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Abstract

According to current guidelines prophylactic implantable cardioverter-defibrillator (ICD) therapy is recommended in patients
with significantly impaired left ventricular systolic function. However, the recently published DANISH trial did not find a
significantly lower long-term rate of death from any cause compared with usual clinical care in patients with non-ischemic
cardiomyopathy. We investigated whether registry data from a multi-center ‘real-life’ registry on patients with non-ischemic
cardiomyopathy are similar to this trial. The German Device Registry (DEVICE) is a nationwide, prospective registry with
one-year follow-up investigating 5451 patients receiving device implantations in 50 German centers. The present analysis of
DEVICE focused on patients with non-ischemic cardiomyopathy and a left ventricular ejection fraction <35% who received
a prophylactic ICD. Out of 779 patients with symptomatic heart failure and nonischemic cardiomyopathy, 33.1% received
a single chamber ICD (VVI), while 11.0% were implanted with a dual-chamber ICD (DDD), and 55.8% received a defibril-
lator system for cardiac resynchronization therapy. Median follow-up was 16.1 months. 90.7%were alive at follow-up, 9.3%
had died during this period. Overall mortality after one year was 5.4%. Overall mortality one year after implantation was
significantly increased in patients 68 years and older(7.9%) as compared to younger patients (59-68 years: 2.5%; < 59 years:
3.8%; p<0.015). Data from the present registry support the recently published results of the DANISH trial. In particular the
influence of an increased age as proven in the DANISH trial might also play a role in the present collective. This limits the
potential beneficial effect of ICD therapy in particular in the elderly population.
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Introduction

In patients with heart failure and left ventricular ejection
fraction < 35%, prophylactic implantation of an implant-
able cardioverter-defibrillator (ICD) is recommended in
current guidelines (class I) [1]. ICD therapy significantly
reduces the rate of sudden cardiac death as well as overall
mortality in patients with ischemic cardiomyopathy [2—4].
In patients with non-ischemic cardiomyopathy and signifi-
cantly impaired left ventricular function, studies did not
display convincing effects on mortality [5-7].

The Cardiomyopathy trial (CAT), published in 2002,
with 104 patients suffering from dilated cardiomyopathy
did not reveal significant effects in favor of ICD implan-
tation in these patients [5]. In accordance, AMIOVIRT
(Amiodarone versus implantable cardioverter-defibrillator:
randomized trial in patients with nonischemic dilated car-
diomyopathy and asymptomatic non-sustained ventricular
tachycardia) was stopped prematurely as no significant dif-
ferences between both study groups were observed [6]. On
the other hand, the “Prophylactic defibrillator implanta-
tion in patients with nonischemic dilated cardiomyopathy”
trial (DEFINITE) which included 458 patients with dilated
cardiomyopathy, a left ventricular ejection fraction of less
than 36% and non-sustained ventricular tachycardia pre-
sented a significant reduction in the risk of sudden cardiac
death as well as a nonsignificant reduction of overall mor-
tality [7]. The only clinical trial that revealed a reduction
of overall mortality in patients with nonischemic cardio-
myopathy was the “Sudden cardiac death in heart failure”
trial (SCD-HeFT) [4]. From this time, ICD implantation
is regularly performed in patients with symptomatic heart
failure and non-ischemic cardiomyopathy. However, the
recent DANISH trial (Danish study to Assess the Effi-
cacy of ICDs in Patients with Non-ischemic Systolic
Heart Failure on Mortality) did not reveal a reduction of
long-term mortality by ICD therapy compared with usual
clinical care [8]. This in particular accounted for patients
aged 68 years or older; while for younger patients below
59 years, beneficial effects of ICD therapy were observed
[8]. According to a recent survey of the European Heart
Rhythm Association, results of the DANISH study have
already changed clinical decisions [9].

In the present study, data from a multi-center real-world
registry on patients with non-ischemic cardiomyopathy are
discussed in the light of the DANISH trial.

Methods

The German Device Registry is a nationwide, prospec-
tive database of ICD or CRT implantations and revisions
which is organized by the Stiftung Institut fiir Herzin-
farktforschung Ludwigshafen, Germany (IHF) [10]. In 50
participating centers, information on demographic data,
indication for the device, implantation procedure, as well
as peri-interventional complications was documented at
the time of device operation. Recruitment of patients for
the German Device Registry started in March 2007 until
March 2011, then continued as Device II registry and was
terminated in February 2014. After written informed con-
sent, data were entered into an internet-based electronic
case report form by the centers. Case report forms were
thereafter transmitted encrypted with a secure socket layer
and the IHF took responsibility for data management and
monitoring. The present study includes symptomatic
patients in NYHA classes II-IV with non-ischemic car-
diomyopathy who received a first implantation of ICD for
primary prevention (LVEF < 35%). Exclusion criteria of
the present analysis were coronary artery disease, second-
ary prevention, renal failure requiring haemodialysis and
permanent atrial fibrillation with a resting heart rate >
100 beats per minute (Fig. 1). Follow-up contacts were
scheduled one year after implantation or revision by tel-
ephone. The follow-up was performed by the IHF. During
telephone contact questions on arrhythmias (e.g., syncope,
resuscitation, ablation), cardiac events (e.g., myocardial
infarction, revascularization), complications, medication,
and heart failure symptoms were posed. In case of an inef-
fective call, further information was gathered from other
caring physicians or civil registration offices.

Statistical analysis

The patient population is characterized by descriptive sta-
tistical measures. Categorical data are presented as percent-
ages, metrical data as medians with 25th and 75th percen-
tiles. The distribution of binary variables was compared
between age groups by Pearson Chi-square test, and that
of metrical variables by Mann—Whitney test. The shown
baseline data are 99% complete except where indicated. The
descriptive statistics are based on the available cases.

Observation time was calculated as the time span from
the index intervention to the last follow-up contact. One-
year mortality during 366 days was estimated using the
Kaplan—Meier method.

The statistical computations were performed using SAS
release 9.3 on a personal computer (SAS Institute, Inc.,
Cary, North Carolina, USA).

@ Springer



1198

Heart and Vessels (2019) 34:1196-1202

Total registry

First implantations

Other device
types

Non-ischemic

Primary
prevention
(IVFF < 35%)

prevention
(IVFF < 35%)

Symptomatic
(NYHA II-IV)

Symptomatic
(NYHA 1I-IV)

AF with HR >
100/min

AF with HR >
100/min

DANISH DANISH

Fig. 1 Flow-chart displaying patient selection

Results
Patient characteristics/demographics
Demographic characteristics are summarized in Table 1. Out

of 5451 patients registered in DEVICE I and DEVICE I,
779 patients met the inclusion and exclusion criteria. Median
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age was 66 years (57; 73) and 589 patients (75.6%) were
males. 258 patients (33.1%) received a single-chamber ICD
(VVI), while 86 patients (11%) were implanted with a dual-
chamber ICD (DDD) and 435 patients (55.8%) received a
defibrillator system for cardiac resynchronization therapy
(CRT). All included patients presented symptomatic heart
failure. 246 patients (31.6%) were in NYHA class II, 492
patients (63.2%) in NYHA class III and 41 patients (5.3%)
in NYHA class IV. Median left ventricular ejection fraction
was 25% (20%, 30%). 201 patients (25.8%) had diabetes;
while hypertension was diagnosed in 371 patients (47.7%).
Renal insufficiency not requiring hemodialysis was present
in 129 patients (16.6%). ECG findings and rhythm disorders
are summarized in Table 1.

Implantation procedure

530 patients (72.6%) underwent perioperative defibrillation
testing which was successful in 527 patients (99.4%) and
failed in three patients (0.6%). Severe peri-interventional
complications were observed in five patients (0.5%). These
included pericardial effusion requiring pericardiocentesis
(n=1), hematothorax (n=1) and pneumothorax (n=3). 778
patients (99.9%) were discharged, while one patient died in
hospital. This event was classified as sudden cardiac death.

Relevant cardiovascular medication is displayed in
Table 2. Of note, 188 patients (24.2%) received digitalis
glycosides. 66 patients (8.5%) were treated with class-III
antiarrhythmic agents.

Follow-up

Follow-up information was obtained for 755 (96.9%) of the
779 patients at a median observation time of 16.1 months
(13.1; 19.7), and for 23 patients, observation time was
restricted to hospital stay. 706 patients (90.7%) were alive
at their last contact, while 72 patients (9.3%) had died dur-
ing their observation period. 34 patients (47.2%) died of
unknown cause. 25 deaths (34.7%) were classified as cardio-
vascular, while 13 deaths (18.1%) were classified as non-car-
diovascular deaths. Estimated 1-year overall mortality was
5.4%. The rate of major adverse cardiac and cerebrovascular
events (MACCE,; including death, myocardial infarction and
stroke) was 6% (n=45) after 1 year. 77 patients (10.9%)
experienced shock deliveries of the implanted ICD. Syn-
cope occurred in 15 patients (2.1%) and electrical storm was
documented in 9 patients (1.6%).

Sub-analyzes
A more detailed sub-analysis between NYHA classes II

and III displayed a trend towards an increased 1-year mor-
tality (5.9% vs. 3.0%, p=0.078) and significant differences
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Table 1 Baseline patient

DesE DEVICE registry DANISH trial (ICD group)
characteristics in the DEVICE
registry and the ICD group of N=T79 N=556
the DANISH trial [8] Age (years) 66 (57: 73) 64 (56 72)
Male 75.6% 73%
LVEF (%) 25 (20; 30) 25 (20; 30)
LBBB 55.7% n/a
RBBB 3,7% n/a
QRS duration (ms) 140 (110; 160) 146 (114; 166)
QRS duration > 120 ms 61.0% n/a
Atrial fibrillation 21.7%* 24%°
Diabetes 25.8% 18%
Hypertension 47.7% 33%
Chronic obstructive pulmonary disease 3.3% n/a
Renal insufficiency 16.6% n/a
Systolic blood pressure (mmHg)® 120 (113; 130) 123 (1105 139)
Diastolic blood pressure (mmHg)® 76 (70; 80) 74 (65; 81)
Heart rate (bpm)© 72 (64; 82) n/a
Heart disease
Idiopathic cardiomyopathy 93.5% 76%
Valvular disease 1.5% 4%
Hypertensive 4.2% 11%
Other 0.8% 9%
Device system
VVI-ICD 33.1% n/a
DDD-ICD 11.0% n/a
CRT-ICD 55.8% 58%
NYHA classification
NYHA I 0% 0%
NYHA II 31.6% 53%
NYHA III 63.2 % 45%
NYHA IV 5.3% 1%

Median and quartiles or percentage

LVEF left ventricular ejection fraction, LBBB left bundle branch block, RBBB right bundle branch block

In current ECG

®Permanent atrial fibrillation

“Data available in 47% of patients only

Table 2 Cardiovascular medication at time of index discharge in the
DEVICE registry and the ICD group of the DANISH trial [8]

DEVICE DANISH
registry (%) trial ICD
group)

ACE inhibitor/AT1 receptor antagonist ~ 93.1 96%
Beta-blocker 91.6 92%
Mineralocorticoid receptor antagonist ~ 53.3 59%
Diuretics 85.8 n/a
Digitalis 242 n/a
Class-III antiarrhythmic drugs 8.5 6%"
Statin 34.6 n/a

#Amiodarone only

regarding severe adverse events including death, myocar-
dial infarction and stroke in NYHA III patients (6.9% vs.
2.9%, p=0.026). In accordance, rehospitalization was
also increased in NYHA III patients (44.4% vs. 34.0%,
p=0.017).

Regarding a potential effect of CRT, a significantly ele-
vated proportion of clinical heart failure, atrioventricular
conduction disturbances, bundle branch block and preva-
lence of atrial fibrillation was observed in CRT patients
compared with ICD patients. Left ventricular ejection
fraction did not differ between both groups. Of note, dur-
ing follow-up, no differences regarding mortality or major
adverse events were observed. However, CRT patients
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reported a significant improvement of NYHA class as
compared with ICD patients.

Role of age at implantation

According to the analysis of the DANISH study, patients
were divided into three subgroups regarding their age at the
time of implantation (Table 3). 221 patients (28.5%) were
younger than 59 years, 200 patients (25.8%) were between
59 and 67 years and 355 patients (45.7%) were 68 years
or older. Younger patients were significantly more often
implanted with VVI ICD systems (< 59 years: 42.1%; 59
to < 68 years: 38.0%) than patients of 68 years or older
(24.8%, p<0.001). The rate of CRT-ICD implantations was
significantly higher in patients older than 68 years (66.2%)
as compared with younger patients (< 59 years: 47.5%; 59
to< 68 years: 46.5%, p<0.001). Hypertension and renal
failure were present more often in older patients than in
younger patients. In accordance, atrial fibrillation as well
as left bundle branch block was more frequently present
in older patients. Median QRS duration was 150 ms (120,
170) in patients 68 years and older, 130 ms (100; 160) in
patients 59 to < 68 years and 125 ms (100; 160) in patients
younger than 59 years (p <0.001). Regarding peri-inter-
ventional complications, no significant differences between
these subgroups were observed. Overall mortality 1 year
after implantation was significantly higher in patients of
68 years and older (7.9%) as compared with the other study
groups (59 to <68 years: 2.5%; < 59 years: 3.8%; p <0.015;
Fig. 2a). In accordance, MACCE occurred more frequently
in older patients (9.0% vs. 3.0% and 3.8%, p <0.005). A
trend towards more frequent shock deliveries as a corre-
late of arrhythmic events was observed in younger patients
(< 59 years: 15.1%) as compared with older patients (59
to <68 years: 13.6%;> 68 years: 11.0%), although this did
not reach statistical significance. No significant differences
regarding syncope were observed, while electrical storm
occurred more often in younger patients (< 59 years: 3.7%;
> 68 years: 1.3%, p=0.029).

Discussion

The results of the present study support the recently pub-
lished results of the DANISH trial. These results contradict
those of a recent meta-analysis where similar results regard-
ing mortality were reported for both patients with ischemic
and non-ischemic heart disease [11]. A further meta-analysis
also suggested a survival benefit mediated by ICD therapy
in patients with dilated cardiomyopathy [12].

Patient collective and demographics

Patient characteristics of the present registry and the mul-
ticenter randomized DANISH study [8] match very well.
Basic characteristics such as median age, gender, body mass
index, and median blood pressure were very similar. Median
left ventricular ejection fraction was identical in both collec-
tives. Median QRS duration was also similar in both studies.
Of note, the proportion of CRT implantations was 55.8%
in the present registry and 58% in the DANISH study [8].
Regarding NYHA classification, slight differences between
both collectives were observed. In the present registry, more
patients were classified as NYHA III (63.2% vs. 45%) or
NYHA IV (5.3% vs. 1%) as compared with the DANISH
population indicating that heart failure was more sympto-
matic in DEVICE. Heart failure medication was also similar
in both populations. This accounts for ACE inhibitors, beta-
blockers, and mineralocorticoid receptor antagonists.

Follow-up and age-dependent effects

Mortality as well as the rate of major cardiovascular and
cerebrovascular events is almost equivalent to values
reported in DANISH after one year. In addition, NYHA
class exerted significant effects on major adverse events and
rehospitalizations.

Of course, follow-up duration of the DANISH study was
longer with a median of more than 67 months. Due to the
characteristics of DEVICE, the cause of death remained

Table 3 Relevant age-dependent

. . <59 years 59 to <68 years > 68 years p value

differences in the DEVICE

registry N= 221 200 355
Atrial fibrillation 10.0% 21.5% 29.0% <0.001
LBBB 50.5% 47.5% 63.4% <0.001
QRS duration (ms) 125 (100; 160) 130 (100; 160) 150 (1205 170) <0.001
QRS >120 ms 51.1% 53.3% 72.0% <0.001
1-year overall mortality 3.8% 2.5% 7.9% 0.015
MACCE 3.8% 3.0% 9.0% 0.005

Data presented as median and quartiles or percentage

LBBB left bundle branch block, MACCE major cardiac or cerebrovascular events
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estimates of cumulative mortality

unknown in the present collective. In contrast, in the ran-
domized DANISH study, the follow-up was more detailed.
Nonetheless, the above-described event rates regarding over-
all mortality are similar. The congruence with the results
of the present ‘real-life’ DEVICE registry again underlines
the transferability of the results of the DANISH study to
clinical practice.

The results of the DANISH study suggested that ICD
implantation in patients with nonischemic heart disease did
not result in an overall benefit in terms of mortality, although
the rate of sudden cardiac death was significantly reduced
[8]. Of note, an important role of age was reported. In the
subgroup of patients younger than 59 years, beneficial effects
of ICD therapy in terms of total mortality were observed.
Besides, in patients between 59 and 68 years, there was a
trend towards a reduction in mortality. These effects were
independent of implantation of a CRT-ICD or a single-or
dual-chamber ICD. These implied that in patients with non-
ischemic cardiomyopathy, the cause of death may vary over
time and non-cardiovascular death may be less prominent in
older patients, which questions the value of ICD implanta-
tion in older patients with non-ischemic cardiomyopathy.

The authors of the study speculated that optimized medical
treatment and CRT therapy may have lowered the risk of
arrhythmic death. In accordance, in the present DEVICE
registry, patients older than 68 years also presented a signifi-
cantly increased overall mortality as compared with younger
patients. Furthermore, the risk of major cardiac and cerebro-
vascular events was also significantly higher in this group.
Regarding shock deliveries, a trend towards more arrhythmic
events in younger patients was observed. However, this trend
did not reach statistical significance, which is most likely
due to the limited follow-up duration of one year.

Limitations

As the present data are derived from a registry, several
limitations are obvious. Due to the design of the registry, a
selection bias may be present as patient selection may not
have been as strict as in randomized clinical trials. Further-
more, collection of complementary data is not as thorough
as it usually is in randomized trials. In particular, there is
no direct control group in this registry. Of note, the follow-
up duration of one year is rather short in particular with
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regard to the DANISH study, where a follow-up duration
of more than 5.5 years was achieved. This represents an
important limitation. In addition, no direct control group
for this registry is available. A comparison with other reg-
istries is impeded by inclusion and exclusion criteria that
significantly differ from the present registry. Furthermore, a
comparison with a matched cohort of patients with ischemic
cardiomyopathy is not available. Therefore, the results were
compared with the population of the DANISH study. None-
theless, the results of the present study represent ‘real-life’
data in patients with non-ischemic cardiomyopathy that after
a follow-up duration of one year are very congruent to the
results of DANISH [8] and thereby, further support the con-
clusion of this important clinical trial.

Conclusion

Data from the present registry support the recently published
results of the DANISH trial where prophylactic ICD implan-
tation in patients with symptomatic systolic heart failure in
non-ischemic cardiomyopathy was not associated with a
significantly lower long-term rate of death from any cause
than was usual clinical care. According to DANISH, a sig-
nificant interaction with age suggested that younger patients
might have a survival benefit that is not preserved in older
patients. This was consistent in the present study. The results
of the DANISH study have already led to changes of ICD
indications according to a recent survey of the European
Heart Rhythm Association [9]. The present DEVICE data
clearly support this approach, although further data from
randomized controlled trials are definitely needed.
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