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Abstract

azithromycin in the setting of COVID-19 infection.

Web of Science, and Embase databases.

combination.

Context: The safety and efficacy of several repurposed drugs, including hydroxychloroquine and chloroquine, with or without
azithromycin, were presumed to be miraculous in treating patients with COVID-19. However, as it later transpired, these therapeutic
agents seem to be associated with critical adverse cardiac events.

Objectives: Given the skepticism around the advantages and disadvantages of the aforementioned treatment strategies, the
present study aimed to investigate the clinical efficacy and cardiac toxicity of hydroxychloroquine or chloroquine with or without

Method: This was an umbrella review conducted on patients with COVID-19 who received hydroxychloroquine or chloroquine with
or without azithromycin from January 2020 to November 2020. We systematically searched PubMed, Scopus, Cochrane, ProQuest,

Results: Three studies (systematic review and meta-analysis) were analyzed to evaluate the arrhythmogenic potential of hydrox-
ychloroquine or chloroquine with or without azithromycin in patients with COVID-19 and identify the clinical efficacy of such a

Conclusions: We found no benefit for patients with COVID-19 who received hydroxychloroquine or chloroquine alone or in com-
bination with azithromycin. Moreover, it is noteworthy that these medications, particularly when considering co-administration,
could result in both statistically and clinically elevated risks of notorious arrhythmias, such as TdP.

Keywords: COVID-19, Cardiac Events, Hydroxychloroquine, Chloroquine, Azithromycin

1. Context

Ever since the world has been on the brink of an up-
hill battle against the severe acute respiratory syndrome
Coronavirus 2 (SARS-CoV-2), a rough approximation of 2.5
million people haslost their lives due to COVID-19 through-
out the world (1, 2). Noteworthy, the mental stress level
of medical staff, particularly anesthesiologists and critical
care physicians, has been profoundly escalated since the
pandemic has begun (3). Hand washing and social distanc-
ing are considered among essential strategies in the fight
against COVID-19 (4). Besides, COVID-19 has demonstrated
a broad spectrum of clinical manifestations, from asymp-

tomatic carrier to the development of life-threatening
acute respiratory distress syndrome (ARDS) (5). There
could be mild hypoxemia not matching the clinical status
in some patients with COVID-19, which might rapidly dete-
riorate to severe hypoxemia (6). In addition, atypical clini-
cal presentations such as cardiac tamponade, pulmonary
embolism, and pneumothorax have been scarcely recog-
nized in these patients (7).

Most patients recover from SARS-CoV-2 without any
specific medical treatment (8); however, almost one in
six cases experiences respiratory symptoms and related
far-reaching consequences that call for intricate and care-
ful management (9). To date, numerous studies have
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been conducted globally to discover a feasible, effective
treatment. Unfortunately, critically ill and mechanically
ventilated patients suffering COVID-19 show an overall
higher mortality rate (10-12). Although vaccine develop-
ment offers a glimmer of hope to end the current ap-
palling pandemic, there is still a lack of definitive ther-
apy, particularly for SARS-CoV-2-induced pneumonia (13).
Nonetheless, as a desperate attempt to ameliorate the dis-
ease, numerous medications, including glucocorticoids,
azithromycin, remdesivir, lopinavir-ritonavir combina-
tion, hydroxychloroquine, interferon-beta, IL-6 inhibitor
drugs, and favipiravir, have been investigated thoroughly
(8,9,14). Azithromycin is an almost commonly prescribed
macrolide antibiotic that also appears to have some poten-
tial benefit in suppressing inflammation and viral repli-
cation. The drug was among the initial therapeutic can-
didates for COVID-19 and has been used exponentially.
Whether or not it has a prominent role in SARS-CoV-2 inhi-
bition is a subject of future debate (15, 16).

Both chloroquine and hydroxychloroquine are mem-
bers of antimalarial aminoquinolines. Furthermore, hy-
droxychloroquine is a popular option among disease-
modifying antirheumatic drugs. These medications can
induce retinal toxicity and lengthen the corrected QT
(QTc) interval (17). The latter could also occur via taking
azithromycin (16). The notion of hydroxychloroquine an-
tiviral efficacy was strengthened amid the pandemic based
on some early anecdotal evidence (18-20).

Co-administration of azithromycin with hydroxy-
chloroquine or chloroquine to boost its therapeutic effect
has voiced a genuine concern about provoking lethal
adverse cardiac events, such as arrhythmia (9). Several
studies share the perspective that azithromycin per se
does not have a meaningful association with increased
cardiotoxicity (8). In other words, the co-administration
mentioned above contributes to high susceptibility to
arrhythmia (15).

Given the skepticism around the advantages and
disadvantages of these medications, we conducted the
present systematic reviews to clarify whether hydroxy-
chloroquine or chloroquine alone or in combination with
azithromycin could yield potential health benefits or not.
Besides, we evaluated the possibility of adverse cardiac
events related to these drugs.

2. Search Strategy and Selection Criteria

In the present study, we employed an umbrella re-
view approach designed at Tabriz University of Medical Sci-
ences to summarize the results of published systematic re-
views that complied with preferred reporting items for sys-
tematic reviews (PRISMA). Figure 1 indicates the flow dia-

gram of study selection. To find relevant systematic review
articles investigating the association of hydroxychloro-
quine or chloroquine with or without azithromycin on ad-
verse cardiac events and their efficacy, we comprehensively
searched PubMed, Scopus, Cochrane, ProQuest, Web of Sci-
ence, and Embase databases, from January 2020 through
November 2020 using the keywords “COVID-19” OR “SARS-
CoV-2" AND “Hydroxychloroquine” OR “Chloroquine” AND
“Azithromycin” OR “Zithromax” OR “Azithrocin” AND “Sys-
tematic Review”, OR “Meta-analysis”.

2.1. PICO Criteria

- Population: Patients with confirmed COVID-19

- Intervention: Consumption of hydroxychloroquine
or chloroquine with or without azithromycin

- Comparison: A standard of care

-Outcome: Drug effects

2.2. Inclusion and Exclusion Criteria

We merely appraised human-subject studies con-
ducted on patients with confirmed COVID-19 infection
who received hydroxychloroquine or chloroquine with
or without azithromycin, which comprised assessment
indicators with regard to the efficacy and adverse effects
of these medications included in systematic review arti-
cles alone or systematic review and meta-analyses. Other
article types, including case series, letters, duplicate liter-
ature, case reports, and narrative reviews, were excluded.
Afterward, two investigators (M.G. and K.S.) scrutinized
the articles’ titles and abstracts independently to deter-
mine eligibility. In case of discrepancies, the matter was
assigned to a third leading researcher (S.H) to be resolved.

2.3. Data Collection

Two investigators (G.M. and S.K.) screened the full text
and quality of articles independently. The extracted ba-
sic information included the first author’s name, coun-
try of study, research purpose, type of studies, number
of samples, drug characteristics, drug effect mechanisms,
drug side effects, conclusions, and recommendations. Ulti-
mately, the third leading researcher (H.S.) verified the data.

2.4. Statistical Analysis

We described the continuous variables as mean = stan-
dard deviation. In order to present categorical variables,
we used frequency and percentage.
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Figure 1. Flow diagram of trials for inclusion in the systematic review and meta-analysis

3. Results

Three studies (systematic review and meta-analysis)
were analyzed to evaluate chloroquine or hydroxy-
chloroquine’s arrhythmogenic potential with or without
azithromycin in patients with COVID-19 and find the clin-
ical efficacy of such a combination (Table 1). The present
study examined a total of 62 papers and 43643 cases,
including patients with mild pneumonia to critically ill
intubated patients.

4. Discussion

Azithromycin is mainly associated with gastrointesti-
nal adverse reactions (22). Of note, it can extend the du-
ration of action-potential and cardiac repolarization via
blocking the delayed rectifier potassium channels (IKr),
which can intensify the risk of developing ventricular tach-
yarrhythmia such as torsades de point (TdP) (23). Gen-
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erally, hydroxychloroquine has been favored over chloro-
quine due to having less tendency to produce cardiotoxi-
city. Given the structural similarity between aminoquino-
lines and class IA antiarrhythmic drugs, QTc prolongation
is likely to happen following their usage (18). In the ini-
tial period of the COVID-19 pandemic, several studies sug-
gested that hydroxychloroquine and azithromycin con-
current use could lead to a marked decline in the viral load
(24). Afterward, it became evident that the upshot of tak-
ing hydroxychloroquine or chloroquine with or without
azithromycin is highly controversial (25).

Kashouretal. analyzed 19 studies, including 5,652 cases
with COVID-19 infection, to anticipate potential cardiotox-
icity related to chloroquine or hydroxychloroquine. Hy-
droxychloroquine or chloroquine monotherapy led to TdP,
VT, and sudden cardiac arrest with an incidence of about
three per 1000 (95% CI, O - 21%). The treatment was dis-
continued in approximately 5% of patients due to QTc pro-
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Table 1. General Characteristics and Results of eligible Studies
Authors Location Studies Samples Results Conclusion Recommendations
Pooled incidence
VI, TdP, SCA 3per1000,95% CI(0- Using HCQ/CQ as routine
21), 12 =96% management of COVID-19 infection
1. Kashour saudirabia+ USA 1 s652 HCQ/CQ monotherapy could result has no justification. If there is
etal.(8) Discontinuation of 5%,95% CI(1-11), 2 = inTdP, VT, and SCA another indication for their
CQJHCQ due to 98% administration in these patients,
prolonged QTc or monitoring is required.
arrhythmias
Change in QTc From 9%,95% CI(3-17), 2=
baseline of > 60 msor 97%
QTc > 500 ms
Changes in QTc from 7%,95% C1(3-14), 1% =
baseline of > 60 ms 94%
QTc > 500m 6%, 95% CI(2-12), 1% =
95%
11932 participants for Pooled relative risk (95% CI inati
R the HCQ group, s0si for G D HCQin combination with Notnly the combinarion of HCQ
. France + Switzerland 29 the HCQ with HCQalone 0.83(0.65-1.06) azithromycin increases the N y i
al.(9) N . . monotherapy is not recommended
azithromycin group, mortality rate of COVID-19 patients.
and 12930 for the HCQ with azithromycin 1.27(1.04-1.54) for COVID-19.
control group Effectiveness
In-hospital death 1160 [0.430, 3.133]
(HCQ/CQs. control
group)
In-hospital death 2332[1.627,3.666]
(HCQ/CQ +
azithromycin vs. i evi ) Because the observational cohort
3.Maoet control group) There s no evidence supporting studies were dominant in this
'l China 14 5048 the effectiveness of HCQ, CQ, and dy 1 le RCT:
al. (21) In-hospital death 1.072[0.580,1.978] azithromycin. study, large-scale RCTs were
(HCQICQ + recommended.
azithromycin vs.
HCQJCQ)

Non-detectable viral
RNA (HCQ/CQVs.
control group)

1.827[0.390, 8.547]

Mechanical ventilation
(HCQJCQ vs. control
group)

1.434[0.423,4.867)

Mechanical
ventilation(HCQ/CQ +
azithromycin vs.
control group)

1.096 [0.126, 9.512]

ICU entry (HCQ/CQvs.
control group)

1199 [0.554, 2.593]

Safety

Adverse drug reactions
(HCQJCQ vs. control
group)

2.1[0.458,9.624]

Diarrhea (HCQ/CQ vs.
control group)

1189 [0.338, 4.183]

Abnormal ECG
(HCQ/CQvs. control
group)

4.253[0.608,29.769]

QTc prolongation
(HCQ/CQ+
azithromycin vs
HCQJCQ)

1.382[0.582,3.278]

longation or cardiac arrhythmia. However, up to 9% ex-
perienced marked QTc prolongation (QTc > 500 ms or
QTc change > 60 ms). Factors including age, hyperten-
sion, coronary artery disease, diabetes mellitus, ICU ad-
mission, concomitant use of QTc-prolonging drugs such as
azithromycin, and the severity of the disease were respon-
sible for heterogeneous findings in these studies. Taken to-
gether, their routine use, aside from randomized clinical
trials, has no justification in treating COVID-19 patients (8).

Fiolet et al. conducted a systematic review of 29 stud-
ies, including 32,943 cases. They found that hydroxychloro-
quine was not statistically significantly related to the mor-
tality of COVID-19 patients (relative risk (RR) = 0.83 with

95% CI=0.65 to 1.06), and it had no meaningful therapeu-
tic efficacy, as well. Besides, the combination of hydroxy-
chloroquine and azithromycin elevated the mortality rate
of COVID-19 patients (RR =1.09 with 95% CI = 0.97 to 1.24)
(9).

Mao et al. analyzed 14 articles, including 5,048 patients
treated with aminoquinolines alone or in combination
with azithromycin. They found neither positive clinical
outcomes nor drug-related adverse critical cardiac events
in comparison with control groups (21).

All in all, we found no benefit for patients with COVID-
19 who received hydroxychloroquine or chloroquine alone
or in combination with azithromycin during the current
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pandemic. Moreover, it is of paramount importance that
these medications affect cardiac repolarization, resulting
in both statistically and clinically elevated risk of notori-
ous arrhythmias, such as TdP, especially in critically ill pa-
tients.

In conclusion, itappears that there is no way to derive a
real benefit from hydroxychloroquine or chloroquine with
or without azithromycin in the setting of COVID-19. It is
also noteworthy that these therapeutic strategies could in-
flict irreparable harm on these patients.

4.1. Recommendations

Our country’s current guideline has recommended hy-
droxychloroquine as an outpatient treatment for high-risk
patients with no definitive indication for hospitalization,
especially when experiencing early symptoms. Therefore,
we humbly offer to take these findings into account while
updating the guideline. Due to the increased risk of mor-
tality, there is no place for the combination of hydroxy-
chloroquine with azithromycin during the management
of COVID-19 patients. We recommend not to use hydrox-
ychloroquine monotherapy in patients with COVID-19 in-
fection due to the significant risk of cardiac adverse events
without any conspicuous clinical efficacy.
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