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ABSTRACT

Objective. After the beginning of the COVID-19 pandemic 
caused by the SARS-CoV -2 virus, enormous pressure fell on the 
entire health system. Since there is no adequate cure for this 
disease, "off-label" use of several drugs (azithromycin, chlo-
roquine, hydroxychloroquine, etc.) was resorted to. The aim of 
this study was to analyse QTc interval dynamics and its rela-
tionship with other factors which could influence outcome in 
patients with COVID-19.

Methods. Study has observational, case-control design 
with retrospective data collection from medical files of adult 
patients, with RT-PCR confirmed COVID-19. The cases (n=30) 
were subjects with fatal outcome and the controls (n=169) 
were the survivors. The QTc interval was calculated on admis-
sion, during and after initial drug treatments with presumed 
activity against SARS-CoV-2, mostly antimalarials. Primary in-
dependent and outcome variables were QTc interval prolonga-
tion and all-cause mortality, respectively.

Results. Study population included 120 males (60.3%), 
the mean patients’ agewas 57.3+-15.8 years (+-SD). The most 
common comorbid illnesses were hypertension (98 patients), 
pre-existing arrhythmias (32) and diabetes mellitus (29). The 
most frequently prescribed QTc prolonging drugs were azithro-
mycin (69.8% of patients), chloroquine (50.3%) and hydroxy-
chloroquine (42.7%). Total of 131 patients (65.8%) had QTc 
interval increase >60 ms from baseline, of whom 5 had QTc 
prolongation >500 ms (2.5%). De novo ventricular tachyar-
rhythmias were registered at 14 patients (7%) and 13 (92.8%) 
of them died. Pre-existing arrhythmias (odds ratio 9.30, 95% 
confidence interval 2.91-29.73, p<0.001) and furosemide (8.94, 
3.27-24.41, p<0.001) were independently associated with mor-
tality but QTc prolongation (>480 ms) did not (1.02, 0.22-4.67, 
p=0.974). Case fatality rate was 15.1%, as 30 patients died 
during hospitalization.

Conclusion. Clinical importance of drug-induced QTc inter-
val prolongation of hospitalized patients with COVID-19 should 
be considered primarily within the context of other risks, par-
ticularly older age, pre-existing cardiovascular disorders and 
major electrolyte disturbances.

Key words: coronavirus; pandemics; pneumonia, viral; in-
patients; antimalarials; long QT syndrome; treatment outcome.

APSTRAKT

Cilj. Nakon početka pandemije COVID-19 izazvane 
virusom SARS-CoV-2, pao je ogroman pritisak na ceo 
zdravstveni sistem. Pošto za ovu bolest ne postoji adek-
vatan lek, pribeglo se nelicenciranoj upotrebi nekoliko le-
kova (azitromicin, hlorokin, hidroksihlorokin i dr.). Cilj ove 
studije je bio da se analizira dinamika QTc intervala i njegov 
odnos sa drugim faktorima koji mogu uticati na ishod kod 
pacijenata sa COVID-19.

Metode. Studija je imala opservacioni dizajn slučaj-
kontrola sa retrospektivnim prikupljanjem podataka iz 
medicinske dokumentacije odraslih pacijenata, sa RT-PCR 
potvrđenim COVID-19. Slučajevi (n=30) su bili bolesnici 
sa smrtnim ishodom, a kontrole (n=169) su bili preživeli. 
QTc interval je izračunat pri prijemu, tokom i nakon inici-
jalne primene lekova sa pretpostavljenom aktivnošću protiv 
SARS-CoV-2, uglavnom antimalarika. Primarne nezavisne 
varijable i varijable ishoda bile su produženje QTc intervala 
odnosno mortalitet od svih uzroka.

Rezultati. Ispitivana populacija je uključivala 120 
muškaraca (60,3%), prosečna starost pacijenata bila je 
57,3+-15,8 godina (+-SD). Najčešća komorbidna oboljenja 
bila su hipertenzija (98 pacijenata), postojeće aritmije (32) 
i dijabetes melitus (29). Najčešće propisivani lekovi koji su 
mogli da produže QTc interval bili su azitromicin (69,8% 
pacijenata), hlorokin (50,3%) i hidroksihlorokin (42,7%). 
Ukupno 131 pacijent (65,8%) imao je povećanje QTc inter-
vala >60 ms u odnosu na početnu liniju, od kojih je 5 imalo 
produženje QTc intervala >500 ms (2,5%). De novo ventri-
kularne tahiaritmije su registrovane kod 14 pacijenata (7%) 
a od njih, umrlo je 13 (92,8%). Prethodno postojeće arit-
mije (odnos šanse 9,30, 95% interval poverenja 2,91-29,73, 
p<0,001) i furosemid (8,94, 3,27-24,41, p<0,001) su nezavis-
no povezani sa mortalitetom ali ne i produženje QTc inter-
vala (1,02, 0,22-4,67, p=0,974). Stopa smrtnosti iznosila je 
15,1%, pošto je 30 pacijenata umrlo tokom hospitalizacije.

Zaključak: Klinički značaj produženja QTc intervala 
izazvanog lekovima kod hospitalizovanih pacijenata sa CO-
VID-19 treba prvenstveno razmotriti u kontekstu drugih 
rizika, posebno starije životne dobi, postojećih kardiovasku-
larnih poremećaja i velikih poremećaja elektrolita.

Ključne reči: korona virus; pandemija; pneumonija, vi-
rusna; bolnica; antimalarici; sindrom dugog QT intervala; 
ishod lečenja.
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INTRODUCTION

The coronavirus disease (COVID-19) is a respiratory 
tract infection caused by a newly emergent SARS-CoV-2 
virus for which no effective, specific antiviral drug or vac-
cine has been developed so far.1-4 When pandemic started, 
several “off-label” treatment options have been implement-
ed, first in China, and later worldwide, in order to manage 
the emergency situation. These treatments were based on 
experimental in vitro data, results of pivotal observational 
studies and open-label trials as well as accumulated clinical 
experiences and included: antimalarials (e.g. chloroquine, 
hydroxychloroquine), antivirals (e.g. protease inhibitors, 
remdesivir), antibiotics (e.g. azithromycin), glucocorticoids 
(e.g. methylprednisolone, dexamethasone), and certain 
biological agents (e.g. interleukin-6 antagonists).4-8 How-
ever, some of these drugs may cause serious adverse effects, 
among which the QTc interval prolongation is one of the 
most important, increasing the risk for ventricular arrhyth-
mias, particularly torsades de pointes type, and sudden car-
diac death.9-13

It is well known that, among medications used for treat-
ing COVID-19, the most significant potential for prolong-
ing the QTc interval have antimalarial drugs (chloroquine, 
hydroxychloroquine) and macrolides (azithromycin) which 
are often prescribed in combination. A number of research-
ers demonstrated broad-spectrum antiviral activity and 
clinical utility of chloroquine and hydroxychloroquine, but 
these studies weremostlyobservational and/or based on 
small samples.14-16 Azithromycin was prescribed primarily 
for prevention and/or treatment of concomitant bacterial 
pneumonia but some data suggests that it could have im-
portant antiviral (e.g. respiratory syncytial virus, influenzae 
H1N1 virus) and immunomodulatory activities (e.g. de-
crease of interleukin-6 and interferon-alpha) which could, 
theoretically, help to patients with COVID-19.17 However, 
World Health Organization guidelines and many other ev-
idence-based, as well as regulatory recommendations, cau-
tion strongly about the use of these and similar drugs out-
side the clinical trial settings because high-quality evidence 
is lacking and probability of clinically significant adverse 
effects is high, including QT prolongation and cardiotoxic-
ity.18,19

It seems that the question about clinical utility of chlo-
roquine and hydroxychloroquine for COVID-19 patients, 
including the relationships between QTc interval prolonga-
tion and treatment outcomes still remains unresolved. The 
existing body of evidence about effectiveness and/or safety 
of antimalarial drugs for patients with COVID-19 balances 
between pros,11,16,20 cons9,10,12,21,22 and neutral findings.23,24 
The largest clinical study published so far, which initially 
reported increase of mortality and ventricular arrhythmias 

in hospitalized patients with COVID-19being prescribed 
hydroxychloroquine or chloroquine, has been retracted 
later on.25 Many factors, other than drugs, may cause QTc 
interval prolongation (e.g. age, some electrolyte disorders, 
myocardial ischemia) and it is well known that torsade de 
pointes could end spontaneously, too.26-28

Therefore, the aim of our study was to analyze the dy-
namics of QTc interval and its relationship with other fac-
tors which could influence important clinical endpoints in 
patients with COVID-19 infection. The setting of routine 
clinical practice was selected because the majority of pa-
tients received antimalarial medication and, in many cases, 
in combination with other QT-prolonging drugs, putting 
them at increased risk of unfavorable outcomes.

PATIENTS AND METHODS

The research was designed as an observational study 
which included a cohort of 199 patients with COVID-19 
disease hospitalized in Clinical Center “Kragujevac”, Kragu-
jevac, between March the 29th and May the 14th, 2020, dur-
ing the first wave of epidemics in Serbia. The study group 
was divided on case (the non-survivors) and control patients 
(the survivors). We extracted data retrospectively from the 
patients’ electronic medical records and paper files. The de-
sign of our study was based on previously published clinical 
studies with similar, observational design which included 
COVID-19 inpatients.29,30 The study was approved by the 
Institutional Ethics Committee and conducted according to 
Declaration of Helsinki (Decision of the EC number 01/20-
407, dated 03.04.2020).

The study included adult male and female subjects (18 
years and older), with theSARS-CoV-2 virus infection con-
firmed by means of a real-time reverse transcription-poly-
merase chain reaction (RT-PCR) assay. The study subjects 
had to have at least three electrocardiography measurements 
(ECG) during hospital stay, obligatory including the admis-
sion and early treatment periods. Patients with negative 
RT-PCR test were excluded from the study and there were 
no other specific exclusion criteria. Patients’ demographic 
and clinical data (comorbidities, medications, laboratory 
and imaging results) during the hospital treatment period 
were study variables, selected from a set of recommendation 
for case report form of patients with COVID-19.31 We used 
the International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision (https://icd.who.
int/browse10/2019/en) for classifying comorbid disorders. 
The reference ranges of clinical biochemistry analytes from 
the panel of the hospital laboratory standards. C-reactive 
protein limits of >100 mg/L had been considered clinically 
the most important, indicating high possibility for bacte-
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rial infections and/or profound systemic inflammation.32 
Drugs were classified according to the ATC (Anatomical 
Therapeutic Chemical) classification system used by the 
World Health Organization and the medication exposure 
was expressed as the number of defining daily doses (DDD) 
per 100 patient’s days (PD) of hospitalization (http://www.
whocc.no/atc_ddd_index). Drug data collection and analy-
sis focused primarily on pharmaceuticals with known or 
suspected risk for QTc prolongation and/or torsades de 
pointes (https://crediblemeds.org/healthcare-providers).

Primary independent variable was QTc interval pro-
longation while primary outcome variable was all-cause 
mortality. Other study data are categorized and analyzed 
as secondary and independent or outcome variables, as ap-
propriate (including QTc interval prolongation itself, in a 
separate subanalysis). Cardiologists evaluated QTc intervals 
independently of investigators (using the Bazett formula) 
and calculated Tisdale score.33,34 Analysis included absolute 
QTc interval (ms), its prolongations (>450 ms, >480 ms, 
>500 ms) and change from baseline (increases >30 ms and 
>60 ms), that were interpreted in the light of appropriate 
clinical and regulatory recommendations.35,36 Evaluation 
of collected data included descriptive statistics (measures of 
central tendency and variations), comparison between the 
study groups depending on the type of data distribution (t-
test, Mann-Whitney test, Fisher’s exact test, Friedman test) 
and univariable and multivariable logistic regression. For all 
calculations probability of null hypothesis less than 0.05 was 
considered to be significant.

RESULTS

The study population included in total 199 patients with 
laboratory-confirmed COVID-19 disease. Main demo-
graphic and clinical characteristics of the study subjects are 
presented in the Table 1.

Median length of hospital stay was 6 (interquartile range-
IQR, 3-14) days. Majority of the study population were men, 
being in the middle of the sixth decade of life. The case fatal-
ity rate was 15.1%, as 30 study subjects died during hospital 
treatment. The non-survivors were significantly older than 
the survivors and the most common symptoms among the 
study patients were fever, cough, dyspnea and diarrhea.

Variable
All patients 

(n=199)
Survivors 
(n=169)

Non-
survivors 
(n=30)

Statistics 
(test; p)

Age (years)
57.3±15.8  

(58, 23, 
23-88)

55.1±15.6 
(55, 23, 
23-88) 

69.4±10.9 
(70, 14, 
45-85)

z=-4.7; 
<0.001*

Gender (male) 120 (60.3) 102 (60.4) 18 (60)
χ2 <0.1; 

0.971

Obesity 39 (19.6) 33 (19.5) 6 (20)
χ2<0.1; 
0.952

Intensive care unit 
stay

48 (24.1) 18 (10.7) 30 (100)
χ2 =111.1; 

0.001*

Hypoxia 112 (56.3) 82 (48.5) 30 (100)
χ2 =27.4; 

0.001

Mechanical ven-
tilation

41 (20.6) 12 (7.1) 29 (96.7)
χ2 =124.9; 

0.001*

Hypertension 98 (49.7) 79 (47.3) 19 (63.3)
χ2=2.6; 
0.106

Arrhythmias, pre-
existing

32 (16.1) 14 (8.3) 18 (60)
χ2=50.5; 
0.001*

Arrhythmias, ven-
tricular, de novo

14 (7) 1 (0.6) 13 (43.3)
χ2 =71.2; 

0.001*

Coronary artery 
disease

26 (13.1) 19 (11.2) 7 (23.3)
χ2 =3.3; 

0.070

Heart failure 20 (10.1) 12 (7.1) 8 (26.7)
χ2 =10.8; 

0.001*

Chronic obstruc-
tive pulmonary 
disease

26 (13.1) 19 (11.2) 7 (23.3)
χ2 =3.3; 

0.081

Diabetes mellitus 29 (14.6) 22 (13) 7 (23.3)
χ2 =2.2; 

0.140

Renal failure 10 (5) 3 (1.8) 7 (23.3)
χ2 =24.8; 

0.001*

Hypothyroidism 9 (4.5) 6 (3.6) 3 (10)
χ2 =2.5; 

0.117

Liver damage 6 (3.0) 5 (3.0) 1 (3.3)
χ2 <0.1; 

0.912

Potassium (mmol/L)

4.1±0.6 
(4.1, 0.7, 
2.9-6.2; 

197)

4.1±0.5 
(4.1, 0.6, 
2.9-5.6; 

167)

3.9±0.8 
(3.7, 1.1, 
3.0-6.2; 

30)

z=-2.4, 
0.017*

Hypokalemia (<3.5 
mmol/L)

25 (12.7) 16 (9.6) 9 (30.0)
χ2 =9.6, 
0.005*

Calcium (mmol/L)

2.21±0.33 
(2.23, 0.30, 
1.00-4.20; 

159)

2.23±0.28 
(2.25, 0.3, 
1.00-4.20; 

139)

2.04±0.53 
(2.10, 0.6, 
1.00-2.80; 

20)

z=-1.5, 
0.137 

Hypocalcemia 
(<2.02 mmol/L)

31 (19.5) 22 (15.8) 9 (45.0)
χ2 =9.5, 
0.005*

Magnesium 
(mmol/L)

0.85±0.21 
(0.84, 0.16, 
0.31-2.35; 

113)

0.86±0.20 
(0.84, 0.13, 
0.31-2.35; 

107)

0.60±0.06 
(0.60, 0.05, 
0.50-0.69; 

6)

z=-3.8, 
<0.001*

C-reactive protein 
(mg/L)

103±103 
(72, 138, 
1-500; 
191) 

80±81 (53, 
113, 1-411; 

63)

239±112 
(247, 150, 
60-500; 

28)

z=-6.5, 
<0.01

C-reactive protein 
(>100 mg/L)

77 (40.3) 53 (32.5) 24 (85.7)
z=-28.1, 
<0.001*

Hospital stay (days)
16±7 (15, 
7, 1-48)

17±7 (15, 
6, 2-48)

14±8 (14, 
10, 1-30)

z=-2.1, 
0.039*

Table 1. Demographic and clinical characteristics and selected laboratory 
parameters of study patients.

the numbers represent the mean ± standard deviation (median, interquartile 
range, minimal, maximal, number of patients) or number (percent) of patients, as 
appropriate; z - Mann–Whitney test; t – Student’s t-test; χ2- Fisher’s exact test; p - 
probability for difference between the values of case and control group; *-significant 
difference 
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Obesity (defined as body mass index - BMI≥30 kg/m2) 
was moderately prevalent in the population of treated pa-
tients (only one fifth of all patients were obese). About one 
fourth of the patients were hospitalized at intensive care 
unit, and hypoxia (SpO2<90% on room air) was diagnosed 
in more than a half of the study subjects; every fourth pa-
tient was mechanically ventilated.

The most frequent comorbidities were hypertension, ar-
rhythmias, diabetes mellitus, coronary artery disease and 
heart failure. Three (1.5%) patients had hyperthyroidism, 
two (1%) had systemic lupus erythematosus and 2 (1%) 
study subjects had Parkinson’s disease. The newly-emerged 
(de novo) ventricular tachyarrhythmia were registered 
in small number of patients but almost all of them stayed 
in intensive care units and had died finally. Among these 
patients there were 7 (3.5%) with ventricular tachycardia, 
but inaccuracies of medical documentation precluded ex-
act identification of torsade de pointes as a separate clinical 
entity. In general, organ failure, acute or chronic, or pre-
existing (lung, heart, kidney) had been significantly more 
frequent in subjects with fatal outcome.

There were significant differences in the mean serum 
potassium, calcium and magnesium concentrations be-
tween the study subgroups. Patients with fatal outcome 
had been prone to the depletion of serum cations which is 
known risk for QTc prolongation. Hypomagnesemia was 
recorded in 6 (5.3%) patients with lethal outcome and in 
11 (9.7%) survivors; however, no hypomagnesemia was re-
corded in subjects who survived and, therefore we did not 
perform further analysis of this factor. Overall, 55 (27.6%) 
of subjects had low serum concentration of at least one of 
major cations. The mean ± standard deviation of ferritin 
values in all study subjects was 622±1539 μg/L (median 396, 
IQR 443, minimum 6, maximum 16662, n=122), but only 
one measurement was recorded in the non-survivors, pre-
cluding further analysis of its relationships with the study 
outcomes. Low serum levels of vitamin D, measured as total 
25-hydroxyvitamin D (<20 ng/mL), had been found in 31 
(15.6%) study patients, but without statistical significance 
between the study groups (χ2=0.5, df=1, p=0.426).

Majority of the patients were prescribedantimalarials 
(chloroquine, hydroxychloroquine) and the most frequently 
prescribed antibiotics were azithromycin, levofloxacin and 
piperacillin with tazobactam, respectively (table 2).

Drug
All patients 

(n=199)

Nonsur-
vivors  
(n=30)

Survivors 
(n=169)

Statistics 
(test; p)

Azithromycin 139 (69.8) 22 (73.3) 117 (69.2)
χ2 

=0.2;0.829

Pantoprazole 110 (55.3) 30 (100) 80 (47.3)
χ2 =28.5; 
<0.001*

Chloroquine
100 

(50.3)**
25 (83.3) 73 (43.2)

χ2 =16.4; 
<0.001*

Hydroxychloroquine 85 (42.7)** 2 (6.7) 83 (49.1)
χ2 =19.2; 
<0.001*

Levofloxacin 54 (27.1) 7 (23.3) 47 (27.8)
χ2 =0.3; 
0.824

Furosemide 36 (18.1) 19 (63.3) 17 (10.1)
χ2 =48.8; 
<0.001*

Hydrochlorothiazide 20 (10.1) 0 (0) 20 (11.8)
χ2 =3.9; 
0.048

Metoclopramide 20 (10.1) 16 (53.3) 4 (2.4)
χ2 =73,7; 
<0.001*

Metronidazole 18 (9.3) 1 (3.4) 17 (10.3)
χ2 =1.4; 
0.320

Amiodarone 17 (8.5) 13 (43.3) 4 (2.4)
χ2 =54.7; 
<0.001*

Piperacillintazo-
bactam

15 (7.5) 5 (16.7) 10 (5.9)
χ2 =4.2; 
0.055

Table 2. The most frequently prescribed drugs in patients of study groups

the numbers represent the mean ± standard deviation (median, interquar-
tile range, minimal, maximal, number of patients) or number (percent) 
of patients, as appropriate; χ2- Fisher’s exact test; p - probability for dif-
ference between the values of case and control group; *-significant differ-
ence; **- 7 patients use both antimalarials, sequentially, due to temporary 
shortage in drug supply

The prescriptions of pantoprazole, antimalarial drugs, 
furosemide, metoclopramide and amiodarone were statis-
tically more frequent in the patients with lethal outcome. 
Very small number of patients received indapamide, clo-
zapine, methadone, sertraline, trazodone, paroxetine, do-
nepezil, risperidone, lopinavir/ritonavirand other different 
drugs and their use, consequently, had not been analyzed 
in details.

The patients in our study had a diversity of patterns of 
QTc interval prolongation during the hospital treatment 
(table 3).
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Variable
All patients 

(n=199)
Survivors 
(n=169)

Non-
survivors 
(n=30)

Statistics 
(test; p)

QTc1 (ms)
328±36 
(318, 46, 
252-428)

332±36 
(318, 47, 
252-428)

309±29 
(305, 32, 
262-393)

z=3.3, 
0.010

QTc2 (ms)
377±42 
(374, 32, 
283-498)

380±41 
(374, 58, 
303-498)

362±45 
(362, 69, 
283-453)

t=2.1, 
0.034*

QTc3 (ms)
423±44 
(423, 62, 
321-508)

420±42 
(422, 59, 
321-508)

440±53 
(456, 73, 
332-503)

t=2.4, 
0.019*

ΔQTc2,1 (ms)
49±38 (34, 

48, -44-
238)

48±38 (34, 
52, -44-

238)

53±36 
(44, 36, 
11-145)

z=0.9, 
0.356

ΔQTc3,1 (ms)
94±56 (96, 

89, -32-
256)

88±54 (88, 
82, -32-

256)

131±56 
(56, 87, 
23-223)

t=4.0, 
<0.001*

QTc2,1-30 55 (27.6) 45 (26.6) 10 (33.3) χ2=0.6, 
0.507

QTc2,1>60 59 (29.6) 50 (29.6) 9 (30.0) χ2<0.1, 1.0

QTc3,1-30 40 (20.1) 36 (21.3) 4 (13.3) χ2=1.0, 
0.459

QTc3,1>60 131 (65.8) 106 (62.7) 25 (83.3) χ2=4.8, 
0.036*

QTc2,450 7 (3.5) 6 (3.3) 1 (3.6) χ2<0.1, 1.0

QTc2,480 2 (1.0) 2 (1.2) 0 (0) χ2=0.4, 1.0

QTc3,450 47 (23.6) 37 (21.9) 10 (33.3) χ2=1.8, 
0.242

QTc3,480 10 (5.0) 6 (3.6) 4 (13.3) χ2=5.1, 
0.046*

QTc3,500 5 (2.5)** 3 (1.8)** 2 (6.7)** χ2=2.5, 
0.164

Table 3. Parameters of QTc intervals in study patients

the numbers represent the mean ± standard deviation (median, inter-
quartile range, minimal, maximal)or number (percent) of patients, as 
appropriate; QTc1/2/3 – QTc intervals at admission (1), during (2) and 
after (3) antimalarials treatment, respectively;ΔQTc2,1/3,1 – absolute dif-
ference in QTc intervals between respective measurements; QTc2,1/3,1-
30/>60– patients with absolute increase of 30-60 ms and >60 ms between 
respective measurement; QTc2/3,450/48/500 – patients with QTc intervals 
of 450-480 ms, 481-500 ms and >500 ms at respective measurement; zero 
patient frequency in both groups are omitted; z - Mann–Whitney test; 
t – Student’s t-test; χ2- Fisher’s exact test; p - probability for difference 
between the values of case and control group;*-significant difference; **all 
had QTc3,1>60, too

In the study population as a whole, QTc intervals were 
prolonged significantly during the hospitalization (χ2=339.4, 
df=2, p<0.001, Friedman test). Surprisingly, none of the pa-
tients had QTc interval longer than 450 ms at admission, 
but in a two third of them the interval increased more than 
60 ms from baseline after the initial drug treatment. On the 
other side, a few patients experienced prolongation of QTc 
interval for more than 500 ms, which is considered to be 
important risk factor for development of heart rhythm ir-
regularities with possible adverse clinical consequences. 
Due to imbalances between the frequencies of cases with 
or without particular pattern of QTc interval prolongation 

within the study sample, we performed further statistical 
analysis in very limited extent, aiming to provide data for 
informative purposes only (table 4)

Variable

QTc3,1>60 QTc3>480

a/b/c/d
OR 

(95% CI, p)
a/b/c/d

OR (95% 
CI, p)

Age (>65 
years)

58/17/73/51
2.38 

(1.24-4.56, 
0.009)*

11/64/4/120
5.16 (1.58-

16.85, 
0.005)*

Hypertension 65/33/65/34
1.03 

(0.57-1.86, 
0.921)

12/86/3/96
4.47 (1.22-

16.35, 
0.024)*

Arrhythmia 31/1/100/67

22.77 
(2.77-

155.82, 
0.003)*

12/20/3/164

32.80 
(8.52-

126.22, 
<0.001)*

Heart failure 19/1/112/67

11.37 
(1.49-
56.85, 

0.019) *

5/15/10/169
5.63 (1.70-

18.64, 
0.005)*

Renal failure 8/2/123/66
2.15 (0.44-

10.40, 
0.343)

4/21/11/161
6.32 (1.45-

27.59, 
0.014)*

Hypokalemia 21/4/108/64
3.11 

(1.02-9.47. 
0.046)*

4/21/11/161
2.79 

(0.81-9.55, 
0.103)

Hypomagne-
semia

16/1/51/45

14.12 
(1.80-

110.73, 
0.012)*

3/14/7/89
2.72 (0.63-

11.79, 
0.180)

Pantoprazole 74/36/27/32
1.15 

(0.64-2.08, 
0.633)

14/96/1/88

12.83 
(1.65-
99.62, 
0.015)*

Chloroquine 54/41/74/57
0.51 

(0.28-0.92, 
0.026)*

8/92/7/92
1.14 

(0.40-3.28, 
0.804)

Hydroxychloro-
quine

62/23/69/45
1.76 

(0.96-3.23, 
0.069)

5/80/10/104
0.65 

(0.21-1.98, 
0.448)

Furosemide 30/6/101/62
3.07 

(1.21-7.79, 
0.019)*

5/31/10/153
2.47 

(0.79-7.72, 
0.121)

Hydrochlorothia-
zide

15/5/116/63
1.63 

(0.57-4.69, 
0.366)

4/16/11/168
3.82 (1.09-

13.38, 
0.036)*

Metoclopramide 17/3/114/65
3.23 (0.91-

11.44, 
0.069)

5/15/10/69
5.64 (1.70-

18.64, 
0.005)*

Amiodarone 17/0/114/68 n.a. 8/9/7/175

22.22 
(6.59-
74.94, 

<0.001)*

Table 4. The univariable binary logistic regression analysis of selected risk 
factors for QTc interval prolongation

QTc3,1>60 and QTc3>480 - see footnote of table 3; a/b -number of 
exposed patients with prolonged and normal QTc interval, respectively; 
c/d - number of non-exposed patients with prolonged and normal QTc 
interval, respectively; OR - crude odds ratio; CI-confidence interval; p-
probability; *-significant difference; n.a. – not applicable 

We were unable to prove definitely that either chloro-
quine and hydroxychloroquine had been significantly asso-
ciated with clinically important QTc interval prolongation. 
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Instead, other, mostly well-known risk factors such as older 
age, comorbid cardiovascular disorders and major cation 
disturbances as well as drugs with recognized (amiodarone) 
or conditional effects for development of torsade de pointes 
(furosemide, hydrochlorothiazide, metoclopramide, panto-
prazole) had significant associations. However, due to the 
above-mentioned and other important limitations (e.g. very 
wide confidence intervals in parameter estimations) we 
could not make reliable causality assessment.

Total of 14 variables, which were considered clinically 
important, emerged as the risk factors significantly associ-
ated with fatal outcome after univariable binary logistic re-
gression (table 5)

Variable OR (95% CI, p) aOR (95% CI, p)

Age (>65 years) 7.39 (2.99-18.31, <0.001) n.a.

QTcΔ31>60 2.97 (1.08-8.16,0.034) n.a.

QTc3>480 4.44 (1.45-13.60, 0.009)
1.02 (0.22-4.67, 

0.974)

Arrhythmia, pre-
existing

16.61 (6.67-41.36, <0.001)
9.30 (2.91-29.73, 

<0.001)

Heart failure 4.76 (1.75-12.93, 0.002) n.a.

Hypokalemia (<3.5 
mmol/L)

4.04 (1.59-10.11, 0.003) n.a.

Hypocalcemia (<2.02 
mmol/L)

4.36 (1.61-11.73, 0.004) n.a.

High C-reactive protein 
(>100 mg/L)

12.45 (4.11-37.71, <0.001) n.a.

Chloroquine 6.58 (2.40-18.00, <0.001) n.a.

Hydroxychloroquine 0.07 (0.02-0.32, <0.001) n.a.

Furosemide 15.44 (6.31-37.83, <0.001)
8.94 (3.27-24.41, 

<0.001)

Metoclopramide 47.14 (13.86-160.32, <0.001) n.a.

Amiodarone 31.54 (9.25-107.58, <0.001) n.a.

Piperacillin tazobactam 3.18 (1.00-10.08, 0.049) n.a.

Table 5. The binary logistic regression analysis of selected risk factors for 
fatal outcome (n=30), which were significantly different between study 
groups.

OR and aOR, crude and adjusted odds ratio, respectively; CI-confidence 
interval; p-probability; n.a. – not imputed into multivariable model due 
to limited size of non-survivor cases (did not preclude absence of possible 
causal relationships); QTcΔ31>60 and QTc3>480 - see footnote of table 3

In order to avoid overfitting, we enter only three vari-
ables into multivariable model, based on the study aims, 
clinical plausibility, precision of the crude parameter esti-
mates and sufficient frequency of the observations within 
the study groups. Comorbid arrhythmias and furosemide 
were independently associated with unfavorable outcomes 
but QTc prolongation (>480 ms) did not. The logistic re-
gression model was statistically significant (χ2=59.9, df=3, 
p<0.001), the model explained 43.5% (Nagelkerke R2) of 
the variance in mortality and correctly classified 89.4% of 
cases.

Finally, we explored possible dose-depended relation-
ships between the use of antimalarial drugs and study 
outcomes. Mean cumulative doses of chloroquine and 
hydroxychloroquine per patient were 6500±2837 mg (± 
standard deviation, median 7000 mg, IQR 3750 mg, from 
1000-15000 mg) and 3807±1291 mg (3200 mg, 1200 mg, 
from 1600-8000 mg), respectively. In general, number of 
prescribed defined daily doses (DDD) of chloroquine per 
patient per 100-hospital days was statistically higher in the 
survivors and in the patents without clinically important 
QTc prolongation and de novo ventricular arrhythmias, re-
spectively, than their study counterparts who died and/or 
who had these rhythm abnormalities (figure 1)

Figure 1. Utilization of chloroquine and hydroxychloroquine in defined 
daily doses per 100-patient’s days of hospital stay in study subgroups; VA-
ventricular arrhythmia; vertical bars – standard errors; QTc limit of 480 
ms was chosen based on suitable number of event observations (see table 
3) and the method of previous study (Cavalcantiet al., 2020); number of 
patients within subgroups, in successive order – 75/25, 91/9, 42/58, 92/8, 
83/2, 82/3, 23/62, 80/5; *-significant difference within a subgroup (Mann-
Whitney test, see text results for details).

(Mann-Whitney test, z=-3.1, p=0.002; z=-2.1, p=0.038; 
z=-2.3, p=0.005; z=-2.1, p=0.034). On the other hand, no 
significant differences were detected for prescription of 
hydroxychloroquine within the same patient subgroups 
(Mann-Whitney test, z=-1.2, p=0.240; z=-0.6., p=0.579; 
z=-1.4, p=0.151; z=-0.4, p=0.697). Shorter drug treatments 
probably generated these differences as the medians of 
chloroquine duration prescriptions was significantly less in 
three of the four above-mentioned subgroups (Mann-Whit-
ney test, z=-5.5, p<0.001; z=-2.2, p=0.025; z=-2.0, p=0.049; 
z=-0.6, p=0.0.572). For example, median of chloroquine use 
in the survivors was 7 days (from 2-15 days) and in the pa-
tients with fatal outcome which was 3 days (from 1-9 days).
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DISCUSSION

The results of our study showed that majority of the 
patients with COVID-19 who had been treated within the 
setting of routine hospital practice experienced diversity of 
clinically important prolongation of QTc interval and almost 
all who did not survive. However, the most severe pattern of 
QTc prolongation, which put the patient in the highest risk 
for development of adverse events such as newly-emerged 
ventricular arrhythmias (e.g. torsade de pointes) and pro-
arrhythmogenic death (e.g. QTc>500 ms), were not very fre-
quent, being quite novel finding in the topic. In addition, we 
were unable to either prove or disprove the causal relation-
ships between significant QTc prolongation and mortality. 
Similarly, fundamental clinical consequences of possible in-
teraction of antimalarial drugs, primarily chloroquine and, 
in lesser extent, hydroxychloroquine, with adverse study 
outcomes remained unresolved in our study. We found no 
dose associations of antimalarials prescriptions and unfa-
vorable clinical events which also represented research nov-
elty as we are unaware of published study in the field using 
the standardized, pharmacoepidemiologic assessment as we 
did.

Several studies, mainly with observational design, inves-
tigated about QTc prolongation in patients with COVID-19, 
primarily in those who used hydroxychloroquine and, much 
rarely chloroquine, within hospital settings. Overall, the 
frequency of the most important clinical abnormality (ab-
solute QTc prolongation >500 mg and/or difference of >60 
ms from baseline) markedly varied, from 11-35% which is 
almost a half of that in our research.9,11,12,21,24,37 On the other 
side, the highest risk event in those studies, QTc prolonga-
tion of >500 ms (or >550 ms when adjusted for QRS com-
plex duration), was about three times higher than in our 
study group, starting from 8.2% in an observational study 
of hydroxychloroquine to even 48.9% in the chloroquine 
high-dose subgroup of patients in a randomized controlled 
trial.12,37 Differences of patients’ clinical characteristics likely 
contributed to these apparent discrepancies. For example, 
no patient in our study had QTc interval >500 ms at base-
line contrary to 4.2% of such subjects in another, previous 
research.38 The shorter chloroquine treatment courses and 
its lower doses in the non-survivors in our study suggested 
premature cessation of the drug in critically-ill patients. It 
was probably influenced by the accumulation of other im-
portant risk such as electrolyte depletions and QTc-prolong-
ing medications and, highly likely, consequent ventricular 
dysrhythmias, which were recognized by a ward physician 
prompting the urgent, safety measures. Therefore, the rou-
tine prescription of antimalarials for patients within inten-
sive care units hardly constitute a rational pharmacotherapy.

Clinically important ventricular dysrhythmias related 
to the QTc prolongation were somewhat more frequent in 
our research than in several similar studies. However, the 
results of our limited regression analysis did not confirm an 
independent association of QTc prolongation and mortality 
and it even suggested neutral effect of hydroxychloroquine. 
At least four research groups found no torsade de pointes 
in patients with COVID-19 who use antimalarials; further-
more, ventricular tachycardia was a rare event, recoded in 
2.7% subjects.11,12,21,23,37 Indeed, there are no firm evidence 
about causal relationships between QTc interval prolonga-
tion, new ventricular tachyarrhythmia and mortality in pa-
tients with COVID-19, including those who used antima-
larial drugs in either monotherapy or in combination with 
other risky medications, yet. Some previous studies, where 
all-cause mortality rate was very similar to that from our 
study, also did not report QTc interval prolongation-related 
events within main risk factors for fatal outcome; moreover, 
treatment with hydroxychloroquine in one of them signifi-
cantly lowered the hazard for lethality.39,40 Another analysis 
drew attention on comorbidities as the most important risk 
factors for fatal outcome for COVID-19 inpatients, too, not 
revealing QTc interval related clinical events.29 The most 
recent published systematic evidence in the field also pre-
sented no increased significant risk for patients’ mortality 
with the use of hydroxychloroquine, particularly when pre-
scription of other QTc-prolonging drugs was avoided41.

Main limitations of our study include its small sample 
size, observational design with retrospective data collection, 
single-center scope and absence of adjustment for baseline 
characteristics of the patients at allocation to the case and the 
control groups. In addition, other important variables such 
as severity of COVID-19 illness, findings of supplemental 
diagnostics (e.g. radiological imaging and microbiological 
data), other therapeutic strategies (e.g. antiviral medicines, 
immunomodulatory drugs and oxygen support) as well as 
additional treatment outcomes (e.g. organ dysfunctions and 
additional systemic complications) were outside the scope 
of our research. These and other possible shortcoming pre-
cluded us to perform more detailed analysis which neces-
sitate very careful extrapolation and generalization of our 
results.

On the other side, we believe that our study contributed 
fairly to the existing knowledge, presenting some novel evi-
dence about cardiac safety of antimalarial and other drugs 
with QTc-prolonging potential in patients with COVID-19. 
We showed the pattern of different QTc interval abnormali-
ties across the treatment course and the antimalarial dose-
effect association in extensive details, many of them not 
analyzed in previous, similar studies. Some apparent short-
comings probably little, if at all, threaten our major find-
ings. For example, more electrocardiogram measurement 
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could provide few supplementary information about the 
effects of antimalarials as these drugs had very long half-
lives, providing pharmacologically active drugs’ concentra-
tions well-beyond the period of initial prescription.42,43 The 
inconsistencies of their effects on different QTc prolonga-
tion patterns, dose response and study outcomes within 
and between chloroquine and hydroxychloroquine patient 
subgroups, respectively, represented rather the piece of evi-
dence for the absence of drug-causality than the weaknesses 
of study internal validity.44

In conclusion, our results suggest that clinicians should 
consider possible cardiotoxicity of chloroquine and hy-
droxychloroquine primarily within the context of the pres-
ence of other risk for QTc interval prolongation in individu-
al patient, particularly older age, pre-existing cardiovascular 
disorders, major electrolyte disturbances and additional, 
hazardous medicines. Based on our study findings, current 
knowledge and clinical experience which had been accumu-
lated during the pandemic course so far, we conclude that 
further, well-design, large scale clinical trials are needed in 
order to resolve definitely the question about clinical utility 
of antimalarial drugs. They probably should focus on puta-
tive effectiveness rather than safety of early hydroxychloro-
quine prescription in selected populations such as healthy 
subjects necessitating antiviral prophylaxis, people with as-
ymptomatic SARS-CoV-2 infection and patients with mild-
to-moderate COVID-19 disease.
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