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The impact of hydroxychloroquine and
azithromycin on the corrected gt interval in
patients with the novel Coronavirus disease 2019
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SUMMARY

OBJECTIVE: With the coronavirus disease 2019 (COVID-19) continuing to spread all over the world, although there is no specific
treatment until now, hydroxychlorogquine and azithromycin have been reported to be effective in recent studies. Although long-term
use of hydroxychloroquine and azithromycin has been reported to cause QT prolongation and malign arrhythmia, there is not enough
data about the effect of short-term use on arrhythmia. Therefore, this study aims to assess the effect of hydroxychloroquine alone and
hydroxychloroquine + azithromycin on corrected QT (QTc).

METHODS: A baseline electrocardiogram and on-treatment baseline electrocardiogram were retrospectively collected in COVID-19
patients who received hydroxychloroquine and/or azithromycin. The QTc interval was calculated, and the baseline and peak QTc intervals
were compared. In addition, the peak QTc intervals of monotherapy and combination therapy were compared.

RESULTS: Of the 155 patients included, 102 (65.8%) patients were using hydroxychloroquine, and 53 (34.2%) patients were using
hydroxychloroguine + azithromycin combination. The use of both hydroxychloroquine alone and hydroxychloroquine + azithromycin
combined therapy significantly prolonged the QTc, and the QTc interval was significantly longer in patients receiving combination therapy.
QTc prolongation caused early termination in both groups, 5 (4.9%) patients in the monotherapy group and 6 (11.3%) patients in the
combination therapy group.

CONCLUSION: In this study, patients who received hydroxychloroquine for the treatment of COVID-19 were at high risk of QTc prolongation,

and concurrent treatment with azithromycin was associated with greater changes in QTc.
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INTRODUCTION
The new coronavirus disease 2019 (COVID-19) caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pathogen soon spread all over the world'. While the first case in
Turkey was detected on March 11, 2020, the disease was declared
as a pandemic by the World Health Organization (WHO) on
March 12, 20207 and it continued to spread increasingly; there

is no proven treatment for it so far.

In some published studies, it has been reported that the
combined use of hydroxychloroquine (HCQ) and azithromycin
(AZT) reduces the viral load and may have an effect on mor-
tality and morbidity**. HCQ, a chloroquine analog thought to
be safer than chloroquine (CQ), an antimalarial and immuno-
modulatory agent, has been shown to have an antiviral effect on
SARS-CoV-2%¢. AZT, a macrolide group antibiotic, has in vitro
antiviral effects, such as viral replication, entry into the host cell,
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and potential immunomodulation’. An in vitro study has shown
that the combined use of HCQ + AZT had synergistic effects
on SARS-CoV-28, and this combination therapy is widely used
by clinicians in Turkey and in the world. Although, in some
studies, both agents have been shown to prolong the QT inter-
val, drug-induced torsades de pointes (TdP), and drug-induced
sudden cardiac deaths, independently from each other, there is
insufficient data on the effect of monotherapy or combination
therapy on QT duration and malign arrhythmia development
in COVID-19 patients™'. In this study, we aimed to investigate
the effect of HCQ and AZT use alone or in combination on QT
duration and arrhythmia in COVID-19 patients.

METHODS

This study was conducted retrospectively in Eskisehir City Hospital
between 15 March and 15 August 2020. For inclusion in the
study, 350 patients over the age of 18 years, who were proven
positive by the polymerase chain reaction method or who were
hospitalized (to ward and/or intensive care unit) with a high
probability of COVID-19 as a result of thorax computerized
tomography (CT), were screened. Of these patients, 155 patients
met the inclusion criteria and were chosen for this study. These
patients had baseline electrocardiogram (ECG) before starting
HCQ or HCQ+AZT treatment and had ECG on a daily basis
during the treatment. Patients who did not have a baseline ECG,
ECG on a daily basis, difficulty obtaining an ECG, and ECGs
that could not be evaluated clearly were not chosen for the study.

The treatment regimen of the patients hospitalized with the
diagnosis of COVID-19 in our center was a 2x 400 mg oral
loading dose for HCQ followed by 2x 200 mg for five days and
a 500 mg loading dose for AZT followed by 250 mg per day
for 5 days. The treatment continued for 10 days, for those who
had symptoms, a persisted fever for five days, and whose poly-
merase chain reaction test was not negative. In all patients, the
baseline ECG was obtained before starting the treatment, and
daily ECGs were obtained during the treatment. All ECGs of
the patients were evaluated, and the QRS, PR, and QTc inter-
vals of the ECG obtained before the treatment were taken as
basis for the baseline values. Although, for the peak values, the
QTc interval was prolonged in daily ECG during treatment,
time and day, when it is the longest, were taken into account.
The last day of treatment was taken into account for patients
whose QTC interval did not prolong. HCQ and/or AZT were
not initiated as hospital treatment procedures for the patients
with a QRS interval >500 ms on baseline ECG.

All ECGs were evaluated retrospectively by two independent
cardiologists; when there was a conflict between them, ECGs were
evaluated by a third cardiologist. The QT interval was measured
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from the onset of the first deflection of QRS complex to the end
of T wave. The end of the T wave was determined by the tan-
gent method. QT ¢ durations were calculated manually using the
Bazett’s formula. D2 lead was used to measure the QT interval.
In cases where the T wave in D2 lead could not be clearly iden-
tified, V6 lead was used as an alternative. If there was a bundle
branch block in the basal, the JT interval was measured and 120
ms was added to obtain the QT interval duration. Severe QTc
prolongation was defined as an increase in QT c intervals of more
than 60 ms (AQTc>60) compared with baseline or as a QTc
of 500 ms or greater'!. The treatment was discontinued for the
patients with severe QTc prolongation during treatment. The
demographic features, medical histories, medications, laboratory
results, and ECG details of the patients were obtained from the
hospital data recording system. This study has been approved
by the Eskisehir Osmangazi University Ethics Committee and
the Ministry of Health of the Republic of Turkey. Due to the
retrospective nature of this study, the medical ethical commit-

tee waived the requirement for individual informed consent.

Statistical analysis
Data were analyzed using IBM SPSS Statistics version 23.0
(Armonk, New York, NY, USA). Continuous data are given as
medians (Q1-Q3). Categorical data are given as percentage (%).
Shapiro-Wilk’s test was used to investigate the suitability of the
data for normal distribution. In order to compare the groups that
do not conform with the normal distribution, Mann-Whitney
U test was used for the situations with two groups. In the anal-
ysis of the created cross-tables, Pearson’s exact chi-square analysis
was used. The Wilcoxon test was used to compare ECG changes
during treatment with the patients’ baseline ECGs. For statistical

significance, p<0.05 value was accepted as a criterion.

RESULTS
The mean (SD) age of 155 patients (58.7 male, 41.3% female)
included in the study with the diagnosis of COVID-19 was
52.4420.3. The most common comorbid diseases were hyper-
tension and diabetes mellitus in 63 (40.6%) and 37 (23.9%)
patients, respectively. One hundred forty-four (92.9%) patients
included in this study were hospitalized in the ward, while 11
(7.1%) patients were admitted to the intensive care unit. Of the
144 patients who were admitted to the ward, 15 (10.4%) patients
were transferred to the intensive care unit after their medical con-
dition worsened during their follow-up. Vasopressor treatment
was given, and mechanical ventilation was applied to 16 (10.3%)
patients. Nineteen (12.3%) patients died. One hundred and two
(65.8%) patients were using HCQ), of which 53 (34.2%) patients
were using a combination of HCQ+AZT. None of the patients
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were using AZT alone. All patients were in sinus thythm with
baseline heart rate (SD) of 83£17.8 beats/min. The median (IQR)
baseline QRS, PR, and QT¢ durations of all patients were 91
(80-103), 145.5 (128.7-16.0), and 407 (385—426) ms, respec-
tively. The demographic information, laboratory results, medi-
cal history, and medications of the patients are given in Table 1.

The QRS, PR, and QTc¢ durations on-treatment were sig-
nificantly longer in both the groups receiving HCQ alone and
a combination of HCQ + AZT compared with the baseline
(p<0.001) (Table 2).

Comparing HCQ monotherapy and HCQ+AZT com-
bination therapy, there was no significant difference between

Table 1. Baseline characteristics of the patients.

NV Median (min-max)
Characteristic (n=155) o e (07
)

median (IQR) baseline QRS (92.5 [80.75-105.50] ms versus
90.0 [80.0-102.5] ms; p=5), baseline PR (147.0 [135.0-160.0]
ms versus 144.0 [120.0-160.0] ms; p=0.53), and baseline QT¢c
(408.0 [389.2-427.5] ms versus 404.0 [384.0—420.0] ms; p=1).

The median (IQR) maximum QTc duration on-treatment
was significantly longer in patients who received combination
therapy compared to those who received monotherapy (456.0
[422.0-467.5] ms versus 428.0 [412.75-449.25] ms; p<0.001).
At the same time, the median (IQR) change in QTc duration
was 46.0 (40.5-54.5) ms in the group receiving HCQ+AZT
and 18.0 (11.0-30.0) ms in the group receiving HCQ alone
(p=0.001) (Table 3). Of the 11 patients with significant

Table 1. Continuation.

Characteristic (n=155) Mgfl:gn(,ré?_(;l?)()

Age (years 52.46+20.307 LMWH 106 (68.4)
Female sex 64 (41.3) Favipiravir 29 (18.7)
Male sex 91 (58.7) Oseltamivir 5(3.2)
Hypertension 63 (40.6) Laboratory results on admission, median (IQR)
Hyperlipidemia 12(7.7) WBC (10/73/uL) 6.90 (5.01-9.68)
Diabetes mellitus 37(23.9) Hemoglobin (g/dL) 13.4 (12.10-15.30)
Obesity 15 (59.7) 199.0
Platelet (10/3/ul) X
Smoking 45 (29) - (166.0-254.0)
Coronary artery disease 25(16.1) Lymphocyte (107%/ul) 1.59 (1.15-2.23)
Chronic obstructive pulmonary 32 20.6) Neutrophil (107/uL) 3.75(2.76-6.37)
disease/asthma ' Serum potassium (mmol/L) 4.30 (4.00-4.30)
Chronic kidney disease 2 stage |ll 12(7.7) . dium ( " 1380
erum sodium (mmo
Heart failure 10 (6.5) (136.0-140.0)
Prior Atrial fibrillation/flutter 9(5.8) Calcium (mg/dL) 8.90 (8.40-9.40)
Prior permanent pacemaker/ Creatinine (mg/dL) 0.86 (0.76-1.13)
autpmated internal cardioverter 2(1.2) Ferritin 100.0 (56.0-233.0)
defibrillator :
: D-dimer (ug/mL) 0.60 (0.29-1.71)
Malignancy 10 (6.5)
— CRP (mg/L) 13.60 (2.30-61.90)
MESIEET 150 T in | (pg/mL 2.80 (0.960-15.10
roponin m ) .960-15.
Hydroxychloroquine 101 (65.2) ponin | (pg/mb) ( 1950 )
Azithromycin 0 LDH (U/L) (160.0-247.0)
Hydroxychlproqume/ 54 (34.8) Development of new arrhythmias, n(%)
azithromycin
ACEI/ARB 34(21.9) New AF 3019
Beta blocker/nondihydropyridine 21(13.6) VT _ L)
calcium channel blocker ' Torsade de pointes 1(0.6)
Digoxin 4(2.6) VF 1(0.6)
Antiplatelets 13 (8.4) ACEl: angiotensin converting enzyme inhibitor; AF: atrial fibrillation;
- ARB: angiotensin receptor blocker; CRP: C-reactive protein; LDH: lactate
Oral anticoagulants 8(5.2) dehydrogenase; LMWH: low molecular weight heparin; WBC: white blood
Continue... count; VT: ventricular tachycardia; VF: ventricular fibrillation.
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Table 2. Electrocardiographic changes of the study cohort.

Durations, median (IQR) (ms)

QRS duration with HCQ 92.5 (80.75-105.5) 97.5 (88.0-109.2) <0.001
QRS duration with HCQ+AZT 90.0 (80.0-102.5) 95.0 (85.5-109.0) <0.001
PR duration with HCQ 147 (135.0-160.0) 159.0 (141.0-168.5) <0.001
PR duration with HCQ+AZT 144.0 (120.0-160.0) 156.0 (139.5-171.0) <0.001
QTc duration with HCQ 408.0 (389.2-427.5) 428.0 (412.7-449.2) <0.001
QTc duration with HCQ+AZT 404.0 (384.0-420.0) 456.0 (422.0-467.5) <0.001

AZT: azithromycin; QTc: corrected QT; HCQ: hydroxychloroquine.

Table 3. Comparison of baseline characteristics and ECG findings of patients who received hydroxychloroquine and
hydroxychloroguine+azithromycin.

o Total Hydroxychloroquine | Hydroxychloroquine/ |

Length of stay at ward, meanSD 9.54+4.28 9.64+4.31 9.31£4.25 0.88
ti?t?tr:‘]gnﬁéat intensive care 7.9243.76 7.1843.18 8.4614.15 0.29
Eigfﬁfgg"c melings G 118 (76.1) 76 (74.5) 42 (49.2) 0.32
Mechanically ventilation 16 (10.3) 7 (6.9) 9(17.0) 0.049
In hospital death 19(12.3) 10 (9.8) 9(17.0) 0.15
Vasopressor support 16 (10.3) 7 (6.9) 9(17.0) 0.049
Comorbidities, n (%)
Hypertension 63 (40.6) 38(37.3) 25 (47.2) 0.15
Diabetes mellitus 37 (23.9) 26 (25.5) 11 (20.8) 0.32
Heart failure 10 (6.5) 5(4.9) 5(9.4) 0.22
Chronic kidney disease>stage |l 12 (7.7) 8(7.8) 4 (7.5) 0.60
Coronary artery disease 25 (16.1) 16 (15.7) 9(17.0) 0.5
gi:g;;‘(':/a‘;?ﬁ::;c“ve SRR 32 (20.6) 21 (20.6) 1120.8) 0.56
Malignancy 10 (6.5) 6 (5.9) 4 (7.5) 0.46
Smoking 45 (29) 30 (29.4) 15 (28.3) 0.52
ECG findings median (IQR) (ms)
Baseline QRS duration 91.0 (80.0-103.0) 92.5 (80.75-105.50) 90.0 (80.0-102.5) 0.5
Post-treatment QRS peak 97.0 (86.0-109.0) 97.5 (88.0-109.25) 95.0 (85.5-109) 0.68
AQRS 4.0(0.0-9.0) 2.0 (0.0-8.25) 5.0 (1.0-9.5) 0.14
Baseline QTc duration 407.0 (385.0-426.0) | 408.0 (389.25-427.50) 404.0 (384.0-420.0) 0.1
Post-treatment QTc peak 437.0 (414.0-460.0) | 428.0 (412.75-449.25) 456.0 (422.0-467.5) <0.001
AQTc 27.0 (13.0-45.0) 18.0(11.0-30.0) 46.0 (40.5-54.5) <0.001
Baseline PR duration 145.50 (128.7-160.0) | 147.0(135.0-160.0) 144.0 (120.0-160.0) 0.53
Post-treatment PR peak 159.0 (140.0-170.0) | 159.0 (141.0-168.50) 156.0 (139.5-171.0) 0.97
APR 7.0 (1.0-13.0) 5.0 (0.0-12.25) 10.0 (5.0-15.0) 0.022
QTc peak day 5.0 (4.0-5.0) 5.0 (4.0-6.0) 4.0 (3.0-5.0) 0.022
Drug with.drawal due to QRS 11(7.1) 5 (4.9) 6(11.3) 012
prolongation

APR, PR changes during treatment; AQRS, QRS changes during treatment; AQTc, QTc changes during treatment. The p-values indicated show that they
are statistically significant. SD: standart derivation; ECG: electrocardiography; IQR: interquartile range; QTc: corrected QT.
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prolongation in the QT¢ duration, 5 (4.9%) patients were in
the monotherapy group, and 6 (11.3%) patients were in the
group receiving combination therapy (p=0.12). The median
(IQR) maximum QTc duration was significantly longer in
patients who had stopped taking the drug in the combina-
tion group compared with the group receiving monotherapy
treatment (478 [467.7-499.5] and 413.0 [410.0—444.5] ms;
p<0.001). Moreover, it was observed that patients who received
combination therapy reached the median (IQR) maximum
QTc eatlier than those who received monotherapy (4.0 [3.0—
5] days versus 5.0 [4.0-6.0] days; p=0.02). Besides QT¢ pro-
longation, 3 (1.9%) patients developed new atrial fibrillation,
and 1 (0.6%) patient developed severe arrhythmias, such as
ventricular tachycardia (VT), ventricular fibrillation (VF),
and TdP, during cardiopulmonary resuscitation and died.
The maximum QTc duration of this patient was 444 ms.
None of the patients had VT, VE or TdP due to drug-in-
duced QTc prolongation.

DISCUSSION

The most important findings of this study are as follows:
1. The use of both HCQ alone and HCQ+AZT combined
therapy significantly prolonged the QTec.

2. HCQ alone prolonged the QT¢ interval by median
(IQR) 18.0 (11.0-30.0) ms, while the combined use
of HCQ + AZT prolonged it by median (IQR) 46.0
(40.5-54.5) ms.

3. VT, VE or TdP due to QTc prolongation was not

observed in both the groups. One patient developed a
malign cardiac arrhythmia, whose maximum median

(IQR) QTc duration was 444 ms.

Many treatments were tried for SARS-CoV-2 disease in
Wauhan, China, in December 2019, and the disease was declared
as a pandemic by the WHO on March 12, 2020. Among these
therapies, chloroquine (CQ)/HCQ and/or HCQ+AZT have
been shown to be effective by inhibiting virus cell fusion in some
studies, so these drugs have become widely used'>">. However,
until now, there are a limited number of studies showing a pos-
itive effect of these two drugs on SARS-CoV-2. In a study of 30
patients, it was reported that CQ did not reduce the viral load
or shorten the time taken for fever to decrease and did not stop
the progression of the disease'“. In another study, HCQ and/or
HCQ+AZT were shown to be effective on morbidity and mor-
tality™. The most feared side effects of these treatments are TdP
and sudden cardiac death due to QT¢ prolongation. QT pro-
longation and development of TdP due to high-dose or chronic
HCQ use are limited to a few case reports, and although QTc
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prolongation is a predictive for TdD, it is not specific. The rela-
tionship between QT prolongation and TdP is not linear because
drugs that prolong QT have not been consistently associated with
cardiac arrhythmias. Among all QT-prolonging drugs, the TdP
incidence of antiarrhythmic drugs was reported as 1-5%, while
the TdP incidence of noncardiovascular drugs was reported as
0.001%"¢. Studies have reported that AZT, a macrolide group
drug, prolongs the QT interval®. Although AZT was shown
to cause sudden cardiac death in a study conducted in 2012,
there is insufficient evidence regarding QTc prolongation and
cardiac death due to TdP". In a recent study, Bakhshaliyev
et al. reported no arrhythmia and cardiac death in patients with
COVID-19 who were treated with HCQ+AZT"®, In addition,
in many small-scale studies in which HCQ and/or AZT treat-
ment was used in monotherapy or in combination increasingly
upon the onset of the COVID-19 epidemic, it was shown that
these two drugs did not cause TdP or sudden cardiac death due
to QTc prolongation'®-%2,

In our study, the QTc interval of the patients who received
HCQ or HCQ+AZT was significantly longer compared with
the baseline (p<0.001). When monotherapy and combination
therapy were compared, QTc durations of the group receiv-
ing combination therapy were significantly prolonged com-
pared with the group receiving monotherapy. In both groups,
treatment of 11 (7.1%) patients was interrupted due to QTc
prolongation, but no malign arrhythmia or TdP was observed
even in this group. There was a patient who developed VT
and VE in which case such rhythms developed during car-
diopulmonary resuscitation. At the same time, the time to
reach the maximum QTc duration was shorter in the group
receiving combination therapy in this study, compared with
the monotherapy group.

The limitations of this study are the absence of a control
cohort of patients with COVID-19 infections who were not
treated with any of these medications. Although this would
have provided a stronger analysis, nearly every hospitalized
patient with COVID-19 received one or more of these medi-
cations during the course of their admission during this study
period. The number of patients with underlying cardiac dis-
ease in the study is small, potentially limiting generalizability
to that population.

CONCLUSION

In this study, it was shown that QTc interval was prolonged
significantly after both monotherapy and combined therapy.
QTc¢ prolongation was significantly greater in the combination
group. Despite this increase, very few patients had the med-
ications discontinued prematurely due to QT prolongation.

Rev Assoc Med Bras 2021;67(7):979-984
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The important point was that this study showed that QT¢ pro-

longation was not associated with malignant arrhythmia such

as TdP and arrhythmic death in both groups.

10.
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