
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=icdv20

Scandinavian Cardiovascular Journal

ISSN: 1401-7431 (Print) 1651-2006 (Online) Journal homepage: https://www.tandfonline.com/loi/icdv20

Cardiac implantable electrical devices in patients
with hypertrophic cardiomyopathy: single
center implant data extracted from the Swedish
pacemaker and ICD registry

Cinzia Valzania, Fredrik Gadler, Giuseppe Boriani, Claudio Rapezzi & Maria J.
Eriksson

To cite this article: Cinzia Valzania, Fredrik Gadler, Giuseppe Boriani, Claudio Rapezzi
& Maria J. Eriksson (2020) Cardiac implantable electrical devices in patients with
hypertrophic cardiomyopathy: single center implant data extracted from the Swedish
pacemaker and ICD registry, Scandinavian Cardiovascular Journal, 54:4, 239-247, DOI:
10.1080/14017431.2020.1727000

To link to this article:  https://doi.org/10.1080/14017431.2020.1727000

Published online: 13 Feb 2020.

Submit your article to this journal 

Article views: 289

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=icdv20
https://www.tandfonline.com/loi/icdv20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14017431.2020.1727000
https://doi.org/10.1080/14017431.2020.1727000
https://www.tandfonline.com/action/authorSubmission?journalCode=icdv20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=icdv20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/14017431.2020.1727000
https://www.tandfonline.com/doi/mlt/10.1080/14017431.2020.1727000
http://crossmark.crossref.org/dialog/?doi=10.1080/14017431.2020.1727000&domain=pdf&date_stamp=2020-02-13
http://crossmark.crossref.org/dialog/?doi=10.1080/14017431.2020.1727000&domain=pdf&date_stamp=2020-02-13


ORIGINAL ARTICLE

Cardiac implantable electrical devices in patients with hypertrophic
cardiomyopathy: single center implant data extracted from the Swedish
pacemaker and ICD registry
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Hospital, Stockholm, Sweden; cDepartment of Medicine, Karolinska Institutet, Stockholm, Sweden; dCardiology Division, Department of
Biomedical, Metabolic and Neural Sciences, University of Modena and Reggio Emilia, Polyclinic of Modena, Modena, Italy; eDepartment of
Cardiology, University of Ferrara, Ferrara, Italy; fMaria Cecilia Hospital GVM, Care and Research, Cotignola, Italy; gDepartment of Clinical
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ABSTRACT
Objectives: To investigate cardiac implantable electrical device (CIED) first implants in patients with hyper-
trophic cardiomyopathy (HCM) in a Swedish tertiary university hospital. Design: Clinical and technical
data on pacemaker, implantable cardioverter defibrillator (ICD), and cardiac resynchronization therapy
(CRT) first implants performed in HCM patients at the Karolinska University Hospital from 2005 to 2016
were extracted from the Swedish Pacemaker and ICD Registry. Echocardiographic data were obtained by
review of hospital recordings. Results: The number of first pacemaker implants in HCM patients was 70
(1.5% of total pacemaker implants). The mean age of HCM pacemaker patients was 71±10years.
Pacemaker implants were almost uniformly distributed between genders. Dual-chamber pacemakers with
or without CRT properties were prevalent (6 and 93%, respectively). The number of first ICD implants in
HCM patients was 99 (5.1% of total ICD implants). HCM patients receiving an ICD were 53±15years and
prevalently men (70%). Sixty-five (66%) patients were implanted for primary prevention. Dual-chamber
ICDs with or without CRT were 21 and 65%, respectively. Obstructive HCM was present in 47% pace-
maker patients and 25% ICD patients with available pre-implant echo. Conclusions: This retrospective
registry-based study provides a picture of CIED first implants in HCM patients in a Swedish tertiary uni-
versity hospital. ICDs were the most commonly implanted devices, covering 59% of CIED implants. HCM
patients receiving a pacemaker or an ICD had different epidemiological and clinical profiles.
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Introduction

The Swedish Pacemaker and ICD Registry provides a real-
time picture of the use of pacemakers, implantable cardi-
overter defibrillators (ICDs), and cardiac resynchronization
therapy (CRT) devices in Sweden [1,2]. The Registry is
highly representative, covering almost 100% of the implant-
ing activity across the country.

The aim of this study was to investigate the use of pace-
maker and ICD first implants in patients previously diag-
nosed with hypertrophic cardiomyopathy (HCM) at the
Karolinska University Hospital from 2005 to 2016, based on
the Swedish Pacemaker and ICD Registry data. Expanded
data concerning patient echocardiographic characteristics
and device features were analysed.

Methods

Implant and patient data retrieval

Retrospective data on pacemaker and ICD (including CRT)
first implants in patients diagnosed with HCM, performed

at the Karolinska University Hospital between January 2005
and September 2016, were retrieved from the Swedish
Pacemaker and ICD Registry with the support of the
Registry administrator. Since 2002 the Swedish Pacemaker
Registry has become accessible online (http://www.pacema-
kerregistret.se), and pacemaker data have been reported by
the participating centres using direct data entry on the web-
site. Data on ICD implants have been entered online since
2004. Informed consent for data entry is required by the
ethics committee of each participating hospital. Collected
data are regularly checked for internal consistency by the
Registry administrator, and online statistics are updated on
a daily basis. The following variables were retrieved from
the Registry: number of pacemaker and ICD implants
related to the selected centre (i.e. Karolinska University
Hospital) in patients with a diagnosis of HCM, patient
demographics (i.e. age and gender), clinical and electrocar-
diographic indication (brady- or tachyarrhythmias), tech-
nical information on devices, and perioperative
complications. Complications leading to a reintervention or
other medical intervention include infections, lead electrical
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dysfunction, perforation/tamponade, pneumothorax, elec-
trode displacement, subclavian or other related thrombosis.
Primary prevention indication identifies an ICD implant
based on risk marker identification according to ESC guide-
lines [3]. Secondary prevention refers to an ICD implant in
patients with documented ventricular tachyarrhythmias.
According to ESC guidelines [4], sudden cardiac death
(SCD) was defined as a non-traumatic, unexpected fatal
event occurring within 1 h of the onset of symptoms, most
likely caused by an arrhythmic event, in the absence of
obvious extra-cardiac causes identified by postmortem
examination. Patient survival data were obtained by match-
ing the Pacemaker and ICD Registry to the Swedish popula-
tion register database (SPAR database).

Echocardiographic evaluation

We limited our analysis to echocardiographic pre-implant
examinations performed at the Karolinska University
Hospital, excluding evaluations conducted at other referring
centres. Transthoracic Doppler echocardiography was per-
formed using a Vivid 7 system (Vingmed-General Electric,
Horten, Norway) equipped with a phased array 3.5MHz
transducer (Doppler frequency 5.0–3.5MHz). Images were
digitally stored on a dedicated server and data analysis was
performed off-line on the EchoPAC workstation (GE
EchoPAC sw only, version 2.0.2, Horten, Norway) by one
investigator. The mean value of 3 cardiac cycles was calcu-
lated for each variable. In the event of atrial fibrillation,
measurements were averaged over 5 cardiac cycles.

Left ventricular end-diastolic (LVEDV) and end-systolic
(LVESV) volumes were measured from the apical four-
chamber view according to Simpson’s equation, and ejection
fraction (LVEF) was derived. End-stage HCM was defined
by LVEF <50% [5]. Septal and posterior wall thicknesses
were measured by two-dimensional imaging in parasternal
long-axis view at end-diastole. The transmitral inflow vel-
ocity pattern was used to assess left ventricular (LV) dia-
stolic function, and E/E0 ratio was calculated by measuring
the early diastolic velocity (E0) at the septal border of the
mitral annulus by pulsed-wave tissue Doppler imaging [6].
Left atrial (LA) volume was measured at ventricular end-sys-
tole from the apical four-chamber view and indexed to body
surface area [5]. The maximal gradient in the LV outflow
tract (LVOT), reflecting the severity of dynamic obstruction,
was determined by measuring the peak LVOT velocity by
continuous-wave Doppler from the apical view. LVOT gra-
dient was assessed at rest and following Valsalva maneuver.
LV outflow obstruction was defined as a LVOT gradient �
30mmHg [7]. Mitral regurgitation (MR) was assessed using
color Doppler and described as central or eccentric. MR
degree was expressed on a scale of 0 to 4 score with steps of
0.5, based on the percentage jet area relative to the LA size
in the apical four-chamber view [8].

Statistics

Data were analysed using a commercially available statistical
package (IBM SPSS Statistics 25). Continuous variables were
presented as mean ± standard deviation or
median ± interquartile range according to their distribution,
and categorical variables were reported as percentages.
Independent samples t test was used for comparisons
between continuous data of two unrelated groups. Chi-
squared test was used for comparisons between ordinal data
of two independent groups. Patient survival was evaluated
according to the Kaplan–Meier estimate. Factors affecting
survival probability were analysed by univariable models.
Risk of death from cardiac failure, SCD or other causes was
analysed using hazard ratio statistics. p<.05 were considered
statistically significant.

Results

From 2005 to 2016, the total number of first pacemaker
implants at the Karolinska University Hospital, independently
of cardiac disease etiology, was 4789. In the same time frame,
the number of first ICD implants was 1914. By limiting the
analysis to patients diagnosed with HCM, 70 first pacemaker
implants were found to be performed from 2005 to 2016
(1.5% of total pacemaker implants). In 4 cases (6%) a CRT-P
device was implanted. In the same period, 99 patients were
implanted with an ICD (5.1% of total ICD implants), 21 of
whom (21%) receiving a CRT-D device. Pacemaker and ICD
implant numbers in HCM patients over time are displayed in
Figure 1. A progressive decrease in pacemaker first implants
has occurred over the last years, while the number of ICD
implants has remained substantially stable in 2015–2016.
Clinical and echocardiographic data of HCM patients
included in this study, receiving a pacemaker or ICD, are
presented in Table 1 and discussed below.

Pacemaker implants

The mean age of HCM patients requiring a first pacemaker
implant was 71 ± 10 years. Figure 2 shows the distribution of
first pacemaker implants by age. Most HCM patients receiv-
ing a first pacemaker implant were aged 70–79 years
(n¼ 30). Pacemaker implants were almost uniformly distrib-
uted between men (47%) and women (53%). Clinical indica-
tions were mainly breathlessness/tiredness (67%), dizziness
(11%), and syncope (7%). Electrocardiographic indications
were related to atrioventricular conduction disorders in 12
(17%) patients, sick sinus syndrome in 6 (9%) patients, and
paroxysmal/chronic atrial fibrillation with low heart rate in
4 (6%) patients. Pacing implantation was performed in the
attempt to reduce LVOT gradient in 46 (66%) patients. This
indication was seen mainly in years between 2006 and 2008.
As shown in Figure 3, dual-chamber pacemakers (DDDR)
with or without CRT properties were implanted in 6% and
93% of the patients, respectively. A single chamber pace-
maker (VVIR) was implanted only in one (1%) patient with
chronic atrial fibrillation. Perioperative complications were
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observed in two (3%) cases and were represented by elec-
trode displacement and acute arrhythmia requiring drug
administration, respectively. Alcohol septal ablation was per-
formed in 14 (20%) pacemaker patients distributed over
years 2003–2010 with start in March 2003. In 9 (64%) cases,
pacemaker implant occurred after alcohol septal ablation.

ICD implants

The mean age of HCM patients implanted with an ICD
was 53 ± 15 years. As shown in Figure 2, most ICD
implants were performed in patients aged 50–59 (n¼ 26)
and 60–69 years (n¼ 26). Most patients were males (70%).

Figure 1. Pacemaker and ICD implant numbers per year in HCM patients at the Karolinska University Hospital from 2005 to 2016.

Table 1. Baseline clinical and echocardiographic variables of HCM study population.

Clinical data of HCM population

HCM patients
implanted with

a pacemaker (n¼ 70)

HCM patients
implanted with
an ICD (n¼ 99)

Age (years) 71 ± 10 53 ± 15�
Male gender [n (%)] 33 (47) 69 (70)�
Cause of death [n (%)]
Heart failure 15 (21) 12 (12)
Sudden cardiac death 5 (7) 6 (6)
Other 14 (20) 6 (6)

Permanent or paroxysmal AF [n (%)] 4 (6) 23 (23)�
Time of follow-up (years) 7.5 ± 3.9 6.0 ± 3.2�
Echocardiographic variables HCM patients implanted with

a pacemaker (n¼ 49)
HCM patients implanted with

an ICD (n¼ 79)
LV dimensions and systolic function
LVEDV (mL) 73 ± 36 91 ± 35�
LVESV (mL) 26 ± 25 38 ± 30�
LVEF (%) 67 ± 10 61 ± 15�
Septum (mm) 19 ± 3 19 ± 5
Posterior wall (mm) 12 ± 3 12 ± 3

LV diastolic function
E wave velocity (m/s) 0.90 ± 0.34 0.85 ± 0.22
A wave velocity (m/s) 0.93 ± 0.32 0.63 ± 0.28�
E/A ratio 1.0 ± 0.5 1.7 ± 1.1�
Deceleration time (ms) 255 ± 78 207 ± 59�
E slope (m/s2) 3.7 ± 1.9 5.6 ± 4.5�
E/E’ ratio 21.1 ± 10.2 19.8 ± 10.3

LA volume indexed to BSA (mL/m2) 34 ± 15 44 ± 21�
Mitral regurgitation degree (0–4) 0.9 ± 0.8 0.9 ± 0.7
LVOT maximal velocity (m/s) (at rest or Valsalva) 2.8 ± 1.4 2.1 ± 1.4�
LVOT obstruction [n (%)] (at rest or Valsalva) 23 (47) 20 (25)�
A: late diastolic velocity; AF: atrial fibrillation; BSA: body surface area; E: early diastolic velocity; E’: pulsed-wave TDI
velocity in early diastole at the septal border of the mitral annulus; HCM: hypertrophic cardiomyopathy; LA: left
atrial; LV: left ventricular; LVED: left ventricular end-diastolic volume; LVEF: left ventricular ejection fraction; LVESV:
left ventricular end-systolic volume; LVOT: left ventricular outflow tract.�p<.05 versus HCM patients implanted with a pacemaker.
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Sixty-five (66%) patients were implanted for primary preven-
tion of SCD. Among the patients receiving ICD therapy for
secondary prevention (34%), sustained ventricular tachycardia
was the most frequent arrhythmia (41%), followed by
non-sustained ventricular tachycardia (26%), ventricular fib-
rillation (21%), and ventricular tachycardia plus ventricular
fibrillation (12%). Most frequent clinical manifestations were
syncope (24%), breathlessness/tiredness (19%), palpitations
(10%), and heart failure (6%). Aborted SCD had been
reported in 10% of patients undergoing ICD implant.
Twenty-three (23%) ICD patients had paroxysmal/chronic
atrial fibrillation. Atrioventricular conduction disorders and
sick sinus syndrome had been diagnosed in 11 and 4% of
ICD recipients, respectively. As shown in Figure 3, dual-
chamber ICDs with or without CRT were implanted in 21
and 65% of the patients, respectively, whereas single-chamber
ICDs accounted for 14% of the implants. One patient
received first an ICD and was then upgraded to CRT-D. No
perioperative complications were observed. Alcohol septal
ablation was performed in 16 (16%) ICD patients distributed
over years 2003–2016 with start in April 2003. In 15 (94%)
cases, ICD implant occurred after alcohol septal ablation.

Echocardiographic data

Echocardiographic preimplant data were available in 49
HCM patients receiving a pacemaker and 79 HCM patients
implanted with an ICD. As presented in Table 1, ICD recip-
ients had higher LV volumes and slightly lower LVEF than
pacemaker recipients (p<.05). Septal and posterior wall
thicknesses were similar in both groups. Regarding LV dia-
stolic function, higher E/A ratio and E slope, together
with lower deceleration time, were found in ICD patients
(p�.01). LA size was higher in ICD than pacemaker
patients (p¼.004). MR was detectable in 39 (80%) HCM
patients receiving a pacemaker and 64 (81%) HCM patients
receiving an ICD. MR degree was similar in both groups.
MR jet was central in 21 (54%) pacemaker patients and 38
(59%) ICD patients, being eccentric in the remaining cases.

Among HCM patients receiving a pacemaker, LV outflow
tract obstruction was found in 19 (39%) cases at rest
(median peak gradient 55mmHg, range 37–61mmHg) and
in 4 (8%) cases during Valsalva maneuver (range
37–62mmHg). Clinical and echocardiographic parameters
of obstructive and non-obstructive HCM patients in the

Figure 2. Distribution of pacemaker (left) and ICD (right) first implants according to patient age in HCM patients referred to the Karolinska University Hospital.

Figure 3. Pacemaker (PM) and ICD first implant distribution in HCM patients according to the device type. For abbreviations see the text.
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pacemaker population with available echo data are presented
in Table 2. As shown, no significant differences in systolic
or diastolic functional echo parameters were observed
between the two groups.

Among HCM patients receiving an ICD, similar clinical
and echocardiographic characteristics were found between
primary and secondary preventive ICD recipients (Table 3).
In the entire ICD population, LVOT obstruction was
observed in 12 (15%) cases at rest (median peak gradient
70mmHg, range 51–92mmHg) and in 8 (10%) cases during
Valsalva maneuver (range 40–69mmHg). The percentage of
obstructive HCM was not significantly different between
primary and secondary preventive ICD recipients (23 vs.
31%, respectively, p¼.43).

End-stage HCM was identified in 4 (8%) patients
implanted with a pacemaker. In this group, median LVEF
was 42% (range 34–49%). Two of the patients received a
CRT-P. Eighteen (23%) patients receiving an ICD had end-
stage HCM with median LVEF of 35% (range 29–49%).
Twelve of the patients received a CRT-D.

Survival

Figure 4 shows the Kaplan–Meier estimates of survival from
implant date to last follow-up date. Numbers and confi-
dence intervals of long-term survival estimates for pace-
maker and ICD patients are presented in Table 4.

As presented in Table 5, by using univariable models to
investigate how each variable affects survival in pacemaker
and ICD patients, respectively, the only variable affecting
the outcome (time to death) was the age at implant, and
this applied to both groups. The risk of death was 1.07 and
1.11 for the pacemaker and ICD populations, respectively

(p<.001 for both). Gender, rhythm (sinus vs. atrial fibrilla-
tion), and previous alcohol septal ablation did not signifi-
cantly affect the survival of pacemaker and ICD patients.
The age grouping was based on the total distribution of
pacemaker and ICD patients (quartiles). Reference group for
age grouping was the age class (64–72) years, which was
most representative of pacemaker and ICD patient distribu-
tion. Concerning pacemaker patients, none of the age
groups was significantly different from the reference group
(Table 5). Among ICD patients, the age class [10, 53]
showed a 0.11 times lower risk of death than the reference
group (p¼.001). Notably, only one ICD patient was
<16 years old.

When analysing the risk of death divided into various
causes of death (SCD, heart failure, and other), the ICD
group showed a significantly higher risk of death related to
heart failure, while the pacemaker group showed a compar-
able risk of death due to heart failure and other causes
(Figure 4). In the ICD group, the estimated risk of death at
5 years was 11.8% for heart failure, 3.5% for SCD, and 7.3%
for other reasons. Overall, in the ICD group 6 (6%) patients
died of SCD. Two of them had sudden arrhythmic death
caused by ICD shock failure. In the pacemaker group, the
estimated risk of death at 5-year follow-up by different eti-
ology was 14.0% for heart failure, 4.1% for SCD, and 13.1%
for other reasons.

Discussion

In recent years, the use of cardiac implantable electrical
devices (CIED) has increased in Europe as a consequence of
large clinical trials, development of scientific guidelines, and
implementation of evidence in clinical practice [9–12].
While CIED implant rates in the entire population of differ-
ent geographic contexts are now being published [9,12],

Table 2. Clinical and echocardiographic variables of obstructive and non-
obstructive HCM patients in the pacemaker population with available echo
data (n¼ 49).

PM patients
with obstructive
HCM (n¼ 23)

PM patients
with non-obstructive

HCM (n¼ 26)

Clinical data
Age (years) 69 ± 12 73 ± 9
Male gender [n (%)] 10 (43) 16 (59)
Cause of death [n (%)]
Heart failure 3 (13) 7 (26)
Sudden cardiac death 1 (4) 3 (11)
Other 4 (17) 5 (19)

Permanent or paroxysmal AF [n (%)] 1 (4) 2 (7)
Echocardiographic variables
LV dimensions and systolic function
LVEDV (mL) 68 ± 24 78 ± 44
LVEF (%) 70 ± 5 65 ± 12
Septum (mm) 19 ± 3 18 ± 4

LV diastolic function
E/A ratio 1.0 ± 0.7 1.0 ± 0.3
Deceleration time (ms) 263 ± 67 247 ± 90
E/E’ ratio 20.0 ± 5.0 22.4 ± 14.0

LA volume indexed to BSA (mL/m2) 33 ± 15 35 ± 15
LVOT maximal velocity (m/s)

(at rest or Valsalva)
4.0 ± 1.1 1.7 ± 0.5�

LVOT gradient (mmHg)
(at rest or Valsalva)

69 ± 41 12 ± 7�

For abbreviations, see Table 1.�p<.05 versus pacemaker patients with obstructive HCM.

Table 3. Clinical and echocardiographic variables of HCM patients with pri-
mary and secondary preventive ICD.

HCM patients
with primary
preventive ICD

HCM patients
with secondary
preventive ICD

Clinical data (n¼ 65) (n¼ 34)
Age (years) 53 ± 16 54 ± 14
Male gender (n (%)) 46 (71) 23 (68)
Cause of death (n (%))
Heart failure 10 (15) 2 (6)
Sudden cardiac death 3 (5) 3 (9)
Other 5 (8) 1 (3)

Permanent or paroxysmal AF (n (%)) 14 (22) 9 (26)
Echocardiographic variables (n¼ 53) (n¼ 26)

LV dimensions and systolic function
LVEDV (mL) 88 ± 37 97 ± 31
LVEF (%) 61 ± 15 61 ± 16
Septum (mm) 20 ± 6 18 ± 5

LV diastolic function
E/A ratio 1.7 ± 1.1 1.7 ± 1.0
Deceleration time (ms) 199 ± 60 224 ± 56
E/E’ ratio 20.8 ± 10.8 17.3 ± 8.7

LA volume indexed to BSA (mL/m2) 44 ± 21 45 ± 22
LVOT maximal velocity (m/s)

(at rest or Valsalva)
2.0 ± 1.2 2.4 ± 1.7

For abbreviations, see Table 1.
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registry-data on the utilization of CIED in specific heart dis-
eases, like HCM, are still under-reported.

This retrospective registry-based study provides a real-
world picture of pacemaker and ICD first implants in HCM
patients over the last decade in a Swedish tertiary university

hospital. Data were extracted from the Swedish Pacemaker
and ICD Registry, which has a 97% coverage of procedures
when validated with the Patient Care Registry kept by the
National Board of Welfare and gathers demographic, clin-
ical, and technical data [1,2]. Overall, ICDs were the most
commonly implanted devices, covering 59% of the total
amount of implants in HCM patients. A progressive
decrease in pacemaker first implants has occurred from
2005 to 2016, while the number of ICD implants has
remained substantially stable in the last years. This may
reflect the effect of wider diffusion of risk stratification
models for SCD in HCM [13,14], and progressive imple-
mentation of ESC guidelines for cardiac pacing and SCD
prevention in HCM patients (3).

HCM patients implanted with a pacemaker or an ICD in
our study showed different epidemiological and clinical

Figure 4. Kaplan–Meier survival estimates (upper part) in pacemaker (left) and ICD (right) patients, respectively. In the lower part, probability of death at different
years from pacemaker (left) and ICD (right) implant according to clinical etiology. HF: heart failure; SCD: sudden cardiac death.

Table 4. Long-term survival estimates for pacemaker and ICD patients
with HCM.

Time (years) n at risk
Estimated
survival

Lower
95% CI

Upper
95% CI

PM
6 43 0.67 0.57 0.79
8 35 0.59 0.48 0.72
10 24 0.52 0.41 0.66

ICD
6 42 0.76 0.67 0.86
8 25 0.69 0.59 0.81
10 15 0.66 0.55 0.79
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profiles. HCM patients receiving a pacemaker were com-
paratively older than those receiving an ICD. While pace-
maker implants were almost uniformly distributed between
men and women, ICD implants were higher in men. This is
in line with previous findings, showing similar gender dif-
ferences in the use of ICD therapy for primary and second-
ary prevention [1,15]. The reasons for lower ICD implant
rates in women are still debated, and seem not to be entirely
justified by epidemiological and clinical factors [15].
Prevalent indication for pacing therapy in our population
was LVOT gradient reduction [16,17], and it was combined
with alcohol septal ablation in less than one-quarter of the
patients. As regards ICDs, primary prevention indication,
according to contemporary ESC guidelines, accounted for
66% of first implants. CRT-P and CRT-D systems were 6
and 21% of the total amount of implanted pacemakers and
ICDs, respectively, and were performed in case of systolic
dysfunction and heart failure symptoms. Complication rates
were low and observed only in the pacemaker population.
As previously commented, so far few registry-based data
have been published on CIED implants in HCM patients. In
the Portuguese Registry of Hypertrophic Cardiomyopathy,
over the years 2013–2015 the main indication (88%) for
ICD was primary prevention; a pacemaker was implanted
for conduction disorders in 70% of the patients and for gra-
dient reduction in 21% [18].

Pacing therapy with atrioventricular sequential pacing
can reduce LVOT obstruction and improve symptoms in
obstructive HCM (HOCM) patients [19]. The underlying
mechanisms are not completely known, but seem to be
related to reduced hypercontractility, asynchronous septal
activation with delayed septal thickening, limitation of
abnormal mitral valve motion, improved LV filling, and
reverse ventricular remodelling [19]. Despite the docu-
mented benefits of atrioventricular pacing on LVOT
obstruction and quality of life [17,19], still the evidence for
reduction in morbidity and mortality is insufficient [20].
Therefore, 2014 ESC guidelines (3) suggest that atrioven-
tricular pacing with optimal atrioventricular delay may be
used to reduce LVOT gradient or to facilitate medical

treatment only in selected symptomatic HOCM patients
who are unsuitable or unwilling to undergo invasive septal
reduction therapies. We think that clinical studies on pacing
in HCM patients and implementation of ESC guidelines in
clinical practice have influenced pacing activity over the past
decade, and this may explain the progressive decrease in
pacemaker first implants in HCM patients in the selected
centre, as shown by our registry-based data. In our opinion,
registries have indeed the potential to reflect the clinical
adherence to contemporary guidelines in selected geographic
contexts.

Echocardiographic assessment of HCM patients receiving
a CIED showed a more compromised LV systolic and dia-
stolic function in ICD compared to pacemaker group.
HOCM was more represented in the pacemaker than in the
ICD group, while the percentage of end-stage HCM was
higher among ICD patients. Of note, despite a similar
degree of MR in pacemaker and ICD groups, LA size was
significantly higher in the latter, suggesting other factors
involved, most probably more severe diastolic dysfunction
in end-stage HCM. It is known that LA enlargement in
HCM is determined by multiple factors, including diastolic
dysfunction, atrial fibrillation, MR severity, and atrial myop-
athy [5]. The assessment of LA size provides important
prognostic information [21], and has been integrated in a
risk prediction model for SCD in HCM [13].

In line with the previous findings [22], alcohol septal
ablation did not significantly affect the survival of HCM
patients. Survival of HCM patients receiving a pacemaker or
an ICD was mostly affected in both groups by the age at
implant. The earlier the patient was implanted with a pace-
maker or ICD, the better the outcome was. In our opinion,
these highlights the relevance of proper implant timing of
CIED in HCM patients. The ICD group showed a higher
risk of death related to heart failure, while the pacemaker
group showed comparable risk of death from heart failure
and other causes. It is known that the implantation of an
ICD in a HCM patient influences and reduces the risk for
SCD. Since younger age at diagnosis is an independent pre-
dictor of poor outcomes in HCM [23], appropriately timed

Table 5. Univariable models investigating how each individual variable affects survival for the PM group and the ICD group, separately.

Coef HR SE (coef) z value p value Lower 95% CI Upper 95% CI

PM
Man (ref¼woman) 0.07 1.07 0.34 0.21 0.832 0.55 2.08
Age group – [10,53] –17.67 0.00 5646.31 0.00 0.998 0.00 Inf
Age group – [53,64] 0.03 1.03 0.69 0.05 0.963 0.27 4.02
Age group – [72,89] 0.82 2.27 0.43 1.90 0.057 0.98 5.28
Age at implant 0.07 1.07 0.02 3.25 0.001 1.03 1.12
Alcohol ablation – yes –0.87 0.42 0.53 –1.64 0.100 0.15 1.18
Rythm–atrial fibrillation –0.14 0.87 0.73 –0.19 0.848 0.21 3.63

ICD
Man (ref¼woman) 0.28 1.33 0.44 0.63 0.526 0.56 3.16
Age group – [10,53] –2.20 0.11 0.69 –3.19 0.001 0.03 0.43
Age group – [53,64] –0.79 0.45 0.49 –1.59 0.112 0.17 1.20
Age group – [72,89] 0.97 2.63 0.55 1.76 0.078 0.90 7.69
Age at implant 0.10 1.11 0.02 4.46 0.000 1.06 1.16
Alcohol ablation – yes –1.65 0.19 1.02 –1.62 0.105 0.03 1.41
Rythm–atrial fibrillation 0.55 1.73 0.44 1.24 0.216 0.73 4.12

The independent prognostic variables analysed in the model were gender, age, alcohol ablation, and atrial fibrillation (first column). For each
variable, the results of the statistical model are summarised in the corresponding row in terms of significance (p-value), Hazard ratio (HR) and
95% confidence interval (CI) for HR; results are commented in the text.
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CIED treatment in selected patients may improve the clin-
ical course and prognosis.

Study limitations

The study was based on observational data concerning a
single tertiary university hospital. However, the results may
be representative of real-life implanting activity in similar
contexts. Echo results concerned only patients who had
undergone pre-implant examinations at the Karolinska
University Hospital, since partial echo data were available
from evaluations conducted at other referring centres. Since
the Registry does not report all the clinical features associ-
ated with an increased risk of SCD in adults, it was not pos-
sible to better identify the risk profile of patients receiving a
primary prophylactic ICD. Primary prevention indication
was based on risk marker assessment [3] and physician
judgment. ICD intervention rates were not reported in
the Registry.

Conclusions

In this registry-based study on CIED first implants in HCM
patients at the Karolinska University Hospital over the years
2005–2016, ICDs were the most commonly implanted devi-
ces, whereas a progressive decrease in pacemaker implants
was observed. Within the pacemaker population, obstructive
and non-obstructive HCM patients showed similar systolic
and diastolic functional parameters, as assessed by echocar-
diography. Within the ICD population, similar clinical and
echocardiographic characteristics were found between pri-
mary and secondary preventive ICD recipients. Primary pre-
vention was the main indication for ICD implant. Less than
one-quarter of the patients received a CRT-D device.
Complication rates were low and observed only in the pace-
maker population. Survival of HCM patients receiving a
CIED was mostly affected by the age at implant.
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