Bradyarrhythmias in Arrhythmogenic Right
Ventricular Cardiomyopathy

Lihui Zheng, MD, PhD, Xiaohan Fan, MD, PhD, Gang Chen, MD,
Ligang Ding, MD, PhD, and Yan Yao, MD, PhD*

Check for
updates

Erpeng Liang, MD', Lingmin Wu, MD, PhD', Siyang Fan, MD', Xiaofei Li, MD, Feng Hu, MD,

Less is known about bradyarrhythmias in arrhythmogenic right ventricular cardiomy-
opathy (ARVC). This cross-sectional study aimed to assess the prevalence and clinical
significance of bradyarrhythmias in ARVC. From May 1995 to December 2017, bra-
dyarrhythmias including sick sinus syndrome, atrioventricular block, and intraventric-
ular conductional block (ICB) were investigated in 522 ARVC patients. A total of 169
patients (32.4%) presented with bradyarrhythmias including sick sinus syndrome in18
(3.5%), atrioventricular block in 56 (10.7%), and ICB in 118 patients (22.6 %). Multi-
variate analysis showed right atrial dilation increased the risk of bradyarrhythmias
(odds ratio [OR] 1.641, 95% confidence interval [CI] 1.081 to 2.492, p = 0.020). Bra-
dyarrhythmias were not associated with death and heart transplantation. In patients
with bradyarrhythmias, female gender, left atrial diameter >40 mm, and New York
Heart Association lll/IV increased the risk of death and heart transplantation (hazards
ratio [HR] = 2.790, 95% CI 1.220 to 6.377, p = 0.015; HR =4.913, 95% CI 2.058 to
11.730, p <0.001; HR =3.223, 95% CI 1.246 to 8.340, p = 0.016). Among the 23 patients
who underwent device implantation, left atrial diameter >40 mm was associated with
death and heart transplantation (HR =9.523, 95% CI 1.587 to 57.126, p = 0.014). In
conclusion, bradyarrhythmias were commonly seen in ARVC, and ICB was the most
common type. Female, left atrial diameter >40 mm, and NYHA class were associated

with death and heart transplantation. © 2019 Elsevier Inc. All rights reserved. (Am J

Cardiol 2019;123:1690—1695)

Arrhythmogenic right ventricular cardiomyopathy
(ARVC) is an inherited cardiomyopathy characterized by
ventricular tachyarrhythmias, ventricular dysfunction,
and sudden cardiac death.” Progressive loss of myocar-
dium and its replacement by fibro-fatty tissue is the path-
ological hallmark of the disease,” which may not only
lead to the lethal tachyarrhythmias but also bradyarrhyth-
mias. Although a few studies have demonstrated the right
bundle branch block in ARVC patients,” the results
remain controversial and the long-term outcomes are
unknown. Furthermore, other types of bradyarrhythmias
such as sick sinus syndrome (SSS) and atrioventricular
block (AVB) have been only reported in anecdotal
ARVC cases.”® This study aimed to investigate the real-
world data of bradyarrhythmias in a large series of
ARVC patients.
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Methods

We reviewed all case records of patients in suspicion of
ARVC referred to Fuwai hospital from May 1995 to
December 2017. The diagnosis was established on the basis
of the 2010 Task Force Criteria. All data were reviewed by
2 doctors independently, and inconsistencies were adjudi-
cated by a third cardiologist. The study was approved by
the institutional ethics committee.

All 12-lead electrocardiograms and at least a 24 hour-
Holter data were analyzed in all patients. The diagnosis of
bradyarrhythmia was made when bradyarrhythmias were
appeared on ECG and/or Holter recording. SSS was defined
as symptomatic sinus bradycardia, sinus arrest, or sinus exit
block.” The 1° AVB block was given when the PR interval
was more than 200 ms. The 2° AVB block includes Mobitz or
Wenckebach block. The 3° AVB diagnosed was given when
no correlation exists between P wave and QRS complex.’

Intraventricular conductional block (ICB) including
incomplete right bundle branch block iCRBBB) and com-
plete right bundle branch block (CRBBB), left bundle
brunch block, left anterior fascicular block (LAFB), and
left posterior fascicular block was defined according to the
AHA/ACCF/HRS recommendations for the standardization
and interpretation of the electrocardiogram.'’

Follow-up was carried out every 6 months after dis-
charge via telephone or outpatient visit. For patients lost to
follow-up, the long-term survival data were obtained from
the database in Chinese Center for Disease Control and
Prevention.
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Statistical analyses were performed using SPSS 20.0
software (SPSS Inc., Chicago, IL). Continuous variables
were presented as mean =+ standard deviation (SD) or
median (interquartile). Categorical variables were pre-
sented as frequencies and percentages. Mann-Whitney U
and Kruskal-Wallis H were used to compare continuous
variables between groups if the variable was not normally
distributed. Chi-square analysis was used to compare the
categorical variables between groups. Cox regression anal-
yses were performed to evaluate factors associated with the
long-term outcomes in patients with bradyarrhythmias. The
following variables including age, gender, New York Heart
Association (NYHA) functional class, parameters of car-
diac chambers, left ventricular ejection fraction (LVEF),
degree of tricuspid regurgitation were analyzed. All tests
were two-tailed and a statistical significance was estab-
lished at a p <0.05.

Results

Totally, 522 patients were diagnosed as ARVC among
551 suspected patients according to the 2010 criteria.
Among which, 169 patients (32.4%) presented with bra-
dyarrhythmias (Table 1 and Figure 1). Of note, there were
27 patients who underwent regular antiarrhythmic drug
therapy before being enrolled and they were diagnosed as
sinus arrest (1 case), 1° AVB (4 cases), RBBB (13 cases),
iCRBBB (6 cases), and LAFB (3 cases). The remaining
142 patients did not receive antiarrhythmic drug therapy.

Table 1
Clinical characteristics of the study cohort (n =522)
Age, (years) 39.0 £ 15.1
Male 373 (71.2%)
Syncope 184 (35.1%)
NYHA class
| 337 (64.6%)
I 78 (15.0%)
n 50 (9.6%)
\Y 48 (9.2%)
Sick sinus syndrome
Sinus bradycardia 13 (2.5%)
Sinus arrest 7 (1.3%)
Sinoatrial conduction block 2 (0.4%)
Atrioventricular block
1° 38(7.3%)
2° Type 1 6 (1.1%)
2° Type 2 0(0)
3° 12 (2.3%)
Intraventricular conductional block
RBBB
CRBBB 90 (17.2%)
iCRBBB 20 (3.8%)
LBBB 0(0)
LAFB 21 (4.0%)
LPFB 1 (0.2%)

CRBBB =complete right bundle brunch block; iCRBBB =incomplete
right bundle brunch block; LAFB=Ileft anterior fascicular block;
LBBB =left bundle brunch block; LPFB = left posterior fascicular block;
NYHA =New York Heart Association; RBBBB =right bundle branch
block.

SSS was observed in 18 patients (3.5%) (Table 1). All of
the patients of sinus arrest were implanted permanent pace-
maker. For patients with sinus bradycardia, 11 presenting
with sustained ventricular tachycardia (VT) underwent
radiofrequency catheter ablation [7 (1.3%)], dual-chamber
implantable cardioverter defibrillator (ICD) [3 (0.5%)], and
permanent pacemaker implantation with antiarrhythmic
drugs prescribed [1 (0.2%)].

There were 56 patients (10.7%) who showed AVB. The
1° AVB was found in 38 patients (7.3%), among whom 32
patients combined with VT underwent radiofrequency cath-
eter ablation [19 (3.6%)], catheter ablation combined ICD
implantation [4 (0.8%)], and ICD implantation [8 (1.5%)].
There were 6 patients (1.1%) diagnosed as type | 2° AVB,
among whom, 3 patients showed sustained VT and 1 under-
went ICD implantation whereas the rest underwent catheter
ablation.

There were 12 patients (2.3%) diagnosed as 3° AVB (8
men and 4 women; mean age, 42.3 £ 10.2 years) of whom
6 presented initially with complete heart block with the rest
deteriorated to 3° AVB. There were no differences in gen-
der [male: 4 (66.7%) vs 4 (66.7%)], NYHA class severe
than lll [3 (50%) vs 5 (83.3%), p = 0.545], age [44.7 £ 9.9
vs 45.2 £ 19.6, p = 0.956], and LVEF [(56.9 £ 4.0% vs
54.3 £ 16.4%, p = 0.715)]. Eight patients who were com-
bined with sustained VT underwent ICD implantation [5
(1.0%)], cardiac resynchronization therapy with defibrilla-
tion (CRTD) [1 (0.2%)], pacemaker implantation combined
with catheter ablation [2 (0.4%)]. The rest 4 patients under-
went permanent pacemaker implantation.

There were 118 patients (22.6%) diagnosed with intra-
ventricular block. Right bundle brunch block was found in
110 patients (21.1%) including CRBBB (78 cases), CRBBB
with LAFB (12 cases), iCRBBB with LAFB (2 cases), and
iCRBBB (18 cases). Besides, LAFB (7 cases) and left pos-
terior fascicular block (1 case) respectively. There was no
left bundle brunch block found.

Right atrial dilatation was more commonly seen (70
[43.2%] vs 105 [32.0%], p = 0.015) and left atrial dimen-
sion is larger (33.8 & 6.7 vs 32.5 £ 6.3, p = 0.040) in
patients with bradyarrhythmias than in those without
(Table 2). Multivariate analysis showed right atrial dilation
was associated with increased risk of bradyarrhythmias
(odds ratio [OR] 1.641, 95% confidence interval [CI] 1.081
to 2.492, p = 0.020).

Device implantation was conducted in 23 patients with
bradyarrhythmias. Among whom, 14 patients were
implanted permanent pacemaker (6 patients due to 3° AVB,
7 patients due to SSS, and 1 patient due to right bundle
brunch block combined with LAFB). Eight patients who
were referred due to VT were implanted ICD of whom
5 combined with 3° AVB and 3 combined with sinus brady-
cardia. One patient with 3° AVB and heart failure under-
went CRTD therapy. Three patients with VT who refused
ICD implantation for economic considerations underwent
catheter ablation. For the patients who need device implan-
tation to treat bradyarrhythmias, they showed larger left
atrial diameter than those without (Table 3). What is more,
right ventricular malfunction, right atrial dilatation, and
severe tricuspid regurgitation were also more commonly
seen (p = 0.023, 0.024, and 0.010; Table 3).
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LPFB 1 (0.2%)

iCRBBB with LAFB
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Figure 1. Bradyarrhythmias in ARVC patients.

Sinoatrial conduction block

Bradyarrhythmias
169 (32.4%)
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ARVC = arrhythmogenic right ventricular cardiomyopathy; AVB = atrioventricular block; CRBBB =right bundle branch block; iCRBBB = incomplete right
bundle branch block; IVB =intraventricular conductional block; LAFB =left anterior fascicular block; LPFB =left posterior fascicular block; SSS =sick

sinus syndrome.

After a median follow-up time of 51.4 (range 0 to 196)
months, 62 patients died and 53 patients underwent heart
transplantation. Cox regression analyses showed bradyar-
rhythmias were not associated with death and heart trans-
plantation (p = 0.859; Figure 2). Of the 169 patients with
bradyarrhythmias, after a median follow-up time of 62.0
(range 35.7 to 108.7) months, 9 patients died of heart fail-
ure, 14 died of sudden death, and 8 patients underwent
heart transplantation. Different types of bradyarrhythmias
were not associated with death and heart transplantation
(Figure 2). Cox regression analyses showed female gen-
der, left atrial diameter >40 mm, and NYHA Ill/IV were
associated with increased risk of death and heart trans-
plantation (hazards ratio [HR] = 2.790, 95% CI 1.220 to
6.377, p = 0.015; HR=4.913, 95% CI 2.058 to 11.730,

p <0.001; HR =3.223, 95% CI 1.246 to 8.340, p = 0.016;
Figure 3).

For the 23 patients with bradyarrhythmias who need
device implantation, the median follow-up time was 44.3
(25.0, 63.8) months. Three patients died of heart failure,
4 patients underwent heart transplantation. Cox regression
analyses showed left atrial diameter >40 mm (HR =9.523,
95% CI 1.587 to 57.126, p = 0.014) was associated with
death and heart transplantation (Figure 4).

Discussion

In this study, data from a large series of patients revealed
that bradyarrhythmias were commonly in ARVC. ICB was
the most common type of bradyarrhythmias. Right atrial
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Table 2

Comparison of clinical characteristics in patients with and without

bradyarrhythmias

Variable With Without p Value

(n=169) (n=352)

Age, (years) 40.0+ 15.1 385+ 15.1 0.295

Male 122 (32.7%) 251 (67.3%) 0.797

From first symptom to 28.4(9.7,70.4) 24.3(6.1,73.0) 0.277
enrolled, (months)

Sustained VT 136 (83.4%) 291 (82.4%) 0.780

TTE
LA dimension, (mm) 33.8+6.7 325+6.3 0.040
LV dimension, (mm) 48.6 £ 74 484 +17.1 0.703
RV dilatation 63 (38.4%) 105 (31.7%) 0.139
RV malfunction 51 (31.3%) 96 (29.1%) 0.616
LVEF (%) 555+ 147 56.7 £ 14.1 0.391
RA dilatation 70 (43.2%) 105 (32.0%) 0.015
Severe TR 21 (12.9%) 39 (11.8%) 0.725

Disease course = time from first symptom onset to enrollment; LA = left
atrial; LV =left ventricle; LVEF=Ieft ventricular ejection fraction;

RA =right atrial;

RV =right ventricle;

TR =tricuspid regurgitation;

TTE = transthoracic echocardiography; VT = ventricular tachycardia.
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Comparison of clinical characteristics in patients of arrhythmogenic right
ventricular cardiomyopathy and bradyarrhythmias with and without device

implantation
Variable With Without p Value
n=23 n =147

Age, (years) 440+ 143 3944152 0.166

Male 15 (65.2%) 107 (73.3%) 0.422

From first symptom to 30.4(12.2,70.0) 28.4(7.8,73.0) 0.950
enrolled, (months)

Sustained VT 12 (60.0%) 124 (86.7%) 0.003

TTE
LA dimension, (mm) 38.7+5.6 33.0+ 6.6 <0.001
LV dimension, (mm) 504+ 84 484 +72 0.292
RV dimension, (mm) 283+ 11.2 285+ 115 0.938
RV malfunction 12 (52.2%) 40 (28.4%) 0.023
LVEF (%) 51.6 +14.4 56.0 £+ 14.8 0.187
RA dilatation 15 (65.2%) 56 (40.0%) 0.024
Severe TR 7 (30.4%) 15 (10.6%) 0.010

The abbreviations are the same as in Table 2.

1004 P=0.437 — Without bradyarrhythmias
— With bradyarrhythmias
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Figure 2. The relation of bradyarrhythmias with death and heart transplantation in ARVC.
(A) Survival curve of free from death and heart transplantation in ARVC patients with and without bradyarrhythmias; (B) Survival curve of free from death
and heart transplantation within different kinds of bradyarrhythmias.

The abbreviations are the same as Figure 1.



1694 The American Journal of Cardiology (www.ajconline.org)

100 P=0.020 — Male
£ — Female
bl
3T
s 2
T2 504
T ®©
28
5
2]
0 T T T 1
1] 50 100 150 200
Follow up time (months)
1004 P<0.001
E — NYHA [ or I
3k — NYHA lllor IV
4
T2 504
s3
z3
5
(2]
0 T T T 1
0 50 100 150 200
Follow up time (months)
J P <0.001
c 100 — LA <40mm
o
sE — LA>40mm
o I
s 2
T2 504
53
=0
E
(2]
0 T T T 1
1] 50 100 150 200

Follow up time (months)
Figure 3. The survival curve of free from death and heart transplantation
in ARVC patients with bradyarrhythmias.
(A) Impact of gender; (B) Impact of NYHA class; (C) Impact of left atrial
dilation.

dilation in ARVC increased the risk of bradyarrhythmias.
Female, left atrial diameter >40 mm, and NYHA lll/IV were
associated with increased risk of death and heart transplan-
tation in patients with bradyarrhythmias.

The data of bradyarrhythmias in ARVC remain limited.
Tabib et al reviewed 200 forensic autopsies of ARVC
patients and found that about 68% patients showed conduc-
tive tissue infiltrated by fibrosis (54.3%), adipose tissue
(8.1%), and fibro-fatty (5.6%).4 Disturbance of cell adhe-
sion defects and alterations in gap junction localization
which result in conduction disturbance and fibro-fatty
replacement of cardiomyocytes may also occur in the con-
duction system.'' Desmosomal and adherens junction com-
ponents involved in connecting cardiomyocytes which
were considered as the main reasons for ARVC can be
found in adhering junctions of Purkinje fiber cells.'”

However, there were few cases of ARVC with conduc-
tion abnormalities reported, especially for the patients of
ARVC with VT and conduction abnormality.'*'* Peters

P=0.021

100 — LA>40
§ \—‘ — LA<40
=
o I
B
T2 50-
T ©
:8
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0 T T .
0 50 100 150

Follow up time (months)
Figure 4. The survival curve of free from death and heart transplantation
in ARVC patients with bradyarrhythmias who underwent device
implantation.
HTx = heart transplantation; NYHA = New York Heart Association.

et al conducted a study regarding the conduction abnormal-
ity in ARVC finding that only 6% of the patients with com-
plete right bundle branch block and any degree of AVB.” In
this study, 169 patients (32.4%) showed abnormality of
conduction system of whom 23 patients needed to be inter-
vened by either ICD, permanent pacemaker, or CRTD. The
conduction system abnormality was really not a rare phe-
nomenon in ARVC. The possible reasons maybe the
patients of 3° AVB referred to our center were in the
severer stage. For the 12 patients of 3° AVB, half of them
presented initially with 3° AVB with the rest deteriorated to
complete AVB. Age, NYHA class, and LVEF were not sig-
nificantly different between groups. Both directly involve-
ment of conduction system and progressive deterioration
maybe the reasons of 3° AVB.

Patients of ARVC and bradyarrhythmias needed to be
paid more attention. On the one hand, for the patients with
VT and conduction abnormality including 3° AVB, sinus
arrest and severe sinus bradycardia, dual-chamber ICD
were suggested to implant. However, for the patients with-
out VT, permanent pacemaker was proposed. Antiarrhyth-
mic drug therapy was also suggested for sustained/
nonsustained VT and frequent premature ventricular con-
tractions.'” In contrast, in terms of the patients of ARVC
with atrial enlargement, more attention should be paid
regarding the conduction system and the event of heart fail-
ure and cardiac death.

There are several limitations to note. First, only minority
of patients underwent genetic test and myocardial histo-
pathological examination. More data on genetic analysis,
cardiac MRI, and histopathology could make the study
more attractive. It is also of consideration that we only
investigated the Chinese population, and racial differences
are likely existed in such an inherited disease. These limita-
tions must be taken into consideration when interpreting
our results.

Bradyarrhythmias were commonly in ARVC of which
ICB was the most common form. Female, left atrial diame-
ter, and NYHA class were associated with death and heart
transplantation. Due to the progressive nature of the dis-
ease, more attention should be paid on it and regular fol-
low-up is needed especially in patients with enlarged
atrium.
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