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ventricular repolarization parameters in COVID-19 patients

COVID-19 hastalarinda sistemik inflamatuar yanit sendromunun
ventriktiler repolarizasyon parametreleri tizerindeki etkisi
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Abstract

Aim: Malignant ventricular arrhythmia is a significant cause of mortality in COVID-19 patients. We aimed to investigate
ventricular repolarization parameters that predict the risk of malignant ventricular arrhythmia in COVID-19 patients who
developed systemic inflammatory response syndrome (SIRS).

Material and Methods: Our study included 533 COVID-19 patients, divided into two groups: those who developed SIRS (n=197)
and those without SIRS (n=336). ECG measurements were taken for QRS, QT, QTc, Tp-e intervals, Tp-e/QTc, Tp-e/QT, QT/QRS
(Index of Cardiac Electrophysiological Balance, iCEB) and QTc/QRS (ICEBc), and these values were compared between groups.

Results: The mean age of the study population was 62 years, and 49% (261) were female. The ICEBc was 5.1 for the SIRS
group and 4.98 for the non-SIRS group (p=0.004). The QTc interval was 450 ms in the SIRS group and 427 ms in the non-SIRS
group (p=0.001), indicating a substantially higher QTc interval in the SIRS group. Multivariable linear regression analysis
revealed a significant correlation between ICEBc and SIRS, age, gender, and C-reactive protein (CRP). ROC analysis showed
that ICEBc was a more significant predictor of in-hospital mortality than QTc (ICEBc: 64.5% sensitivity, 50.4% specificity;
QTc: 56.4% sensitivity, 53.9% specificity).

Conclusion: ICEBc and QTc were significantly higher in COVID-19 patients with SIRS compared to those without SIRS.
ICEBc, known to be related to malignant arrhythmias on ECG in SIRS patients, may aid in predicting and preventing
arrhythmic events. Additionally, ICEBc was found to be a better predictor of in-hospital mortality than QTc.
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Oz

Amag: Malign ventrikiler aritmi, COVID-19 hastalarinda 6nemli bir mortalite nedenidir. Sistemik inflamatuar yanit
sendromu (SIRS) gelisen COVID-19 hastalarinda malign ventrikiler aritmi riskini dngéren ventrikiiler repolarizasyon
parametrelerini arastirmayr amagladik.

Gereg ve Yontemler: Calismamiza 533 COVID-19 hastasi dahil edildi ve hastalar iki gruba ayrildi: SIRS gelisenler (n=197)
ve gelismeyenler (n=336). QRS, QT, QTc, Tp-e intervalleri, Tp-e/QTc, Tp-e/QT, QT/QRS (Kardiyak Elektrofizyolojik Denge
indeksi, ICEB) ve QTc/QRS (ICEBc) icin EKG dlciimleri alindi ve bu degerler gruplar arasinda karsilastirildi.

Bulgular: Calisma grubunun ortalama yasi 62 olup, %49'u (261) kadindi. ICEBc, SIRS grubunda 5,1, SIRS olmayan grupta
ise 4,98 olarak bulundu (p=0,004). QTc araligi, SIRS grubunda 450 ms, SIRS olmayan grupta ise 427 ms olarak bulundu
(p=0,001). Bu da SIRS grubunda 6nemli dlciide daha ytiksek bir QTc araligi oldugunu gostermektedir. Cok degiskenli
dogrusal regresyon analizi, ICEBc ile SIRS, yas, cinsiyet ve C-reaktif protein (CRP) arasinda anlamli bir korelasyon oldugunu
ortaya koymustur. ROC analizi, ICEBc'nin hastane i¢ci mortaliteyi QTc'den daha anlamli bir 5ngoriicii oldugunu gostermistir
(ICEBc: %64,5 duyarlilik, %50,4 6zgiillik; QTc: %56,4 duyarlilik, %53,9 6zgulluk).

Sonug: ICEBc ve QTc, SIRS gelisen COVID-19 hastalarinda, SIRS gelismeyen hastalara kiyasla anlaml derecede yuksekti.
SIRS hastalarinda EKG'de malign aritmilerle iliskili oldugu bilinen ICEBc, aritmik olaylarin dngériilmesine ve dnlenmesine
yardimci olabilir. Ayrica, ICEBc'nin QTc'den daha iyi bir hastane i¢i mortalite 6ngoricisi oldugu bulunmustur.

Anahtar Kelimeler: ICEB, SIRS, COVID-19, ventriktler aritmit

Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
which causes coronavirus disease-2019 (COVID-19), was first
identified on December 31, 2019, in Wuhan, Hubei Province,
China [1]. Cardiac involvement can occur in COVID-19, with
systemicinflammatory response, adrenergic stimulation, hypoxia,
hypotension, myocardial damage, and microthrombogenesis
playing roles in its pathophysiology [2]. Additionally, studies have
shown that COVID-19 can lead to arrhythmias, cardiac block,
myocarditis, cardiac failure, and sudden death [3,4].

Recent studies suggest that the Index of Cardiac
Electrophysiological Balance (ICEB), measured by QTc/QRS, and
the left ventricular repolarization transmural dispersion (TDR),
measured by T peak to end (Tp-e) and Tp-e/QTc, are associated
with the risk of malignant arrhythmias and sudden death [4-7].
ICEB, a new noninvasive marker, can predict the risk of malignant
ventricular arrhythmias and is considered equivalent to the
cardiac wavelength X (effective refractory period x conduction
velocity). Consequently, both increased and decreased ICEB
values are linked to the risk of ventricular arrhythmia [8].

Arrhythmias are a common cause of death in critically ill COVID-19
patients. A study comparing intensive care unit (ICU) patients
with non-ICU patients found a two-fold higher rate of arrhythmic
events in the ICU group [9]. Therefore, our study aimed to evaluate
ventricular repolarization parameters that predict the risk of
malignant arrhythmia and sudden death in COVID-19 patients
who developed systemic inflammatory response syndrome (SIRS).
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Material and Methods

Our study is asingle-center retrospective analysis. We excluded
patients with negative real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) results, complete or
incomplete bundle branch block, pre-excitation syndrome,
AV block, pacing rhythm, atrial fibrillation, and those using
medications that prolong the QT interval before admission.
After applying these exclusion criteria, 533 out of 980 patients
diagnosed with SARS-CoV-2 at our hospital between August
20, 2020, and October 20, 2020, were included in the study
(Figure 1). Among these, 197 patients developed systemic
inflammatory response syndrome (SIRS), and 336 did not. All
COVID-19 diagnoses were confirmed using RT-PCR tests from
nasopharyngeal swabs. SIRS was defined as the presence of
at least two of the following criteria: temperature >38°C or
<36°C, heart rate >90 beats per minute, respiratory rate >20
breaths per minute or PaCO2 <32 mm Hg, WBC >12,000/mm?
or <4,000/mm?, or >10% bands [10]. Myocardial damage was
defined as having at least one cardiac troponin value above
the 99th percentile upper reference limit [11]. Baseline clinical
characteristics, including age, gender, hypertension, diabetes
mellitus, chronic obstructive pulmonary disease, coronary
artery disease, chronic renal failure (CRF), and heart failure,
were obtained from hospital and Ministry of Health databases.
Approval for our study was obtained from the ethics
committee of University of Health Sciences Diyarbakir Gazi
Yasargil Education and Research Hospital. 02/07/2021/84).
Our study protocol adheres to the Declaration of Helsinki.



/Electrocardiogram Examinati/on

Electrocardiograms (ECGs) forthe COVID-19 patientsinvolvedin the
study were obtained after hospitalization and before the initiation
of treatment. Recordings were performed using a 12-lead ECG
device (Nihon Kohden, Tokyo, Japan) at a speed of 25 millimeters/
second and a calibration of 10 millimeters/millivolt. All ECGs were
transferred to a computer and evaluated by two cardiologists
using Adobe Photoshop software at 400% magnification. In cases
of disagreement, a third cardiologist was consulted to reach a
consensus. All measurements were done manually.

The QT interval was measured in milliseconds from the
beginning of the QRS complexto the end of the T wave, defined
as the point where the tangent of the isoelectric line intersects
with the maximal downward slope of the T wave. When U
waves were present, the end of the T wave was defined as the
nadir of the curve between the T and U waves. The longest QT
interval was used for measurements, taken from leads V5 and
DIl. The QRS duration was calculated in milliseconds from the
beginning of the Q or R wave to the end of the R or S wave.
The Tp-e interval was measured in milliseconds from the peak
of the T wave to its end. QT intervals were corrected using the
Bazett formula (QTc = QT/VRR) and recorded as QTc. These
measurements were used to calculate the Tp-e/QTc, Tp-e/QT,
QTc/QRS (ICEBc), and QT/QRS ratios.

Assessed for eligibility
n:980

Exluded,
* Patients with negative RT-
PCR results
* Complet and incomplete

. bundle branch block
* Atrial fibrillation
* Preexcitation syndrome
* Patients treated for COVID-
19 prior to hospital admission
* Atriovetricular block

Planned to be included
(n=625)
Exluded,
Unablle 10 evaluate
1 electrocardiozraphy
* Electrolyte imbalance

Study population
n=533

e

SIRS group
n=197

Non-SIRS group
n=336

Figure 1. Flowchart of patient selection.

A~
RajsN

BiLGE et al.
I Ventricular repolarization parameters and COVID-19

Statistical Analysis

Constant variables were presented as median values with
interquartile ranges (IQRs) (25-75%) due to their non-normal
distribution.Normality of the datawasassessed using histograms
and the Shapiro-Wilk test. Categorical variables were expressed
as percentages. Comparisons of continuous variables were
performed using the Mann-Whitney U test, while categorical
variables were compared using the chi-square test or Fisher's
exact test. Multivariable linear regression analysis was used to
evaluate the relationship between ICEBc and clinical variables,
including age, gender, potassium levels, corrected calcium
levels, SIRS, congestive heart failure (CHF), myocardial injury,
beta-blocker use, chronic renal failure (CRF), and C-reactive
protein (CRP). Receiver operating characteristic (ROC) curve
analysis was conducted to determine the area under the curve
(AUQ) for ICEBc and QTc in predicting in-hospital mortality.
A p-value <0.05 was considered statistically significant for all
analyses. Data were analyzed using SPSS version 24 (Statistical

Package for the Social Sciences for Windows).
Results

A total of 533 COVID-19 patients were included in the study,
with 197 patients in the SIRS group and 336 in the non-SIRS
group. The mean age of the study population was 62 years
(range: 49-72), and 49% (261) were female. Demographic,

clinical, and laboratory parameters are summarized in Table 1.

There were no significant differences between the two groups
regarding age, gender, hypertension, diabetes mellitus, congestive
heart failure, coronary artery disease, and chronic obstructive
pulmonary disease. However, myocardial damage (p < 0.001) and

mortality (p < 0.001) were significantly higher in the SIRS group.
Electrocardiographic findings are detailed in Table 2. The QTc

interval was significantly prolonged in the SIRS group, with a
median of 450 ms (422-474), compared to 427 ms (407-447) in the
non-SIRS group (p < 0.001). The ICEBc was also significantly higher
in the SIRS group at 5.1 (4.65-5.66), compared to 4.98 (4.49-5.45) in
the non-SIRS group (p = 0.004). The Tp-e interval and QRS duration
were not statistically significant between the groups (p-values of
0.963 and 0.460, respectively). The Tp-e/QTc ratio was substantially
lower in the SIRS group [0.186 (0.164-0.208)] compared to the non-
SIRS group [0.194 (0.175-0.220)] (p < 0.001).
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Multivariable linear regression analysis indicated a significant = 0.024), 3 = 2.265 (95% Cl: 0.001-0.009, p = 0.024), = 2.079
relationship between ICEBc and SIRS, age, gender, and CRP,  (95% Cl: 0.008-0.270, p = 0.018), and 3 = 2.077 (95% Cl: 0.001-
with the following results: 3 = 2.372 (95% Cl: 0.028-0.302, p  0.002, p = 0.038), respectively (Table 3).
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ROC curve analysis for ICEBc in predicting in-hospital mortality
showed an optimal cut-off value of 4.99, with an area under
the curve (AUC) of 0.598 (95% Cl: 0.538-0.657, p = 0.002). This
cut-off value had 64.5% sensitivity and 50.4% specificity. For
QTc, the ROC analysis identified a cut-off value of 436 ms, with

an AUC of 0.574 (95% Cl: 0.514-0.634, p = 0.017), and 56.4%
sensitivity and 53.9% specificity (Table 4, Figure 2).
Ventricular arrhythmia, including ventricular fibrillation, was
observed in a total of 18 patients, with 14 in the SIRS group
and 4 in the non-SIRS group.
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Figure 2. ROC curve analysis for ICEBc and QTc interval to predict in-
hospital mortality (Area Under the ROC curve (AUC), sensitivity and
specificity by the optimized Cutoff points for ICEBc and QTc interval
predicting in-hospital mortality).

Discussion

To our knowledge, this is the first study to evaluate the effect of
systemic inflammatory response syndrome (SIRS) on ventricular
repolarization parameters during hospitalization in COVID-19
patients. Our main finding is that both ICEBc and QTc intervals
were significantly higher in the SIRS group compared to the
non-SIRS group. Additionally, SIRS, age, gender, and C-reactive
protein (CRP) levels were significantly associated with ICEBc in
the multivariable linear regression analysis.

Arrhythmias in COVID-19 patients are related to disease
severity and systemic inflammation. A previous study reported
malignant ventricular arrhythmias in 16.6% of hospitalized
patientsand 44.4% of ICU patients [12]. CRP and the neutrophil-
to-lymphocyte ratio (NLR) are key indicators of systemic
inflammation in COVID-19 [13]. Systemic inflammation can
lower the arrhythmogenic threshold in susceptible patients.
Our study found higher CRP and NLR levels in the SIRS group.
Although COVID-19 can induce severe immune responses,
systemic inflammation independently contributes to QTc
prolongation [14-16]. Cytokines affect the action potential
by altering calcium and potassium channel expression and
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function [17]. Increased pro-inflammatory cytokines during
SIRS may prolong QTc through myocardial damage [18].
Notably, every 10 ms of QTc prolongation is associated with
an 8.3% increase in mortality [19]. Our findings align with this,
as QTc was significantly prolonged in the SIRS group.

In cardiac electrophysiology, the repolarization phase of the
action potential is crucial for predicting ventricular arrhythmia
risk. ICEB, a novel parameter representing the balance between
ventricular  depolarization repolarization, provides
additional information beyond traditional ECG parameters like
QT and QTc intervals [20]. ICEB has been shown to be a useful
marker for predicting ventricular arrhythmia and sudden death
[21]. Increased ICEB is associated with torsades de pointes, while
decreased ICEB is linked to ventricular tachycardia or fibrillation.
The distribution of ventricular repolarization, as reflected by
ICEB, is associated with malignant arrhythmias and sudden
cardiac death [22]. The Tp-e interval, indicating transmural
dispersion of ventricular repolarization, predicts arrhythmias
and sudden death even in patients with normal QTc intervals
[23]. Yenercag et al. and Oztiirk et al. observed increased
transmural dispersion in recently diagnosed COVID-19 patients
compared to healthy controls [4,25]. Alareedh et al. found lower
TDR in COVID-19 patients compared to non-SIRS groups, with
higher ICEB in critical cases [26].

and

In our study, Tp-e and Tp-e/QTc were lower in the SIRS group
compared to the non-SIRS group. Other studies typically
compared COVID-19 patients to healthy controls, with
COVID-19 patients in our study showing higher Tp-e values
than those reported for healthy controls [4,25,27]. Although
Tp-e values were not statistically significant between groups in
our study, the lower Tp-e/QTc ratio in the SIRS group suggests
that QTc increases more than Tp-e in severe inflammation.
This finding may explain the higher mortality and more severe
disease course observed in the SIRS group.

Shaghee et al. reported QTc sensitivity and specificity for
predicting in-hospital mortality as 70% and 32%, respectively,
while ICEB had 70% sensitivity and 33% specificity [28].In our
study, ICEBc had 64.5% sensitivity and 50.4% specificity, and
it was a better predictor of in-hospital mortality compared
to QTc. The higher ICEB in the SIRS group underscores its
potential role in understanding the mechanisms leading to
sudden cardiac death and ventricular arrhythmia in COVID-19
patients with SIRS.

Limitation of the study

The primary limitation of this study is its retrospective design.
Additional limitations include the absence of pre-COVID-19
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ECG data for patients and the reliance on manual rather
than computer-assisted measurements. Furthermore, the
potential for electrolyte imbalances in patients with SIRS and
the pro-arrhythmic effects of antibiotics administered during
treatment are also limitations of this study.

In conclusion, CEBc and QTc intervals were significantly higher
in COVID-19 patients with SIRS compared to those without
SIRS. Therefore, assessing ICEBc and QTc, which are associated
with malignant ventricular arrhythmias on ECG, may aid in
predicting and preventing arrhythmic events in patients with
SIRS. Our findings also suggest that ICEBc is a better predictor
of in-hospital mortality than QTc.
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