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Abstract
Aims Risk stratiﬁcation models of sudden cardiac death (SCD) are based on the assumption that risk factors of SCD affect risk
to a similar extent in both sexes. The aim of the study is to evaluate differences in clinical outcomes between sexes and
evaluate whether risk factors associated with appropriate device therapy (ADT) differ between men and women.
Methods and results We performed a cohort study of implantable cardioverter deﬁbrillator (ICD) patients referred for
primary or secondary prevention of SCD between 2009 and 2018. Multivariable Cox regression models for prediction of
ADT were constructed for men and women separately. Of 2300 included patients, 571 (25%) were women. Median
follow-up was 4.6 (inter-quartile range: 4.4–4.9) years. Time to ADT was shorter for men compared with women [hazard ratio
(HR) 1.71, P < 0.001], as was time to mortality (HR 1.37, P = 0.003). In women, only secondary prevention ICD therapy
(HR 1.82, P < 0.01) was associated with ADT, whereas higher age (HR 1.20, P < 0.001), absence of left bundle branch block
(HR 0.72, P = 0.01), and secondary prevention therapy (HR 1.80, P < 0.001) were independently associated with ADT in men.
None of the observed parameters showed a distinctive sex-speciﬁc pattern in ADT.
Conclusions Male ICD patients were at higher risk of ADT and death compared with female ICD patients, irrespective of an
ischaemic or non-ischaemic underlying cardiomyopathy. Our study highlights the importance to stratify outcomes of ICD trials
by sex, as study results differ between men and women. However, none of the available clinical parameters showed a clear
sex-speciﬁc relation to ventricular arrhythmias. As a consequence, sex-speciﬁc risk stratiﬁcation models of SCD using
commonly available clinical parameters could not be derived.
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Introduction
The implantable cardioverter deﬁbrillator (ICD) is an
established therapy for primary and secondary prevention
of sudden cardiac death (SCD) in high-risk patients.1 Randomized controlled trials evaluating ICD therapy have predominantly included male patients, ranging from 72% in DANISH
up to 92% in MADIT-I.2 Despite differences in the number

of enrolled men and women in ICD trials, current ICD
recommendations are applied without differentiation by
sex, based on the assumption that risk factors of SCD affect
risk to a similar extent in both sexes.
Presently, the efﬁcacy of ICD implantation in women is
debated. In men, prophylactic ICD implantation is associated
with a distinct reduction in mortality and a high incidence of
appropriate device therapy (ADT), whereas women do not
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always seem to beneﬁt from ICD implantation.2,3 Moreover,
studies focusing on the beneﬁt of ICD therapy have often
shown that male sex itself is a risk factor for occurrence of
lethal arrhythmias.3–6 Data regarding sex-speciﬁc differences
in risk stratiﬁcation of ventricular arrhythmias are scarce.
There is some evidence that certain characteristics in
women, such as older age, increase the risk of SCD.6–8 The
mechanism of this interaction is not fully understood, but
alterations in hormonal status or delayed onset of coronary
artery disease (CAD) are suggested to affect susceptibility
for SCD in older women.9,10 In addition, studies evaluating
cardiac arrest survivors have shown that left ventricular
(LV) dysfunction is an important substrate for SCD in men,
but less so in women.11,12 However, it is unknown if other
clinical parameters associated with SCD show a sex-speciﬁc
risk pattern (e.g. protective effect in women compared with
signiﬁcantly higher risk in men or vice versa). Importantly,
current practice is to select patients for primary prevention
ICD implantation based on a reduced left ventricular
ejection fraction (LVEF). It is unclear if the risk of SCD due
to an impaired LVEF affects prophylactic ICD male and
female patients to a similar extent, and sex-speciﬁc risk factors of SCD may inﬂuence studies evaluating the beneﬁt of
ICD therapy, for both men and women. The aim of the present study is to evaluate the relationship between sex and
outcome in ICD patients. Moreover, we aim to evaluate
whether risk factors associated with ADT differ between
men and women.

Methods
Study design and study population
This retrospective, observational cohort study was performed
by two large and experienced centres and included 2300
consecutive patients who received an ICD between the years
2009 and 2018 in Amsterdam UMC (Vrije Universiteit,
Amsterdam, the Netherlands) and Erasmus University
Medical Center (Rotterdam, the Netherlands). Patients
received an ICD for primary or secondary prevention, with
or without resynchronization therapy (CRT-D), according to
the European Society of Cardiology guidelines of SCD.1,13
The local ethics committee approved data collection and
management of this study. The need for written informed
consent was waived by the local ethics committee. Patients
were excluded from the study if (i) they were diagnosed with
a hypertrophic cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, systemic inﬁltrative cardiac disease,
congenital cardiomyopathy, or channelopathy or (ii) were lost
to follow-up within 10 days after ICD implantation
(e.g. foreign patients or SCA survivors who received
follow-up care in another hospital). The following baseline

parameters were collected: demographics, medical history
of cardiovascular diseases, medication at discharge, New York
Heart Association (NYHA) functional class, laboratory results,
electrocardiographic data (QRS width and conduction disorders), LVEF assessed by echocardiography (Simpson’s biplane
LVEF), cardiovascular magnetic resonance imaging, or nuclear
imaging (LVEF measured in resting conditions). Ischaemic
heart disease was deﬁned as a history of signiﬁcant obstructive CAD, myocardial infarction, or coronary revascularization, irrespective of LVEF. Ischaemic cardiomyopathy was
deﬁned as ischaemic heart disease with an LVEF ≤ 50%.
Non-ischaemic cardiomyopathy was deﬁned as an
LVEF ≤ 50% in the absence of ischaemic heart disease. An
LVEF > 50%, without a history of myocardial infarction or
revascularization, was classiﬁed as preserved LV function.

Follow-up and outcome
Follow-up was typically performed with routine device
interrogations at 10 days, 2 months, and then every 6 months.
Devices of different ICD manufacturers were included. Most
patients were connected to remote monitoring, and event
transmissions were reviewed by specialized cardiac device
technicians and electrophysiologists. Throughout the study
period, ICD programming was based on clinical practice
routine. Detection rates, detection intervals, and treatment
of ventricular tachycardia (VT) or ventricular ﬁbrillation (VF)
were based on the PREPARE study (2008), PROVIDE (2011),
and the MADIT-RIT (2012) study.14–16 The ICD programming
was further adapted if clinically required. The primary
endpoint was time to ﬁrst ADT. ADT was deﬁned as antitachycardia pacing and/or ICD shock for the termination of
VT or VF. Date, type, and heart rate of ventricular arrhythmia
were recorded, as well as the cumulative number of ADT per
patient. Secondary endpoints were all-cause mortality and inappropriate device therapy. Deaths were identiﬁed using the
National Health and Social Care Information Service and the
electronic medical record system. The National Health and
Social Care Information Service is a Dutch governmental
agency that provides national data concerning mortality status of citizens in the Netherlands.

Statistical analysis
Continuous variables are presented as mean ± standard
deviations if normally distributed and median and
inter-quartile range otherwise. Normality was assessed by
mean of Q–Q plots. Normally distributed variables were
compared between groups using the independent Student’s
t-test, whereas the Mann–Whitney U test was used for other
continuous variables. Categorical data are summarized by
numbers and percentages. Dichotomous and categorical
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variables were compared between groups using the χ 2 test or
Fisher’s exact test in case of low cell counts. Primary outcome
measures were time to ADT and overall survival time.
Kaplan–Meier curves were used for visualization of timeto-event outcomes. For analysis of time to ADT, patients
without ADT were censored at end of follow-up or time of
death. For comparison of overall survival, patients alive at
end of follow-up were censored at end of follow-up. The following variables were tested as potential confounder or
effect modiﬁer: age, beta-blocker use, NYHA class, LVEF,
CRT-D, and non-ischaemic cardiomyopathy. A variable was
considered a confounder if the regression coefﬁcient for sex
changed ≥10%. Effect modiﬁcation was tested by including
an interaction term in the model. A variable was considered
an effect modiﬁer if the interaction term was statistically signiﬁcant (P < 0.05). Univariable Cox regression was used to
ﬁnd variables associated with time to ADT in the whole group
and separately in men and women. The proportional hazard
assumption of the Cox regression model was tested by introducing a time-dependent covariate in the model. Multivariable Cox regression analyses were performed subsequently
where variables with a P-value <0.10 at univariable analysis
were included, and a backward elimination procedure was

used. Hazard ratios (HRs) and 95% conﬁdence intervals (CIs)
were reported as effect sizes. Discriminative ability of the
multivariable Cox regression models was quantiﬁed by the
C-index. The number of ICD implantations per ADT event
was calculated for 1, 2, and 3 years of follow-up and
corrected for the number of patients at risk at each annual.
A two-sided signiﬁcance level of 5% was used. Statistical
analyses were performed using SPSS software package
(Version 26.0; IBM Corporation, Armonk, NY, USA). Stata software was used for calculation of the C-index (StataCorp 2015,
Stata Statistical Software: Release 14, College Station, TX,
USA: StataCorp LP).

Results
Sex differences in clinical characteristics
A total of 2300 ICD patients were included (see Supporting
Information, Figure S1). Baseline characteristics were
compared between men and women and are described in
Table 1. The majority of the patients were male (75%), and

Table 1 Baseline characteristics
Characteristics
Age (years)
Cardiovascular risk factors
Diabetes mellitus
Stroke
Cardiac history
Ischaemic heart disease
a
Ischaemic CMP
a
Non-ischaemic CMP
a
Preserved LV function
b
NYHA class ≥II
Atrial ﬁbrillation
NSVT
Creatinine (μmol/L)
QRS duration (ms)
Left bundle branch block
c
LVEF (%)
Medication at discharge
ACEi/ARB
Beta-blocker
MRA
Diuretics
Amiodarone
Digoxin
Device type and device indication
ICD
CRT-D
Primary prevention
Secondary prevention

Total population (n = 2300)

Men (n = 1729)

Women (n = 571)

P-value

62 ± 13

63 ± 12

61 ± 14

<0.001

503 (22%)
249 (11%)

398 (23%)
190 (11%)

105 (18%)
59 (10%)

0.02
0.66

1422 (62%)
1217 (55%)
794 (36%)
109 (5%)
1535 (73%)
615 (27%)
241 (11%)
91 (76–112)
126 ± 32
575 (25%)
32 ± 12

1191 (69%)
1028 (63%)
487 (30%)
68 (4%)
1132 (72%)
495 (29%)
178 (10%)
94 (80–116)
127 ± 32
399 (23%)
31 ± 12

231 (41%)
189 (34%)
307 (56%)
41 (7%)
403 (77%)
120 (21%)
63 (11%)
78 (65–97)
124 ± 33
176 (31%)
32 ± 12

<0.001
<0.001
<0.001
<0.01
0.05
<0.001
0.62
<0.001
0.04
<0.001
0.48

1885 (82%)
1922 (84%)
823 (36%)
1312 (57%)
297 (13%)
257 (11%)

1448 (84%)
1442 (83%)
583 (34%)
942 (55%)
235 (14%)
177 (10%)

437 (77%)
480 (84%)
240 (42%)
370 (65%)
62 (11%)
80 (14%)

<0.001
0.71
<0.001
<0.001
0.09
0.01

1648 (72%)
652 (28%)
1494 (65%)
806 (35%)

1270 (74%)
459 (27%)
1089 (63%)
640 (37%)

378 (66%)
193 (34%)
405 (71%)
166 (29%)

0.001
0.001

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CMP, cardiomyopathy; CRT-D, resynchronization
therapy; ICD, implantable cardioverter deﬁbrillator; LV, left ventricular; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NSVT, non-sustained ventricular tachycardia; NYHA, New York Heart Association.
a
Based on N = 2195.
b
Based on N = 2092.
c
Based on N = 2024.
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<0.01

b

a

ATP, anti-tachycardia pacing; CI, conﬁdence interval; HR, hazard ratio; N/A, not applicable.
The cumulative number of appropriate device therapy per patient is computed in patients who received ≥1 appropriate device therapy.
The cumulative number of inappropriate device therapy per patient is computed in patients who received ≥1 inappropriate device therapy.
c
Tested using the Mann–Whitney U test.

1.37 (1.11–1.69)
72 (13%)
314 (18%)
24 (4%)
80 (4%)
435 (25%)
544 (24%)

109 (19%)

0.94
c
0.92
1.01 (0.75–1.37)
N/A
44 (8%)
N/A
145 (8%)
N/A
22 (4%)
N/A
77 (4%)
N/A
55 (10%)
1 (1–2)
165 (10%)
1 (1–2)
220 (10%)
1 (1–2)

P-value
HR (95% CI)

1.71 (1.36–2.14)
1.69 (1.26–2.28)
1.61 (1.14–2.28)
N/A
82 (14%)
49 (9%)
33 (6%)
N/A

Women
Men

387 (22%)
225 (13%)
164 (9%)
N/A
41 (7%)
26 (5%)
15 (3%)
N/A

Women
Men

187 (11%)
113 (7%)
74 (4%)
N/A
91 (16%)
52 (9%)
39 (7%)
2 (1–5)
440 (25%)
256 (15%)
184 (11%)
2 (1–4)

Women
(n = 571)
Men
(n = 1729)
Total
(n = 2300)

531 (23%)
308 (13%)
223 (10%)
2 (1–4)

At 1 year
Complete follow-up
Table 2 Outcomes

During a median follow-up of 4.6 (inter-quartile range
4.4–4.9) years, 531 (23%) patients received ADT (incidence
rate of 5.7% per person-year), 220 (10%) patients received
inappropriate device therapy (incidence rate of 2.2% per person-year), and 544 (24%) died during follow-up (incidence
rate of 4.9% per person-year) (Table 2). A total of 25% of
the men received ADT, compared with 16% of the women.
As shown in Figure 1A, time to ADT was shorter in men compared with women (HR 1.71, 95% CI 1.36–2.14, P < 0.001).
We did not identify risk factors that acted as a confounder
for the association between sex and time to ADT. Median
number of ADT per patient did not differ between men and
women receiving ADT during follow-up (P = 0.87, Table 2).
In men, time to ADT did not differ between those with an
ischaemic cardiomyopathy and those with a non-ischaemic
cardiomyopathy (HR 0.99, 95% CI 0.80–1.22, P = 0.89). Also
in women, time to ADT did not differ between those with
an ischaemic cardiomyopathy and those with a
non-ischaemic cardiomyopathy (HR 1.27, 95% CI 0.81–1.97,
P = 0.30, Figure 2). Overall survival was shorter in men
compared with women (HR 1.37, 95% CI 1.11–1.69,
P < 0.01, Figure 1B). No difference was observed in time
to inappropriate ICD therapy between both groups (HR
1.01, 95% CI 0.75–1.37, P = 0.94, Figure 1C). Figure 3A
compares the number of ICD implantations per ADT event
and illustrates that 1 out of 14 male patients received ADT
within the ﬁrst year after ICD implantation for primary
prevention male patients, compared with 1 out of 19 for
primary prevention female patients, decreasing after 3 years
of follow-up to 1 out of 5 and 1 out of 7, respectively. The
number of ICD implantations per ADT event for secondary
prevention patients was substantially lower for both sexes.
In addition, Figure 3B compares primary prevention patients
stratiﬁed by cardiomyopathy aetiology and illustrates that
the event rate between men and women with an ischaemic
cardiomyopathy is comparable after 3 years of follow-up,
whereas the number of ICD implantations per ADT event
between men and women with a non-ischaemic cardiomyopathy remains different (1 out of 4 and 1 out of 7 for men and
women, respectively). As shown in Supporting Information,
Figure S3, men received more ADT compared with

At 5 years

Arrhythmias and mortality

Appropriate device therapy
ATP only
Shock
Cumulative number of appropriate
a
device therapy
Inappropriate device therapy
Cumulative number of inappropriate
b
device therapy
All-cause mortality

55% of the patients were diagnosed with ischaemic
cardiomyopathy. Compared with men, women were younger
(P < 0.001), were more often diagnosed with non-ischaemic
cardiomyopathy (P < 0.001), but less frequently with atrial
ﬁbrillation (P < 0.001), used less angiotensin-converting
enzyme inhibitor or angiotensin II receptor blocker
(P < 0.001), and were more likely to receive resynchronization therapy (P < 0.001) and a primary prevention device
(P < 0.001).

<0.001
0.001
0.01
c
0.87
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Figure 1 Outcomes: Kaplan–Meier curves depicting differences in (A) appropriate device therapy, (B) all-cause mortality, and (C) inappropriate
device therapy between men and women during 9 years of follow-up.
CI, conﬁdence interval; HR, hazard ratio.
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Risk factors for appropriate device therapy in
total cohort
Results for multivariable Cox regression for time to ADT for
the total study cohort, primary prevention cohort, and
secondary prevention cohort are presented in the
Supporting Information. In the total cohort, higher age (HR
1.56, P < 0.001), male sex (HR 1.56, P < 0.001), left bundle
branch block (LBBB) (HR 0.74, P < 0.01), and secondary prevention therapy (HR 1.81, P < 0.001) were included as risk
factors for shorter time to ADT in the ﬁnal model, whereas
LVEF was not included in the model (Supporting Information,
Table S1). For the primary prevention cohort (N = 1494), the
multivariable Cox regression model included LVEF (HR 0.98
per % increase, P = 0.02), male sex (HR 1.59, P < 0.01),
and NYHA Class I (HR 1.76, P < 0.01) as factors associated
with time to ADT (Supporting Information, Table S2). The
multivariable Cox regression model for the secondary prevention cohort (N = 806) included higher age (HR 1.17,
P < 0.01) and LVEF (HR 0.99, P < 0.01) (Supporting
Information, Table S3).

Sex-speciﬁc factors for appropriate device
therapy
Figure 4 presents HR for time to ADT for different risk factors
separately for men and women, together with a P-value to indicate whether the HR for the risk factor differs between the
sexes. Time to ADT was found to be associated with age in
men but not in women (P-value interaction = 0.04). In male
subjects, age (P = 0.001), LBBB (P = 0.001), NYHA Class I
(P = 0.03), secondary prevention therapy (P < 0.001), and
resynchronization therapy (P = 0.01) were all found to associated with time to ADT in a univariable analysis (Figure 4).
Multivariable analyses showed that parameters associated
with shorter time to ADT in men were higher age (HR 1.20
per 10 years, P < 0.001), absence of LBBB (HR 0.72,
P = 0.01), and presence of secondary prevention therapy
(HR 1.80, P < 0.001, Table 3). The C-index of the multivariable
model for men including age, LBBB, and secondary prevention therapy was 0.62. In contrast, age (P = 0.54) and LBBB
(P = 0.29) were not associated with ADT in women. In
women, only secondary prevention ICD therapy (HR 1.82,
P < 0.01) was found to be associated with time to ADT (Table
3). The C-index of this model for women including only
secondary prevention therapy was 0.58.

women, irrespective of device type (P < 0.001). Supporting
Information, Figure S4 demonstrates the cumulative
incidence of ADT and mortality after 1, 2, and 3 years of
follow-up (Supporting Information).

Discussion
The current study evaluated a real-world ICD population and
revealed a signiﬁcantly higher ADT rate and mortality rate in
ESC Heart Failure 2021; 8: 3726–3736
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Figure 2 Appropriate device therapy (ADT) and cardiomyopathy: Kaplan–Meier curve depicting differences in ADT between men and women with an
ischaemic and non-ischaemic cardiomyopathy during 9 years of follow-up. Men received more ADT compared with women, irrespective of aetiology of
cardiomyopathy (log-rank P < 0.001). Comparing men with an ischaemic vs. non-ischaemic cardiomyopathy showed no signiﬁcant difference in time to
ADT (hazard ratio 0.99, 95% conﬁdence interval 0.80–1.22, P = 0.89). Time to ADT between women with an ischaemic vs. non-ischaemic cardiomyopathy did also not differ (HR 1.27, 95% CI 0.81–1.97, P = 0.30).

Figure 3 Number of implantable cardioverter deﬁbrillator (ICD) implantations per appropriate device therapy (ADT) event: number of ICD implantations per ADT event calculated for 1, 2, and 3 years of follow-up. Results are stratiﬁed by (A) ICD indication and (B) cardiomyopathy aetiology. CMP,
cardiomyopathy.

men compared with women, while there was no difference in
inappropriate ICD therapy between both groups. In women,
only ICD implantation for secondary prevention was

independently associated with a higher risk of ADT. The current study aimed to ﬁnd sex-speciﬁc patterns related to ventricular arrhythmia. However, none of the tested parameters
ESC Heart Failure 2021; 8: 3726–3736
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Figure 4 Forest plot evaluating sex-speciﬁc risk stratiﬁcation: forest plot comparing occurrence of appropriate device therapy in subgroup of patients.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CI, conﬁdence interval; CMP, cardiomyopathy; Creat, creatinine;
CRT, resynchronization therapy; ICD, implantable cardioverter deﬁbrillator; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction;
NSVT, non-sustained ventricular tachycardia; NYHA, New York Heart Association.

Table 3 Multivariable Cox regression analysis of clinical and
imaging parameters for predicting ventricular arrhythmia in men
and women
Multivariable analysis in men
Parameter (n = 1729)
Age per 10 years
Left bundle branch block
Secondary prevention

HR (95% CI)

P-value

1.20 (1.11–1.30)
0.72 (0.56–0.92)
1.80 (1.49–2.19)

<0.001
0.01
<0.001

Multivariable analysis in women
Parameter (n = 571)

HR (95% CI)

P-value

Secondary prevention

1.82 (1.19–2.78)

<0.01

CI, conﬁdence interval; CRT-D, resynchronization therapy; HR,
hazard ratio; NYHA, New York Heart Association.
The following univariable parameters were included for the
multivariable backwards model for male patients: age, CRT-D,
left bundle branch block, NYHA functional class, and secondary
prevention. The following univariable parameters were
included for the multivariable backwards model for female patients: atrial ﬁbrillation, NYHA functional class, and secondary
prevention.

showed a clear sex-speciﬁc relation to ventricular arrhythmias. As a consequence, we were not able to derive
sex-speciﬁc risk stratiﬁcation models of SCD to identify the
high-risk female (or male) ICD patient (Figure 5).

Ventricular arrhythmia
Our data were consistent with previous studies showing that
men receive more ADT compared with women.3,5,6,17 There
are studies suggesting that prophylactic ICD implantation
may be of smaller beneﬁt in female patients. A
meta-analysis including primary prevention ICD randomized
trials showed that ICD implantation in women was not associated with an increase in survival, contrary to men who
showed a 25% reduction in mortality.2 The present study
found that 16% of our 571 female patients experienced
ADT during a median follow-up of 4.6 years. Bearing in mind
that ADT is not equal to life-saving therapy,16 the incidence of
ESC Heart Failure 2021; 8: 3726–3736
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Figure 5 Sex-speciﬁc differences in outcome and risk stratiﬁcation of sudden cardiac death (SCD) in implantable cardioverter deﬁbrillator (ICD)
patients. Parts of the ﬁgure are adapted from Servier Medical Art (SMART), Servier: https://smart.servier.com. CMP, cardiomyopathy.

lethal arrhythmias in women will be even lower than the
numbers reported in the present study. There are multiple
hypotheses that may explain the lower incidence of ADT in
women. First, women do seem to have a lower susceptibility
for SCD, partly due to the inﬂuence of sex hormones on
cardiac repolarization and depolarization and sex differences
in heart rate, autonomic tone, and calcium homeostasis in
cardiomyocytes.10,18,19 A study using isolated human
cardiomyocytes showed that calcium leakage is higher in
men compared with women with similar degrees of heart
failure, rendering men more prone of SCD caused by delayed
after-depolarizations.18 Second, the underlying heart disease
differs between sexes, as we demonstrated in the present
study, with more non-ischaemic cardiomyopathy and advanced stages of heart failure described in women and more
CAD in men.3,5,8,11,12,20 This might inﬂuence the risk of SCD.
However, the present study showed that men with an ischaemic and non-ischaemic cardiomyopathy were both at higher
risk of ventricular arrhythmias compared with women with
an ischaemic or non-ischaemic cardiomyopathy. This ﬁnding
is consistent with other studies showing that women with
CAD are still at lower risk of SCD compared with men with
CAD.11,21 Third, at time of cardiac arrest, pulseless electrical

activity and asystole are more observed in women, while
men are usually presented with VT or VF, rendering an ICD
potentially more beneﬁcial in men.12,20 Fourth, women are
in general better CRT responders compared with men.
Biventricular pacing can cause LV reverse remodelling, further lowering the risk of SCD.5,22 Interestingly, the present
study revealed that CRT-D as well as LBBB were univariably
associated with a decrease in ADT, but only LBBB was independently associated with a decrease in ADT in multivariable
analyses. This protective effect was only observed in men. A
possible explanation for the protective effect of LBBB might
be that LV reverse remodelling, and thus risk reduction, is
more often seen in CRT patients with a complete LBBB
instead of non-LBBB CRT patients.23
Identifying women at high risk of SCD is of great importance but remains challenging based on the limited knowledge that is currently available. A European Society of
Cardiology consensus document concerning sex differences
in cardiac arrhythmia recommends to enrol more women in
clinical trials to diminish knowledge gaps concerning
sex-speciﬁc cardiac arrhythmia.24 This study emphasizes the
importance of evaluating the beneﬁt of ICD therapy for
men and women separately. An adequate power analysis to
ESC Heart Failure 2021; 8: 3726–3736
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allow outcomes stratiﬁed by sex seems to have incremental
value since increased enrolment of women in clinical trials
without stratiﬁcation of outcomes by sex may result in underestimation of the beneﬁt of ICD implantation in men and/or
overestimation of the beneﬁt of ICD implantation in women.

Mortality
Previous studies evaluating risk of death between men and
women with an ICD are reporting inconsistent results. Several
studies are reporting a comparable risk of death between the
two groups, whereas others are in line with the current study,
reporting a lower risk of death in women.3,5,6,17,25 The lower
mortality in women is an interesting ﬁnding, as the aforementioned studies are consistently reporting a more severe
stage of heart failure in women. A sub-study of the
SCD-HeFT demonstrated no difference in mortality between
ICD-treated and placebo-treated women (risk of death 19%
vs. 21%, respectively), indicating a low incidence of arrhythmic deaths in women.17 Other possible explanations for
lower mortality in women might be the higher proportion
of non-ischaemic cardiomyopathy in women compared with
men, with more than 50% of our female cohort suffering
from non-ischaemic cardiomyopathy. A recent meta-analysis
revealed a higher mortality in patients with ischaemic cardiomyopathy compared with patients with a non-ischaemic
cardiomyopathy.26

Sex-speciﬁc risk stratiﬁcation models
Various studies have attempted to enhance risk stratiﬁcation
of SCD, in order to provide ICD recommendations customized
to patient characteristics. As mentioned before, male sex is a
well-known risk factor of SCD and is often included as parameter in risk models.4 However, SCD models evaluating to
which extent risk factors affect men and women similarly
are lacking. The current study showed that sex-speciﬁc risk
stratiﬁcation based on clinical parameters and the occurrence
of ADT is challenging. Although we found differences in parameters associated with ADT between men and women,
none of the tested parameters showed a clear sex-speciﬁc
risk pattern of SCD (protective effect in women compared
with signiﬁcantly higher risk in men or vice versa). Furthermore, only a secondary prevention device was associated
with ADT in women. This latter observation shows, however,
that ICD implantation for secondary prevention of SCD is
beneﬁcial for both men and women. Our study indicates that
the common clinical parameters associated with SCD are not
suitable to identify the female patient at high risk for ventricular arrhythmia. It should be noted that the current study
evaluated only clinical parameters, while imaging characteristics or advanced electrocardiogram (ECG) parameters were
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not available for the current study. Studies regarding sex
differences in cardiac arrest survivors have shown myocardial
ﬁbrosis without an underlying cardiomyopathy, normal ECG
tracings and structurally normal hearts were more prevalent
in women.8,11,12 Future studies focusing on sex differences
in ICD patients should focus on ECG characteristics and
myocardial tissue differences, for example, assessed using
cardiovascular magnetic resonance with late gadolinium
enhancement.

Limitations
We must acknowledge several limitations. First, this study has
a retrospective design, resulting in different forms of bias,
and results should be interpreted with caution. Nevertheless,
it provides new insights in order to diminish the knowledge
gap concerning in sex-speciﬁc differences in risk stratiﬁcation
of SCD. Second, ADT was used as surrogate of SCD, although
previous studies have shown that the incidence of ADT may
overestimate the actual occurrence of SCD.16 It is therefore
possible that the value of ICD therapy is overemphasized in
this study cohort. Third, this study had an enrolment period
of 9 years. This may have impacted results as device programming and optimal medical therapy have changed over time.
Last, the C-index was used to quantify the prognostic performance of our sex-speciﬁc multivariable models. Our result
shows that sex-speciﬁc risk stratiﬁcation models based on
currently known clinical risk factors have a low prognostic
performance. In a mixed population of men and women,
higher C-indices may be a result of the strong prognostic
performance of sex. Further research is needed to identify
new, possibly sex-speciﬁc, risk factors that could enhance
sex-speciﬁc risk stratiﬁcation of SCD.

Conclusions
This study showed that women receive less ADT compared
with men, irrespective of an ischaemic or non-ischaemic
underlying cardiomyopathy, and that sex-speciﬁc risk stratiﬁcation of SCD remains challenging. We were not able to
derive sex-speciﬁc risk stratiﬁcation models of SCD to identify
the high-risk female (or male) ICD patient. Secondary prevention ICD implantation seems beneﬁcial for both men and
women.
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