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Abstract

Background and Patients with newly diagnosed non-ischaemic cardiomyopathy (NICM) or myocardial infarction/coronary artery disease (MI/

Aims CAD) face an increased risk of sudden cardiac death (SCD) during the early phase of guideline-recommended medical ther-
apy initiation and up-titration. Aim is to evaluate the risk in this population by assessing sudden cardiac arrest (SCA) due to
ventricular tachycardia/ventricular fibrillation (VT/VF).

Methods All patients in Germany who received a wearable cardioverter-defibrillator (WCD) between December 2021 and May 2023
were enrolled in the observational multicentre SCD-PROTECT study (NCT06883383). The primary outcome was the in-
cidence of SCA due to sustained VT/VF, measured by appropriate WCD-delivered treatments, and reported as events per
100 patient-years with 95% confidence intervals (Cl). Secondary outcomes included inappropriate WCD treatments, all-
cause mortality, adverse events, adherence to WCD use, and heart failure medication patterns.

Results In this cohort of 19 598 patients, the mean age (+standard deviation) was 58.6 + 13.7 years for those with NICM and 64.2 +
10.6 years for patients with MI/CAD. Female patients accounted for 23.8% of the NICM and 16.3% of the MI/CAD group.
Left ventricular ejection fraction (LVEF) at study start was 26.9 + 10.3% for NICM and 28.4 + 8.0% for MI/CAD patients.
The incidence rate of first appropriate treatment by WCD in NICM patients and MI/CAD patients was 6.10 (95% ClI
5.31-7.00) and 8.64 (95% CI 7.41-10.05) events per 100 patient-years, respectively. Overall incidence density for all appro-
priate treatments was 8.53 (95% Cl 7.36-9.88) and 14.98 (95% CI 12.69-17.65) per 100 patient-years in the respective
groups. Improvement in LVEF to >35% was observed in 53.5% of NICM patients and 51.7% of MI/CAD patients over a
mean of 65.9 +43.8 days. 36.2% of patients were implanted with a cardioverter-defibrillator at the end of WCD use.
Total mortality was 0.8%. Inappropriate shocks occurred in 0.5% of patients.

* Corresponding author. Email: Duncker.David@mh-hannover.de

© The Author(s) 2025. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0003-2996-6338
https://orcid.org/0000-0001-7227-3428
https://orcid.org/0000-0001-6691-8568
https://orcid.org/0000-0002-6311-4983
https://orcid.org/0000-0002-8671-7007
https://orcid.org/0000-0001-6425-7671
https://orcid.org/0000-0001-7611-378X
https://orcid.org/0000-0001-9915-4429
https://orcid.org/0000-0002-9341-117X
mailto:Duncker.David@mh-hannover.de
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/eurheartj/ehaf668

4598 Duncker et dl.

Conclusions The SCD-PROTECT study highlights a substantial risk of SCA due to VT/VF during the early phase of guideline-recommended
medical therapy optimization in patients with newly diagnosed reduced LVEF, regardless of ischaemic or non-ischaemic origin.
The WCD provided SCD protection, the LVEF could improve to >35% in the majority of these patients and can therefore
serve as risk stratification across both aetiologies.

Structured Graphical Abstract

Key Question
What is the risk of sudden cardiac arrest (SCA) in patients with newly diagnosed reduced left ventricular ejection fraction (LVEF) during
early guideline-recommended therapy?

Key Finding
In this German nationwide study of patients with newly diagnosed reduced LVEF who received a wearable cardioverter-defibrillator
(WCD), the incidence of appropriate treatment by WCD was high and similar for non-ischaemic and ischaemic cardiomyopathy.

Take Home Message
The WCD provides crucial early protection against SCA and facilitates risk stratification during the vulnerable phase of therapy initiation
in patients with newly diagnosed reduced LVEF.

SCD-PROTECT: Sudden cardiac arrest in patients with newly diagnosed
non-ischaemic cardiomyopathy or coronary artery disease
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Introduction Germany, the annual incidence of SCD is estimated at 81 per 100

000 persons, with a higher incidence in men (69%) compared to wo-
Sudden cardiac death (SCD) remains a leading mode of mortality men (31%).2

worldwide, with an annual incidence estimated between 50 and 100 The risk for SCD is notably increased in patients with reduced
per 100 000 inhabitants in Europe, Australia, and North America.” In left ventricular ejection fraction (LVEF) to <30—40% due to either (i)
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myocardial infarction (MI) or coronary artery disease (CAD)** or (i)
newly diagnosed non-ischaemic cardiomyopathy (NICM).> Current
guideline-recommended medical therapy (GRMT) for at least 3 months
is mandatory for patients with a newly diagnosed LVEF <35%. If LVEF
remains <35% or lower after this period and therefore the risk for
SCD persists, an implantable cardioverter-defibrillator (ICD) is re-
commended (Class lla recommendation) for primary prevention
of SCD.>” During the early phase of GRMT up-titration, a wearable
cardioverter-defibrillator (WCD) can serve as a temporary protective
option, offering continuous arrhythmia monitoring and treatments for
life-threatening ventricular arrhythmias.®’ However, robust data on
SCD risk during this vulnerable period, particularly in newly diagnosed
NICM or early post-Ml settings, remain limited.

The SCD-PROTECT study was designed to address this gap by pro-
viding real-world nationwide observational evidence on the risk of sud-
den cardiac arrest (SCA) in contemporary patients with NICM and MI/
CAD during the initial months of medication optimization, and to bet-
ter define the role of WCD use in this clinical window.

Methods

Patient selection

The SCD-PROTECT was a non-interventional, observational, multicentre
epidemiological study that included all consecutive patients who were pre-
scribed a WCD (LifeVest®, ZOLL, Pittsburgh, PA, USA) across 946 institu-
tions in Germany. Patient enrolment began retrospectively in December
2021. From January 2023 to May 2023, participants were enrolled pro-
spectively under the same study protocol. This combined retro-/prospect-
ive study design ensured achievement of the targeted sample size while
capturing the most up-to-date data on SCA. The observation period in
each patient (time zero) started with the first electrocardiogram (ECG) re-
cording of the WCD and terminated with end of WCD use of the individual
patient. As this was an observational study with the intention to capture the
real-world situation of routine practice, no study-specific follow-up visits or
diagnostic or monitoring procedures were scheduled outside of routine
practices. The WCD and all medical treatments were prescribed as part
of the usual clinical practice of the participating centres.

Inclusion criteria were prescription of a WCD due to high or uncertain
SCD risk, patient-specific customization of the WCD, availability of a base-
line ECG recording, and written informed consent. No exclusion criteria
were applied.

All participants provided written consent for the use of data obtained
from the manufacturer database and clinical records (e.g. discharge sum-
maries) for research purposes. The study was conducted in accordance
with the Declaration of Helsinki and was approved by the local ethics com-
mittee at Hannover Medical School (1732-BO-S-2025). The trial was regis-
tered with ClinicalTrials.gov ID NCT06883383.

Data sources

The data sources in this study were derived exclusively from the manufac-
turer database and the remote Patient Management System (ZPM, ZOLL).
The manufacturer database systematically captures all patients in Germany
prescribed a WCD and included supplemental clinical information such as
hospital discharge letters and medical reports. These documents were
used to extract demographic characteristics, treatment data, and clinical his-
tory (e.g. indication for WCD, LVEF, or prior hospital admissions). All-cause
mortality during the WCD wear period was also captured and included in
the analysis. The ZPM provided detailed WCD recordings, which were used
to evaluate appropriate and inappropriate treatments, as well as compliance
(daily wear time) for each patient during the observation period. Data ex-
traction from the manufacturer database (medical history, medical reports,
discharge letters, diagnostic examination results) into a study database was

performed by the local research team. Validation of WCD indication was
carried out independently by cardiologists not involved in data collection.
Similarly, the classification of treatments as appropriate or inappropriate
was based on predefined ECG criteria and adjudicated independently by
at least two medical experts. The merging of therapeutic data with diag-
nostic classification and other study-relevant variables was performed by
a separate, independent reviewer to maintain objectivity. The authors af-
firm that all eligible patients were consecutively included in the study with
all their available data. The authors were given unrestricted access to
the data.

All patients were exclusively categorized into either NICM or MI/CAD
sub-aetiologies. NICM subtypes were defined according to previous litera-
ture and included: (i) dilated cardiomyopathy (DCM) total, with further differ-
entiation in DCM without ischaemic involvement or DCM with probable
ischaemic involvement; (ii) tachycardiomyopathy; (jii) toxic cardiomyopathy;
(iv) myocarditis (total, acute or non-acute); (v) Takotsubo syndrome; (vi) sar-
coidosis; and (vii) NICM of unknown origin. Furthermore, we distinguished
(viii) genetic indication and (ix) others. The DCM subgroup without ischaemic
involvement includes all DCM patients without coronary heart disease and
no pathological findings at coronary angiography. In the DCM subgroup
with probable ischaemic involvement patients with coronary heart disease
detected in any prior or current coronary angiography or prior Ml was per-
mitted, however no percutaneous coronary intervention (PCl) or coronary
artery bypass graft (CABG), aligned with the previously described defini-
tions.'® The ‘others’ category combined smaller subgroups with fewer than
50 patients each, including haemochromatosis, amyloidosis, left ventricular
hypertrabeculation (formerly described as left ventricular non-compaction),
hypertrophic cardiomyopathy (HCM), long QT syndrome or patients
with peripartum cardiomyopathy, here patients with LVEF of >35% could
be included if the underlying aetiology per se defined them as a high-risk
group. Myocardial infarction/coronary artery disease sub-aetiologies in-
cluded MI without procedure, with PCl or with CABG, and CAD with
PCl or CABG.

Primary and secondary endpoints

The primary endpoint was the incidence of SCA due to sustained ven-
tricular tachycardia or ventricular fibrillation (VT/VF), presented as (i) in-
cidence rate of first appropriate treatment (corresponding to the
number of patients with at least one appropriate treatment) per 100
patient-years at risk; (ii) the overall incidence density for all appropriate
therapies per 100 patient-years at risk (corresponding to all appropriate
treatments); and (iii) cumulative incidence as percentage of patients with
at least one appropriate treatment during the study period (indicated by
median).

Incidence rate of first appropriate therapy was calculated as the number
of first shock events divided by total observation time at risk for a first event
(i.e. patients were censored after first event), multiplied by 100. In contrast,
overall incidence density for all appropriate therapies included all appropri-
ate shock events, as some patients had more than one appropriate shock,
and patients were not censored after the first event. Cumulative incidence
was calculated as the number of patients with at least one appropriate ther-
apy during the study period divided by the number of all patients included,
multiplied by 100.

Secondary endpoints included the cumulative incidence of inappropriate
treatments (%), all-cause mortality during the observation period (%), and
the risk of adverse events (%).

Exploratory endpoints comprised the trajectory of LVEF during follow-
up, the proportion of patients who subsequently received an ICD, WCD
compliance (measured as daily wear time), total duration of WCD use,
and time from WCD initiation to the first WCD treatment.

Statistical analysis

Categorical variables are described as numbers and percentages, continu-
ous variables with means with standard deviations, median and interquartile
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Table 1 Baseline characteristics (n = 19 598), arrhythmias during hospital stay, and medication at discharge

Demographics
Age, years, mean + SD
Female gender, n (%)
LVEF at WCD fitting, %, mean + SD
Patients with arrhythmic events during hospital stay before WCD fitting®
ns-VT, n (%)
VT, n (%)
VF, n (%)
Asystole, n (%)
Atrial fibrillation, n (%)
Medical therapy at discharge, n (%)*
Beta-blocker
ACE-inhibitor
ARB
ARNI
MRA
SGLT?2 inhibitor
Diuretics
Amiodarone

Statins

Total NICM MI/CAD SMD
(n=19598) (n=11449) (n=8149)
609+ 128 58.6 +13.7 642+106 0.4
5350 (20.7) 2724 (23.8) 1329 (16.3) 0.19
27.5+94 269 +103 284 +80 0.16
1550 (12.4) 974 (13.4) 576 (11.1) 0.07
1200 (9.7) 690 (9.6) 510 (9.8) 0.01
555 (4.6) 175 (2.5) 380 (7.4) 023
160 (1.3) 96 (1.4) 64 (13) 0.01
4797 (35.0) 3174 (39.1) 1623 (29.0) 0.21
14274 (95.1) 8244 (95.2) 6030 (94.9) 0.01
2570 (19.7) 1332 (17.9) 1238 (22.3) 0.1
1414 (15.5) 759 (14.5) 655 (17.0) 0.07
10743 (74.7) 6410 (76.9) 4333 (71.8) 0.12
11258 (83.1) 6611 (83.8) 4647 (82.1) 0.05
11896 (81.7) 6925 (82.5) 4971 (80.6) 0.05
10160 (73.5) 6067 (75.6) 4093 (70.7) 0.1
1568 (12.3) 981 (13.3) 587 (10.8) 0.08
9578 (67.4) 4041 (51.1) 5537 (87.9) 0.84

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor—neprilysin inhibitor; CAD, coronary artery disease; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; MRA, mineralocorticoid receptor antagonist; NICM, non-ischaemic cardiomyopathy; ns, non-sustained; SD, standard deviation; SGLT2, sodium—
glucose-co-transporter 2; VF, ventricular fibrillation; VT, ventricular tachycardia; WCD, wearable cardioverter-defibrillator; SMD, standardized mean difference.

?Percentages refer to number of patients with reported data.

range (IQR), and time to event data as incidence densities per person time
at risk. Uncertainty is expressed using 95% confidence intervals (CI).
Standardized mean differences (SMD) were calculated instead of P-values
due to the large sample sizes. Cohen’s d values for quantitative variables
and Cohen’s h values for qualitative variables were calculated as SMD.
Sample size calculation was based on the binomial distribution. For sample
size calculation a true appropriate WCD treatment percentage of 1.2% was
assumed, resulting in a sample size of 8928 patients per indication needed to
observe a minimum observed proportion (MOP) of 1.0% (89 events) with a
probability of at least 95% (95% CI 0.008-0.0123). The error probability,
that is, the probability of obtaining less than the desired MOP was set at
5%. Since two separate groups (patients with NICM and MI/CAD) were
to be included, a total of about 18 000 patients was required. The calcula-
tions were performed with SAS EG 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

A total of 19598 patients were included in this consecutive cohort,
comprising 11449 patients with NICM and 8149 patients with MI/
CAD. A total of 13 626 (69.5%) patients were retrospectively enrolled,
while 5972 (30.5%) patients were prospectively enrolled. Baseline char-
acteristics, cardiovascular history, and medication at the time of WCD

prescription are summarized in Table 1. The mean age of the overall co-
hort was 60.9 + 12.8 years, with patients with NICM being younger
(58.6 + 13.7 years) than those with MI/CAD (64.2 + 10.6 years). Men
represented 79.3% in the total population, 76.2% in NICM group,
and 83.7% in the MI/CAD group. The median WCD wear duration
was 62 days (IQR 33.0-90.0 days) for NICM and 61 days (IQR 35.0-
89.0 days) for MI/CAD. Daily median WCD wear time was high across
both groups: 23.4 h (IQR 21.4-23.8 h) for NICM and 23.5 h (IQR 22.1-
23.8 h) for MI/CAD (Table 2). Medication at hospital discharge is pre-
sented in Figure 1.

The incidence rate of first appropriate treatment in patients with
NICM and MI/CAD was 6.10 (95% CI 5.31-7.00) and 8.64 (95% ClI
7.41-10.05) events per 100 patient-years, respectively (Figure 2). The
overall incidence density for all appropriate treatments in our study
was 8.53 (95% Cl 7.36-9.88) and 14.98 (95% Cl 12.69-17.65) per
100 patient-years, respectively, with all but two events occurring within
the first 200 days. The cumulative incidence of patients with at least one
event was 1.3% over a median of 62 days (Table 2). Figure 3 illustrates
that the highest frequency of first appropriate shocks was observed in
the initial days of WCD use, decreasing over time. In the NICM group,
two events occurred late, at Days 333 and 420.
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Table 2 Wearable cardioverter-defibrillator use and appropriate wearable cardioverter-defibrillator treatments

Total
(n=19598)

NICM
(n=11449)

MI/CAD
(n=8149)

SMD

WCD wear time
Number of days used, median (IQR)
Number of days used, mean + SD
Number of days used, mean (censored at first appropriate shock)
Wear time per day, h, median (IQR)
Wear time per day, h, mean &+ SD
Appropriate WCD treatments
Total number of appropriate WCD treatments
Number of patients with appropriate treatment, n (%):
At least one event
More than one event
Incidence of appropriate WCD treatments
Number of patient-years®

Incidence rate of first appropriate treatment (treated patients) per
100 patient-years (95% Cl low-high)

Number of patient-years

Overall incidence density of all appropriate treatments per 100 patient-years

(95% Cl low—high)

62.0 (34.0-89.0)
659+438
65.7
234 (21.7-23.8)
21548

395

252 (13)
72 (0.4)

3528
7.14 (6.43-7.93)

3538

1116 (10.09-12.34)

62.0 (33.0-90.0)
66.5+ 448
66.4
234 (21.4-238)
213+49

178

127 (1.1)
34 (0.3)

2083
6.10 (5.31-7.00)

2086
8.53 (7.36-9.88)

61.0 (35.0-89.0)
649+ 423
648
23.5 (22.1-23.8)
218+46

217

125 (1.5)
38 (0.5)

1447
8.64 (7.41-10.05)

1449

14.98 (12.69-17.65)

0.04

0.10

0.04
0.03

0.10

0.20

CAD, coronary artery disease; IQR, interquartile range; MI, myocardial infarction; NICM, non-ischaemic cardiomyopathy; WCD, wearable cardioverter-defibrillator; SMD, standardized

mean difference.
*Wear time for incidence rate, censored after first treatment.
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Figure 1 Medication at hospital discharge with wearable cardioverter-defibrillator. ACE, angiotensin converting enzyme; ARB, angiotensin receptor
blocker; ARNI, angiotensin receptor—neprilysin inhibitor; CAD, coronary artery disease; MI, myocardial infarction; MRA, mineralocorticoid receptor
antagonist; NICM, non-ischaemic cardiomyopathy; SGLT, sodium—glucose-co-transporter
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Incidence rate of first event
per 100 patient-years

Overall incidence density
of all events per 100 patient-years
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Figure 2 Incidence rate of first appropriate treatment and overall incidence density. MI/CAD, myocardial infarction/coronary artery disease; NICM,

non-ischaemic cardiomyopathy
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Figure 3 Time to first appropriate wearable cardioverter-defibrillator

Secondary endpoints are detailed in Table 3. Inappropriate treat-
ments were rare, occurring in only 0.5% of patients. Mean LVEF at
WCD prescription was 26.9 +10.3% in NICM and 28.4 +8.0% in
MI/CAD (Table 1), improving during follow-up of 65.9 +43.8 days to
above 35% in both groups (38.9 + 10.8% and 38.3 £ 9.9%) as shown
in Figure 4. Of 19 598 patients, there were 9861 patients with available
‘end of use reason’, which includes LVEF improvement, of which 5203
had documented LVEF improvement. Overall, mortality during WCD

180

200 220 320 340 360 380 400 420 440

Time (days)

treatments

use was 0.8% (154 patients). VWearable cardioverter-defibrillator was dis-
continued due to LVEF improvement in 53.5% of NICM and 51.7% of MI/
CAD patients. At the end of WCD use, ICDs had been implanted in 35.1%
of patients with NICM and 37.8% with MI/CAD. Wearable cardioverter-
defibrillator discontinuation due to skin irritation occurred in only 33 pa-
tients (0.3%).

Detailed characteristics, LVEF evolution, and SCA due to VT/VF in-
cidence by aetiological subgroups are provided in the supplement.
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Table 3 Secondary endpoints
Total NICM MI/CAD SMD
(n=19598) (n=11449) (n=8149)
. Tota| number of .nappropnate treatments e 150 ............................... 80 .............................. 70 ...............................
Patients with inappropriate treatments, n (%):

At least one inappropriate shock 105 (0.5) 55 (0.5) 50 (0.6) 0.01
More than one inappropriate shock 28 (0.1) 15 (0.1) 13 (0.2) 0.03
LVEF at end of WCD use, %, mean + SD 387+104 389+10.8 383+99 0.06
LVEF improvement >35%, n (%)* 5203 (52.8) 3079 (53.5) 2124 (51.7) 0.04
ICD implantation, n (%)* 3574 (36.2) 2020 (35.1) 1554 (37.8) 0.06
Death, n (%) 154 (0.8) 53 (0.5) 101 (1.2) 0.08

CAD, coronary artery disease; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NICM, non-ischaemic cardiomyopathy; SD,

standard deviation; WCD, wearable cardioverter-defibrillator.
?Percentages refer to number of patients with reported data.
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Figure 4 Median (interquartile range) left ventricular ejection fraction comparison in the main populations (non-ischaemic cardiomyopathy, myocar-
dial infarction/coronary artery disease). IQR, interquartile range; LVEF, left ventricular ejection fraction; MI/CAD, myocardial infarction/coronary artery

disease; NICM, non-ischaemic cardiomyopathy

Among all subgroups, the shortest median WCD wear time was ob-
served in patients with Takotsubo syndrome (43 days, IQR 20.0-82.0),
while the longest was seen in patients with Ml and CABG (71 days,
IQR 41.0-92.0). Median daily wear time across all groups exceeded
23 h, indicating high compliance. Implantable cardioverter-defibrillator
implantation rates varied by NICM aetiology. An ICD was implanted
in 39.8% of patients with DCM, 18.4% of patients with tachycardiomyo-
pathy, 28.7% in patient with toxic cardiomyopathy, 25.2% in patients
with myocarditis, 17.5% in patients with Takotsubo syndrome, 36.4%

in patients with sarcoidosis, 32.0% in patients with NICM of unknown
origin, 58.1% in patients with genetic indication, and 34.8% in patients
with other aetiologies.

Discussion

The SCD-PROTECT study provides robust, consecutive, and
large-scale real-world observational data on the incidence of SCA
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due to VT/VF in patients treated with a WCD in Germany, encompass-
ing over 19500 patients and representing the largest WCD cohort
published to date. The WCD delivers a treatment after about 1 min
of sustained VT/VF on average. The response buttons, unique to the
WCD, avoid treatments to conscious patients. Therefore, appropriate
treatments by a WCD can be considered equivalent to the definition of
a SCA caused by VT/VF. The study focused on patients with newly di-
agnosed low LVEF in NICM or MI/CAD, during the early phase of
GRMT up-titration. The key finding is a substantial early-phase risk of
SCA due to VT/VF, with an incidence rate for the first event of 6.10
(95% C15.31-7.00) and 8.64 (95% CI 7.41-10.05) per 100 patient-years
in patients with NICM and MI/CAD, respectively (Structured Graphical
Abstract).

These data challenge the commonly held assumption that patients
with NICM are at a substantially lower—or even negligible short-term
risk due to the higher likelihood of recovery, an assumption not sup-
ported by our findings. The adherence to the WCD was high, and dif-
ferent from that in the randomized controlled VEST trial." It seems
that the randomized controlled trial protocol did not allow for moni-
toring, service, and personal interaction with patients and family, which,
in contrast, is common in clinical practice in Germany.

A German registry study including 6043 WCD recipients (2010 to
2013) reported an incidence rate of 8.4 shocks per 100 patient-years
across all indications.'” A meta-analysis covering WCD studies from
2008 to 2017 found a pooled incidence of 9.1 shocks per 100 patient-
years.13 Wiessnig et al. reported that among 2955 patients with
NICM, 36 (1.2%) received appropriate WCD treatments.'” The
WEARIT-France study, which included 1157 patients between 2014
and 2018 (82.1% patients with MI/CAD), reported an incidence of 7.2
shocks per 100 patient-years."* A more recent meta-analysis showed in-
cidence rates of 12, 16 and 19 per 1.000 patients for DCM, myocarditis,
and Takotsubo syndrome, respectively.'®

These results of previously published studies are roughly comparable
with our results, indicating that the risk of SCD remained high even
after introduction of novel medical treatments. Thus, our results do
not support findings reported by Shen et al. that the risk for SCD sub-
stantially declined during the last 20 years due to new medical treat-
ment options.'® As heart failure drugs need time for up-titration and
for coming into effect, it is plausible that the effect of modern medica-
tion becomes visible in the later phase after some months, only—while
there is no risk reduction in the first months. None of these studies re-
ported time to first appropriate WCD treatment and thus no detailed
data on the risk and length of the early vulnerable period for SCD dur-
ing WCD use are available from published literature.

In our study, appropriate WCD treatments were concentrated in
the early phase, with most events occurring within the first 30 days
of WCD use, and virtually all between Day 0 to Day 200. Only two
events occurred months later, both in the NICM group. This is a critical
observation when assessing early risk and comparing study outcomes.
In the DANISH study,'® 64 appropriate ICD shocks in 556 patients
with NICM over an average follow-up of 67.6 months, resulting in a
much lower incidence of 2.04 appropriate treatments per 100 patient-
years. Our results suggest that SCA risk is markedly higher during the
early phase of GRMT initiation than in the chronic, post-optimization
phase—precisely the period covered in DANISH, where patients
were already stabilized on optimal GRMT.'® Similarly, data from
SCD-HeFT and Frodi et al. reported incidences of 5.1 and 1.5 appropri-
ate treatments per 100 |:>atient—years.17'18 These gaps highlight the im-
portance of early risk identification and protection—something that
earlier trials may not have captured.®

Within NICM, the DCM subgroup, representing the largest sub-
group in our study, showed an incidence rate for the first event of
7.87 per 100 patient-years (cumulative incidence 1.5%). This aligns
with earlier registry data (1.3% incidence, 9.7 events per 100 patient-
years)'? and another study reporting cumulative incidences for appro-
priate shocks as high as 4%."® In myocarditis patients, our observed
incidence rate of 3.9 per 100 patient-years (cumulative incidence
0.8%) was slightly lower than prior findings (1.3%, or 6.6 per 100
patient-years).'> Among MI/CAD patients, the cumulative incidence
of appropriate treatments was 1.9%, which is higher than the 1.3% ob-
served in the VEST trial,"" which enrolled only within 7 days after hos-
pital discharge. This time lag until WCD monitoring may have led to an
underestimation of early SCA risk in VEST. Likewise, lower observed
SCA incidences in MI/CAD patients with subsequent CABG may reflect
the time lag, or the protective effect of complete revascularization.
Data of a German registry with no overlap to our enrolment period
showed a cumulative incidence of 2.2%, implying that our 500 patient’s
cohort might be too small for statistically profound conclusions.*
Guideline-recommended medical therapy is key to improving LVEF
and reducing mortality, although after a considerable time of drug op-
timization.”! Guideline-recommended medical therapy was prescribed
at a high percentage in our study. Even the prescription of sodium—
glucose co-transporter 2 inhibitors was high, implying a fast implemen-
tation of guideline recommendations by the German cardiologists. In
the recent HF-OPT study, LVEF recovery was significantly associated
with achievement of target doses of HF drugs by Day 90.2 In our co-
hort, LVEF improved from a median of 25% to 40% in NICM and from
29% to 39% in MI/CAD, consistent with prior reports of LVEF improve-
ments in NICM, ranging from 34.8% to 40.8%.2>~%° Improvement of
LVEF to >35% after the initial 90 days of up-titration of GRMT is a
key factor in the decision for primary prevention ICD implantation.
As observed in the HF-OPT study, 46% of patients improved to
LVEF >35% at Day 90% and 68% at Day 180.> Notably, all appropriate
WCD treatments in that study occurred within the first 90 days, fur-
ther underscoring the early vulnerability phase.** Despite efforts to en-
hance risk stratification beyond LVEF, including big data approaches,27
LVEF remains the only consistently validated independent predictor of
SCA risk.?® In our cohort, 35.1% of NICM and 37.8% of MI/CAD pa-
tients received an ICD at the end of the WCD monitoring, mirroring
findings from a systematic review (35%)."® The longer patients stay
on GRMT, the more improve above an LVEF of 35%.2¢ The vulnerable
phase of about 200 days found in our study suggests that 90 days of
waiting, as currently often interpreted from guideline recommenda-
tions, might not be appropriate. The WCD seems to be suitable for
protecting patients from SCD and in parallel providing data for risk
stratification during that time to better inform the decision for primary
preventive ICD indication.

The SCD-PROTECT revealed a vulnerable risk phase of about 200
days, after which almost no further SCA occurred. While we saw a sub-
stantial risk for SCD in the early phase, we cannot conclude to which
extent the vulnerable phase of arrhythmic risk on one hand, and the
underlying and possibly temporary risk of the specific aetiology, such
as myocarditis, ischaemia, or heart failure on the other hand may
have contributed to the risk. We also did not get information on the
question of how the risk in patients with improved LVEF may develop
in the long term. However, other studies suggest that the risk of such
patients indeed stabilized."

These findings reinforce the potential of WCDs not only as a pro-
tective tool, but also as a bridge towards more personalized, evidence-
based ICD decision-making.'**’
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Beyond its role as a life-saving device delivering appropriate shocks,
the WCD should increasingly be recognized as a comprehensive car-
diac monitoring tool capable of improving outcomes even without de-
livering therapy. Its continuous recording capabilities allow for the
detection of specific heart rate patterns, variability, and early warning
signs that may precede ventricular arrhythmias in the very short
term. Using real-time physiological data provided by the WCD could
help identify patients at imminent risk of life-threatening arrhythmias—
within minutes or hours before an event—thereby enabling timely clinical
intervention.*%3"

Limitations

Although SCD-PROTECT being the largest WCD cohort so far, we ac-
knowledge limitations. Inclusion was limited to patients having been
prescribed a WCD, which introduces a selection bias and may lead
to underestimation of the overall SCA risk. By appropriate treatments
we could only measure SCA due to VT/VF. There may have been other
SCA from other causes. As the observation time ended with end of
WCD use, we may have missed events occurring subsequently.

According to the study protocol, we did not exclude any patients
with selected aetiologies, such as Takotsubo syndrome, myocarditis,
and genetic channelopathies, which might introduce a bias in respect
of the incidence of SCA in the NICM group. However, we found
that by exclusion of those patients the incidence rate would only mar-
ginally rise.

Finally, part of the cohort was enrolled retrospectively; however,
data collection followed protocols across both retrospective and pro-
spective groups, minimizing potential bias. Data for some outcomes
were not available for all patients. This may have led to bias in either
direction. In contrast to previous s‘cudiezs,32'33 our dataset did not allow
for a cost-effectiveness analysis due to limited data on healthcare re-
source utilization.

Conclusion

The nationwide SCD-PROTECT study, comprising the largest WCD
population to date, reveals a substantial early-phase risk of SCA in
both, patients with newly diagnosed NICM and patients with newly di-
agnosed MI/CAD during GRMT up-titration. The incidence of appro-
priate WCD shocks was highest during the first weeks of use and
exceeded rates reported in long-term ICD trials. Our study showed
that the SCA risk was not substantially lower or negligible with
non-ischaemic compared to ischaemic aetiologies. Importantly, a large
proportion of patients with LVEF <35% at baseline improved in LVEF
during WCD use, avoiding unnecessary ICD implantations. These find-
ings underscore the critical need to protect high-risk patients during
early therapy optimization.

Supplementary data

Supplementary data are available at European Heart Journal online.
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