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Hydroxychloroquine Is Protective To The Heart, Not
Harmful: A Systematic Review

Chadwick C. Prodromos MD

Abstract
Background: Hydroxychloroquine (HCQ) has been shown to be at least somewhat effective in
treating COVID 19 patients. Recently FDA and CDC warnings of fatal cardiac toxicity from
Torsade de Pointes (TDP) arrhythmia from HCQ use have been made, notwithstanding the long
safe HCQ use for lupus and rheumatoid arthritis. This has resulted in restricted access of HCQ
for COVID 19 treatment. We hypothesized that HCQ and azithromycin have not been reported
to cause significant acute cardiac arrhythmic mortality.
Methods: We performed a literature search for the effects of HCQ and azithromycin on the
heart.
Results: No Torsade de Pointes or related deaths were found to have been reported as a result
of HCQ and azithromycin use in the peer reviewed literature. To the contrary
HCQ/azithromycin were uniformly found to substantially reduce cardiac mortality and also to
decrease thrombosis, arrhythmia and cholesterol in treated patients in recent peer reviewed
studies and meeting presentations.
Conclusions: HCQ and azithromycin do not cause TDP cardiac mortality. HCQ decreases cardiac
events. HCQ should not be restricted in use for COVID 19 patients because of fear of cardiac

mortality.
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Introduction

Several clinical studies, now numbering thousands of patients, [1-4] have shown
apparent substantial clinical benefit from the use of hydroxychloroquine (HCQ) in COVID 19
patients and have not reported adverse cardiac events. A number of meta-analyses [5-7] have
also shown overall good results although with limited quality studies. Usage of HCQ would
therefore be warranted for COVID 19 by physicians who were so inclined unless there were
significant clinical risks to offset the apparent benefits.

However, recently numerous warnings have been issued from the FDA [8], CDC [9], the
American Heart Association [10] and elsewhere about potential fatal cardiac toxicity from
Torsade de Pointes or other ventricular arrhythmias from HCQ use. These warnings state that
such fatalities could occur secondary to the increase in QTc that is sometimes seen with the use
of HCQ as well as azithromycin, which is often used in combination with HCQ. The FDA warning
on reseased June 15" along with the revoking of it’s prior emergency use authorization states
that “Additionally, in light of ongoing serious cardiac adverse events and other potential serious
side effects, the known and potential benefits of chloroquine and hydroxychloroquine no
longer outweigh the known and potential risks for the authorized use”[11]. However this
warning does not reference any specific study, or comment on if any deaths have occurred.

These warnings however seemed odd to us since HCQ has been used in millions of
lupus, and rheumatoid arthritis patients for more than fifty years with a general reputation for
safety[12]. Practicing rheumatologists generally prescribe it without ordering a baseline EKG
unless the patient has a history of cardiac disease. The 2019 hydroxychloroquine

reccomendations for the European League against rheumatology (EULAR) only mention
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screening for retinal toxicity in patients on hydroxychloroquine for extended periods of
time[12]. Furthermore, azithromycin is also regularly prescribed without a baseline EKG and is
not generally felt to be cardiotoxic to patients with an otherwise normal heart.

These warnings have had the effect of restricting HCQ use to the hospital in some
locales. This may not be consistent with good patient care since HCQ is known to be best
applied earlier in the patient course before hospitalization. It has also resulted in some
pharmacists, or entire pharmacy boards[13] refusing to fill HCQ prescriptions for COVID 19 thus
restricting access to a potentially beneficial drug.

Thus it would be of great benefit to know whether there is in fact significant cardiac risk
from the use of HCQ. We hypothesized that the scientific literature would not show clinical
evidence of increased cardiac mortality from HCQ or HCQ plus azithromycin from Torsade de
Pointes: ie that the reported potential cardiac “risk”[9] of cardiac mortality would not be

III

accompanied by reports of “actual” TDP or other QTc related cardiac mortality.
Materials and Methods

We limited this study to HCQ and not chloroquine since chloroquine is more toxic than
HCQ such that we do not believe chloroquine has a place in the treatment of COVID 19:
particularly given the wide availability and low cost of HCQ.

We also excluded reports of HCQ cardiomyopathy. This is a rare condition that is only
seen after many years, and usually decades, of use and thus is not relevant to the brief periods

of time that HCQ is used to treat COVID 19. This cardiomyopathic damage is also not what is
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referenced by agencies that warn of HCQ cardiotoxicity, which rather refers to QTc
prolongation and the risk of Torsade de Pointes.

We conducted a search of the Pubmed, Medline, Cochrane, Embase, and Google Scholar
databases. Search terms included hydroxychloroquine and azithromycin and the following co-
search terms: cardiac, heart, arrhythmia, ventricular arrhythmia, Torsade de Pointes, COVID 19,
treatment for COVID 19, mortality and death. We identified relevant articles. We included only
clinical series including case reports, prospective and retrospective cohort studies, and meta-
analyses. Due to the emerging nature of the COVID-19 pandemic we included pre-print papers
in our analysis, including papers published on medRxiv (which are indexed in Google scholar).
The last day of this search consultation was June 1% 2020. We identified 4 case reports [14, 15]
of HCQ cardiomyopathy after long term use, which were excluded as explained above. The

remaining papers were individually analyzed for evidence of cardiac morbidity and mortality.

Results

Overall our literature search found that, except for a few case reports of non-fatal

adverse events, HCQ is actually consistently associated with a decreased incidence of cardiac

adverse events and no cardiac mortality from Torsade de Pointes.
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Table 1.

Literature Review Results on HCQ and Cardiac Events

Paper

Type of
Study

# of
Patients

HCQ
dosage and
regimen

HCQ
duration

Associated
medicatio
ns

Comorbiditi
es of
patients/
cardiac
background

Study findings

Morga

2006
[16]

Case
Report

200 mg
twice daily

3 years

NA

41 year old
female with
CHF and
left
sventricular
dysfunction
. Also
suffered
from
systemic
lupus
erythemato
sis and
hypertiensi
on. 3years
post reanal
transplant

QTc
prolongation

O'laug
lin
2016
[17]

Case
Report

200 mg
daily

2 years

NA

50 year old
female with
history of
SLE, ESRD
on dialysis,
and A-fib
on
anticoagula
nt

QTc
prolongation

Chen
2006
[18]

Case
Report

200 mg
daily

1 year

15 mg
prednisolo
ne
daily,200
mg daily
teophyliine

67 year old
famale with
a history of
SLE, liver
cirrhosis
and portal
vein
thrombosis,
asthma,
and old

Prolonged QTc
leading to
Torsades de
Pointes




myocardial

infarct with
ventricular
septal
defect
Asli Case 1| 400 mg 3 days initially 60 year old | Right bundle
2020 Report stat dose, amoxiciillin | female with | branch block
[19] then 200 - clavuanic | history of and prolonged
mg twice acid, hypertensio | QTc
daily switched n
to hyperlipide
meropene | mia, and
m 1000 mg | overweight.
three
times daily
Erkan | Cross- 133 NA NA NA All patients | Found a lower
2002 sectional patients with history | rate of
[20] study with of thrombosis in
antiphos antiphosph | aPL positive
pholipid olipid patients taking
syndrom sydnrome either aspirin
e or
hydroxychloro
quine
Izmirl | Historical | 40 at least At lest NA Neonatal Infants with
y 2012 | Cohort neonates | 200 mg prior to infants mothers
[21] Study , Whose daily 10 weeks whose receiving
mothers gestation mothers hydroxychloro
receiving previously quine had a
HCQ gave birth 64% lower
prior to to a child chance to
delivery with develop
cardiac cardiac-
neonatal neonatal lupus
lupus, or
whose
mother had
anti-SSA/Ro
and/or
SSB/LA

antibodies




Petri Longitudin | 264 total | NA NA 80% of all | All patients | Found

1994 al Cohort | patients, patients in | with hydroxychloro

[22] study 125 study systemic quine use was
patients receiving lupus associated
using prednisone | erythemato | with lower
hydroxyc sus serum
hloroqui cholesterol
ne levels.

Hung | Populatio | 173in NA > 180 NA Rheumatoi | Showed

[23] n based HCQ days d arthritis decreased risk

retrospect | group patients of coronary

ive cohort artery disease

study in rheumatoid
arthritis
patients taking
hydroxychloro
quine

Konig | Prospectiv | 812 NA NA NA All patients | HCQ blood

2020 e Cohort patients with levels inversely

[24] study systemic associated

lupus with risk of any
erythemato | thromboic
sus event

Ruiz- Prospectiv | 104 HCQ | NA average NA Study of Patients

Irastor | e Cohort patients 52 232 receiving

za Study months patients either HCQ or

2006 with chloroquine

[25] systemic were less likely

lupus to have a
erythemato | thrombotic
sus event

Rho Prospectiv | 169 total | NA NA 71% of all | All patients | Diastolic blood

2009 e Cohort patients, patientsin | with pressure,

[26] study 42 the study rheumatoid | serum LDL and
currently receiving arthritis triglyceride
using methotrex levels were all
either ate lowerin
HCQ or patients
Chloroqu currently
ine taking HCQ or

chloroquine




Millio | Prospectiv | 1061 200 mg 10 days 500 mg Patients 9 patients had
n e Cohort patients | HCQ three azithromyc | with PCR QTc
2020 Study times daily inday 1, confirmed prolongation
[2] followed COVID-19 of more than
by 250 mg 60 ms from
daily day baseline. No
2-5 patient
exceeded 500
ms QTc. No
incidents of
Torsades de
Pointes.
Bun Prospectiv | 71 200 mg 10 days Azithromy | All PCR Significant QTc
2020 e Cohort patients | three cin 500 mg | confirmed prolongation
[27] study receiving | dimes daily day 1,250 | COVID-19 leading to
HCQ mg day 2-5 | patients stoppage of
therapy in 2
patients. No
incidences of
drug induced
life-
threatening
arrhythmias or
death
observed
Saleh | Prospectiv | 201 total | 400 mg 5 days 119 All PCR Patients with
2020 e patients, | twice on patients confirmed azithromycin
[28] observatio | 191 day 1, then also COVID-19 had greater
nal study receiving | 200 mg receiving patients rates of QTc
HCQ twice daily Azithromy prolongation
for days 2- cin- 500 only
5. mg daily discontinued in
for 5 days 3.5% of
patients. No
instances of
Torsades de
Pointes.
van Retrospec | 613 total | NA NA NA NA RA patients
Halm | tive Case patients using DMARDS
2006 Control usind (including
[29] Study DMARDs, HCQ) reduce
244 of risk for
these cardiovascular
using disease

HCQ




Sharm | Retrospec | 547 HCQ | NA average NA NA Rheumatoid
a 2016 | tive patients 2.3 years arthritis
[30] Cohort patients
study receiving HCQ
showed 72%
reduction in
all CVD events.
Yang Retrospec | 795 HCQ | NA Variable, | NA Patients Risk for
2019 tive patients grouped with prior coronary
[31] Cohort from history of artery disease
Study <105, cardiovascu | decreased in
105-318, lar disease | patients with
and >318 excluded high
from study | cumulative
doses of HCQ
(>100,267)
Shapir | Retrospec | 241 HCQ | either 400 | NA majority of | NA Patients
o tive patients | mg daily or patients receiving HCQ
2016 Cohort 200 mg also had lower risk
[32] Study daily receiving of arterial and
Prednisone venous
or cardiovascular
methotrex disease events
ate
Gupta | Retrospec | 754 HCQ | NA NA NA NA lower risk of
2018 tive patients atrial
[33] Cohort fibrillation in
Study patients using
hydroxychloro
quine
Mercu | Retrospec 90 | 400 mg 5 days 53 patients | Patients 7 patients
ro tive twice on also with PCR developed
2020 Cohort day 1, then receiving confirmed prolong QTc of
[34] study 400 mg Azithromy | COVID-19. over 500 ms,
daily for cin Most and 3 patients
days 2-5. patients had an
had at least | increase in QTc
1 of 50 ms or

cardiovascu
lar
comorbitidy

more. 1 Case
of torsades de
pointes
reported




Hooks
2020
[35]

Retrospec
tive
Cohort
Study

819
patients
receiving
HCQ

Median
dosage 400
mg daily

median
duration
1006
days

NA

All patients
with
rheumatic
disease

12 patients
with a QTc
over 500 ms,
average
patient
increased QTc
by 7.6 ms on
treatment.
Average on-
treatment QTc
was 430.9 ms

Chorin
2020
[36]

Retrospec
tive study

251

Loading
dose of
400 mg
twice for
one day,
then 200
mg twice
daily

5 days

Azithromy
cin 500 mg
daily for 5

days

NA

QTc > 500 ms
in 23% of
patients, one
patient
developed
polymorphic
ventricualr
tachycardia
(suspected as
Torsades des
Pointes)

Liu
2018
[37]

Systemati
¢ Review
and Meta-
Analysis

19,679
total
patients

NA

NA

NA

NA

Hydroxychloro
quine or
chloroquine
use was
associated
with a 30%
reduction in
the risk of
cardiovascular
disease in
patients with
rheumatic
disease

Remp
enault
2019
[38]

Systemati
¢ Review
and Meta-
Analysis

12,245
HCQ
patients

NA

NA

NA

NA

Rheumatoid
arthritis
patients
receiving HCQ
showed
modifiable risk
factors for
cardiovascular
disease,
including
improved: lipid
profile,
diabetes
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incidence,
HBA1C, and
decreased
cardiovascular
events.

Matti
eu
2018
[39]

Systemati
C review
and meta-
analysis

24,923
HCQ
patients

NA

NA

NA

NA

Rheumatic
disease
patients
treated with
HCQ had a
better
cardiovascular
disease risk
profile and less
cardiovascular
events.

Non-Fatal Cardiac Adverse Event Case Reports

We found 3 case reports [16-18] of patients with increased QTc or other conduction

block arrhythmia in patients with Lupus and 1 in a patient with COVID 19 [19]. However, in all

cases the patients were successfully treated without any deaths occurring.

Non-Fatal Cardiac Adverse Event Clinical Series

We found 1 case series [36] of 251 COVID 19 patients treated with HCQ and

azithromycin. 23% developed extreme QTc prolongation. However, HCQ was discontinued in

patients with QTc prolongation and no deaths occurred.
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Cardiac Mortality from HCQ Induced TDP or Other Arrhythmia
None reported: We did not find any reports of a cardiac death from TDP or other

arrhythmia from the use of HCQ.

Papers Showing a Decreased Incidence of Cardiac Events from the Use of HCQ

Eight papers showed a decreased incidence of cardiovascular disease (CVD) in patients
taking HCQ. Hung [23]in 2018 found a decrease in risk of coronary artery disease (CAD) in
rheumatoid arthritis (RA) patients taking HCQ. Liu [37] found this protective effect of HCQ on
CAD was applicable across a range of ages, different genders, and multiple co-morbidities in a
2013 paper entitled “Chloroquine and hydroxychloroquine are associated with reduced
cardiovascular risk: a systematic review and meta-analysis” found a lower risk of CVD in
patients with rheumatic diseases who were using with HCQ or Chloroquine. Rempenault [38] in
2018 found that CQ and HCQ lower CVD in rheumatic disease from their study results. Mathieu
[39] also in 2018 found that RA patients using hydroxychloroquine had an improved
cardiovascular risk profile when compared to other RA patients.

Sharma [30] in 2016 found that hydroxychloroquine use was associated with a 72%
decrease in the risk of incident CVD in RA patients. Van Halm [29] in 2018 found that HCQ
reduced cardiac events in RA patients. Yang [31] in 2019 found a decreased risk for coronary
arter disease in SLE patients with high dosage use of HCQ for at least 318 days. Shapiro [32] in
2017 found decreased mortality with HCQ. In 514 RA patients - 241 HCQ, 273 control — the
mortality rate for HCQ was 22.4%, vs 38.5% in control. 13.3% of HCQ patients using 400mg/day

suffered cardiovascular events compared with 38.1% in the control group. They concluded that
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HCQ use in RA patients was associated with decreased cardiovascular morbidity, especially in

higher dosage HCQ patient of 400 mg per day.

Neonatal Cardiac Lupus

Izmirly [21] in 2013 showed the recurrence rate of cardiac-Neonatal Lupus in fetuses
exposed to HCQ was 7.5% (3/40) compared to 21.2% (46/217) in the unexposed group
(p=0.050). While there were no deaths in the exposed group, the overall case fatality rate of the

cardiac-NL fetuses in the unexposed group was 22%.

Atrial Fibrillation
Gupta [33] in 2018 showed a 67% decreased risk of atrial fibrillation in patients taking

HCQ.

Thrombosis
3 papers [20, 24, 25] showed a decreased incidence of thrombosis in patients taking
HCQ. Konig [24] in a 2019 study, presented at the American College of Rheumatology Annual

Conference, found a lower incidence of thrombosis the higher the level of HCQ in the blood.

Cholesterol and Lipid Profile

Two papers [22, 26] showed lower cholesterol or lipid profile in patients taking HCQ.
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Clinical Series Using HCQ in COVID 19

A clinical series [2] of 1061 COVID 19 patients treated with HCQ and azithromycin had 8
deaths. However, all of these deaths were caused by respiratory failure from COVID-19, and
no patients showed Torsades de Pointes. They obtained a baseline EKG in all patients and
discontinued HCQ when necessary. They have now treated over 4000 patients with no cardiac

mortality.

Azithromycin

We found 5 reports of the cardiotoxicity of HCQ on COVID 19 patients. [27, 28, 34-36].
All papers described increased “risk” of TDP or related ventricular arrhythmia. However, none
of the 5 papers reported an actual HCQ-AZ death.

A report by Farkas [40], explained that HCQ is actually an anti-arrhythmic drug and that
it has never been shown to predispose to TDP. Ohara further describes azithromycin has never
been shown to cause TDP in a paper entitled, “Azithromycin Can Prolong QT Interval and
Suppress Ventricular Contraction, but Will Not Induce Torsade de Pointes” [41]. In addition,
azithromycin has been shown to improve cardiac remodeling and decrease heart failure after

myocardial infarction in animal models [42].

Discussion
The most important finding of this review is that evidence shows HCQ to be overall

significantly cardioprotective, and apparently not cardiotoxic in short term use. This supports
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our hypothesis that prudent use of HCQ would not cause significant mortality from Torsade de
Pointes or related cardiac causes. This finding of cardioprotection, which was surprising to us,
goes well beyond our hypothesis. Perhaps because many of the studies showing
cardioprotection are relatively recent, the cardioprotective effect seems to be generally
unknown to both the general population and the medical community. The cardio-protection
includes a decrease in cardiac events, in thrombosis in general, in arrhythmia, in lipid profile
and even in fetal disease. With HCQ generally beneficial to the heart in patients with rheumatic
disease, there would be no reason to think that it would be cardiotoxic in COVID 19 patients,
unless these patients were late in the disease course with established viral cardiac damage.
Even then this would be only a theoretical risk because it is also possible that HCQ might be
protective of further damage in this circumstance.

The second major finding of this study is that we were unable to find any reports of TDP
death from HCQ induced TDP in the peer reviewed literature. This suggests that, in fact, no
actual significant risk of TDP exists if HCQ is used prudently in accordance with established
guidelines. In this regard, the protocol used by Didier Raoult’s group [2] is instructive. They
obtain a baseline EKG and serum electrolyte analysis before beginning HCQ. The EKG is
repeated 48 hours after the start of treatment and HCQ is discontinued when the corrected QT
interval is >500ms. Using this common sense protocol, they have now treated over 4000
patients without a single cardiac mortality. TDP may occasionally occur in association with HCQ
use. But based on our finding of not a single mortality being reported in the peer reviewed
literature, we believe that the frequency of HCQ associated TDP is extremely low and the

incidence of subsequent TDP induced mortality caused by HCQ is rare if it exists at all.
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Anecdotally the the Department of Health and Human Services Pharmacovigilance
Memorandum [43] which publishes self-reported adverse events from providers and patients
reported 4 cases of TDP with 1 mortality from their entire database. The report is not peer
reviewed. There is no way to verify the report itself, causality or whether appropriate
procedures were followed. But at worst this would still represent only a single TDP mortality
despite very widespread HCQ COVID-19 use.

The cardio-protective properties of HCQ should not be surprising. Cardiac events,
including thrombosis are caused in part by inflammation[44]. HCQ is an anti-inflammatory
drug[45]. Furthermore, its separately described anti-thrombotic properties[46] would also be
expected to be cardio-protective.

Limitations of this study include the possibility that cardiac deaths have occurred but
not been reported. However, even if a small number of TDP deaths have occurred, it would not
change the finding that HCQ is overall safe and generally beneficial for the heart.

In fact, the finding of an anti-thrombotic effect, an anti-arrhythmic effect, and a
reduction in CVD events raises the possibility that HCQ should be considered in well controlled
clinical trials as a treatment for COVID 19 patients who have sustained cardiac damage as a

possible mitigant of these effects..

Conclusions
HCQ is apparently not dangerous to the heart and indeed is cardioprotective. It results
in a lower incidence of cardiac events as well as lower levels of arrhythmia, cholesterol, and

thrombosis. No TDP deaths from HCQ have apparently been reported in the peer reviewed
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literature. The potential risk of fatal arrhythmia, e.g. TDP, from HCQ, appears to be essentially a
theoretical risk only. It appears to occur very rarely if ever in clinical practice if HCQ is used
according to standard treatment protocols. Azithromycin used in combination with HCQ also
appears to be safe, does not appear to cause TDP mortality, and is also apparently
cardioprotective. Due to its ability to decrease CVD events, decrease arrhythmia, decrease
thrombosis and decrease cholesterol, HCQ should be considered as an agent for study to

potentially treat patients who have developed cardiac damage from COVID 19.



244

245

246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

References

[1] J. Chen, D. Liu, L. Liu, P. Liu, Q. Xu, L. Xia, Y. Ling, D. Huang, S. Song, D. Zhang, Z. Qian, T. Li, Y.
Shen, H. Lu, [A pilot study of hydroxychloroquine in treatment of patients with moderate
COVID-19], Zhejiang Da Xue Xue Bao Yi Xue Ban, 49 (2020) 215-219.

[2] M. Million, J.C. Lagier, P. Gautret, P. Colson, P.E. Fournier, S. Amrane, M. Hocquart, M.
Mailhe, V. Esteves-Vieira, B. Doudier, C. Aubry, F. Correard, A. Giraud-Gatineau, Y. Roussel, C.
Berenger, N. Cassir, P. Seng, C. Zandotti, C. Dhiver, |. Ravaux, C. Tomei, C. Eldin, H. Tissot-
Dupont, S. Honoré, A. Stein, A. Jacquier, J.C. Deharo, E. Chabriéere, A. Levasseur, F. Fenollar, J.M.
Rolain, Y. Obadia, P. Brouqui, M. Drancourt, B. La Scola, P. Parola, D. Raoult, Early treatment of
COVID-19 patients with hydroxychloroquine and azithromycin: A retrospective analysis of 1061
cases in Marseille, France, Travel Med Infect Dis, (2020) 101738.

[3] B. Yu, C. Li, P. Chen, N. Zhou, L. Wang, J. Li, H. Jiang, D.W. Wang, Low dose of
hydroxychloroquine reduces fatality of critically ill patients with COVID-19, Sci China Life Sci,
(2020) 1-7.

[4] R. Olding, L. Cartwright, Controversial Doc in Trump's Ear Calls Malaria Drug "Garbage", Daily
Beast, 2020.

[5] E. Alia, J.M. Grant-Kels, Does hydroxychloroquine combat COVID-19? A timeline of evidence,
J Am Acad Dermatol, (2020).

[6] M.S. Chowdhury, J. Rathod, J. Gernsheimer, A Rapid Systematic Review of Clinical Trials
Utilizing Chloroquine and Hydroxychloroquine as a Treatment for COVID-19, Acad Emerg Med,
(2020).

[7] K.A. Pastick, E.C. Okafor, F. Wang, S.M. Lofgren, C.P. Skipper, M.R. Nicol, M.F. Pullen, R.
Rajasingham, E.G. McDonald, T.C. Lee, I.S. Schwartz, L.E. Kelly, S.A. Lother, O. Mitja, E. Letang,
M. Abassi, D.R. Boulware, Review: Hydroxychloroquine and Chloroquine for Treatment of SARS-
CoV-2 (COVID-19), Open Forum Infect Dis, 7 (2020) ofaa130.

[8] FDA, FDA cautions against use of hydroxychloroquine or chloroquine for COVID-19 outside
of t he hospitalsetting or a clinical trial due to risk of heart rhythm problems 2020.

[9] CDC Health Alert Network, Severe Iliness Associated with Using Non-Pharmaceutical
Chloroquine Phosphate to Prevent and Treat Coronavirus Disease 2019 (COVID-19), 2020.

[10] A.H. Association, Caution recommended on COVID-19 treatment with hydroxychloroquine
and azithromycin for patients with cardiovascular disease, 2020.

[11] F.N. RELEASE, Coronavirus (COVID-19) Update: FDA Revokes Emergency Use Authorization
for Chloroquine and Hydroxychloroquine, Food & Drug Administration, 2020.

[12] A. Fanouriakis, M. Kostopoulou, A. Alunno, M. Aringer, |. Bajema, J.N. Boletis, R. Cervera, A.
Doria, C. Gordon, M. Govoni, 2019 update of the EULAR recommendations for the management
of systemic lupus erythematosus, Annals of the rheumatic diseases, 78 (2019) 736-745.

[13] L. Sullivan, Ohio pharmacy board restricts prescriptions for experimental coronavirus
treatment drugs, The Columbus Dispatchdispatch.com, 2020.

[14] M. Azimian, J.L. Gultekin Sh Fau - Hata, J.B. Hata JI Fau - Atkinson, K.A. Atkinson Jb Fau - Ely,
H.A. Ely Ka Fau - Fuchs, B.C. Fuchs Ha Fau - Mobley, B.C. Mobley, L. Bourke, J. McCormick, V.
Taylor, C. Pericleous, B. Blanchet, N. Costedoat-Chalumeau, D. Stuckey, M.F. Lythgoe, A.



286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329

Stephanou, Y. loannou, Fatal antimalarial-induced cardiomyopathy: report of 2 cases, J Clin
Rheumatol, 18 (2012) 363-366.

[15] J.E. Nord, P.K. Shah, R.Z. Rinaldi, M.H. Weisman, Hydroxychloroquine cardiotoxicity in
systemic lupus erythematosus: a report of 2 cases and review of the literature, Semin Arthritis
Rheum, 33 (2004) 336-351.

[16] N.D. Morgan, S.V. Patel, O. Dvorkina, Suspected hydroxychloroquine-associated QT-interval
prolongation in a patient with systemic lupus erythematosus, J Clin Rheumatol, 19 (2013) 286-
288.

[17] J.P. O'Laughlin, P.H. Mehta, B.C. Wong, Life Threatening Severe QTc Prolongation in Patient
with Systemic Lupus Erythematosus due to Hydroxychloroquine, Case Rep Cardiol, 2016 (2016)
4626279.

[18] C.Y. Chen, F.L. Wang, C.C. Lin, Chronic hydroxychloroquine use associated with QT
prolongation and refractory ventricular arrhythmia, Clin Toxicol (Phila), 44 (2006) 173-175.

[19] R. Asli, M. Abdullah, P. Chong, D. Metussin, R. Momin, B. Mani, V. Chong, Case Report:
Right Bundle Brunch Block and QTc Prolongation in a Patient with Novel Coronavirus Disease
(COVID-19) Treated with Hydroxychloroquine, Am J Trop Med Hyg, 00 (2020) 1-4.

[20] D. Erkan, Y. Yazici, M.G. Peterson, L. Sammaritano, M.D. Lockshin, A cross-sectional study
of clinical thrombotic risk factors and preventive treatments in antiphospholipid syndrome,
Rheumatology (Oxford), 41 (2002) 924-929.

[21] P.M. Izmirly, N. Costedoat-Chalumeau, C.N. Pisoni, M.A. Khamashta, M.Y. Kim, A. Saxena,
D. Friedman, C. Llanos, J.C. Piette, J.P. Buyon, Maternal use of hydroxychloroquine is associated
with a reduced risk of recurrent anti-SSA/Ro-antibody-associated cardiac manifestations of
neonatal lupus, Circulation, 126 (2012) 76-82.

[22] M. Petri, C. Lakatta, L. Magder, D. Goldman, Effect of prednisone and hydroxychloroquine
on coronary artery disease risk factors in systemic lupus erythematosus: a longitudinal data
analysis, Am J Med, 96 (1994) 254-259.

[23] Y.M. Hung, Y.H. Wang, L. Lin, P.Y.P. Wang, J.Y. Chiou, J.C. Wei, Hydroxychloroquine may be
associated with reduced risk of coronary artery diseases in patients with rheumatoid arthritis: A
nationwide population-based cohort study, Int J Clin Pract, 72 (2018) e13095.

[24] M. Konig, J. Li, M. Petri, Hydroxychloroquine Blood Levels and Risk of Thrombotic Events in
Systemic Lupus Erythematous, American College of Rhematology Annual MeetingAtlanta, GA,
20109.

[25] G. Ruiz-Irastorza, M.V. Egurbide, J.1. Pijoan, M. Garmendia, I. Villar, A. Martinez-Berriotxoa,
J.G. Erdozain, C. Aguirre, Effect of antimalarials on thrombosis and survival in patients with
systemic lupus erythematosus, Lupus, 15 (2006) 577-583.

[26] Y.H. Rho, A. Oeser, C.P. Chung, G.L. Milne, C.M. Stein, Drugs Used in the Treatment of
Rheumatoid Arthritis: Relationship between Current Use and Cardiovascular Risk Factors, Arch
Drug Inf, 2 (2009) 34-40.

[27] S.S. Bun, P. Taghji, J. Courjon, F. Squara, D. Scarlatti, G. Theodore, D. Baudouy, B. Sartre, M.
Labbaoui, J. Dellamonica, QT interval prolongation under hydroxychloroquine/azithromycin
association for inpatients with SARS-CoV-2 lower respiratory tract infection, Clinical
Pharmacology & Therapeutics, (2020).

[28] M. Saleh, J. Gabriels, D. Chang, B.S. Kim, A. Mansoor, E. Mahmood, P. Makker, H. Ismail, B.
Goldner, J. Willner, S. Beldner, R. Mitra, R. John, J. Chinitz, N. Skipitaris, S. Mountantonakis, L.M.



330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

Epstein, The Effect of Chloroquine, Hydroxychloroquine and Azithromycin on the Corrected QT
Interval in Patients with SARS-CoV-2 Infection, Circ Arrhythm Electrophysiol, (2020).

[29] V.P. van Halm, M.T. Nurmohamed, J.W. Twisk, B.A. Dijkmans, A.E. Voskuyl, Disease-
modifying antirheumatic drugs are associated with a reduced risk for cardiovascular disease in
patients with rheumatoid arthritis: a case control study, Arthritis Res Ther, 8 (2006) R151.

[30] T.S. Sharma, M.C. Wasko, X. Tang, D. Vedamurthy, X. Yan, J. Cote, A. Bili,
Hydroxychloroquine Use Is Associated With Decreased Incident Cardiovascular Events in
Rheumatoid Arthritis Patients, J Am Heart Assoc, 5 (2016).

[31] D.H. Yang, P.Y. Leong, S.K. Sia, Y.H. Wang, J.C. Wei, Long-Term Hydroxychloroquine
Therapy and Risk of Coronary Artery Disease in Patients with Systemic Lupus Erythematosus, J
Clin Med, 8 (2019).

[32] M. Shapiro, Y. Levy, The association between hydroxychloroquine treatment and
cardiovascular morbidity among rheumatoid arthritis patients, Oncotarget, 9 (2017) 6615-6622.
[33] A. Gupta, A. Joshi, M. Chester-Wasko, T.S. Sharma, Association of Hydroxychloroquine Use
and Incident Atrial Fibrillation in Systemic Lupus Erythematosus: A Retrospective Study,
American College of Rhematology Annual MeetingChicago, IL, 2018.

[34] N.J. Mercuro, C.F. Yen, D.J. Shim, T.R. Maher, C.M. McCoy, P.J. Zimetbaum, H.S. Gold, Risk
of QT Interval Prolongation Associated With Use of Hydroxychloroquine With or Without
Concomitant Azithromycin Among Hospitalized Patients Testing Positive for Coronavirus
Disease 2019 (COVID-19), JAMA Cardiol, (2020).

[35] M. Hooks, B. Bart, O. Vardeny, A. Westanmo, S. Adabag, Effects of hydroxychloroquine
treatment on QT interval, Heart Rhythm, (2020).

[36] E. Chorin, L. Wadhwani, S. Magnani, M. Dai, E. Shulman, C. Nadeau-Routhier, R. Knotts, R.
Bar-Cohen, E. Kogan, C. Barbhaiya, A. Aizer, D. Holmes, S. Bernstein, M. Spinelli, D.S. Park, C.
Stefano, L.A. Chinitz, L. Jankelson, QT Interval Prolongation and Torsade De Pointes in Patients
with COVID-19 treated with Hydroxychloroquine/Azithromycin, Heart Rhythm, (2020).

[37] D. Liu, X. Li, Y. Zhang, J.S. Kwong, L. Li, Y. Zhang, C. Xu, Q. Li, X. Sun, H. Tian, S. Li,
Chloroquine and hydroxychloroquine are associated with reduced cardiovascular risk: a
systematic review and meta-analysis, Drug Des Devel Ther, 12 (2018) 1685-1695.

[38] C. Rempenault, B. Combe, T. Barnetche, C. Gaujoux-Viala, C. Lukas, J. Morel, C. Hua,
Metabolic and cardiovascular benefits of hydroxychloroquine in patients with rheumatoid
arthritis: a systematic review and meta-analysis, Ann Rheum Dis, 77 (2018) 98-103.

[39] S. Mathieu, B. Pereira, A. Tournadre, M. Soubrier, Cardiovascular effects of
hydroxychloroquine: a systematic review and meta-analysis, Ann Rheum Dis, 77 (2018) e65.
[40] J. Farkas, Myth-busting: Azithromycin does not cause torsade de pointes or increase
mortality, 2015.

[41] H. Ohara, Y. Nakamura, Y. Watanabe, X. Cao, Y. Yamazaki, H. lzumi-Nakaseko, K. Ando, H.
Yamazaki, J. Yamazaki, T. Ikeda, A. Sugiyama, Azithromycin Can Prolong QT Interval and
Suppress Ventricular Contraction, but Will Not Induce Torsade de Pointes, Cardiovasc Toxicol,
15 (2015) 232-240.

[42] A. Al-Darraji, D. Haydar, L. Chelvarajan, H. Tripathi, B. Levitan, E. Gao, V.J. Venditto, J.C.
Gensel, D.J. Feola, A. Abdel-Latif, Azithromycin therapy reduces cardiac inflammation and
mitigates adverse cardiac remodeling after myocardial infarction: Potential therapeutic targets
in ischemic heart disease, PLoS One, 13 (2018) e0200474.



374
375
376
377
378
379
380
381
382
383
384

[43] K. Swank, K. McCartan, Pharmacovigilance Memorandum - Review of Hydroxychloroquine-
Chloroquine, in: F.a.D. Administration
(Ed.)https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/0SE%20Review_Hydroxychlo
roquine-Cholorquine%20-%2019May2020_Redacted.pdf, 2020.

[44] C. Esmon, Inflammation and thrombosis, Journal of Thrombosis and haemostasis, 1 (2003)
1343-1348.

[45] E. Schrezenmeier, T. Dérner, Mechanisms of action of hydroxychloroquine and
chloroquine: implications for rheumatology, Nature Reviews Rheumatology, (2020) 1-12.

[46] C. Belizna, Hydroxychloroquine as an anti-thrombotic in antiphospholipid syndrome,
Autoimmunity reviews, 14 (2015) 358-362.



