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Abstract

BACKGROUND: Arrhythmia is one of the important cardiac manifestations of SARS-
CoV-2 disease with possible mechanisms such as direct damage to the myocardium,
hypoxia, myocardial damage, cytokine electrolyte
Bradyarrhythmia is a manifestation of conduction system involvement, which is

storm, and imbalances.
associated with an unfavorable prognosis and sometimes requires treatments such
as implanting a pacemaker. Whether bradycardia in the acute phase of the COVID
pandemic is a transient complication of the virus or whether it will be permanent can
affect the treatment approach.

Is the effect of SARS-CoV-2 on the conduction system of the heart temporary or
permanent, and in the one-year follow-up, how many patients will need a pacemaker?

METHODS: The study population was among patients with symptomatic bradyar-
rhythmias who were referred to Chamran Heart Center, Isfahan, Iran, from the outbreak
of SARS-CoV-2 (February 2020) until February 2022 and were diagnosed with COVID-19
based on the polymerase chain reaction (PCR) test. They underwent permanent
pacemaker implantation and were monitored for 1 month and 12 months after device
implantation.

RESULTS: The most common comorbid disease was hypertension. Systolic blood
pressure and respiratory rate in hospitalized patients decreased significantly during
discharge. Also, oxygen saturation and heart rate increased significantly during discharge
(P <0.001). In this study, high-degree atrioventricular block remained permanent in most
patients and was not transient.

CONCLUSION: Based on the experiences gained from this study, the implantation of a
permanent pacemaker for the treatment of bradyarrhythmia should be done based on
the existing guidelines, regardless of the status of COVID-19.
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Follow-up patients with bradyarrhythmia in COVID-19

Introduction

In December 2019, 27 cases of pneumonia
were reported in Wuhan, China. This was later
identified as COVID-19 caused by the SARS-
CoV-2 virus?,

COVID-19 has been linked to various heart-
related complications, such as myocardial
damage, atrial and ventricular arrhythmias, and
pro-inflammatory and prothrombotic effects®”.
Hypertension is common in COVID-19 patients,
appearing in 30% of severe cases. Other
comorbidities include diabetes, obesity, and
pulmonary, cardiovascular, and cerebrovascular
diseases®?°,

COVID-19 is associated with a wide array
of heterogeneous arrhythmias, including
sinus tachycardia and bradycardia, atrial and
ventricular fibrillation, complete heart block,
and pulseless electrical activity (PEA). In general,
acute infection causes arrhythmia by various
mechanisms such as direct damage of the
virus on the myocardium, hypoxia, myocarditis,
ischemia, cytokine storm, and electrolyte
disturbances. Additionally, interruption of
cardiac medications and the iatrogenic effects
of certain medications used in the treatment of
COVID-19 may contribute to arrhythmias*3,

Sinus tachycardia may occur during SARS-
CoV-2infection, but the risk of other arrhythmias
is lower and depends on the severity of the
infection and underlying diseases!®. However,
bradyarrhythmias worsen the prognosis®.

COVID-19 patients with severe and critical
symptoms often experience bradycardia and
complete heart block. 76.3% of these patients
need pacemaker implantation, with most of the
pacemakers being permanent?®.

In COVID-19 patients, bradyarrhythmias may
require a permanent pacemaker to alleviate
symptoms and restore a normal heart rhythm.
However, it's unclear whether the bradyar-
rhythmia is temporary or permanent. Long-term
follow-up studies are needed. For this purpose,
this study has been designed to investigate the
persistence or resolution of bradyarrhythmias
in patients with COVID-19 who underwent
pacemaker implantation in a 12-month follow-up.

Method

The study population consisted of patients
with symptomatic bradyarrhythmias who were
admitted to Shahid Chamran Heart Center,
Isfahan, Iran, from February 2020 until February
2022 with SARS-CoV-2 infection. All cases were
confirmed with a reverse-transcriptase PCR test
on a nasopharyngeal specimen collected by a
healthcare professional. Patients underwent
a history and physical examination and a PA
chest X-ray. A 12-lead electrocardiography
(ECG) and echocardiography were performed
for all patients, and blood tests including CBC,
BUN, Cr, electrolytes, coagulation tests, and
liver and thyroid function tests were conducted.
All patients were Iranian, over 18 years old,
and had stable evidence of documented
bradyarrhythmia in ECG strips, including sinus
bradycardia, advanced AV block, and complete
heart block, while hospitalized. Some of them
were also symptomatic due to bradyarrhythmias.
They did not have advanced internal disease
and had given informed consent to participate
in the research. None of the patients had been
vaccinated against SARS-CoV-2. Patients who did
not return for follow-up visits or had incomplete
clinical documents were excluded from the
study. Patients who were candidates for
permanent pacemaker implantation, regardless
of whether they had positive PCR tests for
COVID-19 infection, underwent the procedure
following the isolation protocols related to
COVID-19. On average, it took eight days from
the diagnosis of COVID-19, based on PCR tests,
until the implantation of cardiac implantable
electronic devices (CIEDs).

Information related to the pacemaker device,
including device type (single chamber or dual
chamber), device mode (VVI, VOO, AAl, DDD,
DD, etc.), manufacturer, reason for implantation
of the device (bradyarrhythmia type), intrinsic
heart rate, percent of pacing, and pacemaker
dependency, were all recorded in the device
analysis form.

Due to the positive COVID-19 PCR test, the
patients were monitored in the respiratory
isolation ward of Chamran Heart Center, and
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in the absence of any complication, they were
discharged with the recommendation of home
quarantine after 24 hours of device implantation.
Patients who were admitted to the intensive
care unit (ICU) stayed longer in the hospital.
Thirty-two patients with these features
were entered into the study as shown in
Figure 1. Of these, two patients died during
hospitalization due to acute respiratory failure
(ARDS), one patient died 25 days after discharge
due to pulmonary thromboembolism and
cardiorespiratory failure, and one patient died
28 days after discharge due to cardiorespiratory
failure. Ten of the remaining 28 patients were
excluded due to transient bradyarrhythmia and
lack of indication for permanent pacemaker
implantation. Follow-up and periodic device
analysis and generator data interrogation were
performed for the 18 remaining patients.

Statistical analysis

In this study, continuous quantitative variables
were reported as mean t standard deviation,
and qualitative variables were reported as
frequency and percentage. The paired t-test
was used if the data were normally distributed,
and if not, the non-parametric Wilcoxon test
was used to compare the para clinical findings
at the beginning and at the time of discharge.
A significant value of 5% was considered. SPSS
version 24 software was used for analysis.

Results

Eighteen patients entered the study, six of them
were men (33.3%) and twelve were women
(66.7%). The average age of the patients was
68.78 + 15.64 years, with a minimum age of 24
years and a maximum age of 89 years. There
was no significant difference in the average age
between the two genders (66.83 years for men
vs. 69.75 years for women, P > 0.05). The most
common symptoms in patients were weakness
(83.3%) and dizziness (50%); others experienced
syncope, chest pain, and dyspnea.

Ten patients (55.6%) had a history of
hypertension, and four patients (22.2%) had a
history of heart failure with reduced ejection
fraction. Ten patients (55.6%) had a history of
beta-blocker or calcium channel blocker drug
consumption. Despite stopping these drugs
and monitoring for a five-half-life passing,
bradyarrhythmia remained unchanged even
after the period passed. Twelve patients (66.6%)
showed bilateral parenchymal infiltration,
and two patients (11.1%) showed unilateral
parenchymal infiltration in chest X-rays. Table 1
shows demographic, baseline clinical, and
laboratory data.

Two patients (11.1%) were prescribed
Remdesivir infusion based on current SARS-
CoV-2 guidelines for 3to 5 days, and implantation
was performed after stopping the infusion
for more than 2 days. Additionally, these two

2 CGUEECE o4 patient died

¢4 patient just underwent temporary pacemakers implantation
*6 patient only underwent electrophysiologic study

18 ptients

Figure 1. SARS-CoV2 positive patients who referred to Chamran hospital electrophysiology laboratory
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Table 1. Demographic, baseline clinical and laboratory data

Data Mean * SD min max Normal range
Demographic
Age 68.78+15.64 24 89 -
Sex (male, N, %) 6 (33.3%) - - -
Laboratoty/Imaging Evaluation
Hemoglobin (g/dl) 13.93+1.83 9.60 17.20 Male:13.8-17.2
Female:12.1-15.1

GFR by EPI (ml/min/1.73m?) 60.54£23.68 15.50 100 90-120
WBC 8566.67+3814.37 4400 18500 4-11x10°/L
Lymphocyte 19.14+10.55 7 40.40 1.5-4.5x10°/L
Potassium (meq/L) 4.23%0.65 3.50 6.20 3.5-5.2
Sodium (meq/L) 138.0514.44 133 152 135-145
Magnesium (mg/dL) 2.08%0.18 1.80 2.60 1.7-2.2
LVEF (%) 46.61+12.78 20 60 50-70%
Troponin(positive) 1(5.6%)
Medical History
Hypertension (N, %) 10(55.6%) - - -
Diabetes (N, %) 3(16.7%) - - -
Kidney failure (N, %) 3(16.7%) - - -
Heart failure (N, %) 4(22.2%) - - -
Stroke (N, %) 1(5.6%) - - -
Pulmonary embolism (N, %o) 1(5.6%) - - -
Pulmonary obstruction (N, %) 1(5.6%) - - -
Ischemic heart (N, %) 1(5.6%)
Imaging of chest X-ray N (%)
Bilateral infiltration 12(66.7%)
Unilateral infiltration 2(11.1%)
Normal 4(22.2%)

Table 2. Vital signs changes from the first day of admission until discharge
Vital signs Baseline Discharge P-value
Systolic Blood Pressure (mmHg) 152.56£21.18 127.94£15.70 <0.001
Diastolic Blood Pressure (mmHg) 79.78+11.90 75.05%8.61 0.117
Heart rate (bpm) 36.6719.11 65.7816.59 <0.001
Oxygen Saturation (%o) 89.724+5.23 95.33+1.94 <0.001
Breathing rate (breaths per minute) 19.83+£2.23 17.11£0.76 <0.001

patients received intravenous corticosteroids
(dexamethasone) during hospitalization and
were discharged with an oral corticosteroid
(prednisolone) for 2 weeks.

No electrolyte disturbance or ischemia was
found to be the cause of bradyarrhythmia. Dual
chamber pacemakers were the most frequent,
with nine patients (50%) receiving them. The
most frequent inflammatory factor, C-reactive
protein (CRP), was +2 in six patients (33.3%).

Table 2 shows vital sign changes from the first
day of admission until discharge. Systolic blood
pressure decreased significantly between the
first measurement and the time of discharge (P

< 0.001). The difference between the initial and
discharge heart rate was statistically significant,
with the heart rate increasing during this period
(P < 0.001). Additionally, the respiratory rate
decreased at the time of discharge, and oxygen
saturation increased at the time of discharge.
The main results of the study are shown in
Table 3, which represents follow-up data. All
patients were visited at the first and 12th months
after the implantation of cardiac CIEDs, and their
performance was checked with device analysis.
According to the analysis, the percentage of
pacing at the first month follow-up was 88.15%
and 79.78% after 12 months from implantation;
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Table 3. Cardiac implantable electronic device follow-up data

Variables Mean * SD
The percentage of ventricular pacing in the first month 88.15+30.10
Percentage of ventricular pacing in the 12th month 79.78£35.95
Percentage of atrial pacing in the first month 1.96%3.07
Percentage of atrial pacing in the 12th month 2.65£5.56

Variables
Rhythm analysis of the first month

Frequency (%)

Atrioventricular block (Complete heart block,2:1 AV block) 16(88.9%)
junctional bradycardia 1(5.6%)
Left bundle branch block 3(16.6%)
Rhythm analysis of the 12th month

Atrioventricular block (Complete heart block,2:1 AV block) 15(83.3%)
Sinus bradycardia 1(5.6%)
Left bundle branch block 3(16.6%)
A ventricular episode during 12 months

Ventricular Tachycardia 2(11.1%)
An episode of atrial arrhythmia during 12 months

Atrial tachycardia 3(16.7%)
Atrial fibrillation 1(5.6%)
Persistence of bradycardia 15(83.3%)
Total dependence on the device 2(11.1%)

the programmed lower rate of the pacemaker
was 60 beats per minute (bpm).

Atrioventricular block (consisting of second
and third-degree AVB) was the most frequent
rhythm at the first month evaluation (88.9%) and
also atthe 12th month (83.3%). Bradyarrhythmia
was persistent in 15 patients (83.3%).

Discussion
In this study, the majority of patients who
underwent permanent pacemaker implantation
due to symptomatic bradyarrhythmia had
persistent bradyarrhythmia after one year of
follow-up (83.3%). The percent of pacemaker
pacing at the first month follow-up was 88.15%
and 79.78% after 12 months from implantation
(the programmed lower rate of the pacemaker
was 60 beats per minute (bpm)), which indicates
permanent bradyarrhythmia. However, 2
patients were completely dependent on the
device pacing. It should be mentioned that
dependency on a pacing device in this study is
described as a native heart rate lower than 30
bpm.

Shahabi J. et al’s study in Chamran Heart
Center showed no significant difference in the
rate of permanent and temporary pacemaker

implantation following bradyarrhythmia from
the beginning of the COVID-19 pandemic to
the end of 2021 compared to the same period
in 2019%. This finding was also observed by
the study of Akhtar et al., and no significant
difference was found in the rate of high-grade
atrioventricular block during the pandemic
compared to before the pandemic, and high-
grade heart block remained persistentin patients
with permanent pacemakers®. Of course, it
should be noted that the impossibility of regular
follow-ups during the COVID-19 pandemic can
affect the findings®®.

Our results were in contrast with previous
studies in the field of transient conduction block
in patients with SARS-CoV-2, including Dagher
et al. and Mahdawi T et al.**?°, In these studies,
hospitalized patients infected with SARS-
CoV-2 had transient and temporary high-grade
conduction disorder; only one case required
a temporary pacemaker, and the other cases
resolved after the acute phase of the disease.

It is assumed that the COVID-19 infection
has revealed an underlying abnormal cardiac
conduction system in our study population
and COVID is not necessarily the cause of
bradyarrhythmia. Patients in our study and

ARYA Atheroscler 2025; Volume 21; Issue 1; 7-14
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Akhtar et al. were older than those of Dagher
et al. and therefore more likely to have had
pre-existing senile abnormality and fibrosis in
the conduction system?. The infection may be
considered a precipitating factor for increased
cardiac demand; this assumption exists that
COVID-19 infection brought to our attention
patients with pre-existing bradycardia who had
previously gone undiagnosed.

Half of the Dagher et al. cohort had a broad-
QRS escape rhythm as in our and Akhtar et al.’s
patients with AV block; we believe that they
should have been considered for pacemaker
implantation. Experience from other clinical
situations suggests that AV block initially thought
to have a reversible cause often recurs despite
correction of that cause?2*. Transient AV block
has been previously described in patients with
fibrous conduction tissue and may go on to
produce persistent block?:.

Bradyarrhythmias in these patients did
not relate to Remdesivir prescription because
bradyarrhythmia associated with Remdesivir
is transient and immediately resolves after
stopping the drug as reported in James C’s
study?. In this study, for 2 patients, Remdesivir
was prescribed but pacemaker implantation was
postponed at least 2 days after the end of the
drug infusion. Similar to our study, in Umeh’s
study, an association between Remdesivir and
beta-blocker prescription and bradycardia was
not seen in COVID-19 patients?. These 2 patients
also received corticosteroids (intravenous
dexamethasone) but this type of drug does
not protect patients against developing
bradycardia as seen in Umeh’s study. In
contrast with Umeh'’s study, steroids have been
reported to cause bradycardia in non-COVID-19
patients, especially after using high or pulse-
dose steroids*’?°. The mechanisms of steroid
protection against bradycardia in COVID-19
patients remain unclear, but inhibition of severe
inflammation and cytokine storm is explained®°.
Another scenario is the effect of corticosteroids
on beta-adrenergic receptors in the heart,
leading to positive inotropic and chronotropic
effects®3!, Thus, the elevated heart rate induced

by corticosteroids may counteract bradycardia
caused by COVID-19.

Chest X-ray is one of the instruments used
to detect COVID-19 pneumonia severity. A
common finding detected in more severe
COVID-19 pneumonia was bilateral peripheral
parenchymal infiltrations in the middle and
lower lobes®?, In this study, most patients (66.6%)
showed bilateral parenchymal infiltration in
chest X-rays as a marker of severity. In Bassi
R’s study, which was about COVID-19-induced
complete heart block, bilateral parenchymal
infiltration was also detected®.

The data of the present study and Akhtar
et al. based on permanent pacing during one
year follow-up and lack of long-term follow-up
in previous studies, show that atrioventricular
block seems not to be completely reversible.

Conclusion

In this study, high-degree atrioventricular
block remained persistent in most patients and
was not transient. Based on the experiences
gained from this study, the implantation of a
permanent pacemaker for the treatment of
bradyarrhythmias should be done based on the
existing guidelines, regardless of the status of
COVID-19.

Limitations

The emergence of new COVID-19 variants raises
concerns about their potential effects on the
cardiovascular system, including the initiation
of arrhythmias. However, the impact of these
new variants remains unknown due to the lack
of examination of the variant type of diseases
in patients and the small number of available
samples. These limitations highlight the need
for more research to better understand the
potential impact of new COVID-19 variants on
the cardiovascular system.
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