| BRIEF REPORT

Severe Cardiac Conduction Disturbances and Pacemaker
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Roberto Barriales-Villa,® Raul Centurién-Inda,? Xusto Fernandez-Fernandez,? Martin F. Ortiz,?
Luisa Pérez-Alvarez,” Isabel Rodriguez Garcia,® Manuel Hermida-Prieto,? and Lorenzo Monserrat®

3Instituto de Investigacion Biomédica de A Corufia (INIBIC), A Corufia, Spain
®Complejo Hospitalario Universitario A Corufia (CHUAC), A Corufia, Spain

The aims of this study were to determine the prevalence
of severe cardiac conduction disturbances in a cohort of
451 patients with hypertrophic cardiomyopathy and to
describe the characteristics of, and outcomes in, those
who required a permanent pacemaker. A pacemaker
was implanted in 48 patients (11%): 20 had sinus node
dysfunction and 28 had an atrioventricular conduction
disturbance. Primary bradyarrhythmia (which was not
related to iatrogenic atrioventricular block or therapeutic
ablation of the atrioventricular node) was the reason for
permanent pacemaker implantation in 36 patients (8%).
In 18% of cases, at least one other family member had
a permanent pacemaker. In this patient series, a high
prevalence of severe cardiac conduction disturbance
leading to permanent pacemaker implantation was
observed. Severe cardiac conduction disturbance in
hypertrophic cardiomyopathy may also have a familial
component.
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Trastornos graves de la conduccién cardiaca
e implante de marcapasos en pacientes
con miocardiopatia hipertréfica

El objetivo de este estudio es analizar la prevalencia de
trastornos graves de la conduccion cardiaca en una co-
horte de 451 pacientes con miocardiopatia hipertréfica,
describiendo las caracteristicas y la evolucion de aque-
llos que requirieron marcapasos. En 48 pacientes (11%)
se implanté un marcapasos: 20 casos por disfuncion del
nodo sinusal y 28 casos por trastorno de la conduccion
auriculoventricular. Las bradiarritmias primarias (las no
relacionadas con bloqueo auriculoventricular iatrogénico
0 ablacién terapéutica del nodo auriculoventricular) fue-
ron causa de implante en 36 pacientes (8%). En un 18%
se detecté un marcapasos en al menos otro miembro de
la familia.

En nuestra serie, encontramos una elevada prevalen-
cia de trastornos graves de la conduccion cardiaca que
determinaron el implante de marcapasos. Los trastornos
severos de la conduccién en la miocardiopatia hipertréfi-
ca tienen también una presentacion familiar.

Palabras clave: Miocardiopatia. Hipertrofia. Marcapasos.
Bloqueo cardiaco.

INTRODUCTION

The single most important complication in
hypertrophic cardiomyopathy (HCM) is sudden
death. Although in most patients sudden death
is caused by ventricular arrhythmias (sustained
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ventricular tachycardia or ventricular fibrillation
[VF)), it can also be caused by cardiac conduction
disturbances (CCDs).! Many studies report on the
prevalence, determining factors and prognostic value
of supraventricular or ventricular tachyarrhythmias,
but practically no data exist on the prevalence and
relevance of severe conduction disturbances in
patients with HCM.?3

The objectives of the present study are to analyze the
prevalence of CCDs leading to permanent pacemaker
(PM) implantation in a broad-ranging cohort of
patients with HCM and to describe permanent PM
recipient characteristics and outcomes.

METHODS

Retrospective study of permanent PM recipients
with implantation indicated for bradycardia or
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symptomatic CCDs in a cohort of adult patients
with HCM under observation since 1995 in a
specialist clinic. Diagnosis of HCM was based
on the presence of a left ventricle with >1.5
cm maximum parietal thickness in the absence
of illness capable of causing the hypertrophy
observed. In patients with a family history of
HCM, we established >1.3 cm thickness and/or
electrocardiogram (ECG) alterations compatible
with HCM as diagnostic criteria.*®

The protocol included 21 clinical examination
per year, family tree, ECG, echocardiogram,
Holter and ergometry. We took a sample of
peripheral blood for genetic study (after informed
consent). We used a diagnostic platform including
the >600 HCM-related mutations described
to date. We performed a discriminatory test
for Fabry disease (FD) to determine alpha-
galactosidase A (AGA) enzyme activity in blood.
If storage disease was suspected, we performed
clinical and analytical tests for lesions in other
organs.

Indications for PM implantation were classified
as:

1. Sinus node dysfunction (SND):
— Primary SND:
syndrome (BTS).

— Secondary SND: sinus bradycardia secondary

to drugs (used in treating tachyarrhythmias and/or
subvalvular aortic obstruction).

bradycardia-tachycardia

2. Atrioventricular conduction

disturbances:

(AV)

— Primary atrioventricular block (AVB): first
degree; second and third degree; slow atrial
fibrillation (AF).

— Secondary AVB: due to therapeutic ablation
intended to treat supraventricular arrhythmias;
iatrogenic AVB, linked with myectomy or septal
ablation.

Causes of death were classified as cardiac or
noncardiac according to clinical case history
records.

RESULTS

Among 451 patients with HCM (64% men; mean
age, 53 years; mean follow-up, 5.2 [1.3] years), 48
required permanent PM implantation (11%). Patient
characteristics are in Table 1.

We found a family history of HCM in 23 patients
(48%); of sudden death in 11 (23%) and of PM
implantation in 9 (18%).
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TABLE 1. Characteristics of the Population With
Pacemakers

Age, mean (SD), y 58 (13)
Women 26 (58)
Fibrillation or atrial flutter 29 (64)
NYHA class Il 21 (46)
NYHA class Il 19 (42)
Palpitations 32 (71)
Syncope 20 (44)
>30 mmHg gradienT 16 (35)
<25% shortening fraction 5(11)
Maximum parietal thickness, mean (SD), mm 21 (5)

NYHA indicates New York Heart Association.
The data express mean (SD) or n (%).

Method of Stimulation

The method of stimulation chosen was DDDR
(30), VVIR (16), and AAI (1, changed to VVIR at
8 years). In one patient indicated for permanent
PM we implanted a defibrillator (ICD) for primary
prevention due to the risk factors presented. In 5
PM recipients, these were replaced by ICDs during
follow-up for primary prevention.

Indications for Permanent Pacemaker
Implantation (Figure)

Pacemaker implantation was indicated for primary
bradyarrhythmia in 36 patients (75%) and for causes
secondary to therapeutic regimens in 12 (25%).

In patients with PM we performed 8§ interventions
that entailed risk or potential risk of complete AVB.
We performed 4 AV node ablations and subsequent
PM implantation in patients with fast AF and
poor response to medical treatment, and 4 PM
implantations following myectomies.

Events During Follow-up

In a mean 5.9 years of follow-up, events occurred
in 10 patients (2 transplantations and 8 deaths: 3
from heart failure, 1 kidney failure, 1 liver failure,
1 of neogastric origin and 1 unknown cause). Total
mortality (all-cause death or transplantation) was
3.4% per year.

Genetic Study

We identified mutations in 15 patients (31%)
(Table 2). In 1 patient with low AGA activity we
found a mutation of the GLA gene (Galactosidase
alpha) linked with FD. In another, with apical
HCM, a mutation of the PKP2 (plakophilin-2) gene
was linked with the development of arrhythmogenic
right ventricular dysplasia (ARVD). In this case, we
looked for mutations linked with the development of
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ARYVD because the patient’s father was the carrier of
a cardiomyopathy compatible with this phenotype.

DISCUSSION

In HCM, slow rhythm has been considered an
uncommon and AVB an infrequent complication.
However, isolated cases have been reported in which
HCM presentation was due to CCDs,*® and some
series describe PRKAG2 gene mutations associated
with HCM, Wolf-Parkinson-White syndrome and
CCDs.? In some of these cases, authors suggest a
possible family history of CCDs.!0-14

However, in HCM, despite being the
cardiomyopathy most frequently found in the general
population, no systematic studies of CCDs and
permanent PM implantation have been published.
Most published reviews of HCM and PM refer to
therapeutic PM use (to treat subaortic obstruction
and associated symptoms) or to PMs in the treatment
of complications arising from other therapeutic
procedures (such as myectomy or septal ablation).!?
In our series, we found a high prevalence of CCDs
leading to PM implantation (11%). If we discount
patients who required PM implantation for SND
secondary to drugs, iatrogenic AVB, or therapeutic
AV node ablation, 36 (8%) patients experienced
CCDs that required permanent PM implantation.
The population in question is relatively young
(mean, 58 years), symptomatic (syncope, 44%) and
most had conserved ventricular function (89%).

Both functional level and cardiovascular mortality
were greater than in the series reported by Elliott et
al* (0.5%) in a cohort of 956 patients with HCM.
Our series included a higher percentage of patients
in New York Heart Association (NYHA) functional
classes III and IV (42% vs 3% reported by Elliott

TABLE 2. Mutations Found in our Series

Gene Mutations
MYBPC3 K504del (g10957-10959delAAG)
MYBPC3 A216T* (g3898G>A)
MYBPC3 E542Q (g11071G>C)
MYBPC3 Q327fs (g7364delG)
MYBPC3 R502Q (g10952G>A)
MYBPC3 K600fs (g12413delA)
MYH7 R870H (g13271G>A)
MYH7 1736T (912347T>C)
MYH7 G768R (g12707G>A)
MYH7 M388T (g8803T>C)
ACTC E101K (g2263G>A)
ACTC E101K (g2263G>A)
ACTC E101K (g2263G>A)
GLA L89P (g4050T>C)
PKP2 S329fs (g18954delT)

ACTC indicates the gene that codifies cardiac actin (reference sequence [RS]:
NC_000015.8 @i51511731; 3-3-2006); GLA, the gene that codifies alpha-
Galactosidase A (RS: NC_000023.9 gi:89161218; 30-8-2006); MYBPC3, the gene
that codifies cardiac myosin-binding protein C (RS: U91629.1 gi:2920822; 1-3-
1998); MYH7, the gene that codifies the cardiac beta-myosin heavy-chain (RS:
X52889.1 gi:29726); PKP2, the gene that codifies plakophilin-2 (RS: NC_000012.10
0i:89161190; 3-3-2008).

*This variant also appears in 1 of 248 control patients belonging to a group
with high blood pressure, aged >45 years, without hypertrophy (of uncertain
pathogenesis). Nucleotide code nomenclature of the mutation appears in
parentheses.

et al) and cardiovascular mortality was 2.1% per
year, versus 0.5%. These differences are probably
explained by the fact that our patients with HCM
and PM were older (mean, 58 [13] years) than those
reported by Elliott et al (42 [15] years) and also
because CCDs can be a marker of seriousness in
HCM.

In our series, 18% of patients had at least one
(first or second degree) family member who was
a PM recipient. We have identified one single
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mutation, E101K in the cardiac actin gene, in 3
index cases (PM recipients) in families that initially
were not considered related and that may have
a common origin. Our study shows the existence
of a family history of CCDs in HCM patients. In
turn, this shows these disturbances can form part
of the phenotype expression of HCM. The clinical
implications of this are obvious: in the diagnosis and
follow-up of patients with HCM, we should be alert
to the presence of (supraventricular or ventricular)
tachyarrhythmias, and look for and expect CCDs to
have occurred or to occur in the future.

Limitations

This is a retrospective study in which indications
for permanent PM implantation have not been
established a priori and some implantations have
been conducted in other centers; both are factors that
may bias indications for implantation. However, we
are dealing with a symptomatic population largely
needing treatment with non-chronotropic drugs and
that, due to the presence of prior bradyarrhythmias/
tachyarrhythmias, underwent permanent PM
implantation.

The genetic study was incomplete because we only
studied previously described mutations in the principle
genes involved, making it impossible to establish
potential genotype-phenotype correlations: we have
not studied the LAMP2 gene and have only studied
some mutations of the PRKAG2 gene, both of which
are related with cardiac hypertrophy and CCDs.

CONCLUSIONS

In our series of patients with HCM we found a
high incidence of CCDs leading to permanent PM
implantation. In this group, family history is evident
(18%). Cardiac conduct disturbances seem to form
part of the phenotype expression of HCM. We need
new studies to confirm this association and genotype-
phenotype studies to clarify the link between some
mutations and CCDs.
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