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Original Article

Interatrial Block and Electrocardiographic Markers of
Repolarization in Patients Hospitalized with COVID-19:
Classical and Bayesian Analysis

COVID-19 Nedeni ile Hastaneye Yatirilan Hastalarda Interatriyal
Blok ve Repolarizasyonun Elektrokardiyografik Belirtecleri: Klasik ve
Bayesyen Analiz
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ABSTRACT

Objective: Coronavirus disease-2019 (COVID-19) is associated with atrial
fibrillation (AF) and ventricular arrhythmias. Several electrophysiological
abnormalities on surface electrocardiography (ECG) are associated with
AF and ventricular arrhythmias, either as markers of abnormal interatrial
conduction or abnormal repolarization. The present study sought to
understand whether such ECG markers are more common in patients
hospitalized with COVID-19 infection during the pandemic.

Methods: A total of 87 COVID-19 patients formed the study group,
whereas 64 patients who were hospitalized for any reason other than
COVID-19 infection served as controls. The frequency of partial and
advanced interatrial block (IAB), QT and corrected QT (QTc) durations, QT
dispersion (QTd), and T peak-to-end duration (Tpe) were measured from
ECGs at admission.

Results: Both partial and advanced IAB were more common in patients
with COVID-19, although statistical significance was only observed for
advanced IAB (11.5% in COVID-19 patients vs. 0.0% in controls, p=0.005).
There were no differences between the groups for QTc, QTd or Tpe. On
Bayesian analyses, there was strong evidence favoring an association
between COVID-19 and advanced |IAB (BFm:]é), whereas there was no
evidence for an association for partial IAB, QTc, QTd, or Tpe (BF <1 for all).
Conclusions: Patients hospitalized with COVID-19 were more likely to
have advanced |AB, which may explain why AF is more frequent in these
patients.

Keywords: COVID-19, atrial fibrillation, interatrial block, ventricular
arrhythmia, electrocardiography

oz

Amag: Koronaviriis hastaligi-19 (COVID-19) atriyal fibrilasyon (AF) ve
ventrikiler aritmiler ile iliskilidir. Ylizey elektrokardiyografisindeki
(EKG) cesitli elektrofizyolojik anormallikler, anormal interatriyal
iletimin veya anormal repolarizasyonun belirtecleri olarak AF ve
ventrikiler aritmilerle iligskilendirilmistir. Bu c¢alismada, pandemi
sirasinda COVID-19 enfeksiyonu ile hastaneye yatirilan hastalarda
bu tir EKG belirteglerinin daha yaygin olup olmadigl anlasilmaya
calisitmistir.

Yontemler: Toplam 87 COVID-19 hastasi calisma grubunu
olustururken, COVID-19 enfeksiyonu disinda herhangi bir nedenle
hastaneye yatirilan 64 hasta kontrol grubu olarak galismaya dahil
edildi. Kismi ve ileri interatriyal blok (IAB) siklig, QT ve diizeltilmis QT
(QTc) suireleri, QT dispersiyonu (QTd) ve T tepeden uca suresi (Tpe)
basvuru EKG'lerinden élculdi.

Bulgular: COVID-19 hastalarinda hem kismi hem de ileri IAB daha
yaygindi, ancak istatistiksel anlamlilik yalnizca ileri IAB icin gozlendi
(COVID-19 hastalarinda %11,5'e karsi kontrollerde %0,0, p=0,005). QTc,
QTd veya Tpe icin gruplar arasinda fark yoktu. Bayesyen analizlerde,
COVID-19 ile ileri iAB (BF,: ].6) arasinda bir iliskiyi destekleyen glicli
kanitlar bulunurken, kismi IAB, QTc, QTd veya Tpe icin bir iligki
olduguna dair kanit yoktu (hepsi igin BF, <1).

Sonuglar: COViD-19 ile hastaneye yatirilan hastalarda ileri IAB gériilme
olasilig1 daha yuksektir ve bu durum AF'nin bu hastalarda neden daha
stk gorulduguni aciklayabilir.

Anahtar kelimeler: COVID-19, atriyal fibrilasyon, interatriyal blok,
ventrikiler aritmiler, elektrokardiyografi

Address for Correspondence: R. Cetin Guvenc, Okan University Faculty of Medicine, Department of Cardiology,
Istanbul, Turkey
E-mail: rcguvencl@gmail.com ORCID ID: orcid.org/0000-0002-9579-5509

Received: 02 August 2023
Accepted: 11 September 2023
Online First: 10 October 2023

Cite as: Cetin Guvenc R, Guren AK, Engur B, Celik S, Demirtunc R. Interatrial Block and Electrocardiographic Markers of Repolarization in Patients
Hospitalized with COVID-19: Classical and Bayesian Analysis. Medeni Med J 2023;38:236-242

Copyright® 2023 The Author. Published by Galenos Publishing House on behalf of Istanbul Medeniyet University Faculty of Medicine.
Ml This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.

236


https://orcid.org/0000-0002-9579-5509
https://orcid.org/0000-0002-3562-5006
https://orcid.org/0000-0002-7978-1879
https://orcid.org/0009-0005-8290-7005
https://orcid.org/0000-0003-0056-5645

R. Cetin Guvenc et al. Arrhythmias Markers in COVID-19 Patients

INTRODUCTION

Coronavirus disease-2019 (COVID-19), which is
caused by the novel coronavirus severe acute respiratory
syndrome coronavirus 2 (SARS-COV-2), has affected more
than750 million peopleand caused nearly7 milliondeaths
since its initial dissemination from Wuhan, China, in 2019'.
Although the pandemic is over, endemic infections are
common worldwide, and the long-term consequences of
SARS-COV-2 infection are largely unknown. Because the
disease affects microvascular circulation and increases
thrombogenicity during the acute phase, COVID-19 is
associated with atherothrombotic and thromboembolic
events, including myocardial infarction?* Moreover, there
have been sporadic cases of myocarditis, and the viral
genome has been isolated from myocardial cells from
autopsy specimens®’. Arrhythmias, particularly atrial
fibrillation (AF), are frequent in hospitalized cases with
a prevalence ranging between 11% and 19%8. Ventricular
tachyarrhythmias, albeit less common, are still seen in a
sizable part of the patients®.

A particular concern for patients hospitalized
with COVID-19 is to predict their predilection for
cardiovascular complications. P-wave prolongation and
reversal on surface electrocardiography (ECG) indicate
partial or advanced interatrial block (IAB). The presence
of IAB indicates abnormal atrial depolarization due to a
dysfunctional Bachmann'’s bundle, and IAB is a risk factor
for atrial tachyarrhythmias, particularly AF'°. Corrected
QT (QTc) duration and global QT dispersion (QTd) reflect
prolongation of ventricular repolarization and local
differences in the duration of repolarization, and both
markers are linked to an increased predisposition to
ventricular arrhythmias™?2. All these markers may assist
in predicting the tendency for atrial and ventricular
arrhythmias in COVID-19 patients.

Unfortunately, data on surface ECG markers for
arrhythmias in COVID-19 patients are scarce. Therefore,
we aimed to understand whether 1AB, QTc, or QTd was
more common in patients hospitalized with COVID-19
than in controls and to determine the strength of
evidence favoring these associations.

MATERIALS and METHODS

This was a cross-sectional observational study. Patients
admitted to the study center between January 2020 and
June 2020 and subsequently hospitalized with either
SARS-COV-2 nucleic acid test positivity with symptoms
compatible with acute upper or lower respiratory track
infection together with systemic inflammatory response
or viral pneumonia compatible with COVID-19 disease

were consecutively enrolled. Patients under 18 years
old, those with a pacemaker rhythm at the time of ECG
recording, and those who had an acute coronary event,
pulmonary embolism, or any other type of cardiac
emergency were excluded from the study. In addition,
patients with a diagnosis of AF (previous or current),
those with conditions associated with repolarization
abnormalities (pacemaker rhythm, bundle branch block),
and those with a rhythm other than sinus were excluded.
After applying these inclusion/exclusion criteria, 87 out
of 95 patients with COVID-19 who were initially screened
were included in the analysis. 64 patients who were
hospitalized for a reason other than COVID-19 served as
controls. Patients’ demographic and clinical data were
collected via direct interviews and/or measurements or
using the institutional electronic medical database.

The study was conducted according to the principles
of the 1975 Declaration of Helsinki, and all patients
provided informed consent before enrollment. The study
was approved by the University of Health Sciences Turkey,
Haydarpasa Numune Training and Research Hospital
Ethics Committee (decision no: HNEAH-KAEK 2020/152,
date: 31.08.2020).

Recording and Interpretation of Electrocardiograms

A 12-lead ECG was obtained at admission from all
patients and recorded on a thermal ECG paper with a
sweep speed of 25 mm/s with the standard gain setting
using standard methods (10 mv/mm)2. All ECGCs were
interpreted by an experienced cardiologist (R.C.G.) and
measurements were taken as described before'“. |ABs
were classified into partial and advanced IAB according
to the P-wave duration and reversal of the terminal
portion of the P-wave in the inferior leads™ QT and T
wave peak-to-end (Tpe) intervals were measured as
described previously. The Bazett formula was used
to calculate the QTc interval. QTd was calculated by
extracting the maximum QT interval from the minimum
QT interval.

Statistical Analysis

Continuous variables are given as mean * standard
deviation or as median and interquartile range, whereas
categorical variables are given as percentages. Patterns
of distribution and equality of variance for continuous
variables were analyzed using Shapiro-Wilk and
Levene's tests, respectively. For continuous variables,
comparisons between groups were performed using the
t-test or Mann-Whitney U test as appropriate, while chi-
squared or Fisher's Exact tests were used for categorical
variables. Bayesian tests were performed to understand
the evidence supporting the association of COVID-19
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with a given variable. To understand the independent
associations between COVID-19 with any type of IAB, QTc,
QTd and Tpe, logistic and linear regression models were
constructed toadjustforage, gender, presence of coronary
artery disease or heart failure, creatinine and electrolytes
sodium and potassium. Prior to these analyses, the
association between COVID-19 and the aforementioned
variables was interrogated using univariate analysis, and
regression models were constructed only if the initial
association had a p-value <0.1 on univariate analysis.
For all frequentist analyses, a p-value <0.05 was set as
the limit for significance. For Bayesian analyses, a BF,
between 1 and 3 showed anecdotal evidence supporting
the alternative hypothesis, whereas a BF,j approximately
3-10 and more than 10 indicated moderate and strong
evidence, respectively. All statistical analyzes were
performed using Jamovi 2.3.22 (The Jamovi project.
Jamovi 2.3 for MacOS. Retrieved from htpss://www.
jamovi.org) and R [R Core Team (2021). R: A Language and

Environment for Statistical Computing. Version 4.1 for
MacOS. Retrieved from https://cran.r-project.org.]

RESULTS

The mean age of the study sample was 56.5%14.2, and
36.4% (n=55) cases were females. 25.8% (n=39) and 6.6%
(n=10) of the study sample had coronary artery disease
and heart failure, respectively. Partial and advanced
IAB were present in 9.3% (n=14) and 6.6% (n=10) of the
cohort, while none of the patients had any degree of
atrioventricular block.

Table 1 summarizes the baseline characteristics of
the study groups. Patients in the COVID-19 group were
older and more likely to be female, but significant
cardiac conditions and cardiovascular risk factors such
as hypertension, diabetes, and coronary artery disease
were more frequent in the control group. Notably,
inflammatory parameters such as C-reactive protein

Table 1. Baseline characteristics of the study groups.

characteristics COVID-19 patients (n=87) Controls (n=64) p-value
Age (years) 58.3%16.7 54.0%9.6 0.047
Gender (% female) 36 (41.4%) 19 (29.7%) 0.14
Heart rate (beats/minute) 88.0 (75.0-100.0) 75.0 (68.0-83.0) <0.001
Smoking (%) 4 (4.6%) 11 (17.1%) 0.01
Regular alcohol consumption (%) 1(1.1%) 2 (3.1%) 0.57
Hypertension (%) 31(35.7%) 49 (76.5%) <0.01
Diabetes (%) 22 (25.3%) 28 (43.7%) 0.02
Coronary artery disease (%) 12 (13.8%) 27 (42.1%) <0.001
Heart failure (%) 5(5.8%) 5(7.8%) 0.74
Chronic obstructive lung disease (%) 6 (6.9%) 1(1.5%) 0.24
Asthma (%) 6 (6.9%) 2(3.1%) 0.47
Diagnosis of COVID-19

COVID-19 NAT (% positive) 40 (46.0%)

Unilateral pneumonia (%) 16 (18.4%)

Bilateral pneumonia (%) 64 (73.6%)

Blood urea nitrogen (mg/dL) 19.0 (14.0-30.8) 15.0 (13.0-19.0) 0.02
Creatinine (mg/dL) 0.90 (0.78-1.19) 0.84(0.74-1.01) 0.09
Sodium (mEq/L) 138.0 (136.0-141.0) 138.0 (137.0-139.0) 0.90
Potassium (mEq/L) 4.2 (4.0-4.6) 4.2 (4.0-4.5) 0.37
C-reactive protein (mg/dL) 3.4(0.80-8.5) 1.7 (1.3-3.0) 0.37
Aspartate aminotransferase (IU/L) 25.0 (19.0-38.0) 19.0 (17.0-22.0) <0.001
Alanine aminotransferase (IU/L) 22.5(15.0-30.8) 22.0 (16.3-29.0) 0.89
Hemoglobin (g/dL) 12.8 (11.8-14.4) 14.5 (13.1-15.3) <0.001
White blood cell count (/103 7.9(5.7-11.2) 7.5(6.2-8.8) 0.20
Platelet count (/109) 217 (179-272) 252 (216-304) 0.005

P-values below 0.05 were given in bold. COVID-19: Coronavirus disease-2019, NAT: Nucleic acid test
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concentration and white blood cell count were not
different between the groups.

Electrocardiographic variables are given in Table 2.
The P-wave duration was significantly higher in patients
with COVID-19, and advanced IAB was significantly more
frequent in this group. Although partial IAB was also
more common in COVID-19 patients, this finding did not
reach statistical significance (Figure 1).

On univariate regression analysis, the presence
of COVID-19 infection had a statistically significant
association with any degree of IAB (p<0.004), whereas
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Figure 1. Stacked bar charts showing the frequency
of partial (A) and advanced (B) interatrial block in
COVID-19 patients and in controls.

COVID-19: Coronavirus disease-2019, IAB: Interatrial block

the p-value was >0.05 for all other associations with QTc,
QTd and TPe. Multivariate logistic regression analysis of
the association between COVID-19 and any degree of IAB
is summarized in Table 3. After adjustment for covariates,
COVID-19 remained an independent predictor of IAB
[p=0.005, odds ratio (OR): 9.45, 95% confidence interval
(CI):1.95-45.76].

On Bayesian analyses, there was strong evidence to
suggest an association between COVID-19 and advanced
IAB (BF,,: 16.05, logOR: 2.57, 95% Cl: 0.77-5.87), as well
as an association between COVID-19 and any type of
IAB (BF,: 74.94, logOR:1.70, 95% Cl: 0.65-3.00); however,
there was no evidence to suggest an association between
COVID-19 and partial IAB (BF,;: 0.87, logOR: 0.95, 95%
Cl: -0.19-2.31) (Figure 2). Likewise, there was no evidence
to suggest a higher QTc, QTd, or Tpe in patients with
COVID-19 than in controls (BF <1 for all).

DISCUSSION

COVID-19 remains a disease with many unknowns,
particularly with respect to cardiovascular involvement
and outcomes. The present findings suggest a strong
association between COVID-19 infection and I|AB
(particularly advanced IAB), which may explain why AF
is so frequent in patients with COVID-19. In contrast, we
have not observed an association between COVID-19 and
various ECG parameters considered as risk markers for
ventricular tachyarrhythmias, despite the use of various
statistical methods to analyze the dataset.

Although the existence of an interconnecting muscle
bridge that allows the fast conduction of impulses from
right to left atrium - the so-called Bachmann bundle -
was long known, the understanding that IAB may be a
cause of atrial arrhythmias, particularly AF, is a relatively
recent development'®. Although left atrial enlargement
(LAE), hence prolonged P-wave duration on ECG, is a
major risk factor for AF, the association between IAB and
AF is largely independent of LAE"7'®. The present findings
suggest an independent association between COVID-19
disease and IAB, thus providing a potential mechanistic
explanation for the higher than expected prevalence of
AF in this population. A similar finding was previously
noted by Yenercag et al.'’’, although in their study, the
investigators only assessed P-wave duration without a
detailed analysis of the patterns of LAE of IAB. Thus, the
present findings are incremental over these past results
and suggest that IAB is at least partly responsible for this
increase in P-wave duration. However, because we have
not collected echocardiographic data for the purposes of
this study, it remains unclear to what degree this increase
in P-wave duration can be attributable to IAB or LAE.
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Contrary to the findings on IAB, the present study
did not suggest a difference in indices of ventricular
repolarization in patients with or without COVID-19.
Indeed, no statistical differences were found between the
groups in adjusted or unadjusted analyzes nor was there
any evidence on Bayesian analyzes that would support
an increased duration or heterogeneity of repolarization
in the COVID-19 group. This is in contrast with previous
reports, where it has been suggested that measures
of repolarization (including QTc, QTd and Tpe) were
significantly prolonged in COVID-19 patients and this
finding correlated with overall mortality?®?. A possible
explanation for this finding is that the control group
was used to assess the statistical significance of changes
in the COVID-19 patients. In contrast to other studies,
which used healthy volunteers or patients who were
presumably less sick than COVID-19 patients, the control
group in the present study consisted of patients who
either had already established cardiovascular diseases or

were at a high risk for cardiovascular disease. Thus, the
present findings suggest that most of the variability in
the ECG markers of repolarization can be attributable to
coexisting conditions in COVID-19 patients, as suggested
by others?.

The present findings have practicalimplications. Given
that IAB provides a substrate for the development of AF,
it would be reasonable to closely follow-up COVID-19
patients with IAB and sinus rhythm to prevent the
devastating consequences of AF. Diuretics and ventricular
resynchronization may reverse IAB in patients with heart
failure; however, it is unclear whether IAB is reversible
in other circumstances®?. Thus, patients with a history
of COVID-19 with IAB may be at an increased life-long
risk of AF. Given that other physiological abnormalities,
including autonomic dysfunction, are also prevalent in
patients with past COVID-19 infection, this risk may be
even more pronounced than anticipated®. Conversely,
we do not recommend the routine use of indices of

Table 2. Electrocardiographic characteristics of the study groups.

characteristics COVID-19 patients (n=87) Controls (n=64) p-value
P duration (ms) 80.0 (80.0-100.0) 80.0 (60.0-82.5) 0.04
P voltage (mV) 0.13 (0.10-0.16) 0.15(0.10-0.18) 0.31
Any interatrial block 21 (24.7%) 3 (4.7%) 0.001
Partial interatrial block 11 (12.6%) 3(4.7%) 0.09
Advanced interatrial block 10 (11.5%) 0 (0.0%) 0.005
PR interval (ms) 160.0 (140.0-165.0) 160.0 (140.0-190.0) 0.27
QRS duration (ms) 80.0 (60.0-80.0) 70.0 (60.0-80.0) 0.21
Corrected QT interval (ms) 320.0 (300.0-360.0) 360.0 (320.0-360.0) 0.04
QT dispersion (ms) 40.0 (40.0-60.0) 40.0 (40.0-60.0) 0.57
Peak to end for T wave (ms) 50.0 (40.0-70.0) 60.0 (40.0-60.0) 0.94

P-values below 0.05 were given in bold. COVID-19: Coronavirus disease-2019.

Table 3. Multivariable predictors of any degree of IAB in the study sample.

parameters Odds ratio (95% confidence interval) p-value
Age (per year increase) 1.01(0.98-1.06) 0.60
GCender (being female) 1.52 (0.55-4.23) 0.42
Hypertension (presence of) 2.30 (0.67-7.84) 0.19
Diabetes (presence of) 0.66 (0.18-2.46) 0.54
Smoking (presence of) 2.41 (0.37-15.90) 0.36
Coronary artery disease (presence of) 1.04 (0.25-4.28) 0.96
Heart failure (presence of) 1.04 (0.16-20.56) 0.64
Creatinine (per mg/dl increase) 1.39 (0.86-2.24) 0.7
Sodium (per mEqg/L increase) 1.14 (0.97-1.34) o.n
Potassium (per mEg/L increase) 0.33(0.12-0.91) 0.03
COVID-19 (presence of) 9.45 (1.95-45.76) 0.005

P-values below 0.05 were given as bold. COVID-19: Coronavirus disease-2019, IAB: Interatrial block
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Figure 2. Probability density distributions for partial
(A), advanced (B) and any type of (C) interatrial block
in COVID-19 patients as compared to controls. Pie
charts above distribution plots show Bayesian factors
supporting alternative and null hypotheses.
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ventricular repolarization for COVID-19 patients who
are not otherwise at risk of QT prolongation. This
recommendation was not solely based on the current
findings, as there are significant methodological concerns
about the usefulness of these parameters for predicting
ventricular arrhythmias?.

The present study has several limitations that should
be stated. Patients were enrolled from a single center,
and the sample size was rather limited. Because this was
an all-comers study and prior data on the prevalence of
ECGabnormalitiesin COVID-19 patients were limited, an
a priori power analysis was not feasible. However, a post-
hoc power analysis found that the study had a power
(1-B) of 0.94 and 0.99 to detect a significant difference
between the advanced and any IAB groups, respectively.
The diagnosis of COVID-19 was based on nucleic acid
tests only in approximately one-third of the sample,
whereas the diagnosis was based on the presence of
clinical and imaging findings for viral pneumonia in the
remaining cases. Although the study was conducted
during the peak of the COVID-19 pandemic, some
cases might have been infected with an agent other
than SARS-COV-2. No data on the severity of COVID-19
were collected; therefore, it was not possible to analyze
whether the degree of ECG abnormalities was related
to the severity of COVID-19. Although predictive
usefulness and prognostic implications of IAB have
been demonstrated, no follow-up data were collected
for the purposes of the present study; therefore, the
outcomes related to IAB in COVID-19 patients remain
unknown'®,

CONCLUSION

Both partial and advanced IAB are more common
in hospitalized COVID-19 patients, which may provide
a mechanistic explanation for the higher incidence of
AF in this patient population. Because of the proven
connection of IAB with AF in other patient populations, a
close follow-up is reasonable for patients with COVID-19
and IAB (particularly advanced IAB). The prognostic
implications of IAB specific to patients with COVID-19
or the long-term implications of IAB in this patient
population remain unknown, and further research is
warranted on these topics.
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