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Aims The benefit of prophylactic implantable cardioverter-defibrillator (ICD) is not uniform due to differences in the
risk of life-threatening ventricular tachycardia (VT)/ventricular fibrillation (VF) and non-arrhythmic mortality. We
aimed to develop an ICD benefit prediction score that integrates the competing risks.

...................................................................................................................................................................................................
Methods
and results

The study population comprised all 4531 patients enrolled in the MADIT trials. Best-subsets Fine and Gray regres-
sion analysis was used to develop prognostic models for VT (>_200 b.p.m.)/VF vs. non-arrhythmic mortality (defined
as death without prior sustained VT/VF). Eight predictors of VT/VF (male, age < 75 years, prior non-sustained VT,
heart rate > 75 b.p.m., systolic blood pressure < 140 mmHg, ejection fraction <_ 25%, myocardial infarction, and atria-
larrhythmia) and 7 predictors of non-arrhythmic mortality (age >_ 75 years, diabetes mellitus, body mass
index < 23 kg/m2, ejection fraction <_ 25%, New York Heart Association >_II, ICD vs. cardiac resynchronization ther-
apy with defibrillator, and atrial arrhythmia) were identified. The two scores were combined to create three
MADIT-ICD benefit groups. In the highest benefit group, the 3-year predicted risk of VT/VF was three-fold higher
than the risk of non-arrhythmic mortality (20% vs. 7%, P < 0.001). In the intermediate benefit group, the difference
in the corresponding predicted risks was attenuated (15% vs. 9%, P < 0.01). In the lowest benefit group, the 3-year
predicted risk of VT/VF was similar to the risk of non-arrhythmic mortality (11% vs. 12%, P = 0.41). A personalized
ICD benefit score was developed based on the distribution of the two competing risks scores in the study popula-
tion (https://is.gd/madit). Internal and external validation confirmed model stability.

...................................................................................................................................................................................................
Conclusions We propose the novel MADIT-ICD benefit score that predicts the likelihood of prophylactic ICD benefit through

personalized assessment of the risk of VT/VF weighed against the risk of non-arrhythmic mortality.
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Introduction

Current guidelines provide a Class I recommendation for implantable
cardioverter-defibrillator (ICD) implantation in patients with low left
ventricular ejection fraction (LVEF). However, not all patients with a
low LVEF derive consistent benefit from implantation of a primary
prevention ICD,1,2 and improved selection of patients at risk of sud-
den arrhythmic death is warranted, aimed at closing the gap between
scientific evidence, avoidable device complications, and the limited
resources of healthcare systems.3

Improved selection for primary prevention ICD therapy in
patients with a low LVEF can be achieved by weighing the
patient-specific risk of life-threatening ventricular tachycardia (VT)
and/or ventricular fibrillation (VF) (for which primary device im-
plantation may be life-saving) against the competing risk of non-
arrhythmic mortality (for which primary ICD implantation does
not provide protection).

In the present study, we aimed to develop a risk prediction score
among all ICD patients enrolled in the landmark Multicenter
Automatic Defibrillator Implantation (MADIT) Trials that weighs
patient-specific risk of VT/VF against the competing risk of non-
arrhythmic mortality in order to facilitate the improved selection of
patients for primary prevention ICD therapy.

Methods

Study population
The present study cohort comprises all 4503 patients with an ICD who
were enrolled in the four MADIT studies conducted from July 1997 to
December 2011 (MADIT-II,4 MADIT-CRT,5 MADIT-RIT,6 and MADIT-
RISK7). External validation was carried out in patients implanted for pri-
mary prevention in the Ranolazine in High-Risk ICD Patients (RAID8) trial
conducted between 2011 and 2017.

A brief description of each study is provided in Supplementary material
online, Table A.

Endpoints and arrhythmia adjudication
All device therapies delivered in each of the trials were blindly adjudicated
by at least two experienced electrophysiologists. Details of device pro-
gramming and VT/VF definitions are provided in Supplementary material
online, Table B.

The primary end point of the present study was the occurrence of life-
threatening VT/VF defined as ICD-recorded, treated, or monitored sus-
tained VT >_ 200 b.p.m. or VF. Non-arrhythmic mortality was defined
as death without experiencing sustained VT/VF at any time during
follow-up).

We focused on life-threatening VT >_200 b.p.m. or VF since our prior
data from MADIT-RIT suggest that ICD therapy for lower rate
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ventricular tachyarrhythmias may not be life-saving.6 In a secondary ana-
lysis, we also evaluated the consistency of the results for the end point
that included lower rates of sustained VTs, defined as of any VT >170
b.p.m. or VF.

Study design
The present study was carried out in three main steps. In the first step,
we identified factors associated with increased risk for VT/VF, after
accounting for non-arrhythmic mortality as a competing risk, and con-
structed a VT/VF risk-score based on the relative weight of factors that
were predictive of an increased risk for VT/VF. The cohort was subse-
quently dichotomized based on patient-specific risk for VT/VF (defined as
low VT/VF risk, and high VT/VF risk).

In the second step, we used a similar approach to construct the non-
arrhythmic mortality risk-score for death without a prior VT/VF as the
end point.

In the third step, we allocated each individual into a stratum that com-
bined the VT/VF risk score and the non-arrhythmic mortality risk score
by cross-tabulation of risks for both outcomes. Based on this analysis, we
constructed the MADIT-ICD benefit score that was further subdivided
into three groups for the integrated end point of the risk of VT/VF and its
inverse correlation with the risk of non-arrhythmic mortality. The three
MADIT benefit groups were defined as follows: (i) Highest MADIT bene-
fit (greatest risk of VT/VF and lowest risk of non-arrhythmic mortality),
(ii) Intermediate MADIT benefit (increasing risk of VT/VF and declining
risk of non-arrhythmic mortality), and (iii) Lowest MADIT benefit (low
VT/VF risk and very high risk of non-arrhythmic mortality) group.

Statistical analysis
Continuous variables are expressed as mean ± standard deviation.
Categorical data are summarized as frequencies and percentages.
Baseline characteristics are presented for the entire study cohort and by
the separate clinical trials comprising the database for descriptive pur-
poses without a formal statistical comparison.

Step 1—VT/VF risk score

We included all potential risk factors for VT/VF that were available for
the entire cohort (Supplementary material online, Table C) stratified by is-
chaemic origin. Multivariate Fine and Gray model, using non-arrhythmic
mortality as a competing risk, and VT/VF as the end point, using best sub-
sets selection model (P < 0.05 was determined as sufficient to enter the
final model), was used to identify the variables for the final model.

Numeric variables were made binary by the use of cut-off points with
the goal of finding a simple, easily implemented scoring method to be
derived from them. Thresholds for categorization of numeric variables
were pre-specified using clinical well-accepted criteria, with the excep-
tion of body mass index (BMI) which was categorized based on the quar-
tile distribution among the cohort.

After selection of binary covariates, each was assigned a numeric value
based on the relative value of its regression coefficient in the multivariate
regression model. A VT/VF risk score was constructed for by adding the
assigned numeric values of the factors identified in each patient, and the
study population was dichotomized based on patient-specific score.

Step 2—Non-arrhythmic mortality risk score

A backward stepwise selection Cox regression model for the end point
non-arrhythmic mortality was used including all the relevant variables
that were included in step one. The same scoring and grouping method
as for VT/VF (in step one) was applied for the mortality risk score.

Step 3—Outcome assessment by the MADIT-ICD benefit

score

The two dichotomized competing risk scores were subsequently inte-
grated to form the three MADIT-ICD benefit groups: (i) highest benefit
group (high VT/VF score and low non-arrhythmic mortality score), (ii)
intermediate benefit group (low VT/VF score and low non-arrhythmic
score, or high VT/VF score and high non-arrhythmic mortality score), and
(iii) lowest benefit group (low VT/VF score and high non-arrhythmic mor-
tality score). Within each group, we used cumulative incidence function
(CIF) curves to estimate the probability of first VT/VF, as the event of
interest, and the probability of death without VT/VF as a competing risk.
A personalized ICD benefit score was created to denote the expected
benefit of prophylactic ICD implantation based on the matrix distribution
of the competing risks scores in the study population, wherein 100
reflects the highest potential benefit and 0 the lowest potential benefit of
the ICD in a primary prevention population.

Number of life-days gained by device implantation was estimated as
the area between the survival curves using the restricted mean survival
time measure (Supplementary material online, Figure A).9

Internal model validation
The survival prediction models for VT/VF and non-arrhythmic mortality
(each tested separately) were validated by measuring discrimination.
From the original study cohort, 1000 bootstrapped (by 100) samples
were selected randomly with selection probability of 0.26. Discrimination
was evaluated using the concordance index (Harrell’s C statistic).

External model validation
The external validation cohort comprised patients implanted with an
ICD/cardiac resynchronization therapy with defibrillator (CRT-D) for
primary prevention in the RAID trial.8 Importantly, the study did not
show a significant effect of ranolazine on the risk of VT/VF and/or
death.

All statistical tests were two-sided, a P-value of <0.05 was considered
statistically significant. Analyses were carried out with SAS software (ver-
sion 9.4, SAS institute, NC, USA).

Results

Study population
The baseline clinical characteristics are presented in Table 1. Mean
age at enrolment was 64 ± 11 years and 24% were women. Two-
thirds had ischaemic cardiomyopathy and mean LVEF was
25 ± 6%. ICDs were implanted in 2700 (60%) patients and 1831
(40%) patients received a CRT-D device. The baseline characteris-
tics of patients who comprised the external validation RAID are
presented in Supplementary material online, Table D. In the RAID
trial, mean age was 64± 10 years, 24% were women, 51% had is-
chaemic cardiomyopathy, and 53% were implanted with a CRT-D
device.

VT/VF risk score
Fine and Gray best subset regression identified eight predictors of
increased risk for VT/VF (Table 2). These factors were male sex, age
<75 years, prior atrial arrhythmia, prior non-sustained ventricular
tachycardia (NSVT), LVEF <_ 25%, systolic blood pressure <
140 mmHg, prior clinical myocardial infarction (MI), and heart rate-
> 75 b.p.m. at enrolment. Detailed definitions of the variables are
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found in Supplementary material online, Table C. The study popula-
tion was dichotomized based on patient-specific VT/VF risk score as
described in the Supplementary material online, Table E.

Non-arrhythmic mortality risk score
Seven factors were identified as predictors of non-arrhythmic mor-
tality: New York Heart Association (NYHA) >_II, age >_ 75 years, BMI

<23 kg/m2, atrial arrhythmias, LVEF <_ 25%, and diabetes mellitus
were associated with increased risk of non-arrhythmic mortality,
whereas treatment with CRT-D vs. ICD-only was associated with
reduced risk of non-arrhythmic mortality (Table 3). The study popu-
lation was dichotomized based on patient-specific non-arrhythmic
mortality risk score as described in Supplementary material online,
Table F.

....................................................................................................................................................................................................................

Table 1 Baseline characteristics of the entire cohort

Study cohort No. (%)/

mean 6 SD

MADIT-II MADIT-CRT MADIT-RIT MADIT-Risk

Number of patients 4531 742 1820 1500 469

Female 1088 (24) 119 (16) 453 (25) 436 (29) 80 (17)

Black 717 (15) 65 (9) 143 (8) 272 (18) 237 (51)

Age (years) 64 ± 11 64 ± 10 64 ± 11 63 ± 12 63 ± 10

Heart rate (b.p.m.) 70 ± 12 72 ± 13 68 ± 11 72 ± 13 69 ± 10

Body mass index (kg/m2) 29 ± 6 28 ± 5 29 ± 5 29 ± 7 29 ± 6

Ejection fraction (%) 25 ± 6 23 ± 5 24 ± 5 26 ± 6 27 ± 5

QRS (ms) 149 ± 28 124 ± 35 158 ± 20 154 ± 21 NA

Left bundle branch block 1829 (40) 129 (19) 1281 (70) 388 (80a) 31 (7)

CRT-D 1831 (40) NA 1089 (60) 758 (51) NA

Ischaemic cardiomyopathy 3001 (66) 742 (100) 999 (55) 791 (53) 469 (100)

NYHA-I 673 (15) 255 (35) 265 (15) 35 (2) 118 (25)

NYHA-II 2783 (62) 260 (35) 1555 (85) 671 (45) 297 (63)

Diabetes 1443 (32) 249 (34) 552 (30) 485 (33) 157 (34)

Hypertension 2915 (65) 393 (53) 1152 (63) 1029 (69) 341 (73)

Atrial arrhythmias 644 (14) 202 (28) 209 (12) 203 (14) 30 (7)

NSVT 295 (7) 73 (10) 128 (7) 48 (3) 46 (10)

Creatinineb 1.2 ± 0.4 1.2 ± 0.4 1.2 ± 0.4 NA 1.2 ± 0.4

ACE inhibitor or ARB 4104 (91) 655 (88) 1740 (96) 1312 (87) 397 (85)

Aldosterone 1195 (32) NA 578 (32) 544 (36) 73 (16)

Amiodarone 286 (6) 50 (7) 129 (7) 96 (6) 11 (2)

Aspirin 3055 (68) 505 (68) 1175 (65) 972 (65) 403 (87)

Beta-blocker 4025 (89) 478 (65) 1702 (94) 1417 (95) 427 (93)

Digitalis 1161 (26) 443 (60) 468 (26) 193 (13) 57 (12)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CRT-D, cardiac resynchronization therapy with defibrillator; NSVT, non-sustained ventricular tachy-
cardia; NYHA, New York Heart Association Class.
aPercentage from the total number of MADIT-RIT patients who had EKG data on QRS morphology.
bIn MADIT-RIT, all patients needed to have creatinine less than 2.5; however, the exact value of creatinine was not further detailed.

....................................................................................................................................................................................................................

Table 2 Fine and Gray multivariate model predicting ventricular tachyarrhythmia VT/VF using non-arrhythmic mor-
tality as the competing risk variable, and the corresponding point for the VT/VF risk score

Variable Parameter estimate HR 95% CI P-value Points

LVEF <_ 25% 0.24 1.28 1.06–1.53 0.010 1

Atrial arrhythmia 0.25 1.29 1.02–1.63 0.034 1

Heart rate >75 b.p.m. 0.30 1.35 1.12–1.63 0.002 1

SBP < 140 mmHg 0.40 1.49 1.15–1.93 0.003 2

Myocardial infarction 0.44 1.55 1.13–2.17 0.011 2

Age < 75 years 0.55 1.74 1.31–2.33 <0.001 2

Male 0.56 1.75 1.35–2.27 <0.001 2

Prior NSVT 0.58 1.79 1.34–2.37 <0.001 2

LVEF, left ventricular ejection fraction; NSVT, non-sustained ventricular tachycardia requiring medication; NSVT, non-sustained ventricular tachycardia.
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The MADIT-ICD benefit score
The graphical abstract shows: (i) the components of the two risk
scores (top-right panel); (ii) the integrated strata of the MADIT-ICD
benefit groups with the personalized ICD benefit score (top left
panel); (iii) the predicted risk of life-threatening VT/VF by the three
benefit groups (bottom left panel); and (iv) the predicted risk of non-
arrhythmic mortality by the three benefit groups (bottom right
panel).

Observed risk of VT/VF and non-arrhythmic mortality by

the MADIT-ICD benefit groups

Figure 1A–C illustrates the CIF curves for the observed risk of VT/VF
and for non-arrhythmic mortality in each of the three MADIT-ICD
benefit groups. In the highest MADIT-ICD benefit group, the 3-year
observed risk of VT/VF was >3-fold higher than the corresponding
risk of non-arrhythmic mortality (20% vs. 7%, P < 0.001, respectively;
Figure 1A). In the intermediate group, the 3-year observed risk of VT/
VF was also higher than the corresponding risk of non-arrhythmic
mortality, but the difference was attenuated (16% vs. 11%, P < 0.01;
Figure 1B). In contrast, in the lowest MADIT-ICD benefit group, the
3-year observed risk of VT/VF was similar to the risk of non-
arrhythmic (11% vs. 13%, P = 0.55; Figure 1C).

At 3 years following ICD implantation, the life-gain was 74 days in
the highest group, 31 days in the intermediate group, and 6 days in
the lowest group (Supplementary material online, Table G).

Predicted risk of VT/VF and non-arrhythmic mortality by

the MADIT-ICD benefit groups

The predicted risk estimate graphs among the three MADIT-ICD
benefit score groups for the end points of VT/VF and non-arrhythmic
mortality are shown in the graphical abstract (bottom left and right
panels, respectively) and the corresponding predicted rates are pro-
vided in Table 4. Predicted rates were similar to observed rates
(Table 4 and Figure 1A–C, and Supplementary material online, Figure
B). The highest MADIT-ICD benefit group showed a 3-year predicted
risk of VT/VF that was nearly three-fold higher than the correspond-
ing predicted risk of non-arrhythmic mortality [20% (range 17–23) vs.
7% (range 6–8), respectively; P < 0.001]. The intermediate benefit
group showed an attenuated difference between the two corre-
sponding predicted risks [15% (range 13–17) vs. 9% (range 8–10), re-
spectively; P < 0.01], whereas in the lowest MADIT-ICD benefit

group, the 3-year predicted risk of VT/VF was similar to the risk of
non-arrhythmic mortality [11% (range 10–13) vs. 12% (range 11–14),
respectively; P = 0.41].

Consistent results were obtained when the MADIT-ICD benefit
score was assessed for the secondary end point of sustained VT/VF
(>_170 b.p.m.) vs. death w/o VT/VF (Supplementary material online,
Figure C), demonstrating a significantly higher risk of VT/VF vs. non-
arrhythmic mortality in the highest group (28% vs. 7%, respectively;
P < 0.001); an attenuated difference in the intermediate group (23%
vs. 11%, respectively; P < 0.001), and a lower risk of VT/VF vs. non-
arrhythmic mortality in the lowest group (20% vs. 14%, respectively;
P = 0.03).

Personalized ICD benefit score

We developed the personalized ICD benefit score based on inte-
grated assessment of the VT/VF and non-arrhythmic mortality scores
with a range of 0–100, wherein a score of 100 denotes the highest
potential ICD benefit and 0, the lowest potential benefit. Thus, within
the highest benefit group, the personalized ICD benefit score is in the
range of 76–100. In the intermediate benefit group, the correspond-
ing range is 26–75; and in the lowest benefit group, it is <_25. The per-
sonalized ICD benefit score can be derived from the online
calculator (https://is.gd/madit) or by using the conversion
Supplementary material online, Table in page 8.

Validation of the models
Internal validation using bootstrapping showed good correlation be-
tween the original cohort and the derivate cohort (C index for the
non-arrhythmic mortality score 0.68 and for VTVF score 0.71).

External validation confirmed model stability with similar C indices
between the original cohort and the RAID population for the non-
arrhythmic mortality score (0.67), and for the VT/VF score (0.75).
The receiver operating characteristic curves are presented in
Supplementary material online, Figure D1–2.

Discussion

In this study, comprising all ICD patients enrolled in the landmark
MADIT trials, we provide a simple clinical score that can help identify
patients who are more likely to benefit from primary ICD therapy
through an assessment of individualized predicted risk for life-

....................................................................................................................................................................................................................

Table 3 Multivariate Cox regression model predicting non-arrhythmic mortality and the corresponding point for the
non-arrhythmic mortality risk score

Variable Parameter estimate HR 95% CI P-value Points

CRT-D -0.27 0.76 0.60–0.98 0.032 -1

NYHA >_ II 0.33 1.43 1.18–2.24 0.003 1

Diabetes 0.37 1.47 1.27–2.00 <0.001 1

Body mass index <23 kg/m2 0.48 1.62 1.20–2.18 <0.001 2

Atrial arrhythmia 0.47 1.60 1.22–2.10 <0.001 2

LVEF <_ 25% 0.51 1.66 1.32–2.09 <0.001 2

Age >_ 75 years 0.56 1.75 1.36–2.25 <0.001 2

CRT-D, cardiac resynchronization therapy with defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association Class.
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.
threatening VT/VF and the competing risk of non-arrhythmic mortal-
ity. The proposed MADIT-ICD benefit score can be applied for
improved risk stratification by identifying candidates for primary ICD
implantation with a greater potential for survival benefit, in whom the
predicted risk of VT/VF is a higher than the competing risk of non-
arrhythmic mortality. In contrast, ICD candidates in whom the pre-
dicted risk of non-arrhythmic mortality is similar to or higher than the
risk of VT/VF have a lower likelihood to derive a survival benefit from
primary ICD implantation.

Benefit of ICD in patients with a low
LVEF
In a contemporary setting, it is important to incorporate additional
parameters, beyond LVEF, to identify patients who will derive signifi-
cant benefit from primary ICD therapy. This is further supported by
recent data on the declining incidence of sudden cardiac death (SCD)
in patients with a low LVEF,10 growing pathological heterogeneity,11

the proven benefit of cardiac resynchronization therapy in reducing
heart failure mortality, and new pharmacotherapy therapy for heart
failure reduction.12 These recent advances pose challenges in

selecting patients for ICD implantation for primary prevention and
stress the need for contemporary innovative risk stratification strat-
egies for primary device therapy within the low LVEF population.13

Assessment of VT/VF vs. non-arrhythmic
mortality risk for improved selection of
ICD candidates
Standard statistical methods such as Kaplan–Meier and Cox regres-
sion for risk assessment in ICD candidates ignore death as a compet-
ing risk. However, the low LVEF population represents a
heterogeneous group with varying degrees of risk for VT/VF (associ-
ated with arrhythmogenic substrate) vs. non-arrhythmic mortality
(associated with the presence of comorbidities and declining cardiac
function). Therefore, weighing between VT/VF and non-arrhythmic
mortality needs to be individually performed in order to appropriate-
ly assess the potential benefit of the ICD in a candidate with a low
LVEF.

Previous well-known risk scores, such as the MADIT-II ICD risk
stratification score or the Seattle Heart Failure Score, were devel-
oped only in cohorts prior to the introduction of CRT, and included

Figure 1 Cumulative incidence curve for ventricular tachyarrhythmia (VT >_ 200 b.p.m., or VF) and for the competing risk of non-arrhythmic mor-
tality by MADIT-ICD benefit groups. (A) Highest; (B) intermediate; and (C) lowest.
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..mainly ischaemic patients.14,15 The Seattle Heart Failure Score was
validated recently using a cohort of nearly 100 000 patients.16 This
study identified 21 979 of ICD candidates who did not derive any sur-
vival benefit from primary prevention ICD therapy when compared
to no ICD therapy. However, several important differences should
be noted between the Seattle Heart Failure Score validation study
and the present proposed MADIT-ICD benefit score, including (i)
CRT-D recipients were not included in the Seattle models as com-
pared with 40% patients with a CRT-D device in the MADIT-trials;
(ii) the use of uniformly adjudicated life-threatening arrhythmia as a
surrogate for potential arrhythmic death vs. death without a prior ar-
rhythmic event during follow-up, whereas in other studies, a defin-
ition of sudden and non-sudden death was employed, which has been
shown to be accurate in only about 50% of cases;17,18 (iii) the incorp-
oration of external validation of the present findings in the contem-
porary RAID cohort; and (iv) the ability to provide a personalized
ICD benefit score that integrates the competing risks of VT/VF and
non-arrhythmic mortality into a score that provides the expected
benefit of the defibrillator in the primary prevention population.

MADIT-ICD benefit score
The MADIT-ICD benefit score may be easily calculated using the free
available website (https://is.gd/madit) or manually (outlined in the
Supplementary material online, Pages 8–10) and can be used for pa-
tient–physician shared decision-making on the need for primary de-
vice therapy. Based on our study, the highest MADIT-ICD benefit
group comprises patients with the highest 3-year predicted risk for
VT/VF events and with the lowest 3-year predicted risk for non-
arrhythmic mortality (74 days life-gain at 3 years). Thus, patients in
this category should be encouraged to receive an ICD/CRT-D device
for the primary prevention of SCD. The corresponding difference be-
tween the risks of VT/VF vs. non-arrhythmic mortality is attenuated
in the intermediate benefit group (31 days life-gain at 3 years). Thus,
patients in this group should be also be considered for primary pre-
vention ICD/CRT-D, with a focus on concomitant management of
associated comorbidities to also reduce the risk of non-arrhythmic

mortality. In the lowest benefit group, our findings show that the risk
of experiencing VT/VF (11% at 3 years) is still sufficiently high to war-
rant ICD implantation. However, the fact that the risk of non-
arrhythmic mortality (without a prior VT/VF event) is at least equal
to the arrhythmic risk suggests that an individualized approach to pri-
mary device implantation should be considered in this population,
with more focus on the treatment of comorbidities to maximize the
benefit of the ICD in patients who have the highest likelihood to die
from non-arrhythmic causes. These data also highlight the need for
early consideration of ICD therapy, prior to the development of
more advanced risk factors associated with non-arrhythmic
mortality.

When the components of the non-Arrhythmic Mortality Score
are assessed individually, we see that age plays a significant role.
Older patients may have less arrhythmic risk due to the competing
risk of non-arrhythmic mortality.19 Similarly, diabetes mellitus was
identified to confer a high-risk for non-arrhythmic mortality, due to
associated cardiovascular and non-cardiovascular comorbidities in
this population.20 Other markers of more advanced cardiac disease
and comorbidities comprising the non-arrhythmic mortality score in-
clude increased NYHA class,21 low LVEF,22 and a low BMI,23 which
may be a marker of cardiac cachexia, whereas treatment with CRT-
D is associated with a reduction in the risk of non-arrhythmic mortal-
ity, consistent with prior data.24

Components of the VT/VF risk score include established factors
such as prior NSVT25; a faster baseline heart rate (independently of
beta-blocker therapy), which may be a marker of increased sympa-
thetic activity27; and a lower systolic blood pressure, which is shown
to be a marker of sudden death risk in patients with heart failure.26

Male sex and prior MI are also included in the VT/VF risk score, simi-
lar to prior reports that showed a higher ventricular arrhythmic risk
among these groups.27 Of note, prior MI was identified as the most
powerful predictor of VT/VF among collinear variables that included
ischaemic cardiomyopathy and aspirin treatment. It should be noted
that four variables (age, gender, atrial arrhythmia,28 and LVEF) were
identified to be associated with both VT/VF and non-arrhythmic

.............................................. .............................................. ..............................................

....................................................................................................................................................................................................................

Table 4 Predicted risk estimate based on the hazard estimates from Fine and Gray model

At 1 yeara At 2 yearsa At 3 yearsa

MADIT-ICD benefit group VT/VF Non-arrhythmic

mortality

VT/VF Non-arrhythmic

mortality

VT/VF Non-arrhythmic

mortality

Highest MADIT-ICD benefit group

Predicted mean rate (%) 9 2 15 4 20 7

Predicted range (%) 8–10 2–3 13–17 3–5 17–23 6–8

Intermediate MADIT-ICD benefit group

Predicted mean rate (%) 7 3 11 6 15 9

Predicted range (%) 6–8 2–3 10–12 5–7 13–17 8–10

Lowest MADIT-ICD benefit group

Predicted mean rate (%) 5 4 8 8 11 12

Predicted range (%) 4–6 3–5 7–10 6–10 10–13 11–14

VT/VF stands for life-threatening ventricular tachycardia >_200 b.p.m. or ventricular fibrillation.
Non-arrhythmic mortality is defined as death without having any VT/VF in life.
aTime since defibrillator implantation.
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.
mortality, but were assigned different points in each respective score
due to a differential effect of those variables on the two outcomes
(graphical abstract: top right panel tables). Medications were consid-
ered as candidates in the score development, yet due to collinearity
with more powerful baseline clinical predictors, these variables did
not enter the final models.

Our study has several limitations. The impact of very recent heart
failure drugs (including angiotensin receptor neprilysin inhibitor and
Sodium glucose co-transporter 2 inhibitors) on the VT/VF risk in ICD
candidates remains unknown. However, current European Society of
Cardiology (ESC)/US guidelines do not require treatment with
newer heart failure medications as a pre-requisite for primary ICD
implantation.29,30 According to the guidelines, optimal medical ther-
apy includes beta-blockers, angiotensin-converting enzyme/angioten-
sin receptor blockers and aldosterone antagonists, all utilized at a
very high frequency in the MADIT and RAID trials compared to con-
temporary real-world data.31,32 Additionally, the external validation
RAID cohort supports the validity of our data in a contemporary
setting.

CRT use was not incorporated into MADIT-II which may lead to
an overestimation of the mortality impact of CRT vs. ICD. Yet, separ-
ate analysis excluding MADIT-II patients depicted similar findings.

Finally, despite the many advantages of using data from multi-
centre randomized controlled trials, patients from these trials may
do better than real-world patients. Thus, our results may not be ap-
plicable to elderly (age > 80 years) or those with advance renal dys-
function. In addition, the retrospective nature and the length of
follow-up of the current analysis might have an impact on the result.
Therefore, our findings should be further validated in contemporary
prospective ICD registries to ensure generalizability to real-world
primary prevention candidates.

Conclusion

Based on the combined MADIT population, we propose to apply the
MADIT-ICD benefit score (https://is.gd/madit) that defines three ICD
benefit groups and provides patient-specific estimates of the
expected benefit of the ICD in a primary prevention population
based on simple clinical variables. The proposed MADIT-ICD benefit
score can be used for shared decision-making by utilizing personal-
ized integrated assessment of the competing risk of VT/VF vs. non-
arrhythmic mortality in ICD candidates.

Supplementary material

Supplementary material is available at European Heart Journal online.
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