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Executive Summary

Introduction: Hypertrophic cardiomyopathy (HCM) is the most common
genetically determined heartmuscle disease. The high prevalence of HCM inthe general
population, the varied clinical expression of the disease, and the duration of care for a
particularpatient,measured in decades, mean that the multitude of clinical presentations
and the complexity and spectrum of problems faced by the attending physician are a
constant challenge. The most significant complications of HCM include ventricular
arrhythmias and the associated risk of sudden cardiac death (SCD), development of left
ventricular outflowtract obstruction (LVOTO), persistent supraventricular arrhythmias,
and progression to end-stage heart failure (ES HCM). The issue of qualifyingpatients
for implantation ofa cardioverter-defibrillator (ICD) in primary SCD prevention and the
overall assessment of the benefits and complications of the intervention remains a
subject of numerous analyses and controversies. Researchers are focusing their efforts
on developing increasingly accurate methods for identifying HCM patients at risk of
SCD to a degree that justifies ICD implantation. Views on this topic are constantly
evolving and differ significantly between the European Society of Cardiology (ESC)
and the American Heart Association. [CD implantation is the most effective method of
preventing SCD, but it is also an invasive procedure associated with potential early and
late complications. Another problemin the long-term care of patients with HCM is the
lack of effective tools that would allow for the identification of patients with HCM at
risk of developing end-stage heart failure and HCM-related death that is not the result

of SCD. The above aspects were the reason for undertaking the work presented here.

The aim of the study was to comprehensively present and analyse a wide range
of issues related to the course of the disease and complications observed in long-term
follow-up of patients with hypertrophic cardiomyopathy who underwent ICD
implantation as part of invasive prevention measures against sudden cardiac death.

The detailed objectives were as follows:

1) assessment of overall mortality and HCM-related mortality in long-term follow-up,

2) attempt to identify independent risk factors for death, including HCM -related death,



3) determining the incidence of end-stage heart failure and its risk factors,
4) identification of risk factors for adequate and inadequate interventions,

5) determining the frequency of infectious and non-infectious complications of ICD

therapy.

The following final points were adopted:
A. Primary: overall mortality and HCM-related mortality;
B. Secondary:
a) progression to ES HCM,
b) occurrence of adequate and inadequate ICD interventions,
c) the need for surgical intervention due to infectious complications and/or
damage to the electrode;
C. Composite final point comprising: death from any cause, progression to ES HCM,

and heart transplantation.

The following definition was adopted:
HCM-related mortality includes: cases of SCD, deaths associated with the development
of end-stage heart failure caused by thromboembolic complications following AF

episodes, and invasive procedures related to the treatment of HCM complications.

Materials and methods

The subject of the analyses presented in this paper are the results of long-term
clinical observation of a group of 104 consecutive patients with HCM who underwent
ICD implantation at the Second Department of Coronary Artery Disease at the Institute
of Cardiology in Warsaw between 1996 and 2006. For the purposes of this study, the
database created in 1996-2006 by Professor Pawel Syska, containing clinical
information on the above group of patients, was expanded. In thisstudy, the observation
covered the period from 2006 until the end of 2022. Data on previously unanalysed
studies and clinical events and risk factors for their occurrence have been supplemented:
deaths (including their causes and classification into overall mortality and HCM -
dependent mortality), end-stage heart failure, adequate and inadequate ICD

interventions, as well as infectious complications and complications related to damage



to the cardioverter-defibrillator electrodes. In view of the publicationin 2014 of ESC
guidelines proposinganew risk calculator (HCM Risk-SCD) for the selection of patients
for primary ICD implantation in SCD, this study supplemented the data on its
components for all patients in the study population. The author of this thesis personally
collected clinical information, supplemented and expanded the database by analysing
available medical records, medical histories and outpatient cards relating to ICD
monitoring. Furthermore, in the vast majority of patients, the first ICD check-up after
inclusion in the presented study was performed by the author,

The data collection process began in August 2017. Until 2017, information was
obtained retrospectively, while in 2017-2022, data from clinical observations was
collected prospectively.

The results were analysed using SAS Statistical Software Package 9.4. The
analyses were conducted with reference to the initial data (preliminary assessment)
obtained in the period 1996-2006, which was taken as the starting point for the
observation.

The analyses presented in this paper were carried out as part of the statutory work
of the National Institute of Cardiology, reference number 2.26/VI/17, which was
approved by the Local Bioethics Committee of the National Institute of Cardiology (IK-
NPIA-0021-66/1653/17).

Results

The median follow-up period was 14.3 (13.0-16.4) years (range 6.5-21 years).
During the study period (1996-2006), twenty-six patients (25%) were treated with ICD
implantation as secondary prevention against SCD, while the remaining 78 (75%)
patients received ICD implantation as primary prevention. The average age at the time
of initial assessment was 35.6 (6-76) years for the entire population assessed. Most
patients (94.9%) were asymptomatic or presented mild exercise intolerance (NYHA
class I or 1) at initial assessment. The baseline mean left ventricular ejection fraction
(LVEF) in the entire study group was 62.6% (range 15-80%).
Five patients had significant left ventricular dysfunction (LVEF < 50%) at the time of
enrolment in the study. Those individuals were excluded from analyses of risk factors

for progression to end-stage heart failure (ES HCM) that occurred during long-term



follow-up.
During the observation period, twenty deaths (19.2% of the study group) were

recorded, including thirteen (65%) HCM-related deaths. The dominant cause of HCM-
related deaths was end-stage heart failure — 8 deaths (40%).

In one case, arrhythmic death occurred. Among the risk factors assessed, in the
univariate analysis, predictors of overall mortality in the study population were: reduced
LVEF (53.9% vs. 64.8%, p<0.001), increased left atrial (LA) dimension (46.4 mm vs.
40.5 mm, p=0.003) and a history of atrial fibrillation (AF) at baseline (50% of the
subgroup vs. 25% of the subgroup,p=0.003). In contrast, the predictors of HCM -related
mortality in the univariate analysis were reduced LVEF (50.3% vs. 64.9%, p=0.01) and
increased LA dimension (47.3 mm vs. 40.7 mm, p=0.004). In a multivariate analysis,
reduced LVEF (p=0.004 and p=0.002, respectively) and increased LA dimension
(p=0.02 and p=0.009, respectively) were identified as significant risk factors for overall
mortality and HCM-related mortality, respectively.

During the long-term follow-up, progression to end-stage heart failure (ES HCM)
was diagnosed in twenty-six patients (30.6%) from the analysed population. ES HCM
developed in eight individuals in the secondary prevention group (30.8% of the
subgroup) and in 18 (27.7% of the subgroup) individuals with ICD implanted for
primary prevention. At the time of initial assessment, the mean age of patients who
developed ES HCM was 43.2 years (vs. 32.9 years in the population without ES HCM,
p=0.034). The baseline LVEF was significantly lower in patients from the subgroup
with HCM progression compared to the rest of the population (p<0.001). Based on
univariate analyses, the following risk factors for progression to end -stage heart failure
in the population of patients with HCM and implanted ICDs were identified: baseline
reduced LVEF (55% vs. 66%, p<0.001), increased LA dimension (45.5 mm vs. 41 mm,
p=0.044), occurrence of non-sustained ventricular tachycardia (nsVT) episodes (84.6%
vs. 59.3%, p=0.028) and the occurrence of atrial fibrillation (AF) (50% vs. 25.4%,
p=0.029).

The composite final point, comprising death (from any cause), progression to ES
HCM, and heart transplantation, occurred in thirty-seven patients (43.5% of the study
group). The analysis showed that the following were significant risk factors for the

occurrence of the composite final point: age at baseline (42.4 years vs. 32.7 years,



p=0.032), AF diagnosis at baseline and during follow-up (70.3% vs. 33.3%, p=0.007)
and reduced LVEF (60% vs. 70%, p<0.001). In contrast, the LA dimension was
characterised by a value at the borderline of statistical significance (p=0.053) in
predicting the above final point.

Adequate ICD interventions were observed in thirty -eight (43%) patients in the
study group. Most adequate ICD interventions due to ventricular tachycardia (VT) or
ventricular fibrillation (VF) were reported within the first five years after device
implantation. At the same time, the occurrence of the first VT or VF incident was
observed even several years after the patient was classified as eligible for ICD
implantation due to HCM. A univariate analysis showed a correlation between the
occurrence of an appropriate ICD discharge caused by both VT and VF and the type of
indications for which the ICD was implanted (the odds ratio for discharge in the
secondary prevention group to the odds ratio for discharge in the primary prevention
group is OR [95% CI] 2.905 [1.468-5.749]) and the factthat an active VT detection zone
was programmed (the odds ratio for discharge in the group of patients with a
programmed VT zone to the odds ratio for discharge in the group of patients withouta
programmed VT zone is OR [95% CI] 2.515 [1.218-5.195]).

In contrast, the predictors of adequate intervention caused exclusively by a VF
episode in the univariate analysis were ICD implantation for secondary prevention (OR
[95% CI] 4.49 [1.998-10.091],p<0.001) and a high score on the HCM Risk-SCD scale
(OR [95% CI] 1.078 [1.016-1.114],p=0.013).

Multivariate analysis showed that greater IVS thickness (OR [95% CI] 1.187
[1.067-1.311],p=0.002) and ICD implantation for secondary prevention (OR [95% CI]
19.0 [4.0-90.1] <0.001) are independent risk factors for VF-related adequate
intervention.

Inadequate interventions were observed in 38 (43.2%) patients. The analyses
conducted did not allow for the identification of prognostic factors for inadequate
interventions in the observed group of patients.

During the observation period, numerous surgical procedures were performed in
the study group, including electrophysiology, electrotherapy and interventional
cardiology. The average number of device replacements due to pulse generator battery

depletion over a period of approximately fourteen years was 1.83. Ten people were



selected for surgical reduction of the LVOT gradient. Ablation of the arrhythmia
substrate was performed in a total of sixteen patients. Six patients underwent more than
one procedure. The most common indication for ablation of the arrhythmia substrate
was the diagnosis of AF (in 10 patients).

Complications of ICD therapy requiring surgical intervention during long-term
follow-up included systemelectrode damage and infectious complications. The need for
surgical intervention for this reason occurred after 5, 10 and 14.3 years on average in
174+0.4%, 28+0.04% and 38.4+5.1% of patients (20, 28 and 37 patients, respectively).

Seven patients required more than one intervention.

Conclusions

Based on many years of observation of patients with hypertrophic

cardiomyopathy and implanted cardioverter-defibrillators, the following was
found:

1. Reduced left ventricularejection fraction and increased left atrial size are independent
risk factors for overall mortality and HCM-related mortality and may be used to identify
a subgroup of patients with poor prognosis.

2. End-stage heart failure is the leadingcause of death in this population,and arrhythmic

deaths are now rare.

3. Risk factors for progression to end-stage heart failure include reduced left ventricular

ejection fraction, enlarged left atrium, non-sustained ventricular tachycardia and atrial

fibrillation.

4. A high score on the HCM Risk-SCD scale does not determine the risk of overall
mortality or HCM-related mortality,nor does it determine the risk of progression to end -
stage heart failure. However, it shows a correlation with the occurrence of adequate

cardioverter-defibrillator interventions caused by episodes of ventricular fibrillation.

5. Adequate cardioverter-defibrillator interventions may occur for the first time even
several years after initial assessment and device implantation. In the population
discussed, in the subgroup of patients who received ICD implantation for secondary
prevention, the risk of an adequate ICD intervention due to ventricular fibrillation is 19
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times higher compared to the subgroup protected by ICD as part of primary prevention.

6. Over one third of patients with HCM protected by a cardioverter-defibrillator during

15 years of therapy using a transvenous system require surgical intervention due to

electrode damage and/or infectious complications.
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