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Abstract

Background: Definite treatment for the COVID-19 is not approved. The advantages and
disadvantages of treatment options have to be considered in all patients.

Aims: In this study we aimed to determine corrected QT (QTc) interval changes based on the
treatment options which can potentially prolong QT interval and possible consequences.
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Methods: 256 admitted patients with the diagnosis of SARS-CoV2 infection enrolled. The QTc
interval, at the time of admission and maximal value during hospital stay was evaluated. ΔQT for
calculated. QTc was compared between critically ill patients and patients discharged in different
groups of treatment including no drug, Hydroxychloroquine, Azithromycin, Lopinavir/Ritonavir
(kaletra), and Oseltamavir.

Results: The mean age was 59.4 (15.68) years. Approximately 40 % of increases in QT interval
was less than 40 ms. ΔQT increased significantly among critically ill patients during hospital stay
and it was also significantly higher at the baseline in these patients (p value: 0.014). After
adjustment of patients for confounding variables ANOVA test revealed no significant difference
between different drug groups (p value=0.857). There was no significant correlation between
HCQ dosage and ΔQT (p value=0.656).

Conclusions: QTc interval increases significantly among critically ill patients during hospital stay.
Short-term therapy of alone or in combination therapy of Hydroxychloroquine with other
potentially QTc-prolonging drugs for treatment of patients with COVID-19 infection seems to be
safe. Other comorbidities and severity of disease may be the main risk factors of QTc
prolongation.
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Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2) pandemic affect millions of
people worldwide from April 2020, but there are no approved treatments to date [1]. This
pandemic makes therapeutic and prognostic challenges worldwide. Patients with comorbidities
especially cardiovascular diseases are at the highest risk of involvement and worse outcomes
[2]. Besides, therapeutic strategies and drugs for treatment could potentially affect the
cardiovascular system, especially the conduction system and consequently, cause cardiac
morbidity and even mortality. One of the most combinations for treatment of COVID-19
pneumonia was Hydroxychloroqiune/Azithromycin that leads to corrected QT (QTc) interval
prolongation and life-threatening arrhythmias including mainly Torsade des pointes consequently
according to previous reports [3-5]. Other treatment options are also have been used including
kaletra (Lopinavir-Ritonavir)  [6], Oseltamavir  [7], and the combination of these drugs. All of
these drugs mentioned before have the reported potency to affect QT interval in patients
especially with underlying disease [8,9], but the effect of the combination of these drugs with
hydrxychloquin remained a question. As the definite treatment for the COVID-19 is not
recognized, the advantage and this advantage of treatment options have to be considered in all
patients. Thus in this study we aim to determine QTc interval changes base on the treatment
among patients with SARS-CoV2.

Methods

Patient’s setting 

All patients admitted to Khorshid Hospital, Isfahan, Iran from January to April 2020 with the
definite diagnosis of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2) by Real-
Time Polymerase Chain Reaction (Rt-PCR) of the nasopharyngeal and oropharyngeal specimens
were enrolled. The ethical committee of Isfahan University of Medical Sciences, Isfahan, Iran
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approved this study.

Measurements and outcomes

Demographic characteristics of patients and the risk factors including age, gender,
comorbidities, and history of smoking or opium addiction recruited. Electrocardiography was also
performed in all patients. QTc interval (corrected QT interval) in all patients were measured. QT
interval corrected by the following formula: QTc=QT+1.75 (HR-60)

QTc interval compared between patients with critical clinical condition (patients who expired
during hospitalization and patients with ICU care) and patients who discharged without any ICU
care. According to drugs that may affect the QTc interval, groups of treatment categorized as Hy
droxychloroquine+Azithromycin, Hydroxychloroquine+Levofloxacin+Oseltamavir, Hydroxychloro
quine+Kaletra+Azithromycin, Hydroxychloroquine+Kaletra+Levofloxacin+Oseltamavir, and no
drug for treatment. QTc interval of all patients at the time of admission evaluated. It was also
evaluated further in patients who had more ECG evaluation in the days of hospitalization. 

Statistical analysis

Continuous variables were described with mean and standard deviation. Variables were
evaluated for normality of distribution and log transform was used if a variable was considered
non-normally distributed. Frequency was also used to describe descriptive statistics. For the
analysis of quantitative parameters, Exact Fisher's exact test, and for the descriptive
parameters, Chi-Square test was used. The significance level was set 0.05. SPSS version 25 (IBM,
Armonk, NY) were used for all the analyses.

Results

Two hundred and fifty-six patients with the diagnosis of COVID-19 were enrolled in the study.
Demographic characteristics of all patients and drug history of them before admission are shown
in Table 1. Patients had the mean age of 59.4 (15.68) years. 19.9% (51) of them had the prior
history of IHD. 

Baseline characteristics

Age (mean(S.D)) 59.4 (15.68)

Male, n (%) 164 (64.1%)

Diabetes mellitus, n (%) 73 (28.5%)

Hypertension, n (%) 96 (37.5%)

History of Ischemic Heart Disease, n (%) 51 (19.9%)

Drug history

(a) Anti-platelet (ASA/Plavix) 9 (3.5%)

(b) Statin 46 (18%)

(c) Digoxin 5(2%)

(d) Oral Anticoagulants (warfarin/NOAC) 11 (4.3%)

(e) Nitrates
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(f) Beta blocker 12 (4.7%)

(g) ACEI/ARB 49 (19.1%)

(h) Calcium Channel Blocker 73 (28.5)

(i) Diuretics (Frusemide/Thiazide) 23 (9%)

(j) Aldosterone antagonists 31 (12.1%)

(k) Benzodiazepine 4 (1.6%)

(l) Sodium valproate 5 (2%)

(m) Quetiapine 3 (1.2%)

(n) Levothyroxine 3 (1.2%)

(o) Corticosteroid 17 (6.6%)

(p) SSRI 11 (4.3%)

(q) TCA 7 (2.7%)

(r) Immunosuppressive 7 (2.7%)

Smoker, n (%) 12 (4.7%)

Addiction, n (%) 11 (4.3%)

Abbreviations: ACEI: Angiotensin Converting Enzyme Inhibitor; ARB: Angiotensin Receptor
Blocker; SSRI: Selective Serotonin Reuptake Inhibitors; TCA: Tricyclic Antidepressants; SBP:
Systolic Blood Pressure; DBP: Diastolic Blood Pressure; CRP: C-Reactive Protein; BUN: Blood
Urea Nitrogen

Table 1: Baseline characteristics of patients with SARS-CoV2 (n=256).

QTc interval compared between patients with critical clinical condition (patients who expired
during hospitalization and patients with ICU care) and patients who discharged without any ICU
care using non-parametric Mann-Whitney U test due to not having normal distribution, in Table2.
The prolongation of the QTc interval in critically clinical condition patients from a baseline
average of 412.75 (41.4) ms (mean (S.D)) to a maximal average value of 446.89 (54.78) ms was
seen. At the beginning, the mean (SD) of QTc interval in both group showed no significant
differences (p value=0.235), but during hospital stay, the mean (SD) of QTc interval in patients
with critical clinical condition, increased significantly (p value: 0.001). ΔQT which was calculated
by the differences of QTc1 and QTc2, also increased significantly among patients with critical
clinical condition (p value: 0.014).

Critically ill
patients

Discharge
without ICU

care

t value P value

QTc1 (n=253) 412.75 (41.40) 406.04 (29.98) 1.195 0.235

QTc2 (n=137) 446.89 (54.78) 417.20 (33.58) 3.511 0.001

ΔQT (n=137) 29.89 (63.62) 5.52 (34.29) 2.532 0.014

Abbreviation: QTc: Corrected QT interval
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Table 2: Comparison the QTc interval between patients stratified by critical clinical condition
(ICU care and expired) and discharged without ICU care (n=256).

To evaluate the effect of drugs on the QTc interval, we categorized patients in Hydroxychloroqui
ne+Azithromycin, Hydroxychloroquine+Levofloxacin+Oseltamavir, Hydroxychloroquine+Kaletra
+Azithromycin, Hydroxychloroquine+Kaletra+Levofloxacin+Oseltamavir, and no drug for
treatment group. ΔQT compared between groups, using ANOVA test (Table 3). ANOVA test
revealed no significant difference between different drug groups (p value=0.857). 

ANOVA

Sum of
Square

df Mean Square F Sig.

Between
Groups

2411.49 4 602.872 0.33 0.857

Within groups 177313.984 97 1827.979

Total 179725.474 101

Table 3: ANOVA test between different groups of treatment for evaluation of ΔQT.

After adjustment of patients for confounding variables including age, gender and prior history of
TCA consumption, analysis of covariance (ANCOVA) showed no significant difference between
different drug groups (Table 4 and Figure 1). 

Group of treatment Mean Std. Deviation N Subset of
α=0.05

No drugs 21.41 61.76 16 21.41

Hydroxychloroquine+
Azithromycin

6.58 34.06 16 6.58

Hydroxychloroquine+
Kaletra+Azithromycin

13.07 43.16 22 13.07

Hydroxychloroquine +
Levofloxacin+Oseltam
avir

7.88 37.70 29 7.88

Hydroxychloroquine+
Kaletra+Levofloxacin
+Oseltamavir

12.76 36.35 19 12.76

Total 11.83 42.18 102

Table 4: Mean ± SD of ΔQT in different groups of treatment.
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Figure 1: Simple error bar for the Mean of ΔQT in different drugs.

The correlation between Hydroxychloroquine dosage and ΔQT evaluated based on pearson
correlation. No significant correlation between HCQ dose and ΔQT was showed (p value=0.656).
ΔQT categorized as 0-20, 20-40, 40-60, and >60 ms (Figure 2). 27.9% of patients had the ΔQT
changes in average of 0-20 ms. 4 patients have QTc interval more than 500 ms during hospital
stay and three patients had QTc interval more than 500 ms at the admission. One patient died
from sustained ventricular tachycardia, without evidence of electrolyte abnormalities and
without severe QTc prolongation.

 

Figure 2: ΔQT categorization among all patients.
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Discussion

According to our findings, QTc interval increases significantly among patients with critically
clinical condition during hospital stay. The mean of QTc interval at the baseline in the patients
with critically clinical condition was higher than others, although this difference was not
statistically significant. Critically ill patients not only had higher QTc interval, but also
experienced more increase in QTc during hospital stay. QTc increase among patients who
received different treatment regimen including Hydroxychloroquine and other agents which
potentially increase QTc, were mild. QTc changes among patients who received different groups
of treatment revealed no significant differences. Indeed, no specific drug would change the
electrophysiological characteristics of these patients.  

Healthcare professionals attempted to find immediate treatment options to face this pandemic
challenges which leads to several experimental treatments with intermediate clinical evidence
[10,11]. HCQ was used as first-line regiment after that some clinical reports provided its clinical
advantages [12]. Prescribing Hydroxychloroquine alone in the short-term treatment of patients
with COVID-19 regardless of clinical setting can prolong QTc moderately which was irrelevant to
life-threatening arrhythmias and sudden cardiac death. Of course other clinical conditions
including fever can affect these results [13]. In addition, the effect of
Hydroxychloroquine/Azithromycin was shown in small studies [14]  which lead many clinicians to
evaluate and prescribe many therapeutic combinations. In younger patients who were otherwise
healthy, the combination of Hydroxychloroquine/Azithromycin led to just a mild QTc prolongation
[15] but in another study, this combination leaded to a significant QTc prolongation [3]. These
differences in line with our findings may be due to severity of disease and other comorbidities
[16]. Another case report of patient with COVID-19 with severe QTc prolongation who had
significant troponin rise, revealed the QTc prolongation may be due to other mechanisms other
than drug toxicity, for instance myocardial inflammation [17]. All of our four patients who had
QTc more than 500 ms, had the near normal QTc at the admission and all of them died during
hospital stay. These findings are in line with other studies supported the importance of clinical
condition and comorbidities in QTc prolongation. None of these patients who are at high risk of
torsade des pointes due to severely prolonged QTc and life-threatening arrhythmia, experienced
cardiac arrhythmia during continuous heart monitoring in Intensive Care Unit.  

The first limitation of our study is the lack of long ad continuous heart monitoring and thus, the
arrhythmic outcome assessment was not fully completed. In addition, the HCQ dose used in
clinical practice varied across patients.  

Conclusion

In conclusion QTc interval increases significantly among patients with clinically critical condition
during hospital stay. Short-term therapy of alone or in combination therapy of
Hydroxychloroquine with other potentially QTc-prolonging drugs for treatment of patients with
COVID-19 infection seems to be safe. Other comorbidities and severity of disease may be the
main risk factors of QTc prolongation.
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