daily ECG monitoring may be hard to perform during a pan-
demic with a highly contagious virus, as hospitals have also to pro-
tect the healthcare workers from infection as much as possible. In
our cohort, before treatment, all of patients had QTc interval shorter
than 500 ms We did not observe any malignant ventricular arrhyth-
mia or death in our COVID-19 population after 5-days HCQ + AZM
treatment. Therefore, as suggested before,?® daily ECG monitoring
for only patients with QTc interval longer than 500 ms seems to be

an easy-to-feasible and plausible approach.

4.1 | Study limitations

This study has several limitations. The retrospective design of the study
and a relatively small sample size were major limitations. As patients
needed intensive care unit were excluded from the study because of
received oseltamivir, we could not evaluate the effects of HCQ/AZM
therapy on QTc interval and arrhythmias in severe COVID-19 patients.
Another possible reason that more QTc prolongation was not seen was
because of the fact that other drugs that prolong QTc were avoided.
Higher risk groups may not have been represented, because our study
population was relatively younger. However, no comments on cardiac
safety of HCQ and AZM therapy in outpatient can be extrapolated
from this analysis, as daily inpatient care may have influenced cardiac
safety in ways not measured by this study. Other major limitation is the

absence of a control cohort of patients with a diagnosis of COVID-19

that were not treated with any of these medications. Because of sin-
gle center design, our findings may not be representative for every
COVID-19 patients.

5 | CONCLUSIONS

In this retrospective study, we observed a significant increase in the
mean QTc interval of patients with COVID-19 during treatment that
was more pronounced in patients treated with HCQ + AZM combi-
nation therapy. However, this increase did not require interruption
of treatment in any patient. Moreover, there were no patients of
malignant ventricular arrhythmias or arrhythmic death in the entire
cohort. Large scale, prospective studies are needed to determine the
exact effects of HCQ/AZM treatment regimens on arrhythmias in
patients with COVID-19.

DISCLOSURE

The authors declare that they have no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding author [B.O], or principal author [i.H.0., dribra-

himhalilozdemir@gmail.com] upon reasonable request.

ORCID
Biilent Ozlek https://orcid.org/0000-0001-5429-1323
REFERENCES

1. World Health Organization. Pneumonia of unknown cause—China.
https://www.who.int/csr/don/05-january-2020-pneumonia-of-un-
kown-cause-china/en/. Accessed January 5, 2020.


mailto:dribrahimhalilozdemir@gmail.com
mailto:dribrahimhalilozdemir@gmail.com
https://orcid.org/0000-0001-5429-1323
https://orcid.org/0000-0001-5429-1323
https://www.who.int/csr/don/05-january-2020-pneumonia-of-unkown-cause-china/en/
https://www.who.int/csr/don/05-january-2020-pneumonia-of-unkown-cause-china/en/

80f8 W @[8Y THE INTERNATIONAL JOURNAL OF

2.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

OZDEMIR ET AL.

ILEY—CLINICAL PRACTICE

WHO. Novel Coronavirus-China; 2020. https://www.who.int/
csr/don/12-january-2020-novel-coronavirus-china/en/. Accessed
February 1, 2020.

Gao J, Tian Z, Yang X. Chloroquine phosphate has shown apparent
efficacy in treatment of COVID-19 associated pneumonia in clinical
studies. Biosci Trends. 2020;14:72-73.

Gautret P, Lagier J-C, Parola P, et al. Hydroxychloroquine and azithro-
mycin as a treatment of COVID-19: results of an open-label non-ran-
domized clinical trial. Int J Antimicrob Agents. 2020;56:105949.

. Chen CY, Wang FL, Lin CC. Chronic hydroxychloroquine use asso-

ciated with QT prolongation and refractory ventricular arrhythmia.
Clin Toxicol (Phila). 2006;44:173-175.

Morgan ND, Patel SV, Dvorkina O. Suspected hydroxychloro-
quine-associated QT-interval prolongation in a patient with sys-
temic lupus erythematosus. J Clin Rheumatol. 2013;19:286-288.
Huang BH, Wu CH, Hsia CP, Yin CC. Azithromycin-induced torsade
de pointes. Pacing Clin Electrophysiol. 2007;30:1579-1582.
Kezerashvili A, Khattak H, Barsky A, Nazari R, Fisher JD.
Azithromycin as a cause of QT-interval prolongation and torsade de
pointes in the absence of other known precipitating factors. J Interv
Card Electrophysiol. 2007;18:243-246.

Chorin E, Wadhwani L, Magnani S, etal. QT interval prolongation and
torsade de pointes in patients with COVID-19 treated with hydroxy-
chloroquine/azithromycin. Heart Rhythm. 2020;17:1425-1433.
Giudicessi JR, Noseworthy PA, Friedman PA, Ackerman MJ. Urgent
guidance for navigating and circumventing the QTc-prolonging and
torsadogenic potential of possible pharmacotherapies for coronavi-
rus disease 19 (COVID-19). Mayo Clin Proc. 2020;95:1213-1221.
Wu Cl, Postema PG, Arbelo E, et al. SARS-CoV-2, COVID-19 and in-
herited arrhythmia syndromes. Heart Rhythm. 2020.11:1456-1462.
COVID-19 Antimicrobial Management Working Group. Recommen-
dations for antimicrobial management of adult hospitalized patients
with COVID-19. Alberta Health Services; 2020. https:/www.alber
tahealthservices.ca/assets/info/ppih/if-ppih-covid-19-recommenda
tions.pdf. Accessed September 18, 2020.

Lakkireddy DR, Chung MK, Gopinathannair R, et al. Guidance for
Cardiac Electrophysiology During the Coronavirus (COVID-19)
Pandemic from the Heart Rhythm Society COVID-19 Task Force;
Electrophysiology Section of the American College of Cardiology;
and the Electrocardiography and Arrhythmias Committee of the
Council on Clinical Cardiology, American Heart Association. Heart
Rhythm. 2020;17:233-e241.

Zheng YY, Ma YT, Zhang JY, Xie X. COVID-19 and the cardiovascu-
lar system. Nat Rev Cardiol. 2020;17:259-260.
https://hsgm.saglik.gov.tr/depo/birimler/goc_sagligi/covid19/
rehber/COVID-19_Rehberi20200414_eng_v4_002_14.05.2020.
pdf. Accessed April 14, 2020.

Hama R. The mechanisms of delayed onset type adverse reactions
to oseltamivir. Infect Dis (Lond). 2016;48:651-660.

Malik M. Problems of heart rate correction in assessment of
drug-induced QT interval prolongation. J Cardiovasc Electrophysiol.
2001;12:411-420.

Antoniou CK, Dilaveris P, Manolakou P, et al. QT prolongation
and malignant arrhythmia: how serious a problem? Eur Cardiol.
2017;12:112-120.

Tisdale JE. Ventricular arrhythmias. In: Tisdale JE, Miller DA, eds.
Drug-induced Diseases. Prevention, Detection and Management. 2nd
ed. Bethesda, MD: American Society of Health-System Pharmacists;
2010:485-515.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Trinkley KE, Page RL 2nd, Lien H, Yamanouye K, Tisdale JE. QT
Interval Prolongation and the Risk of Torsades De Pointes: Essentials
for Clinicians. Curr Med Res Opin. 2013;29:1719-1726.

Tisdale JE, Jaynes HA, Kingery JR, et al. Development and validation
of a risk score to predict QT interval prolongation in hospitalized pa-
tients. Circ Cardiovasc Qual Outcomes. 2013;6:479-487.
Lopez-lzquierdo A, Ponce-Balbuena D, Ferrer T, Sachse FB,
Tristani-Firouzi M, Sanchez-Chapula JA. Chloroquine blocks a
mutant Kir2.1 channel responsible for short QT syndrome and
normalizes repolarization properties in silico. Cell Physiol Biochem.
2009;24:153-160.

Ohara H, Nakamura Y, Watanabe Y, et al. Azithromycin can prolong
QT interval and suppress ventricular contraction, but will not in-
duce torsade de pointes. Cardiovasc Toxicol. 2015;15:232-240.
Chorin E, Dai M, Shulman E, et al. The QT interval in patients with
COVID-19 treated with hydroxychloroquine and azithromycin. Nat
Med. 2020;26:808-809.

Furtado RHM, Berwanger O, Fonseca HA, et al. COALITION COVID-
19 Brazil Il Investigators. Azithromycin in addition to standard of
care versus standard of care alone in the treatment of patients ad-
mitted to the hospital with severe COVID-19 in Brazil (COALITION
11): a randomised clinical trial. Lancet. 2020;396:959-967.
Rosenberg ES, Dufort EM, Udo T, et al. Association of treat-
ment with hydroxychloroquine or azithromycin with in-hospital
mortality in patients with COVID-19 in New York State. JAMA.
2020;323:2493.

O’Connell TF, Bradley CJ, Abbas AE, et al. Hydroxychloroquine/
azithromycin therapy and QT prolongation in hospitalized pa-
tients with COVID-19. JACC Clin Electrophysiol. 2020. https://doi.
org/10.1016/j.jacep.2020.07.016.

Saleh M, Gabriels J, Chang D, et al. Effect of chloroquine, hydroxy-
chloroquine, and azithromycin on the corrected QT interval in
patients with SARS-CoV-2 infection. Circ Arrhythm Electrophysiol.
2020;13:e008662.

Ramireddy A, Chugh H, Reinier K, et al. Experience with hydroxy-
chloroquine and azithromycin in the coronavirus disease 2019 pan-
demic: implications for QT interval monitoring. J Am Heart Assoc.
2020;9:e017144.

Bun S-S, Taghji P, Courjon J, et al. QT interval prolongation under
hydroxychloroquine/azithromycin association for inpatients with
SARS-CoV-2 lower respiratory tract infection. Clin Pharmacol Ther.
2020;108:1090-1097.

Mercuro NJ, Yen CF, Shim DJ, et al. Risk of QT interval prolonga-
tion associated with use of hydroxychloroquine with or without
concomitant azithromycin among hospitalized patients testing
positive for coronavirus disease 2019 (COVID-19). JAMA Cardiol.
2020:e201834.5:1036-1041.

Shah RR. The significance of QT interval in drug development. Br J
Clin Pharmacol. 2002;54:188-202.

How to cite this article: Ozdemir iH, Ozlek B, Ozen MB,
Gundiz R, Cetin N, Bilge AR. Hydroxychloroquine/
azithromycin treatment, QT interval and ventricular
arrhythmias in hospitalised patients with COVID-19. Int J Clin
Pract. 2021;75:e13896. https://doi.org/10.1111/ijcp.13896



https://www.who.int/csr/don/12-january-2020-novel-coronavirus-china/en/
https://www.who.int/csr/don/12-january-2020-novel-coronavirus-china/en/
https://www.albertahealthservices.ca/assets/info/ppih/if-ppih-covid-19-recommendations.pdf
https://www.albertahealthservices.ca/assets/info/ppih/if-ppih-covid-19-recommendations.pdf
https://www.albertahealthservices.ca/assets/info/ppih/if-ppih-covid-19-recommendations.pdf
https://hsgm.saglik.gov.tr/depo/birimler/goc_sagligi/covid19/rehber/COVID-19_Rehberi20200414_eng_v4_002_14.05.2020.pdf
https://hsgm.saglik.gov.tr/depo/birimler/goc_sagligi/covid19/rehber/COVID-19_Rehberi20200414_eng_v4_002_14.05.2020.pdf
https://hsgm.saglik.gov.tr/depo/birimler/goc_sagligi/covid19/rehber/COVID-19_Rehberi20200414_eng_v4_002_14.05.2020.pdf
https://doi.org/10.1016/j.jacep.2020.07.016
https://doi.org/10.1016/j.jacep.2020.07.016
https://doi.org/10.1111/ijcp.13896

