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Abstract
Electrocardiographic (ECG) changes have been investigated in the condition of 
coronavirus disease (COVID-19) indicating that COVID-19 infection exacerbates 
arrhythmias and triggers conduction abnormalities. However, the specific type of 
ECG abnormalities in COVID-19 and their impact on mortality fail to have been 
fully elucidated. The present retrospective, tertiary care hospital-based cross-sec-
tional study was conducted by reviewing the medical records of all patients di-
agnosed with COVID-19 infection who were admitted to Booali Sina Hospital in 
Qazvin, Iran from March to July 2020. Demographic information, length of hospi-
tal stay, treatment outcome, and electrocardiographic information (heart rate, QTc 
interval, arrhythmias, and blocks) were extracted from the medical records of the 
patients. Finally, a total of 231 patients were enrolled in the study. Atrial fibrillation 
was a common arrhythmia, and the left anterior fascicular block was a common 
cardiac conduction defect other than sinus arrhythmia. The deceased patients were 
significantly older than the recovered ones (71 ± 14 vs. 57 ± 16 years, p < 0.001). 
Longer hospital stay (p = 0.036), non-sinus rhythm (p < 0.001), bundle and node 
blocks (p = 0.002), ST-T waves changes (p = 0.003), and Tachycardia (p = 0.024) 
were significantly prevalent in the deceased group. In baseline ECGs, no significant 
difference was observed in terms of the absolute size of QT; however, a prolonged 
QTc in the deceased was about twice of the recovered patients (using Bazett, Sagie, 
and Fridericia’s formula). Serial ECGs are recommended to be taken from all hos-
pitalized patients with COVID-19 due to increased in-hospital mortality in patients 
with prolonged QTc interval, non-sinus rhythms, ST-T changes, tachycardia, and 
bundle, and node blocks.
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1 Introduction

Since the first cases of corona infection were reported at the end of 2019, the SARS-
COV-2 virus has rapidly spread worldwide and become a pandemic [1, 2]. In par-
ticular, the high rate of transmission has made Coronavirus a serious universal threat 
to public health. No proven effective treatment is currently found against the virus, 
and its effect on other diseases such as inherited syndromes is unknown [3]. Studies 
have indicated that while most patients are asymptomatic or have minor symptoms 
[4], those with underlying diseases, especially cardiovascular disease or the elderly 
may have a worse prognosis than others. In addition, understanding that most clinical 
manifestations are related to the respiratory system is essential, however, the disease 
may also affect the cardiovascular system [5, 6]. The myocardial injury in COVID-19 
may be secondary to systemic inflammatory response syndrome, increased catechol-
amine, coronary artery thrombosis, and direct invasion of the myocardium by the 
virus [7, 8].

The high prevalence of arrhythmias in COVID-19 is associated with several fac-
tors such as hypoxemia due to acute respiratory distress, acute decrease in cardiac 
hemodynamics, myocarditis, blunt cardiac injury, acute inflammatory response, 
direct viral invasion, and/or use of QT prolonging medications [9–12]. Also, inves-
tigational treatments for COVID-19 may increase the risk of ventricular arrhythmia 
through drug interactions. Many articles have reported that COVID-19 infection and 
related medications increase the QT interval and the risk of arrhythmias [13–15].

Data mining is increasingly used to explore large databases which are necessary 
to provide timely and accurate decisions, subject to available computer resources, 
and the temporal ability to understand and act [16]. Healthcare is a crucial field of 
application of data science, especially in the COVID-19 pandemic since the begin-
ning of 2020 [17]. Rescue and recovery of a patient with COVID-19 can be predicted 
by analyzing the relationships between parameters such as demographic character-
istics (age and gender), clinical symptoms, medical examinations, and paraclinical 
findings. Using different approaches that may explore the important determinants 
of mortality due to pneumonia (COVID-19 pneumonia) is important at patient’s and 
hospital levels [18]. The growing emphasis on data mining in medical fields can pro-
vide the right environment for change and improvement [19].

The present predictive data mining study aimed to further characterize electrocar-
diographic (ECG) abnormalities (arrhythmia and cardiac conduction abnormality) in 
patients with COVID-19 and determine which type of arrhythmias were more com-
mon in deceased patients. In particular, the present study focused on the risk of QT 
interval prolongation which is a serious issue in managing hospitalized patients with 
COVID-19.

2 Materials and methods

The present retrospective, tertiary care hospital-based cross-sectional study was con-
ducted by reviewing the medical records of all patients diagnosed with COVID-19 
infection who were admitted to Booali Sina Hospital in Qazvin, Iran from March 
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to July 2020. Clinical symptoms of COVID-19 pneumonia include cough, fever, 
pleurisy, and dyspnea. The inclusion criteria were confirmed cases diagnosed with 
COVID-19 by chest CT scan and positive Real-Time PCR (cobas® SARS-CoV-2 
Test) samples of the nasopharyngeal swab. Patients who were diagnosed with 
COVID-19 by only clinical symptoms and imaging were excluded from the study. 
The data were registered and available in the patient files and were reviewed and 
monitored by various officials.

Demographic information, length of hospital stay, mortality rate, electrocardio-
graphic information including cardiac and sinus arrhythmia (sinus tachycardia and 
bradycardia), and other rhythms (atrial fibrillation, atrioventricular node block (AV) 
block, and other non-sinus rhythms), and absolute and heart rate-corrected QT (QTc) 
interval were collected using the three formulas of Bazett, Fridericia, and Sagie in 
Lead II and Lead V3. Also, common arrhythmia and cardiac conduction defects (left 
bundle branch block [LBBB], right bundle branch block [RBBB], left anterior fascic-
ular block [LAHB], left posterior fascicular block [LPFB], premature atrial complex 
[PAC], and premature ventricular contraction [PVC]) were extracted from the medi-
cal records of the patients. All participants had 12 leads of ECG on admission and, 
some of them had second and third ECGs if they were taken. QT-interval is defined 
as the time from the beginning of the QRS-complex to the end of the T-wave. Normal 
QTc intervals are less than 440 ms in men and 460 ms in women [20]. QTc interval 
greater than 460 ms in men and 480 ms in women was considered a prolonged QTc 
interval [21].

Statistical analysis was performed using SPSS software (version 25.0). Descrip-
tive statistics including absolute frequency and percentage for qualitative data (nomi-
nal and ordinal variables) and mean ± SD for quantitative data were calculated. The 
student’s t-test was used to compare continuous variables between two groups. Chi-
squared test was used to investigate the frequency distribution in the agreed tables 
and Fisher’s exact test was used when necessary. A p-value less than 0.05 is statisti-
cally significant. The medical record number and confidential information of patients 
with COVID-19 were deleted to observe the ethical consideration in the present study 
[22]. The present study was approved by the Ethics Committee of Qazvin University 
of Medical Sciences, Qazvin, Iran (IR.QUMS.REC.1399.379).

3 Results

A total of 436 patients were hospitalized with positive COVID-19 RT-PCR tests dur-
ing the study period. Of the studied patients, 321 had a baseline ECG at the time 
of admission. The summary of baseline demographics information and ECGs data 
are presented in Tables 1 and 2, respectively. According to the results, the mean age 
of participants was 60 ± 17 years. Also, the deceased and recovered patients were 
71 ± 14 and 57 ± 16 years, respectively which indicated that deceased patients were 
significantly older than the recovered ones (P < 0.001). However, no significant rela-
tionship was observed between gender and place of residence in patients. Length of 
hospital stay was significantly longer in deceased patients (P = 0.036).
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Of these patients, 62.9%, 27.1%, and 10% had sinus rhythm, sinus tachycardia, 
and other rhythms (atrial fibrillation, sinus bradycardia, AV block, and other non-
sinus rhythms), respectively. The non-sinus rhythm was significantly higher in the 

Table 2 ECG results of alive and deceased COVID-19 patients in hospital admission
Groups 
Mean ± SD or N (%)

ECG Information Alive
N = 250

Death
N = 71

Total
N = 321

P 
value

Rythm NSR 164 (65.6) 38 (53.5) 202 (62.9) 0.001
Atrial 
fibrillation

6 (2.4) 10 (14.1) 16 (5.0)

Sinus 
tachycardia

67 (26.80 20 (28.2) 87 (27.1)

Sinus 
bradycardia

7 (2.8) 0 7 (2.2)

Other 6 (2.4) 3 (3.2) 9 (2.8)
Cardiac 
conduction 
abnormality

with LBBB 8 (3.2) 5 (7.0) 13 (4.0) 0.002
LAHB 23 (9.2) 8 (11.3) 31 (9.3)
LPHB 1 (0.4) 0 1 (0.3)
RBBB 9 (3.6) 4 (5.6) 13 (4.0)
PAC & PVC 5 (2.0) 7 (9.8) 12 (3.7)
others 17 (6.8) 9 (12.7) 26 (8.1)

without 197 (78.8) 43 (60.6) 240 (74.8)
ST-T changes No 212 (84.8) 48 (67.6) 260 (81.0) 0.003

Yes 38 (15.2) 23 (312.4) 61 (19.0)
QT interval mini box II 9 ± 1 9 ± 1 9 ± 1 0.927
QT interval mini box V3 9 ± 1 10 ± 1 9 ± 1 0.301
QT interval II (msec) 368 ± 47 367 ± 58 368 ± 49 0.927
QT interval V3 (msec) 374 ± 52 381 ± 57 376 ± 53 0.301
QT interval II (msec) 368 ± 47 367 ± 58 368 ± 49 0.927
QT interval V3 (msec) 374 ± 52 381 ± 57 376 ± 53 0.301
Heart rate (/min) 88 ± 19 94 ± 23 89 ± 20 0.024
Normal Sinus Rhythm (NSR), Atrial Fibrillation (AF), Atrioventricular (AV) Block, Left bundle branch 
block (LBBB), Right bundle branch block (RBBB), Left anterior fascicular block (LAHB), Left posterior 
hemiblock (LPHB), Premature atrial complex (PAC), Premature ventricular contraction (PVC)

Groups
Demographic 
Information

Alive 
N = 250
Mean ± SD 
or N (%)

Death 
N = 71
Mean ± SD 
or N (%)

Total 
N = 321
Mean ± SD 
or N (%)

P 
Value

Age (year) 57 ± 16 71 ± 14 60 ± 17 < 0.001
Duration of hospi-
talization (days)

8 ± 7 11 ± 13 8 ± 8 0.036

Sex Female 121 (48.4) 30 (42.3) 151 (47.0) 0.360
Male 129 (51.6) 41 (57.7) 170 (53.0)

Resi-
dency

City 168 (67.2) 51 (71.8) 219 (68.2) 0.460
Village 82 (32.8) 20 (28.2) 102 (31.8)

Table 1 Demographic informa-
tion of alive and deceased 
COVID-19 patients in the pres-
ent study
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deceased group at the time of admission (P < 0.001). Cardiac conduction abnormali-
ties observed on the ECG include LBBB, RBBB, LAHB, LPHB, PAC, and PVC 
which were significantly higher in the deceased group (P = 0.002). Atrial fibrillation 
was also common besides sinus arrhythmia and left anterior fascicular block was 
a common cardiac conduction abnormality. About a quarter of patients had ST-T 
change which was significantly higher in the deceased group (P = 0.003). The mean 
heart rate (HR) in deceased patients was significantly higher than that of the recov-
ered group (P = 0.024).

Among 321 patients with baseline ECGs on admission, 65 patients had a second 
ECG. The summary of data of the second ECG is presented in Table 3. Examina-
tion of ECG data in these individuals indicated that non-sinus rhythm and bundle 
block (LAHB, LBBB, and RBBB) and AV, PAC, and PVC in the second ECG were 
significantly prevalent in the deceased group (P = 0.029 and 0.037, respectively). No 
statistically significant difference was observed in ST-T change in the two groups.

A third ECG was obtained from 28 patients of the 65 patients with a second ECG. 
The summary of data of the third ECG is presented in Table 4. Examination of the 
ECG data in these individuals revealed that the non-sinus rhythm was slightly higher 

Table 3 The second ECG results of alive and deceased COVID-19 patients
Groups
Mean ± SD or N (%)

ECG Information Alive
N = 41

Death
N = 24

Total
N = 65

P 
value

Rythem NSR 33 (80.5) 12 (50.0) 45 (69.2) 0.029
Atrial 
fibrillation

2 (4.8) 5 (20.8) 7 (10.7)

Sinus 
bradycardia

0 1 (4.2) 1 (1.5)

Sinus 
tachycardia

6 (14.6) 6 (25.0) 12 (18.5)

Cardiac 
conduction 
Abnormality

with LAHB 4 (9.7) 4 (16.7) 8 (12.3) 0.037
LBBB 2 (4.9) 2 (8.3) 4 (6.2)
RBBB 2 (4.9) 2 (8.3) 4 (6.2)
AV Block 2 (4.9) 1 (4.2) 3 (4.6)
other 2 (4.9) 5 (20.8) 7 (10.8)

without 30 (73.2) 12 (0.5) 42 (64.6)
ST-T changes No 30 (73.2) 13 (54.2) 43 (66.2) 0.118

Yes 11 (26.8) 11 (45.8) 22 (33.8)
QT interval minibox II 10.0 ± 1.0 10.0 ± 2.0 10.0 ± 1.0 0.734
QT interval minibox V3 10.0 ± 1.0 10.0 ± 1.0 10.0 ± 1.0 0.532
QT interval II (msec) 389 ± 52 384 ± 63 387 ± 56 0.734
QT interval V3 (msec) 393 ± 48 402 ± 60 396 ± 52 0.532
QT interval II (msec) 389 ± 52 384 ± 63 387 ± 55 0.734
QT interval V3 (msec) 393 ± 48 402 ± 60 396 ± 52 0.532
RR interval minibox 19.0 ± 5.0 18.0 ± 5.0 19.0 ± 5.0 0.328
Heart rate (/min) 81.9 ± 19.9 88.5 ± 22.2 84.3 ± 20.9 0.219
*Normal Sinus Rhythm (NSR), Atrial Fibrillation (AF) **atrioventricular (AV) node, Left anterior 
fascicular block (LAHB), Left bundle branch block (LBBB), Right bundle branch block (RBBB), 
Premature ventricular contraction (PVC)
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in the third ECG of the deceased group. The bundle block and AV and PVC node 
block were not highly prevalent in the third ECG of the two groups. The presence of 
ST-T change in the deceased group was significantly higher than that in the recovered 
group (P = 0.019). In addition, the HR level in the deceased group was significantly 
higher than that of the improved group (P = 0.024).

The QTc interval in leads II and V3 with three QT interval correction methods (the 
Bazett, Sagie, and Fridericia’s formula) of alive and deceased patients with COVID-
19 are presented in Table 5. In baseline ECGs, no statistically significant difference 
was found in absolute QT size between the two groups. However, the QTc interval in 
the deceased patients was higher than that of the recovered ones (P < 0.001, 0.1018, 
and 0.005 using Bazett, Sagie, and Fridericia’s formula in lead V3, respectively) and 
prolonged QTc interval was about twice in the deceased patients than the recovered 
group. Also, the QT interval in the second and third ECGs was not significantly dif-
ferent between the deceased and recovered groups; however, a statistically signifi-
cant difference was observed in the QTc interval by the Bazett method in lead V3 
(P = 0.025).

Table 4 The third ECG results of alive and deceased COVID-19 patients
Groups
Mean ± SD or N (%)

ECG Information Alive
N = 19

Death
N = 9

Total
N = 28

P-
value

Rhythm NSR 17 (89.5) 5 (55.6) 22 (78.6) 0.065
Atrial 
fibrillation

0 2 (22.2) 2 (7.1)

Sinus 
bradycardia

1 (5.3) 0 1 (3.6)

Sinus 
tachycardia

1 (5.3) 2 (22.2) 3 (10.7)

Cardiac 
conduction 
Abnormality

With LAHB 2 (10.5) 3 (27.3) 5 (16.7) 0.167
LBBB 1 (5.2) 1 (9.0) 2 (6.7)
RBBB 1 (5.2) 1 (9.0) 2 (6.7)
others 2 (10.5) 2 (18.0) 3 (10.0)

Without 14 (73.7) 4 (36.4) 18 (60.0)
ST-T changes No 15 (78.9) 3 (33.3) 18 (64.3) 0.019

Yes 4 (21.1) 6 (66.7) 10 (35.7)
QT interval minibox II 10.0 ± 2.0 9.0 ± 2.0 10.0 ± 2.0 0.091
QT interval minibox V3 10.0 ± 1.0 9.0 ± 2.0 10.0 ± 1.0 0.111
QT interval II (msec) 416 ± 73 364 ± 85 396 ± 80 0.091
QT interval V3 (msec) 416 ± 40 372 ± 76 401 ± 57 0.111
QT interval II (msec) 419 ± 74 364 ± 85 397 ± 81 0.091
QT interval V3 (msec) 417 ± 41 372 ± 76 401 ± 58 0.111
Heart rate (/min) 77.4 ± 11.5 109.8 ± 40.0 88.9 ± 29.4 0.024
***Normal Sinus Rhythm (NSR), Atrial Fibrillation (AF), Left anterior fascicular block (LAHB), Left 
bundle branch block (LBBB), Right bundle branch block (RBBB), Premature ventricular contraction 
(PVC)
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4 Discussion

Table 5 QTc interval in lead II and V3 by three correction QT interval methods (the Bazzet, Sagie and 
Fridericia’s formula) of alive and deceased COVID-19 patients
QTc interval 
prolongation

Groups
Mean ± SD or N (%)

Lead Correction 
QT
 methods 
(1st, 2nd, 
3rd )

Alive Death Total P

II B1 53 (21.2) 30 (42.3) 83 (25.9) 0 < 001
438 ± 40 452 ± 49 441 ± 42 0.021

V3 B1 63 (25.2) 34 (47.9) 97 (30.2) 0 < 001
445 ± 43 467 ± 50 450 ± 46 < 0.001

II S1 11 (4.4) 9 (12.7) 20 (6.2) 0.011
412 ± 34 417 ± 42 413 ± 36 0.253

V3 S1 21 (8.4) 14 (19.7) 35 (10.9) 0.007
418 ± 39 431 ± 43 421 ± 40 0.018

II F1 16 (6.4) 11 (15.5) 27 (8.4) 0.015
413 ± 37 421 ± 47 414 ± 39 0.146

V3 F1 23 (9.2) 15 (21.1) 38 (11.8) 0.006
420 ± 42 436 ± 47 423 ± 43 0.005

II B2 13 (31.7) 11 (45.8) 24 (36.9) 0.255
446.2 ± 49.4 459.2 ± 48.6 450.9 ± 49.1 0.324

V3 B2 17 (41.5) 14 (58.3) 31 (47.7) 0.189
451.5 ± 39.4 477.9 ± 53.2 461.3 ± 46.4 0.025

II S2 6 (14.6) 7 (29.2) 13 (20.0) 0.157
423.5 ± 42.1 428.2 ± 44.6 425.2 ± 42.8 0.684

V3 S2 7 (17.1) 6 (25.0) 13 (20.0) 0.441
428.3 ± 36.5 444.3 ± 45.3 434.2 ± 40.4 0.125

II F2 6 (14.6) 7 (29.2) 13 (20.0) 0.157
425.5 ± 45.8 431.7 ± 48.7 427.8 ± 46.6 0.623

V3 F2 8 (19.5) 8 (33.3) 16 (24.6) 0.212
430.6 ± 37.9 450.2 ± 49.3 437.8 ± 43.2 0.076

II B3 6 (31.6) 7 (63.6) 13 (43.3) 0.088
473.2 ± 67.4 470.3 ± 65.1 472.1 ± 65.4 0.910

V3 B3 8 (42.1) 9 (81.8) 17 (56.7) 0.034
469.5 ± 39.5 490.9 ± 58.1 476.7 ± 46.6 0.244

II S3 4 (21.1) 2 (18.2) 6 (20.0) 0.850
450.5 ± 66.3 424.1 ± 64.1 440.5 ± 65.6 0.303

V3 S3 5 (26.3) 3 (27.3) 8 (26.7) 0.954
448.0 ± 33.7 435.5 ± 53.2 443.8 ± 40.7 0.435

II F3 4 (23.5) 2 (18.2) 6 (21.4) 0.736
452.9 ± 68.0 430.5 ± 68.8 444.4 ± 68.0 0.398

V3 F3 5 (26.3) 4 (36.4) 9 (30.0) 0.563
450.7 ± 36.3 446.3 ± 57.8 449.2 ± 43.6 0.797

Bazzet (B), Sagie (S) and Fridericia (F)’s formula
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The findings of the present study demonstrated that the mean age of deceased and 
recovered patients was 71 ± 14 and 57 ± 16 years; therefore, dead patients were sig-
nificantly older than recovered ones. Other similar studies also have reported a sig-
nificant relationship between age and patients outcome [23, 24]. Therefore, these 
findings indicated the need for serious prevention in the elderly and targeted vac-
cination in this group. No significant relationship was found between gender and 
place of residence among recovered and deceased patients in this study which is 
consistent with other studies [25]. At baseline ECGs on admission, the non-sinus 
rhythm was significantly more prevalent in the deceased group than in the recovered 
one. Non-sinus rhythm in the patients may indicate the presence of underlying heart 
disease which is a risk factor for severe disease or recently developed following 
COVID-19 which in this case is considered a sign of the severity of the disease [26]. 
Examination of previous medical records (history of heart disease and ECGs] may 
help to distinguish between the two reasons, unfortunately, our patients had no previ-
ous records. A meta-analysis suggested that patients with severe COVID-19 have a 
higher risk of arrhythmia; therefore, COVID-19 may be a risk factor for arrhythmia 
which increases as the disease progresses [27].

In a similar study by Antwi-Amoabeng et al. [28], HR in the deceased people 
was significantly higher than that in the recovered group. This finding may be due 
to increased sympathetic tone, inflammatory cytokines, febrile agents, hypoxia due 
to lung involvement, or a secondary reaction to dysfunction of other body systems, 
including the liver, kidneys, and brain in infected individuals. It also can be an indi-
rect indicator of myocarditis, pericarditis, or isolated dysfunction of the conduction 
system [12]. The presence of tachycardia can be used as an indicator of disease sever-
ity regardless of the cause of high rates in patients. About a quarter of the examined 
ECGs had ST-T change and were significantly higher in the deceased group. Barman 
et al. indicated that ST-T changes are closely associated with the severity of COVID-
19. ST-T changes can be a symptom of heart disease or direct or indirect impact of 
the virus through ischemia, myocarditis, or pericarditis [29].

Other observed abnormalities in ECG including LBBB, RBBB, LAHB, LPHB, 
PAC, and PVC were significantly higher in the deceased group. The presence of 
abnormalities in the ECG of the patient is an alarm signal of survival outcome and 
requires eliminating the causes such as electrolyte disorder, ischemia, heart failure, 
or myocarditis. The results of the study by Zuin et al. demonstrated a higher risk of 
mortality in COVID-19 patients with LBBB, although they failed to assess whether 
LBBB existed before COVID-19 infection or occurred due to a cardiac complication 
or injury [30]. People who have any abnormalities in the primary ECG are required 
to be closely monitored and followed up.

In general, no statistically significant difference was observed in the absolute size 
of QT between the two groups; however, the QTc interval was more prolonged in 
the deceased patients than in the recovered ones after modifying the QT interval 
using different formulas. QT-interval represents the time of the depolarization and 
repolarization of the ventricle [31]. QT prolongation is an independent risk factor for 
stroke, sudden death, and all-cause mortality [32] which often occurs with Torsade 
de Pointes [33, 34]. These facts indicate that being aware of the information of QT-
interval is crucial. This finding suggests that the QTc interval be used instead of the 
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absolute QT interval to estimate the result [35]. Also, using at least two correction 
formulas (one organ lead [lead II] and a precordial lead [V3 or V5]) or at least using 
Bazett’s formula is recommended in leads II and V3. The measurement of QT in lead 
V3 is more accurate than in lead II due to its longer QT interval.

Examination of the second ECG indicated a non-sinus rhythm and bundle blocks 
including LBBB, RBBB, and LAHB as the first ECG, and node blocks of AV, PAC, 
and PVC were significantly higher in the deceased group. ST-T change was higher 
in the second ECG of the deceased group; however, no statistically significant dif-
ference was observed in this component between the two groups. Also, the mean HR 
was slightly higher in the deceased group than in the recovered one which could be 
due to the small number of second ECGs. Among the examined second ECGs, a sig-
nificant difference was observed in the QTc interval by Bazett’s method in lead V3. 
Furthermore, QTc intervals were slightly different between the two groups in other 
modification methods.

Examination of ECG data in 28 patients indicated that only ST-T change and mean 
HR in the deceased group was significantly more than that in the recovered indi-
viduals. Non-sinus rhythm and bundle block and AV and PVC node block were not 
significantly different in the third ECG of the studied groups. It seems that this dif-
ference will be better shown if the number of samples increases. The high incidence 
of arrhythmias in COVID-19 is according to numerous factors such as hypoxemia, 
an acute decline in cardiac hemodynamics, myocarditis, cardiac injury, prominent 
inflammatory response, direct viral invasion, and/or use of QT prolonging medica-
tions [12]. Despite hospitalization and treatment of the potentially treatable causes 
of tachycardia such as fever, associated bacterial infection, and electrolyte disorder, 
persistent tachycardia may be an important risk factor, which represents the refrac-
tory activity of an inflammatory and sympathetic system. Mistry et al. stated in a 
retrospective analysis that beta-blockers were associated with reduced mortality in 
critically ill ventilated patients with COVID-19 who developed tachycardia and were 
treated with norepinephrine [36].

The findings of the present study emphasize the importance of considering ECG 
abnormality in patients with COVID-19 since abnormally prolonged QTc intervals 
and serial changes in QT intervals are important components in determining mortality.

Limitations of the present study include the retrospective nature, small number of 
patients who had second and third ECGs requested by a physician, and heterogene-
ity of the study sample. A longitudinal study is suggested to perform serial ECG for 
all patients with Covid-19 which is efficiently and accurately analyzed by having 
the right number of homogeneous samples [37]. Manually measuring QT-interval is 
time-consuming, especially for 12-lead ECG. Hence, a smartphone-based automatic 
QT interval measurement system can assist physicians to assess QT prolongation 
before and after prescribing a new medication [38] and shorten the time for data col-
lection, and accurately detect QT intervals [39]. Therefore, conducting a study for 
implementing smartphones in ECG monitoring of patients with COVID-19 is recom-
mended. Also, several medications that prolong the QT interval such as hydroxy-
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chloroquine and azithromycin were used for treating COVID-19 infection early in 
the onset of the pandemic which increased the incidence of torsades de pointes and 
sudden cardiac death [40–42]. These medications are no longer used in guidelines for 
preventing and treating COVID-19 due to the risks and lacking efficacy.

In conclusion, the present study highlights cardiac arrhythmias such as AF and AV 
block during COVID-19 infection and careful considerations of cardiac management 
in patients. Also, understanding the risk should guide additional safety measures 
such as monitoring of the corrected QTc interval due to increase in-hospital mortal-
ity in patients with prolonged and increasing QTc interval, non-sinus rhythms, ST-T 
changes, tachycardia, and bundle and node blocks. Therefore, taking a serial ECG 
from all hospitalized patients with COVID-19 is recommended.
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