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Abstract

Introduction: The outcome of patients > 60 years of age after alcohol septal
ablation (ASA) for obstructive hypertrophic cardiomyopathy (HCM) remains
unresolved. We sought to determine the long-term survival and the causes
of death in this population.

Material and methods: We enrolled 156 consecutive patients (69 +6 years,
69% women, follow-up: 4.8 +3.5 years) who underwent ASA at > 60 years
of age.

Results:The 30-day mortality rate was 1.3%. At the last check-up, 81% of
patients were in New York Heart Association class < 2 and 76% had a left
ventricular outflow tract gradient (LVOG) < 30 mm Hg. A total of 39 patients
died (51% of cardiovascular causes, 44% of non-cardiovascular causes, 5%
of unknown causes) during the 734 patient-years. The annual sudden mor-
tality, the sudden mortality and the all-cause mortality rates were 0.5%,
1.1%, and 4.8%, respectively. The all-cause mortality was higher compared
to the age- and sex-matched general population (p = 0.002).

Conclusions: Alcohol septal ablation was safe and effective in the long-term
follow-up. We observed a reduced life expectancy compared to the age- and
sex-matched general population. Mortality was almost equally due to car-
diovascular and non-cardiovascular causes of death.

Key words: hypertrophic cardiomyopathy, sudden cardiac death, survival.

Introduction

Hypertrophic cardiomyopathy (HCM) is a genetic disease defined by
the presence of increased left ventricular wall thickness (LVWT) in the
absence of abnormal loading conditions sufficient to cause the observed
abnormality [1-4]. Patients with HCM are at risk of sudden death (SD),
progressive heart failure, and other cardiovascular complications [5]. Re-
cently published data based on an unselected population of HCM pa-
tients > 60 years of age suggested that older patients are at low risk of
SD and the mortality rate of these patients is mainly influenced by other
causes of death [6, 7]. Left ventricular outflow tract (LVOT) obstruction is
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an established independent risk factor for progres-
sion of heart failure and of cardiac death in HCM
patients [8]. In the treatment of symptomatic pa-
tients with obstructive HCM who are refractory to
medical therapy, alcohol septal ablation (ASA) or
surgical myectomy is recommended [1, 2].

Despite early concerns about the potential ar-
rhythmogenicity of the ablation scar, recent stud-
ies have shown acceptable periprocedural and
long-term results of patients treated with ASA
[9-14], comparable to those treated with surgical
myectomy [15-18].

Alcohol septal ablation seems to be a prefera-
ble therapeutic approach, in patients > 60 years
of age with obstructive HCM, because of higher
surgical risk [1, 2, 19]. However, the long-term
outcome of this specific group of patients remains
unresolved. Therefore, in this study, we sought to
determine the long-term survival, major causes of
death, and the sudden mortality rate in patients
> 60 years of age with obstructive HCM after ASA.

Material and methods
Study population

A total of 332 patients with obstructive HCM
(58 +13 years, 55% women) underwent ASA be-
tween April 1998 and March 2014 in four Europe-
an cardiovascular centers and were enrolled into
their databases. Within this group, we identified
156 patients aged > 60 years of age at the time of
ASA (69 +6 years, 69% women) who met the inclu-
sion criteria of this study. Some of these patients
were included in previous reports.

The diagnosis of obstructive HCM was based on
the echocardiographic demonstration of a hyper-
trophied non-dilated left ventricle (maximum LVWT
> 15 mm) and the presence of a maximal left ven-
tricular outflow tract gradient (LVOG) of > 50 mm Hg
at rest or during the provocative maneuvers. The
baseline LVWT measurement was defined as max-
imal septal thickness in the basal septum while the
post-procedural LVWT was determined by measur-
ing the thinnest part of the intervened basal sep-
tum. Alcohol septal ablation was performed only in
patients with obstructive HCM that remained high-
ly symptomatic despite maximal tolerated dosage
of the optimal medical therapy.

All therapeutic options were discussed with
each patient and the decision was made after
careful explanation of the risks and benefits of
each alternative. Written informed consent was
provided by each patient and the local ethics com-
mittee approved the study protocol.

Interventional procedure and follow-up

Details of the ASA technique were published
previously [20, 21]. Patients were observed in the

coronary care unit for > 2 days after the procedure
and the temporary pacemaker was removed 2-3
days after ASA if no episode of atrioventricular
block occurred. In patients with persistent or re-
current complete heart block, a permanent pace-
maker was implanted prior to discharge from the
hospital. All patients underwent a clinical, electro-
cardiographic, and echocardiographic check-up at
3-6 months after ASA and once a year thereaf-
ter. In patients with an implanted pacemaker or
implantable cardioverter-defibrillator (ICD), the
device memory and function were assessed, and
the history of appropriate and inappropriate dis-
charges was recorded.

The survival of patients was continuously
checked in the National Database of the Departed
in each of the participant countries. For the de-
ceased patients who died outside of the study in-
stitutions, interviews or mail communication with
their next of kin was performed to find out the
cause of death.

Definitions

The primary endpoint was all-cause mortality
and the secondary endpoint was a composite of
all-cause mortality or appropriate ICD discharge.
We compared the incidence of all-cause mortali-
ty, as well as the all-cause mortality including the
first appropriate ICD discharge, with the expected
survival of the age- and sex-matched general pop-
ulation.

The causes of death were classified as non-car-
diovascular causes of death and cardiovascular
causes of death (including heart failure, stroke,
procedure-related death, SD, and appropriate ICD
discharge). Sudden death was defined as an unex-
pected natural death within 1 h after a witnessed
collapse in a previously stable patient. An appro-
priate ICD discharge was defined as the first de-
vice intervention after ASA triggered by ventricu-
lar tachycardia (VT) or ventricular fibrillation (VF).
Death within 30 days after ASA at least partially
attributable to ASA was considered ASA-related.
Any death that could not clearly be attributed to
one of these groups was classified as a death of
unknown cause.

Statistical analysis

Data are presented as mean + standard devia-
tion. The y? test, Student’s t-test, and Kaplan-Mei-
er survival analysis were used as appropriate. Mor-
tality rates were calculated for each individual and
combined to form an expected summary curve for
the general population. Expected survival was cal-
culated according to age- and gender-specific mor-
tality rates obtained from the Demographic Year-
book of the Czech Republic (http://www.czso.cz/
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csu/ 2012edicniplan.nsf/engpubl). Expected and
observed mortality rates were compared using the
one-sample log-rank test, which provides a stan-
dardized mortality ratio and the 95% confidence
interval (Cl). Cox proportional hazards regression
was used to identify the predictors of all-cause
mortality, cardiovascular mortality, and SD events.
Clinical variables with a potential effect on patient
prognosis were chosen for univariable analysis
and included age, baseline and residual dyspnea,
baseline and residual LVOG, baseline and resid-
ual maximum LVWT, and baseline and residual
left ventricular end-diastolic diameter (LVEDD).
Variables with a p < 0.15 were then entered into
a multivariable analysis, which was performed us-
ing a backward stepwise multiple Cox regression.
A p < 0.05 was considered statistically significant.
The statistical software GraphPad Prism v. 6.05
(GraphPad Software, La Jolla, CA) was used.

Results
Baseline characteristics

Atotal of 156 patients underwent ASA between
60 and 86 years of age (69 =6 years); among
them, 108 (69%) patients were women. Baseline
echocardiographic and clinical characteristics of
the study population are summarized in Table I. Of
these patients, 141 (90%) suffered from dyspnea
of New York Heart Association (NYHA) function-
al class > 3, while a combination of dyspnea and
angina was present in 106 (75%) patients, and
33 (23%) patients experienced repeated syncope.
Five patients had been implanted with a perma-
nent pacemaker and 5 patients with an ICD prior
to ASA. One patient had experienced an appropri-
ate ICD discharge before ASA.

Mean alcohol injection volumes for the ASA
procedure were 1.7 +0.8 ml with a subsequent
CK-MB peak of 3.1 +2.3 pkat/l (ULN = 0.4 pkat/l).
Alcohol septal ablation was combined with percu-
taneous coronary intervention in 9 (5.8%) patients.

Procedural outcomes

Four (2.6%) patients died during the first
1-month follow-up. Two of them died early after
ASA; 1 patient died of cardiac tamponade and
1 patient died of pulmonary embolism. The other
2 patients died of cancer and stroke during the
1-month follow-up after being discharged from
the hospital (in-hospital mortality was 1.3%; 30-
day ASA-related mortality was 1.3%).

Post-procedural transient complete heart block
was identified in 38 (24.4%) patients and a per-
manent pacemaker for a persistent or recurrent
complete heart block was implanted in 18 of
these patients (11.5% of total study population).
Post-procedural sustained VT or VF requiring ur-
gent cardioversion/defibrillation was observed in
5 (3.2%) patients.

Long-term outcomes

None of the 156 patients were lost to follow-up.
The mean duration of follow-up was 4.8 *3.5
years. Clinical and echocardiographic outcomes
are summarized in Table I. At the last clinical
check-up, a total of 126 (81%) patients suffered
from dyspnea of NYHA class <2 and a total of 119
(76%) patients had a maximal LVOG < 30 mm Hg
at rest or during the provocative maneuvers.
During the follow-up, 2 (1.3%) patients under-
went myectomy and 6 (3.9%) patients underwent
repeated ASA. Eight patients after ASA combined
with percutaneous coronary intervention are still
alive and 1 patient died of cancer 4 years after the
procedure. Eight patients (5.2%, mean follow-up:
4.9 +2.5 years) underwent an ICD implantation
during the follow-up. The decision was based on
current guidelines [1, 2]. Two of them experienced
an appropriate ICD discharge during the study pe-
riod. Additionally, another two patients with an
ICD implanted before ASA also experienced an
appropriate ICD discharge during the follow-up.

Table 1. Clinical and echocardiographic characteristics at baseline and follow-up

Parameter Baseline Follow-up P-value
Dyspnea, NYHA class 3 +0.5 1.8 +0.7 < 0.001
Angina, CCS class 1.4 +1.2 0.4 +0.7 < 0.001
Episodes of syncope (%) 21 6 0.002

LVOG [mm Hg] 76 +44 22 422 < 0.001
LVEDD [mm] 43 5.5 47 5.7 < 0.001
Left ventricular EF (%) 71 %10 68 +10 0.025

Baseline maximum LVWT [mm] 20 £3.6 15 +4.6 < 0.001

Data are presented as mean + standard deviation. NYHA — New York Heart Association, CCS — Canadian Cardiovascular Society, LVOG —
left ventricular outflow tract gradient, LVEDD — left ventricular end-diastolic diameter, EF — ejection fraction, LVYWT — left ventricular wall

thickness.
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Overall, a total of 4 (2.6%) patients experienced
an appropriate ICD discharge during the follow-up.
Mean time between ASA and the ICD discharge
was 4 1.7 years.

Thirty-six (23%) patients died during the 747
patient-years (81% women) and the all-cause
mortality rate was 4.8% per year. In these patients,
ASA was performed at an average age of 69.7 +5.8
years, the mean survival was 4.2 +3.8 years, and
the mean age at death was 74 +6.2 years. Causes
of death are summarized in Figure 1. Four (2.6%)
other patients experienced an appropriate ICD
discharge and 1 (0.6%) patient experienced an
appropriate ICD discharge and died later during
the follow-up. Considering the first appropriate
ICD discharge as an equivalent of SD, 39 (25%)
patients died during the 734 patient-years with
an all-cause mortality rate of 5.2% per year. The
mean survival was 4.1 +3.6 years and the mean
age at death was 74 +6.1 years. All patients who
died were divided into subgroups according to the
cause of death. Mortality events from cardiovas-
cular, non-cardiovascular, and unknown causes of
death were 51%, 44%, and 5%, respectively.

Cardiovascular mortality events occurred in
20 patients (51% of all mortality events, 13% of
all patients, mean age at death: 72.5 +4.5 years),
with an annual mortality rate of 2.7%. Among
these 20 patients, 4 patients died of SD, 4 patients
experienced an appropriate ICD discharge, 7 pa-
tients died of stroke, 3 patients died of heart fail-
ure, and 2 patients died of post-procedural com-
plications. The distribution of the causes of death
is summarized in Figure 2. Independent predic-
tors of the cardiovascular mortality events were
a lower LVEDD at the last check-up (HR = 0.90,
95% Cl: 0.82-0.99; p = 0.027) and a higher base-
line maximum LVWT (HR = 1.3, 95% Cl: 1.14-1.49;
p < 0.001).

Sudden death events (SD, appropriate ICD dis-
charge) occurred in eight patients (5.1%, mean age
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Figure 1. Causes of death

at death: 74.9 3.4 years). The annual sudden mor-
tality rate and the annual sudden mortality rate
including the first appropriate ICD discharge were
0.5% and 1.1%, respectively. The only independent
predictor of sudden mortality events was a high-
er baseline maximum LVWT (HR = 1.37, 95% Cl:
1.12-1.69; p < 0.001).

Non-cardiovascular mortality events occurred
in 17 patients (44% of all mortality events, 11% of
all patients, mean age at death: 76 +7 years) with
an annual mortality rate of 2.3%. Among these pa-
tients, 10 patients died of cancer, 3 patients died
of sepsis, 1 patient died of ileus, 1 patient died
of pneumonia, one patient died of multiple organ
failure, and 1 patient died of renal failure. In 2 pa-
tients (5% of all mortality events), the cause of
death was unknown.

Survival free of all-cause mortality at 1, 5, and
10 years was 95% (95% Cl: 91-98%), 80% (95% ClI:
72-86%), and 59% (95% Cl: 42-73%), respec-
tively. Compared with the expected mortality in
the sex- and age-matched general population,
patients > 60 years of age after ASA showed an
increased mortality (p = 0.016; Figure 3). Accord-
ing to the multivariable analysis, independent pre-
dictors of all-cause mortality events were a lower
LVEDD at the last check-up (HR = 0.93, 95% Cl:
0.87-0.99; p = 0.017) and a higher baseline max-
imum LVWT (HR = 1.16, 95% Cl: 1.05-1.29; p <
0.001). Survival free of all-cause mortality com-
bined with the first appropriate ICD discharge at 1,
5, and 10 years was 95% (95% Cl: 91-98%), 77%
(95% Cl: 68-84%), and 55% (95% Cl: 39-68%), re-
spectively. This observed mortality was higher in
comparison with the expected survival of the age-
and sex-matched general population (p < 0.002;
Figure 4).

Discussion

This is the first international study to report
the long-term survival and the causes of death in

First appropriate
ICD discharge

Stroke
(n=7)

Heart failure
(n=3)

Sudden cardiac
death (n = 4)

Post-procedural
complication (n = 2)

Figure 2. Cardiovascular causes of death
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the specific population of patients > 60 years of
age with obstructive HCM who underwent ASA.
The principal findings of the study are as follows:
first, ASA was a safe procedure with low proce-
dure-related mortality and led to an improvement
in symptoms and a decrease in LVOG in patients
> 60 years of age with obstructive HCM. Second,
this study population showed a reduced life ex-
pectancy compared with the expected mortality
of the age- and sex-matched general population.
Third, mortality was almost equally due to cardio-
vascular and non-cardiovascular causes of death.
Fourth, independent predictors of all-cause mor-
tality were a lower LVEDD at the last clinical check-
up and a higher baseline maximum LVWT.

In previously published registry data, cardiovas-
cular mortality in HCM patients was predominant-
ly determined by SD, stroke, and heart failure [6, 7,
22-24], and in older patients (> 75 years), stroke
was the most frequent cardiovascular cause of
death [6]. The distribution of cardiovascular caus-
es of death in this study population was similar.
The observed annual sudden mortality rate was

Survival probability
o
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156 140 119103 87 63 50 41 30 19 15
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Figure 3. Kaplan-Meier survival curve describing
all-cause mortality in patients with HCM > 60
years of age after ASA compared with age- and
sex-matched general population
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Figure 4. Kaplan-Meier survival curve describing
the all-cause mortality and the first appropriate ICD
discharge in patients with HCM > 60 years of age
after ASA compared with age- and sex-matched
general population

1.1%, which is similarly low to the recently pub-
lished data on ASA patients > 55 years of age
described by Liebregts et al. [25] and to other
previously published studies regarding HCM [15-
18, 25, 26]. In addition, the mean time between
ASA and the first appropriate ICD discharge was
4 +1.7 years, which suggests a low arrhythmo-
genic potential of the resultant myocardial scar.
The incidence of death due to heart failure was
relatively low, which might suggest a protective
effect of ASA. On the other hand, the incidence of
stroke-related deaths was similarly high as in the
previous reports [6, 7], which reminds us about
the importance of the early initiation of anticoag-
ulation therapy when appropriate [1, 2].

Baseline maximum LVWT is one of the estab-
lished risk factors of SD in patients with HCM [1,
2, 27]. In the present study population, we con-
firmed the previously described observation that
maximum LVWT is an independent predictor of
SD mortality and all-cause mortality events [24,
28, 29]. This finding supports the importance of
this risk factor in the assessment of the risk of SD.
Lower LVEDD at the last check-up was found to be
another independent predictor of cardiovascular
and all-cause mortality.

The main limitation of this study is its retro-
spective and observational design.

Also, although this multicenter study was con-
ducted in two neighboring countries, most of the
data were obtained in centers within one coun-
try, which is why the mortality rate was compared
with the mortality data of the age- and sex-
matched general population in this more repre-
sented country. Even though the mean follow-up
in the study population was 4.8 years, the number
of patients followed up for more than 5 years was
rather small. This may have influenced the reliabil-
ity of the results. In the present study, we used
a common definition of SD as an unexpected nat-
ural death within 1 h after witnessed collapse in
a previously stable patient. In elderly patients, this
definition may potentially yield false-positive re-
sults, since the patients may also die suddenly of
causes of death not directly related to HCM, such
as acute coronary syndrome, stroke, or abdominal
aortic aneurysm rupture. Another limitation of our
study may be the fact that not all ICD discharg-
es in this setting would have resulted in deaths,
which may have led to potential overestimation
of risk.

In conclusion, in patients > 60 years of age with
obstructive HCM, ASA was a safe and effective
procedure in the long-term follow-up. This study
population showed a reduced life expectancy
compared to the age- and sex-matched general
population. Mortality was almost equally due to
cardiovascular and non-cardiovascular causes of
death.
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