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1 | INTRODUCTION

SARS-CoV2, the well-known coronavirus responsible for the

COVID-19 has recently been associated with the development of bradyarrhythmias,
although its mechanism is still unclear. We aim to summarize the existing evidence
regarding bradyarrhythmia in COVID-19 and provide future directions for research.
Following the PRISMA Extension for Scoping Reviews, we searched MEDLINE and

» o«

EMBASE for all peer-reviewed articles using keywords including“Bradycardia,” “atri-
oventricular block,” and “COVID-19” from their inception to October 13, 2021. Forty-
three articles, including 11 observational studies and 59 cases from case reports and
series, were included in the systematic review. Although some observational studies
reported increased mortality in those with bradyarrhythmia and COVID-19, the lack
of comparative groups and small sample sizes hinder the ability to draw definitive con-
clusions. Among 59 COVID-19 patients with bradycardia from case reports and series,
bradycardia most often occurred in those with severe or critical COVID-19, and com-
plete heart block occurred in the majority of cases despite preserved LVEF (55.9%).
Pacemaker insertion was required in 76.3% of the patients, most of which were perma-
nent implants (45.8%). This systematic review summarizes the current evidence and
characteristics of bradyarrhythmia in patients with COVID-19. Further studies are crit-
ical to assess the reversibility of bradyarrhythmia in COVID-19 patients and to clarify
potential therapeutic targets including the need for permanent pacing.

KEYWORDS
atrioventricular block, bradyarrhythmia, COVID-19, scoping review, sick sinus syndrome, system-
atic review

tachycardia or atrial tachyarrhythmias.!3 On the contrary, brad-
yarrhythmias present as sinus bradycardia or arrhythmias involving

AV node dysfunction such as complete heart block.! Reports of brad-

COVID-19 pandemic, continues to be relevant worldwide. Along-
side the disease’s effect on the respiratory system, COVID-19’s
cardiac manifestations have been frequently documented. In addition
to other reported cardiac dysfunctions, arrhythmias have been widely
prevalent in hospitalized COVID-19 patients.! Tachyarrhythmias
are the most frequent dysrhythmias commonly presenting as sinus

yarrhythmia are less frequent than tachyarrhythmias, but notably have
been speculated to be associated with a worse prognosis.

Despite this, the management of bradyarrhythmia in patients with
COVID particularly in regards to the need for permanent pacing is not
well established. SARS-CoV2 has been thought to directly affect the
sinoatrial node and myocardium, leading to bradyarrhythmia.*® It is
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thought that cardiac involvement, especially in the case of bradycardia
in SARS-CoV2, involves direct infiltration of the myocardial cells aggra-
vating preexisting conduction disease, resulting in bradyarrhythmia.®
This is supported by the fact that SARS-CoV2 has been shown to acti-
vate angiotensin converting enzyme 2 (ACE2) receptors, known to
be present in sinoatrial nodal cells.” Another area of consideration
is cardiac damage as a secondary manifestation. A suggested mech-
anism for cardiac damage is secondary to hypoxemia due to COVID-
19, which can also aggravate pre-existing arrhythmic conditions.® Simi-
larly, cytokine storm, triggered by an imbalance in the response of types
1 and 2 helper cells, has also been linked to cardiac myocyte injury
which could indiscriminately aggravate cardiovascular diseases.®
There has been a large area of focus related to cardiac injury as
authors have attempted to establish a correlation with severity of ill-
ness, mortality, and long-term prognostication, with little emphasis
specifically on bradyarrhythmia.® In this systemic scoping review, we
aimed to analyze bradyarrhythmia in COVID-19 patients to further
characterize this specific cardiac manifestation better to help suggest

future studies and ideas for management and therapy.

2 | METHODS

2.1 | Study design

This is a systematic scoping review conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) extension for scoping reviews (PRISMA-ScR).7-10
See Appendix S1 for PRISMA-ScR Checklist of the present study.

2.2 | Search strategy

We searched MEDLINE and EMBASE for all peer-reviewed articles
from inception to October 13th, 2021. No filters for study design
and language were used. A manual screening for additional pertinent
articles was done using the reference lists of all articles that met the
eligibility criteria. The search strategy involved relevant keywords,
including “Bradycardia,” “AV block,” “atrioventricular block,” and
“COVID-19.” The search was conducted by two authors (TN and YN)
independently. See Appendix S2 for detailed search terms.

2.3 | Eligibility criteria

The criteria for the inclusion of articles are the following:

1. Peer-reviewed articles evaluating the characteristics of brad-
yarrhythmia in patients with COVID-19, or reporting cases of brad-
yarrhythmia in patients with laboratory-confirmed COVID-19.

2. Randomized controlled trials (RCTs), case-control studies, cohort
studies (prospective or retrospective), cross-sectional studies, case

series, and case reports in adult patients.

The exclusion criteria included the following:

. Qualitative studies, review articles, and commentaries.
. Conference abstracts.
. Studies involving pediatric patients.

A W N P

. Diagnosis of COVID-19 made without confirmatory polymerase
chain reaction (PCR) testing.
5. Details of bradycardia not described

2.4 | Study selection

Articles selected for full-text assessment were assessed independently
by TN and YN using EndNote 20 reference management software. Arti-
cles considered eligible were then evaluated in full length with the

inclusion and exclusion criteria.

2.5 | Data extraction and definition

A standardized data collection form that followed the PRISMA and
Cochrane Collaboration guidelines for systematic reviews was used
to obtain the following information from each study: title, name of
authors, year of publication, country of origin, study characteristics,
target outcome, aims, study and comparative groups, key findings,
and limitations. We also statistically analyzed data from existing case
reports and case series to identify clinical characteristics of Brad-
yarrhythmiain COVID-19. For the severity of COVID-19, we employed
the definition proposed by the United States National Institute of
Health. In brief, patients are categorized as a moderate illness if there
is evidence of lower respiratory disease with oxygen saturation (SpO,)
> 94% on room air. Severe illness is defined as a condition with
SpO, < 94% on room air, a ratio of arterial partial pressure of oxygen
to fraction of inspired oxygen < 300 mmHg, respiratory rate > 30/min,
or lung infiltrates > 50%. Patients are categorized as having critical ill-
ness when they have respiratory failure, septic shock, or multiple organ
dysfunction.

3 | RESULTS

3.1 | Search results and study selection

Figure 1 demonstrates a PRISMA flow diagram summarizing the iden-
tification, screening, eligibility, and inclusion and exclusion processes
of the studies involved. The initial review of MEDLINE and EMBASE
databases yielded 245 and 158 articles, respectively. A total 58 dupli-
cate studies were removed. Total 345 articles were screened based
on their relevance and type of article. Two hundred and eighty-four
articles that were either review articles, editorials, pediatric cases,
conference abstracts, or focused on matters irrelevant to the research
question were excluded from the study. Sixty-one articles were then

evaluated for full-text review for study inclusion per our eligibility
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Records identified through database search:
MEDLINE (n = 245)
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Screening

A 4
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editorial; pediatric cases;
conference abstracts

Articles excluded with
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- Detailed of bradycardia not
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A 4

described (n = 6)

- Different topic (n = 8)

- Non-COVID-19 case (n =
4)

n=43

Articles included in scoping review

Included

FIGURE 1 PRISMA flowchart of the search strategy

criteria. Articles that omitted details of the bradycardia, studied non-
COVID-19 cases, or addressed an unrelated topic, were excluded.
Forty-three articles, including 11 observational studies and 59 cases
from case reports and series were included in the scoping review
(Appendix S3).

3.2 | Description of included studies

Table 1 describes the main characteristics of the 11 observational
studies from the scoping review.-20 Seven studies (Antwi-Amoabeng
et al., Chen et al., Han et al., Kunal et al., Ray-Acha et al.,, Wang et al.,
and Yang et al.) aimed to characterize electrocardiogram (EKG) find-
ings among COVID-19 patients without a particular focus on brady-
cardia. Antwi-Amoabeng et al. found that atrioventricular block (AVB)
was significantly more common in those who expired (25% vs. 9.1%;
p = .02) in their cohort (n = 186). Chen et al. noted that there was
no significant difference regarding the incidence of bradyarrhythmia
between severe or critical illness COVID-19 patients, although their
sample size was small (n = 54). Han et al. compared COVID-19 and

bacterial pneumonia patients retrospectively to compare the incidence

of conduction abnormalities, although no differences in the incidence
of AVB was found between the two groups. Ray-Acha et al. stratified
COVID-19 patients into those with or without arrhythmia, and found
that the prevalence of arrhythmias increased with disease severity.
Kunal et al., Wang et al., and Yang et al., only found that the incidence
of sinus bradycardia was low in their cohorts (0.9%, 4.1%, and 4.0%,
respectively).

Three studies specifically described COVID-19 patients with brady-
cardia without comparative groups. Among 78 patients with mild to
moderate COVID-19 pneumonia, Abid et al. found the prevalence of
sinus bradycardia to be 15% in their French patient cohort, although
the development of sinus bradycardia was not associated with a poorer
clinical prognosis. Chinitz et al. detailed seven patients with brad-
yarrhythmia with COVID-19, in which 43% had high degree AVB on
admission, while the remaining 57% developed sinus arrest between
4 and 30 days into their hospitalization. The development of these
bradycardias was associated with high inflammatory markers, even in
the absence of cardiomyopathy. Despite all patients receiving either
a temporary or permanent pacemaker, 71% would succumb to their
infection and expire. The authors concluded that acute bradycardia

in the presence of COVID-19 was associated with high mortality.
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Sharivastava et al. also observed 15 COVID-19 patients with either
high grade or complete AVB requiring temporary or permanent pace-
maker implantation. Those initially presenting with a narrow com-
plex escape rhythm demonstrated an 87.4% survival rate, compared to
42.9% among those with a wide complex escape rhythm. Additionally,
43% of those with a narrow complex escape rhythm converted back to
sinus, while none with a wide complex did.

Attena et al. compared the prevalence of bradycardia in COVID-
19 patients treated with Remdesivir. Among 21 patients with brady-
cardia on Remdesivir, bradycardia resolved with cessation of the drug.
Compared with 79 patients on Remdesivir without bradycardia, no dif-
ferences in intensive care admission rate or increased mortality were
noted.

Table 2 presents the baseline demographics, diagnostic findings, and
chief features of COVID-19 patients who developed bradycardia from
the individual cases compiled (n = 59).21->2 Bradycardia predominated
in male patients (n = 37) with a median age of 58.0 years old (IQR
48.0—71.0). Bradycardia was most often observed in patients classi-
fied as having severe or critical illness COVID-19 (35.6% and 32.2%,
respectively). Death occurred in 6.8% of the population. Azithromycin
was the most commonly prescribed drug during admission (33.9%),
with Remdesivir being the least (8.5%). Of those with reported brady-
cardia, complete AVB was the most common rhythm, occurring in the
majority of cases (55.9%), followed by sinus bradycardia (15.3%). Pace-
maker insertion was required in most patients (76.3%), most of which
were permanent implants (45.8%). The median LVEF was 55% and was
assessed in almost half of the cases (45.8%). BNP levels tended to be
elevated, with a median of 677 pg/mL (IQR 55.3—3814), and troponin
assays only mildly elevated (hs-troponin T median of 7.0 ng/L, Troponin
I median of 0.027 ng/ml). D-dimer, Ferritin, LDH, and CRP showed only
modest increases.

4 | DISCUSSION

In this scoping review, we identified 11 observational studies that
included patients with bradyarrhythmia and COVID-19 and 59
patients with bradyarrhythmia in COVID-19 from case reports and
series. Our results showed that patients with severe or critical COVID-
19 may be more likely to have bradyarrhythmia, although there are no
observational studies with comparative groups that exclusively looked
into bradycardia in COVID-19 to date. Interestingly, more than half of
the patients included in our studies had complete AVB requiring either
permanent and/or temporary pacemakers, with most of whom had pre-
served LVEF. Further prospective studies are warranted to assess the
need for permanent pacing in these patients.

Bradycardia has been reported as a potential rare complication of
SARS-CoV infection, although its mechanism is unclear.”3>* Multiple
hypotheses have been proposed including hypoxia, direct myocardial
injury through viral invasion to cells via ACE2 receptor, and hypercy-
tokinemia, as summarized in Figure 2.>°>~57 Hypoxia associated with

severe COVID-19 may lead to a complex interaction of carotid body

TABLE 2 Baseline demographics, laboratory findings, and chief
features of the 59 patients from case reports and case series

Prevalence (%)? Median (IQR)

Age (years) 58.0(48.0—-71.0)
Sex

Male 37/59(62.7)

Female 22/59(37.3)
COVID-19 Severity

Mild 7/59 (11.9)

Moderate 12/59(20.3)

Severe 21/52(35.6)
Critical illness 19/52(32.2)
Death 4/59 (6.8)
Medications

Azithromycin 20/59 (33.9)

Remdesivir 5/59 (8.5)

Hydroxychloroquine 12/59 (20.3)
Type of Bradycardia

Wenckebach AVB 1/59 (1.7)

Mobitz type Il AVB 7/59(11.9)

Complete AVB 33/59(55.9)

Sick sinus syndrome 6/59(10.2)

(unspecified)

Sinus arrest 3/59(5.1)

Sinus bradycardia 9/59 (15.3)
Minimum HR (s) 31/59 (52.5) 37.0(31.0-40.0)
Pacemaker insertion

Permanent 27/59 (45.8)

Temporary 18/59 (30.5)
LVEF (%) 29/59 (49.2) 55.0(55.0-60.0)
Laboratory Findings

WBC (10%/ul) 22/59(37.3) 10.0(7.0-13.2)
NT-proBNP (pg/ml) 11/59 (18.6) 677 (55.3—-3814)
hs-troponin T (ng/L) 15/59 (25.4) 7.0(0.029-94.4)

Troponin | (ng/ml) 14/59 (23.7) 0.027(0.016-0.12)

D-dimer (ng/ml) 21/59 (35.6) 2374 (1008—4549)
Ferritin (ng/ml) 18/59(30.5) 757 (427-1245)
LDH (U/L) 11/59 (18.6) 598 (336—726)
CRP (mg/L) 40/59 (67.8) 46.0(22.2—-88.5)

Abbreviations: AVB, atrioventricular block; BNP, B-type natriuretic pep-
tide; CK-MB, creatine kinase-MB isozyme; COVID-19, coronavirus disease
2019; CRP, C-reactive protein; HR, heart rate; hs, high sensitivity; IQR,
interquartile range; LDH, lactate dehydrogenase; LVEF, left ventricular ejec-
tion fraction; NT-proBNP, N-terminal-pro-B-type natriuretic peptide; TCM,
Takotsubo cardiomyopathy; WBC, white blood cell.

2Prevalence here is defined as the number of cases reported the variable
divided by the number of the total cases.

" Of the 59 cases, the following number of cases had normal values of the
variable without specific data; WBC, 2 cases; BNP, 1 case; NT-proBNP, 2
cases; Troponin, 20 cases; LVEF, 14 cases.
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Factors specific to virus and viral
response
* Direct viral invasion of myocardial
cells and conduction system

Cardiac specific factors
¢ Hypoxia leading to the imbalanced HIF
activation
¢ Stress cardiomyopathy

* Increased Inflammatory response
* Cytokine storm

SARS-CoV2

* Pre-existing cardiac disease including
CAD, conduction defects and

* Immune-mediated injury

cardiomyopathy

* Autonomic tone dysregulation
* Hypercoagulable state
* Downregulation of ACE2 receptors

* Age

Other contributors
* General deconditioning
* Cardiopulmonary deconditioning

* Drug-mediated cardiotoxicity
¢ Comorbidities including anemia,
hypertension, diabetes

Conduction defects: Tachyarrhythmia,

bradyarrhythmia, conduction blocks

* Prolonged QT interval (thought to be
medication-induced)

* Sudden cardiac death

* Decompensated Heart Failure

* Myocarditis/Myopericarditis

e Cardiogenic shock

FIGURE 2

Possible pathophysiology of bradyarrhythmia in COVID-19. Factors associated with bradyarrhythmia are summarized from

existing literature. ACE2, angiotensin converting enzyme 2; HIF, hypoxia-inducible factors [Color figure can be viewed at wileyonlinelibrary.com]

stimulation and activation of hypoxia-inducible factors (HIF).>8>? HIF
is a fascinating transcriptive factor attracting attention in various
areas of medicine as a potential therapeutic target for ischemic heart
disease, heart failure, and anemia of chronic kidney disease.t%¢* In
particular, the imbalance of HIF-1«, which increases reactive oxygen
species (ROS) production causing sympathetic nerve activation, and
HIF-2a, which suppresses ROS through superoxide dismutase, may
contribute to the development of arrhythmias.®? Future studies are
warranted to investigate HIF activity in patients with COVID-19 and
bradycardia to evaluate whether if HIF could be a potential thera-
peutic target. Pro-inflammatory cytokines such as interleukin-6 (IL-
6) and tumor necrosis factors (TNFs) are also known to cause brady-
cardia via a direct pathogenic effect on the sinoatrial node. However,
only a few case reports have described patients’ serum IL-6 levels,
which makes it challenging to draw conclusions at this time. Like HIF
activity, serum IL-6 levels in COVID-19 patients and any correlation
with their heart rates needs to be clarified in future observational
studies.

Other factors have been brought into consideration, such as level of
sedation and adverse drug reactions, specifically Remdesivir, hydrox-
ychloroquine/chloroquine, and azithromycin.®3-4> Remdesivir, in par-
ticular, is a known iatrogenic precipitant of bradycardia by which the
mechanism is not well understood. Currently, two suggested mech-
anisms of Remdesivir induced bradycardia stems from either 1) car-
diac myocyte cytotoxic effect from binding human mitochondrial RNA
polymerase®® and/or 2) Remdesivir is a nucleoside adenosine analog
which, in theory, resembles adenosine triphosphate and binds the A1
receptor in cardiac cells much like endogenous adenosine, inhibiting
the atrioventricular node.®” Although only 8.5% of patients were on
Remdesivir in the included patients with bradycardia, clinicians may
need to avoid Remdesivir in patients with underlying cardiac diseases

or known arrhythmia.

Several limitations in this study should be noted. First, due to the
time constraints, we were unable to contact authors to obtain data
not mentioned in the literature, leading to reporting bias. Second, we
included only peer-reviewed articles in the systematic review, exclud-
ing conference abstracts or preprints, which may cause selection bias.
In addition, cases with transient nonsevere bradycardia in COVID-19
patients might not have been reported, which could lead to publica-
tion bias. However, this is the first systematic review to investigate
the characteristics of bradyarrhythmiain COVID-19 patients. The data
presented may be used by frontline clinicians to determine treatment
planning for similar patients, including in decisions whether to proceed
with a permanent or temporary pacemaker.

In conclusion, this systematic review summarizes the current body
of evidence and characteristics of bradyarrhythmia in patients with
COVID-19. While it remains hypothetical, pathophysiology may be
multifactorial with potential direct myocardial injury, iatrogenicity of
medications, cytokine-related effects, and/or hypoxia as contribut-
ing factors. Further studies are critical to assess the reversibil-
ity of bradyarrhythmia in COVID-19 patients as well as to clar-
ify potential therapeutic targets, including HIF or pro-inflammatory

cytokines.
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