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ABSTRACT

Objectives: Coronavirus disease 2019 (COVID-19) is a disease with high mortality due to acute respiratory
distress syndrome (ARDS) secondary to viral pneumonia. In addition to its effects on the respiratory system,
coronavirus is known to have serious systemic effects on the cardiovascular system. In this study, we aimed to
investigate the association between prolonged QTc duration and COVID-19 specific pulmonary involvement
Methods: Between December 2020 and February 2021, 112 patients who were diagnosed with COVID-19 in
our COVID-19 outpatient clinic and met the inclusion criteria were evaluated for the association between
cardiac variables (heart rate, PR width, QRS width, fragmented QRS, and corrected QT [QTc] interval), other
patient characteristics and lung involvement.

Results: A significant difference was found between the QTc intervals of COVID-19 patients with and without
lung involvement (p < 0.026). In the ROC analysis for the QTc interval, which was found to be significant in
the multivariate regression analysis, the cut-off value of 419.5 ms had a sensitivity of 72% and a specificity of
51.6% in predicting pulmonary involvement.

Conclusions: Prolonged QTc duration may be useful in predicting COVID-19 pulmonary involvement in
patients admitted to the emergency department.
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Coronavirus disease 2019 (COVID-19) is a com-
plex disease that has affected more than 500 mil-
lion patients and caused more than six million deaths
since its emergence [1]. COVID-19 is typically char-
acterized by symptoms such as shortness of breath,
fever, cough, fatigue, malaise, and taste and smell im-
pairment. Because it primarily affects the lungs, the
disease can rapidly progress to interstitial pneumonia
and severe respiratory failure [2]. COVID -19 disease
may also have adverse effects on the cardiovascular

system along with respiratory system involvement. It
is known that the disease can lead to many cardiac
pathologies, including myopericarditis, pericardial ef-
fusion, hypoxia, direct cytotoxic effect, and acute
coronary syndrome [3, 4].

The major cause of mortality in COVID-19 is the
development of acute respiratory distress syndrome
(ARDS) due to viral pneumonia, and the incidence of
ARDS has been reported to exceed 15% in patients
hospitalized for COVID-19 [5, 6]. Although the main
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cause of mortality and morbidity is respiratory system
involvement, the effects of COVID -19 on the cardio-
vascular system (acute coronary syndrome, pericardial
effusion, arrhythmia, etc.) have also been demon-
strated [7].

Inflammation and hypoxia caused by COVID-19
pneumonia are thought to affect the QT interval. The
main causes of arrhythmias in COVID-19 patients are
myocardial damage, systemic and local inflammation,
electrolyte imbalance, and drugs used in treatment [8,
9]. There is increasing evidence that interleukins, par-
ticularly interleukin 6 (IL-6), may prolong the cor-
rected QT (QTc) interval by affecting the action
potential through a direct action on cardiomyocyte ion
channels [10].

Female gender, advanced age, electrolyte imbal-
ances, diuretic use, and renal failure are some of the
known risk factors for prolonged QTc interval [11].
Many viral infections, such as human immunodefi-
ciency virus (HIV) and dengue fever, have been inde-
pendently associated with a prolonged QT interval
[12]. In an animal study, coronavirus infection was as-
sociated with a prolonged QT interval in rabbits [13].
There are publications on QTc interval prolongation
in COVID -19 patients in the absence of conventional
risk factors [14].

Although there are studies in the literature show-
ing an association between COVID-19 disease and
QTc interval prolongation, the complexity of this as-
sociation is not yet clear [15]. Prolonged QTc interval
is an ECG parameter that has been associated with ma-
lignant arrhythmias, and QTc interval assessment is an
easily applicable method in the emergency department
[16].

Electrocardiography (ECG) is an important diag-
nostic method in detecting myocardial damage or ar-
rhythmias in COVID -19 patients and may play a role
in the treatment strategies of COVID-19 patients. In
this study, we aimed to investigate the association be-
tween a prolonged QTc interval and pulmonary in-
volvement in COVID-19.

METHODS

Selection of Patients
The study was prospectively conducted with patients
who presented to the COVID -19 outpatient clinic of

Manisa City Hospital between December 2020 and
February 2021. The study was conducted with the ap-
proval of the non-interventional ethics committee of
Istanbul Medipol College (E-10840098-772.02-2485).
The records of a total of 139 patients over 18 years of
age and without suspected pregnancy who presented
to the hospital with symptoms of COVID -19 disease
were analyzed after obtaining written informed con-
sent. Exclusion criteria were the presence of pul-
monary edema, electrolyte disturbances, ECG
abnormalities (ST segmental changes, atrial fibrilla-
tion, pacemaker rhythm, bundle branch block, and ar-
rhythmia), and use of medications that prolong the QT
interval (amiodarone, citalopram, clomipramine, so-
talol, clarithromycin). Twenty-seven patients were ex-
cluded from the study based on these exclusion
criteria, and 112 patients were evaluated. Patient data
were divided into two groups: COVID-19 patients
without pulmonary involvement (group 1) and
COVID-19 patients with pulmonary involvement

(group 2).

ECG Analysis

ECG was recorded at a rate of 25 mm/sec with a
calibration of 1 mV/cm and a filter setting of 0.05-150
Hz. The parametric ECG values included HR (heart
rate), PR (interval between the onset of the P wave and
the beginning of the R wave), QRS (interval between
the onset of the Q wave and the end of the S wave),
and QT interval measurements. The heart rate cor-
rected QT (QTc) interval was measured using the
Bazett correction formula (QTc = QT /ARR(sec)).
QT was automatically calculated as the interval from
the beginning of the Q wave to the end of the T wave
and corrected for heart rate using the Bazett formula
(QTc). All ECGs were recorded with a Philips
PageWriter TC30 Cardiograph (Koninklijke Philips,
Eindhoven, The Netherlands). The ECG examination
was evaluated by a cardiologist. Among the selected
patients, those whose chest CT scans had a high prob-
ability of pulmonary involvement with COVID-19 ac-
cording to radiological reports were classified as
COVID-19 pneumonia.

Statistical Analysis

SPSS 26.0 software (SPSS Inc. Chicago, IL) was
used for statistical analysis. After checking the con-
formity of the data to the normal distribution with the
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Table 1. Demographic characteristics of the patients and their distribution according to groups

Group 1 (n =62) Group 2 (n =50) p value
Age (years), Mean + SD 62.55+10.20 58.94+7.03 0.029*
Gender, n (%) 0.150#
Male 30 (48.4) 31 (62)
Female 32 (51.6) 10 (38)
Hypertension, n (%) 18 (29) 21 (42) 0.152#
Diabetes Mellitus, n (%) 11 (17.7) 10 (20) 0.761#
CAD, n (%) 10 (16.1) 16 (32) 0.048#
Heart Failure, n (%) 4 (6.5) 7 (14) 0.182#
COPD, n (%) 7(11.5) 11 (22) 0.125#
CRF, n (%) 0(0) 4 (8) 0.037#
PCR positivity, n (%) 26 (41) 41 (82) 0.001#

COPD = chronic obstruction pulmonary disease, CAD = coronary artery disease, CRF = chronic renal failure, PCR =

polymerase chain reaction, SD =standard deviation
*t-test, #Chi-square test

Kolmogorov-Smirnov test, parametric tests for con-
tinuous variables with normal distribution were pre-
ferred. Data were analyzed by descriptive statistics
(number, percentage, mean, standard deviation), T-
test, Mann-Whitney U and Chi-square test, logistic re-
gression, and ROC (Receiving operator characteristic)
curve. The significance level accepted was p < 0.05.

RESULTS

Patient demographics and their distribution among
groups are shown in Table 1. Coronary artery disease
(CAD), chronic renal failure (CRF), and PCR test pos-
itivity were significantly higher in the group with pul-

monary involvement (group II). Compared to the
group without lung involvement (group 1), the mean
age of group II was significantly lower (p = 0.029).
The cardiac variables (heart rate, PR, QRS, fQRS, and
QTc) of the groups are shown in Table 2. The mean
QTc interval of subjects in group II was significantly
higher.

Univariate and multivariate logistic regression an-
alyzes performed to determine the relationship be-
tween the variables and lung involvement are shown
in Table 3. Age, PCR, and QTc variables were in-
cluded in the multivariate logistic regression model.
Multivariate logistic regression analysis revealed that
lower age (odds ratio [OR]: 0.929; 95% CI: 0.879-
0.982, p = 0.009), PCR positivity (JOR]: 7.28; 95%

Table 2. Distribution of cardiac variables according to groups

Group 1 (n = 62) Group 2 (n =50) p value
Heart rate (beat/min) 82.52£15.49 85.46 +£15.23 0.316*
PR (ms) 140.59 + 17.86 141.74 £ 16.82 0.730*
QRS (ms) 84.51 +£9.66 84.04 +11.69 0.814*
fOQRS, n (%) 21 (34.4) 11 (22.4) 0.169#
QTc (ms) 421.70 £ 22.66 436.52 +30.72 0.004*

Data are shown as meantstandard deviation or n (%).
f QRS = fragmented QRS, PCR = polymerase chain reaction
*t-test, #Chi-square test
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Table 3. Univariate and multivariate regression analysis results of variables in predicting lung

involvement
Univariate Multivariate

Odds ratio (95% CI) p value Odds ratio (95% CI) p value
Age 0.955 (0.914-0.998) 0.039 0.929 (0.879-0.982) 0.009
CAD 2.44 (0.994-6.022) 0.051
CRF 2177379136 (0.00-0.00) 0.999
PCR positivity 6.3 (2.615-15.212) <0.001 7.28 (2.691-19.362) <0.001
QTc 1.02 (1.006-1.040) 0.015 1.023 (1.003-1.043) 0.026

CAD = Coronary artery disease, CRF = chronic renal failure

CI: 2.691-19.362, p < 0.001) and prolonged QTc du-
ration ([OR]: 1.023; 95% CI: 1.003-1.043, p = 0.026)
were significantly associated with lung involvement.

The prediction point for the QTc interval, which
plays a role in predicting pulmonary involvement, was
determined using ROC curve analysis (Fig. 1). In the
analysis, the QTc interval with a value of 419.5 ms
predicted pulmonary involvement with 72% sensitiv-
ity and 51.6% specificity (AUC:0.651, 95% CI:0.549-
0.753, p =0.006).

DISCUSSION

Although COVID-19 mainly targets lung tissue, it
may have direct or indirect adverse effects on the
heart. COVID-19-related conditions such as myoperi-
carditis, complete AV block, acute coronary syn-
dromes, decompensated heart failure, and pulmonary
embolism have been reported in the literature [17, 18].
On the other hand, several studies have described an
abnormal immune-inflammatory response to SARS-
CoV-2 infection. Another study showed that the levels
of interleukin (IL)-1p, IL-6, IL-8, IL-10, and soluble
TNF receptor 1 (sTNFR1) were increased in patients
with SARS-CoV-2 infection compared with healthy
subjects [19]. In a recent meta-analysis, elevated levels
of other immune-inflammatory parameters such as C-
reactive protein, white blood cell count, and procalci-
tonin were shown to be significantly associated with
disease severity [20]. Considering that inflammation
can also lead to QTc interval prolongation, SARS-
CoV-2 infection may prolong QTc duration through
an inflammatory response [21]. Thus, prolonged QTc

duration in SARS-CoV-2 infection may be a direct
consequence of viral activity or may be mediated by
inflammation. This helps to explain why a prolonged
QTc interval is independently associated with mortal-
ity [22]. Ay et al. [23] reported that there may be an
association between QTc interval prolongation and
mortality in COVID-19 patients. Again, some studies
have emphasized that the cardiac effects of COVID-
19 disease increase mortality [23, 24]. QTc interval
prolongation is thought to be one of the reasons for the
increased mortality in COVID-19 [25]. Prolongation
of the QTc interval due to hydroxychloroquine and
azithromycin, which are used in the treatment of
COVID-19, has also been reported in the literature
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Fig 1. Evaluation of the effectiveness of the QTc interval in
predicting pulmonary involvement using the ROC curve.
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[26]. In a study comparing the QTC value at admission
of covid-19 patients, it was found that 10% had a QTc
interval and QTc prolongation was independently as-
sociated with increased mortality. This result supports
our thesis that QTc can be used as a predictive factor
at the time of admission [22].

Although the role of ECG in the early diagnosis
of cardiovascular complications and mortality in
COVID-19 is well known, the role of ECG abnormal-
ities in predicting pulmonary involvement in COVID-
19 pneumonia has not been found in the literature.

In this study, we investigated the relationship be-
tween ECG findings, patient characteristic variables,
and pulmonary involvement in patients hospitalized
with COVID-19 symptoms and diagnosed with
COVID-19.

In our study, Group II had higher CRF and CAD
rates than Group I. This suggests that COVID -19 pos-
itive patients with chronic diseases should be closely
monitored because of the risk of pulmonary involve-
ment and mortality (Table 1). The fact that the mean
age of group I patients was higher than the mean age
of group II patients (Table 1) suggests that younger
patients were exposed to a higher viral load because
of the isolation of the elderly population during the
pandemic. Since CRF patients are dialysis-dependent
and dialysis treatment is provided under hospital con-
ditions, these patients have a higher COVID-19 viral
load. These patients are at higher risk, not only for
nosocomial opportunistic infections but also because
they are transported to the hospital by public trans-
portation.

In our study, pulmonary involvement was found
to be significantly associated with QTc interval in uni-
variate and multivariate regression analysis (Table 3)
(Fig. 1). In the ROC analysis for the QTc interval,
which was found to be significant in the multivariate
regression analysis, the cut-off value of 419.5 ms had
a sensitivity of 72% and a specificity of 51.6% in pre-
dicting pulmonary involvement. The most common
ECG abnormality resulting from COVID-19-associ-
ated hypoxia is QTc interval prolongation. Significant
prolongation of the QTc interval has been noted, par-
ticularly in elderly patients with right ventricular con-
tractile defect, and a high mortality rate has been
reported in these patients [21].

In our study, the relationship between pulmonary

involvement and QTc was clearly demonstrated by ex-
cluding patients who were taking medications that
might affect the QT interval. Because of this relation-
ship, the use of drugs that prolong the QTc interval
may worsen the clinical picture in patients with in-
creased lobular involvement. Therefore, QTc and pul-
monary involvement should be considered when
prescribing these drugs, and QTc times should be
monitored during treatment.

A significant increase in mortality has been ob-
served in patients with severe COVID-19 pneumonia
[27]. Considering the association between prolonged
QTc interval and COVID-19 pulmonary involvement
in our study, we believe that close cardiac monitoring
is also important in this group of patients at risk of
mortality

CONCLUSION

The presence of a prolonged QT interval on the ECG
of COVID-19 patients at the time of hospital admis-
sion may be helpful in predicting pulmonary involve-
ment. It should be kept in mind that these patients
should be monitored closely, as this may lead to car-
diac complications. To this end, we think that ECG,
which is an inexpensive and non-invasive tool avail-
able in all healthcare facilities, as well as the use of
smartwatches or devices that can perform remote car-
diac monitoring, can be easily used to predict pul-
monary involvement in COVID-19 pneumonia.
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