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ABSTRACT

Introduction: We sought to determine the
effectiveness and safety of hydroxychloro-
quine–azithromycin (HCQ-AZM) therapy in
hospitalized patients with COVID-19.
Methods: This was a retrospective cohort study
of 613 patients hospitalized (integrated health
system involving three hospitals) for RT-PCR-
confirmed COVID-19 infection between March 1,
2020 and April 25, 2020. Intervention was treat-
ment with HCQ-AZM in hospitalized patients

with severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) infection. Outcomes of
interest were in-hospital all-cause mortality, car-
diovascular mortality, pulseless electrical activity
(PEA) arrest, non-lethal arrhythmias, and length
of hospital stay. Secondary measures included in-
hospital corrected QT (QTc) interval parameters
and serum biomarkers levels.
Results: Propensity-matched groups were
composed of 173 patients given HCQ-AZM and
173 matched patients who did not receive
treatment. There was no significant difference
in in-hospital mortality (odds ratio [OR] 1.52;
95% confidence interval [CI] 0.80–2.89;
p = 0.2), PEA arrest (OR 1.68, CI 0.68–4.15;
p = 0.27), or incidence of non-lethal arrhyth-
mias (10.4% vs. 6.8%; p = 0.28). Length of
hospital stay (10.5 ± 7.4 vs. 5.8 ± 6.1;
p\0.001), peak CRP levels (252 ± 136 vs.
166 ± 124; p\ 0.0001), and degree of QTc
interval prolongation was higher for the HCQ-
AZM group (28 ± 32 vs. 9 ± 32; p\ 0.0001),
but there was no significant difference in inci-
dence of sustained ventricular arrhythmias
(2.8% vs. 1.7%; p = 0.52). HCQ-AZM was stop-
ped in 10 patients because of QT interval pro-
longation and 1 patient because of drug-related
polymorphic ventricular tachycardia.
Conclusion: In this propensity-matched study,
there was no difference in in-hospital mortality,
life-threatening arrhythmias, or incidence of
PEA arrest between the HCQ-AZM and
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untreated control groups. QTc intervals were
longer in patients receiving HCQ-AZM, but only
one patient developed drug-related ventricular
tachycardia.

Keywords: COVID-19; Hydroxychloroquine;
SARS-CoV-2; Torsades de pointes

Key Summary Points

Why carry out this study?

The COVID-19 pandemic has led to an
unprecedented global health crisis

This study sought to ascertain whether
hydroxychloroquine and azithromycin
therapy is safe and effective in
hospitalized patients with COVID-19

What was learned from this study?

In this propensity-matched cohort study,
there was no statistical difference in the
incidence of in-hospital mortality, PEA
arrest, or non-lethal arrhythmias between
patients treated with
hydroxychloroquine–azithromycin
therapy versus matched controls

Higher degree of corrected QT (QTc)
prolongation was observed in the patients
treated with
hydroxychloroquine–azithromycin, but
the incidence of drug-related torsades de
pointes was low

Although likely safe to administer with
close QTc monitoring, the findings do not
support use of
hydroxychloroquine–azithromycin
therapy for hospitalized patients with
COVID-19

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s

associated Figshare page. To view digital fea-
tures for this article go to https://doi.org/10.
6084/m9.figshare.13019144.

INTRODUCTION

Since emerging from Wuhan, China in
December 2019, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has spread
throughout the globe at a rapid pace [1].
Although the true prevalence of coronavirus
disease 2019 (COVID-19) has been difficult to
decipher, a health system crisis triggered by
high rates of disease-associated morbidity and
mortality as well as prolonged hospital stays
has become daunting to address [1–4]. At the
time of this manuscript, over 144,000 patients
in the USA and 614,000 worldwide have died
from COVID-19 [1]. Given this scenario,
investigators have actively sought to repurpose
existing antimicrobial drugs in an effort to
mitigate progression and improve clinical
outcomes in patients with COVID-19 [5].

Chloroquine (N4-(7-chloro-4-quinolinyl)-
N1,N1-diethyl-1,4-pentanediamine; CQ) has
been used for many decades for treatment of
malaria and protozoan infection. A derivative of
chloroquine, hydroxychloroquine (HCQ), is
more frequently used in clinical practice given
its more favorable patient tolerance [6]. Fol-
lowing the publication of several small studies,
HCQ has been investigated as a treatment for
SARS-CoV-2, in particular for patients with
suspected cytokine release syndrome [7–10].
The potential salutary effects of HCQ include
inhibition of angiotensin-converting enzyme 2
(ACE2) receptor-mediated entry of the SARS-
CoV2 virus through various actions such as
elevation of intravesicular pH, inhibition of
lysosomal activity, and alteration of antigen
processing [6, 8, 9]. In addition to its potential
antiviral properties, HCQ may inhibit various
innate immune pathways (Toll-like receptors 7,
8 and 9). The modulation of these pathways
could inhibit interleukin-6 (IL6), IL-1b, inter-
ferons, or tumor necrosis factor, which are
associated with cytokine release syndrome and
may be relevant in SARS-CoV2 pathology [11].
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One of the clinically important cardiac side
effects of HCQ is the potential for QT interval
prolongation. Although risk of torsades de
pointes (TdP) in patients treated for malaria and
autoimmune disorders is believed to be low
[12], tolerance for HCQ at treatment doses for
SARS-CoV-2 and the related incidence TdP in
this population are not well defined. Addition-
ally, azithromycin (AZM; another QT-prolong-
ing agent) has shown promise in reducing viral
load of SARS-CoV-2 in combination with HCQ
[10], and may be concomitantly prescribed,
thus leading to a synergistic effect upon QT
interval prolongation and further elevation of
TdP risk.

In this study we sought to evaluate the
clinical efficacy and in-hospital safety of com-
bination hydroxychloroquine and azi-
thromycin (HCQ-AZM) treatment in a cohort of
hospitalized patients with COVID-19.

METHODS

The study included consecutive patients
admitted for treatment of symptomatic COVID-
19 infection at Rush University Medical Center,
Chicago, Illinois, and two community hospitals
of the integrated health care system between
March 1, 2020 and April 25, 2020 were inclu-
ded. Patients were screened and included in the
study only if active SARS-CoV-2 infection was
confirmed by testing using a reverse transcrip-
tase polymerase chain reaction (RT-PCR) assay.

We initially screened 1228 patients who were
admitted for suspected COVID-19 infection
based upon clinical presentation. Clinical usage
criteria for treatment with HCQ-AZM for hos-
pitalized patients with COVID-19 is shown in
Fig. 1 of the supplementary material. After
exclusion of patients who tested negative for
SARS-CoV-2 or who received non-HCQ-AZM
experimental therapy for COVID-19 (N = 566),
were missing covariables (N = 28), received
treatment with HCQ without AZM for treat-
ment of COVID-19 (N = 16), or were already on
chronic HCQ therapy for treatment of other
illnesses (N = 5), the study cohort comprised
613 patients: 182 patients treated with HCQ
and 431 patients who did not receive HCQ

during their hospitalizations. After propensity-
matched scoring, the final study cohort inclu-
ded 173 patients in the HCQ-AZM treated group
and 173 patients who did not receive HCQ-AZM
therapy while hospitalized (Fig. 1). The study
was undertaken with the approval of the insti-
tutional review board of Rush University Medi-
cal Center. The study was performed in
accordance with the declaration of Helsinki
1964 and its later amendments. Informed con-
sent was not obtained from patients owing to
the nature of the study being a retrospective
chart review.

Outcomes of interest were in-hospital all-
cause mortality, cardiovascular mortality,
pulseless electrical activity (PEA) arrest, and
incidence of non-lethal cardiac arrhythmias in
173 consecutive patients with COVID-19 trea-
ted with a 5-day course of HCQ-AZM combi-
nation therapy and an equal number of control
patients selected by propensity score matching
using the greedy matching algorithm. Second-
ary outcomes of the study were in-hospital
corrected QT (QTc) interval prolongation and
peak levels of serum biomarkers. QTc intervals
were measured in milliseconds (ms) and heart
rate (HR) was measured in beats per minute
(BPM). Raw QT intervals were corrected for
heart rate and were calculated using the Bazett
formula: (QTc = QT/HRR, where QT and RR are
measured in seconds). In the matched control
group, pre-hospital ECGs up to 12 months prior
to the index hospitalization were used for
baseline comparison. In the HCQ-AZM treated
group, pre-hospital ECGs were only used for
baseline QTc interval measurement if an in-
hospital ECG prior to treatment was not
available.

Given that the investigators did not control
assignment of treatment subjects, propensity
score matching was used for selection of com-
parable groups of patients to minimize bias by
balancing the distributions of observed (and
possibly confounding) covariates (XLSTAT,
Anglesey, UK). After estimation of propensity
scores for receiving HCQ-AZM therapy for each
patient, patients who received HCQ-AZM ther-
apy were matched in a 1:1 ratio to patients who
did not receive HCQ-AZM treatment during
their index hospitalization using the greedy
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matching algorithm. Mahalanobis distance
along with a caliper size of 0.2 of the standard
deviation of propensity scores was used for
construction of matched pair samples. These
methods have been validated elsewhere [13–15].
Details of the propensity analysis are available
in Fig. 2 and Tables 1–6 of the supplementary
material.

Continuous data were presented as mean
and standard deviation while categorical vari-
ables were presented as number and percent-
ages. XLSTAT software was used to compare
categorical variables using Pearson v2 test or chi-
square test. Normally distributed variables were
compared between the two groups using
paired t test. Adjusted odds ratio and confidence
intervals for primary outcomes were estimated
from the logistical model of covariates and their
assigned propensity score [14]. All hypothesis
testing was two-tailed, and p values less than
0.05 were considered statistically significant.

RESULTS

Between March 1, 2020 and April 25, 2020,
1298 patients were admitted for suspected
active COVID-19 infection. Of these, 662
patients tested positive for SARS-CoV-2/COVID-
19 by RT-PCR assay. Baseline characteristics of
the final cohort (n = 613) are shown in Table 1.
For the overall cohort, in-hospital mortality was
12.1% (74 deaths) and mean length of hospital
stay was 7.5 ± 6.8 days. Patient symptoms on
presentation for the overall cohort and study
groups are shown in Table 7 of the supplemen-
tary material.

Among the 182 COVID-19-positive patients
that received HCQ-AZM combination therapy
of hydroxychloroquine (400 mg twice for 1 day,
followed by 200 mg twice daily, the next 4 days)
and azithromycin (500 mg day 1, followed by
250 mg per day, the next 4 days), 173 patients
were successfully matched on the basis of

Fig. 1 Derivation of study cohort. SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, HCQ hydroxychloro-
quine, AZM azithromycin
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propensity score to a control patient who did
not receive any doses of HCQ or AZM during
their index hospitalization. Patient characteris-
tics for HCQ-AZM treated and matched-control
groups are shown in Table 2. In the control
group, 120 of 173 patients (69%) had a 12-lead
ECG obtained in-hospital, which could be
compared to a baseline ECG (within 12 months
of admission) for comparative QTc interval
measurement. In the HCQ-AZM treated group,
139 of 173 patients (80%) had at least one serial
ECG available during HCQ-AZ treatment for
QTc interval measurement. For the other 34
patients (20%), QTc interval monitoring during
HCQ-AZM administration was performed by 3-
or 8-lead telemetry.

In the primary analysis, there was no differ-
ence in in-hospital all-cause mortality between
the HCQ-AZM treated group and the control
group (15.0% vs. 10.4%; odds ratio [OR] 1.52;
95% confidence interval [CI] 0.80–2.89; p = 0.2)
or for the incidence of in-hospital PEA arrest
(7.5% vs. 4.8%; OR 1.68, CI 0.68–4.15; p = 0.27).
However, mean length of hospital stay was

higher for patients treated with HCQ-AZM in
comparison to the propensity-matched control
group (10.5 ± 7.4 days vs. 5.8 ± 6.1 days;
p\0.0001) (Table 3). There were no in-hospital
arrhythmia-related or cardiovascular deaths in
either group of the study cohort.

Patients treated with HCQ-AZM combina-
tion therapy had lower QTc intervals than
control patients on their baseline 12-lead ECG
(436 ± 32 ms vs. 447 ± 33 ms; p = 0.01). Peak
QTc intervals obtained in-hospital by serial
12-lead ECG or telemetry measurement and
total change (D) in QTc intervals were signifi-
cantly higher in the HCQ-AZM group
(28 ± 32 ms vs. 9 ± 22 ms; p\ 0.0001). HCQ-
AZM therapy was stopped before completion of
the 5-day treatment course in 10 of 173 patients
(5.7%) because of prolongation of QTc interval
(QTc[ 500 ms or DQTc interval[60 ms) and
was stopped in 1 patient after the development
of TdP. Azithromycin was stopped but HCQ
treatment was continued in three patients who
developed QTc prolongation of greater than
60 ms. Importantly, there was no difference in

Table 1 Baseline characteristics of overall study cohort

Variable Hospitalized patients with COVID-19 (N = 613)

Age (years) 57 ± 13

Male gender 385 (63%)

BMI 33.9 ± 9.4

Coronary artery disease [n (%)] 77 (13%)

Hypertension [n (%)] 267 (44%)

DM type 2 [n (%)] 150 (24%)

Chronic kidney disease [n (%)] 158 (26%)

Stroke or TIA [n (%)] 19 (3%)

Atrial fibrillation [n (%)] 31 (5%)

Beta-blocker medication [n (%)] 46 (8%)

LVEF (%) 53.9 ± 13.8

Creatinine (mg/dL) 1.16 ± 1.29

ECG QTc interval (ms) 442 ± 32

COVID-19 coronavirus disease 2019, BMI body mass index, DM diabetes mellitus, TIA transient ischemic attack, LVEF left
ventricular ejection fraction, ECG electrocardiogram, QTc corrected QT

Cardiol Ther (2020) 9:523–534 527



Table 2 Baseline characteristics of study cohort after propensity score matching

Variable HCQ-AZM group (N = 173) Matched-control group (N = 173) p value

Age (years) 57 ± 13 57 ± 17 0.91

Male gender 114 (65%) 103 (59%) 0.19

BMI 35.3 ± 8.7 33.3 ± 9.9 0.14

Coronary artery disease [n (%)] 18 (10%) 22 (13%) 0.57

Hypertension [n (%)] 67 (39%) 80 (46%) 0.23

DM type 2 [n (%)] 46 (26%) 41 (24%) 0.68

Chronic kidney disease [n (%)] 49 (28%) 44 (25%) 0.67

Stroke or TIA [n (%)] 9 (5%) 7 (4%) 0.7

Atrial fibrillation [n (%)] 5 (3%) 6 (3%) 0.94

Beta-blocker medication [n (%)] 11 (6.3%) 15 (8.5%) 0.51

Baseline LVEF (%) 56.9 ± 16.3 53.2 ± 15.8 0.28

HCQ-AZM hydroxychloroquine and azithromycin, DM diabetes mellitus, TIA transient ischemic attack, LVEF left ven-
tricular ejection fraction, BMI body mass index, CAD coronary artery disease
Baseline characteristics included in the propensity score model as independent variables were age, male gender, BMI,
coronary artery disease, hypertension, DM, chronic kidney disease, baseline LVEF

Table 3 In-hospital outcomes for propensity-matched study groups

Variable HCQ-AZM group (N = 173) Matched-control group (N = 173) p value

Death 26 (15.0%) 18 (10.4%) 0.2

PEA arrest 13 (7.5%) 8 (4.8%) 0.43

Duration of hospitalization stay (days) 10.5 ± 7.4 5.8 ± 6.1 \ 0.001

Tachyarrhythmia 18 (10.4%) 12 (6.9%) 0.28

Atrial fibrillation 9 (5.2%) 6 (3.4%) 0.23

SVT 5 (2.8%) 2 (1.2%) 0.22

VT 5 (2.8%) 3 (1.7%) 0.52

VF 0 (0%) 0 (0%) 1.0

Severe bradyarrhythmia 10 (5.7%) 6 (3.4%) 0.68

Sinus bradycardia 6 (3.5%) 5 (2.9%) 0.62

Pause 5 (2.8%) 2 (1.2%) 0.28

AV block 5 (3%) 3 (1.7%) 0.51

Note Some patients with Tachyarrhythmia and Bradyarrhythmia had more than one type of arrhythmia event
HCQ-AZM hydrochloroquine and azithromycin, PEA indicates pulseless electrical activity, SVT supraventricular
arrhythmia, VT ventricular tachycardia (sustained), VF ventricular fibrillation, AV atrioventricular, HCQ
hydroxychloroquine
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the incidence of hypokalemia (reference 3.4–-
5.3 mmol/L) or hypomagnesemia (reference
1.6—2.7 mg/dL) during hospital stays between
the HCQ-AZM treated and control groups.

The incidence of in-hospital arrhythmias for
the cohort is shown in Table 4. There were no
significant differences in the incidence of in-
hospital tachyarrhythmias ([30 s) or brad-
yarrhythmias between HCQ-AZM patients and
propensity-matched controls. Atrial fibrillation
was the most commonly occurring arrhythmia
in the hospital in both groups. There was no
significant difference in the incidence of sus-
tained or hemodynamically unstable VT
between groups, although one patient in the
HCQ group had premature ventricular contrac-
tion (PVC)-triggered polymorphic VT in the
setting of drug-induced QTc interval prolonga-
tion. None of the patients required implanta-
tion of temporary or permanent pacemakers for
treatment of sinus bradycardia, pauses, or AV
block.

Peak levels of serially drawn inflammatory
biomarkers were significantly elevated in both
patients groups, consistent with critical illness

from SARS-CoV-2 in the cohort (Table 4). Acute
kidney injury (AKI) was a frequent complication
of SARS-CoV-2 potentially from high incidence
of circulatory shock in the cohort. Peak crea-
tinine levels obtained in hospital were signifi-
cantly higher than baseline creatinine levels for
both groups. Peak hospital troponin I levels
[reference range 0.01–0.09 ng/mL) were also
elevated overall in both groups. However 77%
of patients in the cohort did not have troponin
levels exceeding normal range (reference 0.00 to
0.09 ng/dL) despite the high prevalence of crit-
ical illness in the study population and inci-
dence of severe AKI.

In addition, we performed a subgroup anal-
ysis of HCQ-AZM patients by stratifying by sig-
nificant absolute increase in QTc interval during
HCQ-AZM treatment ([ vs. B 60 ms). There
were no significant differences in comorbidities,
baseline QTc interval, or renal function between
HCQ-AZM subgroups stratified by DQTc inter-
val, although baseline LVEF was higher in
patients who had[60 ms DQTc interval. There
was no difference in cardiovascular mortality
between patients with DQTc interval[60

Table 4 Comparison of clinical parameters between propensity-matched groups

Variable HCQ-AZM group
(N = 173)

Matched-control group
(N = 173)

p value

Baseline ECG QTc interval (ms) 436 ± 32 447 ± 31 0.01

Maximal hospital ECG QTc interval

(ms)

463 ± 41 458 ± 33 0.28

DQTc interval (ms) 28 ± 32 9 ± 22 \ 0.0001

Hypokalemia (mmol/L) 26 (15%) 25 (14.5%) 0.96

Hypomagnesimia (mmol/L) 6 (3.5%) 7 (4%) 0.52

Baseline creatinine (mg/dL) 1.01 ± 0.86 1.18 ± 1.46 0.39

Peak in-hospital creatinine (mg/dL) 3.09 ± 2.62 2.18 ± 2.34 0.01

Peak serum troponin (ng/ml) 0.46 ± 1.32 0.20 ± 0.59 0.06

Lactate dehydrogenase (U/L) 851 ± 939 796 ± 1280 0.76

Lactic acid (mmol/L) 3.0 ± 3.3 3.1 ± 3.8 0.78

C-reactive protein (lg/ml) 252 ± 136 166 ± 124 \ 0.0001

Ferritin (ng/ml) 3485 ± 5035 2868 ± 6633 0.5

HCQ-AZM hydroxychloroquine and azithromycin, ECG electrocardiogram, QTc corrected QT interval, D change
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vs. B 60 ms. However, patients with significant
increase in DQTc interval ([60 ms) were sig-
nificantly more likely to have hypokalemia after
starting HCQ-AZM administration (43% vs.
13%; p\ 0.001) than the group with DQTc
interval\60 ms (Table 5).

DISCUSSION

The major findings of this study were (1) there
was no significant difference in in-hospital
mortality, incidence of PEA arrest, or non-lethal
arrhythmias between HCQ-AZM treated and
propensity-matched control groups; (2) mean
length of hospital stay and peak C-reactive
protein levels were higher for the HCQ-AZM
treated group; (3) despite a higher degree of QTc

prolongation in the HCQ-AZM group than the
control group (6.2% vs. 2.5% increase), drug-
related TdP remained rare (0.6%); and (4)
patients with greater changes in QTc interval
([60 ms) were more likely to have electrolyte
abnormalities after starting HCQ-AZM therapy.

Despite limited evidence of its effectiveness,
HCQ (with or without AZM) remains under
investigation for empiric treatment and pro-
phylaxis for treatment of COVID-19 [16, 17]. A
potentially clinically important side effect of
HCQ administration is the risk for QT interval
prolongation and development of lethal ven-
tricular arrhythmias such as TdP. Further, QT
interval prolongation can be exacerbated by
electrolyte derangements (in particular, deple-
tion of serum potassium or magnesium levels)
and co-prescribed medications such as

Table 5 Subgroup analysis of patients with DQTc\ 60 ms vs. DQTc[ 60 ms

Variable DQTc < 60 ms (N = 151) DQTc > 60 ms (N = 24) p value

Age (years) 57 ± 13 60 ± 14 0.28

Male gender 100 (66%) 14 (58%) 0.26

BMI 35 ± 8.7 35.4 ± 9.0 0.86

Coronary artery disease [n (%)] 15 (10%) 4 (17%) 0.35

Hypertension [n (%)] 50 (33%) 11 (46%) 0.19

DM type 2 [n (%)] 40 (27%) 7 (29%) 0.72

Chronic kidney disease [n (%)] 49 (28%) 8 (33%) 0.67

Stroke or TIA [n (%)] 8 (5%) 1 (4%) 0.82

Beta-blocker medication [n (%)] 9 (6%) 2 (8%) 0.68

Baseline LVEF (%) 56.2 ± 13.8 65.8 ± 6.7 0.03

Baseline ECG QTc interval (ms) 436 ± 32 428 ± 54 0.12

Maximal ECG QTc interval (ms) 455 ± 32 513 ± 58 \ 0.0001

DQTc interval (ms) 17.5 ± 21.6 85.3 ± 22.1 \ 0.0001

Hypokalemia (mmol/L) 20 (13%) 10 (43%) 0.0006

Hypomagnesemia (mmol/L) 6 (4%) 1 (4%) 0.96

Baseline Creatinine (mg/dL) 1.01 ± 0.54 1.02 ± 0.26 0.92

Peak Creatinine (mg/dL) 3.09 ± 2.77 2.89 ± 1.98 0.76

D indicates change, BMI,body mass index, DM diabetes mellitus, TIA transient ischemic attack, LVEF left ventricular
ejection fraction, ECG electrocardiogram, QTc corrected QT
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azithromycin which have also been used in the
treatment of SARS-CoV-2.

Progression from the early symptomatic
phase to acute respiratory distress syndrome
and resultant hypoxic respiratory failure may be
secondary to uncontrolled release of cytokines.
Given HCQ’s clinical use as an anti-inflamma-
tory medication for patients with autoimmune
disease [12], HCQ may inhibit cytokine storm
by suppressing T cell activation and reduce
severity of mortality and morbidity of patients
with COVID-19 [6–10]. However, the evidence
for the clinical efficacy of HCQ for treatment of
SARS-CoV-2 remains limited and there is also
debate regarding the optimal therapeutic
dosage and duration for treatment. Gautret
et al. reported that a combination of HCQ and
AZM may be more effective in reducing viral
load than HCQ alone [10]. In a recently pub-
lished study, hospitalized patients with COVID-
19 who were treated using a high-dose CQ
protocol (600 mg twice daily for 10 days) were
more likely to experience QT prolongation and
had higher in-hospital mortality than patients
treated with low-dose CQ protocol (450 mg
twice daily for one day and once daily for 9
more days) (mortality at 13 days 39% vs. 14%).
The randomized trial, which was intended to
include 440 patients, was stopped prematurely
after enrolling only 81 patients because of the
high rate of major adverse events [18].

In the current study, we compared in-hos-
pital outcomes between 173 patients treated
with a combination of HCQ-AZM for 5 days and
173 propensity-matched controls who did not
receive HCQ-AZM during their index hospital-
ization for COVID-19. We observed no differ-
ence in mortality or in-hospital PEA arrest
between HCQ-AZM treated and matched con-
trol patients (15.0% vs. 10.4% deaths; p = 0.2).
Despite similar age, sex, comorbidities, LVEF,
and BMI between groups, we found that length
of hospital stay was significantly higher for
patients treated with HCQ-AZM therapy
(10.5 ± 7.4 days vs. 5.8 ± 6.1 days; p\ 0.001)
than matched control patients. Altogether, the
lack of demonstrated clinical effectiveness,
requirement for QT monitoring, and longer
hospital stay associated with HCQ-AZM may be
important considerations for its potential use in

patients with COVID-19, especially given
strained healthcare resources and limited bed
availability needed for critically ill patients in
the pandemic.

Although it has been postulated that HCQ
may play a beneficial role for treatment of SARS-
CoV-2 by inhibiting cytokine release and con-
trolling inflammation, we did not observe any
significant reduction in commonly tested, seri-
ally drawn inflammatory biomarkers in the
HCQ-AZM treatment group versus the matched
control group. In fact, peak hospital C-reactive
protein levels remained significantly higher in
the HCQ-AZM arm of the study despite treat-
ment. CQ is believed to inhibit T cell prolifera-
tion by reducing IL-2 production and IL-2
responsiveness [19]. However TH2 cell response
may play a role in suppressing inflammation in
SARS-CoV-2 infection, and therefore it remains
possible that administration of CQ/HCQ could
negatively impact the immune response to viral
infection [3, 20]. Although patients groups were
propensity score matched for baseline covari-
ates in this study, treatment of more severely ill
patients in the HCQ-AZM group cannot be
completely excluded.

From a cardiovascular standpoint, an inter-
esting finding of the study was the relatively
low incidence of elevated serum troponin in the
study cohort (77% of patients troponin I level
within our hospital’s reference range), despite
the high prevalence of critically ill patients and
incidence of both acute kidney injury (AKI) and
circulatory shock. The incidence of atrial and
ventricular tachyarrhythmias was similar
between study groups with the most common
atrial arrhythmia being atrial fibrillation
(Table 2). The incidence of sustained or hemo-
dynamically unstable ventricular arrhythmias
was low and statistically similar between
groups. One patient in the HCG-AZM treated
group developed PVC-induced TdP in the set-
ting of drug-induced QT prolongation. After
discontinuation of HCQ, the patient’s QTc
interval returned to baseline and the patient did
not have further ventricular arrhythmias. The
incidence of bradyarrhythmias was 4.2%,
although none of the patients in the study
required temporary or permanent pacemaker
implantation.
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Since the start of the COVID-19 pandemic,
the widespread usage of CQ and HCQ in the
acute hospital setting has been unprecedented.
While QT interval prolongation is a known side
effect of HCQ administration and has been
demonstrated in patients treated with HCQ-
AZM combination therapy [12, 18, 21], the
degree of QT interval prolongation is variable
among patients and may also be modulated by
electrolyte abnormalities, myocarditis, and
medications exerting QT-prolonging effects on
ventricular repolarization. Although HCQ is
structurally similar to quinidine and the inci-
dence of TdP has been well established for other
potassium channel IKr (hERG/KV11.1) blocking
medications [22–24], the risk of TdPs in patients
taking HCQ at treatment dosages for COVID-19
remains unknown.

The results of the current study confirm that
a significant increase in QTc intervals occurs
following administration of a moderate HCQ-
AZM dosing protocol (HCQ: 400 mg twice day
1, then 200 mg twice daily for 4 days; AZM:
500 mg day 1, then 250 mg per for next 4 days)
versus matched controls [18]. In total, HCQ-
AZM was stopped prior to completion of the
dosing regimen in a minority of patients (6%)
because of significant QTc prolongation (QTc
interval above 500 ms or total increase in QTc
interval[60 ms) and in one patient because of
drug-related polymorphic ventricular arrhyth-
mia. In a subgroup analysis of patients treated
with HCQ-AZM, we found that patients with
significant increment in QT interval
(D[ 60 ms) were more likely to have hypoka-
lemia (\3.3 mmol/mL) in hospital. Hypokale-
mia has been known to potentiate QT
prolongation and dispersion of ventricular
repolarization, both increasing vulnerability for
TdP. Thus, monitoring and correction of elec-
trolyte abnormalities is paramount in patients
receiving HCQ or HCQ-AZM combination
therapy for treatment of COVID-19 in the
hospital.

Limitations

As the study population included only patients
hospitalized for COVID-19, the results of the

study may not be generalizable to ‘‘healthier’’
symptomatic patients with COVID-19 treated
with HCQ-AZM or patients treated with HCQ
alone. Although the difference in mortality
between groups was not statistically significant,
point estimates for all-cause mortality in
patients receiving HCQ-AZM were greater than
one and our study may have been underpow-
ered. In addition, laboratory and ECG moni-
toring was not uniformly standardized given
the retrospective nature of the study. Although
propensity score matching was employed to
mitigate differences in confounders between
comparator groups, we cannot rule out the
possibility of residual confounding with the
utilized covariates. Finally the current study
utilized an HCQ-AZM treatment course of only
5 days and therefore whether clinical outcomes
would differ using a longer course of HCQ-AZM
cannot be determined from the current study.

CONCLUSIONS

In this study of hospitalized patients with
COVID-19 who received HCQ-AZM treatment
compared to propensity-matched controls,
there was no improvement in overall survival or
indices of inflammation. There was no signifi-
cant difference in the incidence of atrial or
ventricular arrhythmias in either group.
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