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Abstract

Introduction: Ischemic cardiomyopathy (ICM) and idiopathic dilated cardiomyopathy (DCM) share common structural alter-

ations with a high mortality from sudden cardiac death (SCD) and pump failure. Implantable cardioverter-defibrillator (ICD)

has, since inclusion in international guidelines, been confirmed beneficial and cost-effective for primary prevention of SCD in

patients with ICM, while huge debates in non-ischemic heart disease. This study was to compare the primary prophylactic

value of ICD therapy in patients with ICM or DCM to identify a subgroup with greater advantage specially. Methods: We con-

ducted a retrospective, single-center study, which enrolled 82 patients with ICM or DCM and guideline indications for primary

prophylactic ICD or cardiac resynchronization therapy-defibrillator (CRT-D). Primary end-point was all-cause mortality and

secondary outcomes included SCD and cardiovascular death. Results: During a median follow-up of 38.5 months, 78 patients

baseline data were analyzable. The primary outcome occurred in 8 patients in ICM group and 5 patients in DCM group (p =

0.012). Cardiovascular death occurred in 5 patients in ICM group and 3 patients in DCM group [hazard ratio (HR) 0.119, 95%

confidence interval (CI) 0.016-0.860, P = 0.035]. Resuscitated cardiac arrest or sustained ventricular tachycardia occurred in 4

patients in ICM group and 8 patients in DCM group (HR 0.294, 95% CI 0.040-2.144, P = 0.227). Conclusions: DCM patients

with ICD implantation could gain more benefit with a reduction in the risk of all-cause mortality and cardiovascular disease

compared with ICM patients, while the occurrence of SCD had no difference in two groups.
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Abstract

Introduction:Ischemic cardiomyopathy (ICM) and idiopathic dilated cardiomyopathy (DCM) share com-
mon structural alterations with a high mortality from sudden cardiac death (SCD) and pump failure. Im-
plantable cardioverter-defibrillator (ICD) has, since inclusion in international guidelines, been confirmed
beneficial and cost-effective for primary prevention of SCD in patients with ICM, while huge debates in
non-ischemic heart disease. This study was to compare the primary prophylactic value of ICD therapy in
patients with ICM or DCM to identify a subgroup with greater advantage specially.

Methods: We conducted a retrospective, single-center study, which enrolled 82 patients with ICM or DCM
and guideline indications for primary prophylactic ICD or cardiac resynchronization therapy-defibrillator
(CRT-D). Primary end-point was all-cause mortality and secondary outcomes included SCD and cardiovas-
cular death.

Results: During a median follow-up of 38.5 months, 78 patients baseline data were analyzable. The primary
outcome occurred in 8 patients in ICM group and 5 patients in DCM group (p = 0.012). Cardiovascular
death occurred in 5 patients in ICM group and 3 patients in DCM group [hazard ratio (HR) 0.119, 95%
confidence interval (CI) 0.016-0.860, P = 0.035]. Resuscitated cardiac arrest or sustained ventricular tachy-
cardia occurred in 4 patients in ICM group and 8 patients in DCM group (HR 0.294, 95% CI 0.040-2.144, P
= 0.227).

Conclusions: DCM patients with ICD implantation could gain more benefit with a reduction in the risk
of all-cause mortality and cardiovascular disease compared with ICM patients, while the occurrence of SCD
had no difference in two groups.

Key words

Ischemic cardiomyopathy; Dilated cardiomyopathy; Sudden cardiac death; Implantable cardioverter defib-
rillator

Introduction

Heart failure (HF), as a final common stage of many cardiovascular diseases, is a major public health
problem affecting approximately 40 million people globally.[1] A spontaneous progressive clinical syndrome
with dyspnea, water and sodium retention, pump failure underlying causes, pathophysiological complexities,
and concomitant comorbidities, which made both diagnosis and treatment particularly challenging.[2]Ischemic
cardiomyopathy (ICM) and idiopathic dilated cardiomyopathy (DCM) share common structural alterations
with a high mortality from sudden cardiac death (SCD) and pump failure.[3] According to New York Heart
Association (NYHA) classification, the all-cause mortality of patients with NYHA class II is 5% to 15%, of
which 50% -60% is sudden death. The all-cause mortality rate of NYHA class III increases to 30% to 50%,
and class IV usually exceeds 50%.[4]

During the past decades, great progresses have been made in decreasing the occurrence of SCD. In partic-
ular, ICD implantation has become a priority for primary prevention ICDs in patients with indication.[5]

However, individual DCM trials have failed to gain the conclusion of a mortality benefit with prophylactic
ICD implantation.[6] European guidelines have recommended that ICD therapy to prevent SCD in patients
with symptomatic HF (NYHA class II–III) and LVEF [?]35% after [?]3 months of optimal medical therapy
who are expected to survive for at least 1 year with good functional status.[7, 8] Nevertheless, in most studies
HF patients with DCM represent a minor subgroup of the overall study population.[9] Whether there is a
difference in prognosis between primary prophylactic ICD therapy in patients with ICM and DCM remains
unclear. To address this issue, we conducted a retrospective study, which enrolled 82 patients with DCM
or ICM and with guideline indications for primary prophylactic ICD or CRT-D treatment. We aimed to
identify subgroups with greater or lesser advantage from ICD therapy.
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. Methods

Study population

This study has been approved by the Ethics Committee of Nanjing Drum Tower Hospital have therefore
been performed in accordance with the Declaration of Helsinki and its later amendments. We enrolled 82
patients with ICM or DCM who received ICD implantation for primary prevention between January 2010
and August 2018 admitted in the Department of Cardiology of Nanjing Drum Towel Hospital. Among them,
26 were ICM and 56 were DCM. A total of 78 patients were followed up, including 25 patients with ICM and
53 patients with DCM. Clinical characteristics, medications, 24-h Holter electrocardiograms (ECGs) were
recorded on admission.

Inclusion criteria

ICM patients: 1) Patients with chronic congestive heart failure; 2) Patients with definite myocardial in-
farction and who have received percutaneous coronary intervention (PCI) or surgical coronary artery bypass
grafting (CABG); 3) Electrocardiogram, echocardiography or cardiac magnetic resonance show large-scale
necrosis of myocardium or local dyskinesia of ventricular wall; 4) After 3 months of treatment with stan-
dard anti-heart failure drugs, echocardiography confirmed left ventricular ejection fraction (LVEF) [?]35%;
5) NYHA class II-III or IV patients considering CRT-D or NYHA class IV patients waiting for heart
transplantation.[7]

DCM patients: 1) Patients with chronic congestive heart failure; 2) After 3 months of treatment with
standard anti-heart failure drugs, echocardiography confirmed LVEF [?]35%, the whole heart is enlarged,
and LVEDD (left ventricular end diastolic diameter) > 55mm in male or > 50mm in female, or the wall motion
is weakened; 3) Exclude heart enlargement and EF reduction caused by other diseases (such as hypertrophic
cardiomyopathy, alcoholic cardiomyopathy, valvular disease, cardiomyopathy caused by hyperthyroidism,
etc.); 4) NYHA class II-III or IV patients considering CRT-D or NYHA class IV patients waiting for heart
transplantation.[8]

Exclusion criteria

1) Suffering from heart disease other than ICM and DCM which leads to chronic heart failure; 2) Patients
had acute left heart failure; 3) The life expectancy of the patient is less than 1 year; 4) Patient experienced
cardiovascular events such as SCD, ventricular fibrillation, cardiopulmonary resuscitation or continuous
ventricular tachycardia.

Outcomes

The primary outcome was all-cause mortality. The secondary outcomes were: SCD, other cardiogenic deaths
(including death due to malignant arrhythmia such as ventricular tachycardia, ventricular fibrillation, etc.)
and other events (including device infection, resuscitated cardiac arrest or sustained VT, sustained VT
demand cardioversion or cardioversion, heart transplantation, ICD false discharge).

Statistical Analysis

Baseline characteristics were compared using student’s t test or Wilcoxon test for continuous variables or
the chi-square test for categorical variables between the ICM and DCM groups. The cumulative risks of
all-cause death were estimated using the Kaplan-Meier method and the use of the log-rank test. Analysis was
performed with SPSS Statistics software (version 26) and the variables were presented as number or mean
± standard deviation, as appropriate. When two-sided P value <0.05, the difference considered statistically
significant.

Results

Baseline Characteristics of the Patients

3
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. Baseline characteristics of the included patients in each group were shown in Table 1 .Compared with
patients in DCM group, ICM group were significantly older (p < 0.001) and the prevalence of hypertension
(p¡0.001) and diabetes (p = 0.033) in the ICM group was significantly higher than that in DCM group.
LVEF (p = 0.002) were significantly higher than that of DCM patients and diastolic blood pressure (DBP, p
= 0.015) were significantly lower than that of DCM patients. Other demographic variables were comparable
between the two groups. NYHA classification, B-type natriuretic peptide (BNP) and systolic blood pressure
(SBP) had no statistically significant difference. More percentage of people in the DCM group received CRT
(37.7% vs. 12%, p = 0.009; Table 1 ). The large majority of patients in both groups received heart failure
medications according to the ESC Guidelines while there was no significant difference except for P2Y12
receptor inhibitors (p <0.001) and statins (p = 0.002).

Table 1. Characteristics of the Patients at Baseline.

Baseline characteristics ICM (n = 25) DCM (n = 53) p-value

Age (years) 71.72 ± 11.18 61.85 ± 10.85 ¡0.001
Male/Female 20/5 43/10 0.906
Month 46.25 ± 51.92 57.06 ± 54.35 0.667
LVEF (%) 32.67 ± 3.66 28.43 ± 5.92 0.002
NYHA Class II-III or
IV

2.92 ± 0.65 2.81 ± 0.62 0.859

Hypertension, n (%) 22 (88.0) 21 (39.6) ¡0.001
SBP (mmHg) 124.52 ± 14.39 122.11 ± 17.99 0.560
DBP (mmHg) 70.96 ± 9.68 77.55 ± 11.46 0.015
Diabetes, n (%) 11 (44.0) 11 (20.8) 0.033
Atrial fibrillation, n
(%)

6 (24.0) 12 (22.6) 0.894

CAG, n (%) 22 (88.0) 20 (37.7) ¡0.001
CTA, n (%) 0 (0.0) 2 (3.8) 0.159
BNP (Ng/L) 908.50 ± 717.34 891.40 ± 733.72 0.929
Creatinine (mmol/L) 93.86 ± 24.20 84.81 ± 30.39 -
Medication
Aspirin, n (%) 16 (64.0) 14 (26.4) 0.122
P2Y12 Receptor
Inhibitors, n (%)

9 (36.0) 1 (1.9) 0.001

Statins, n (%) 23 (92.0) 16 (30.2) ¡0.001
Diuretics, n (%) 21 (84.0) 44 (83.0) 0.915
Spironolactone, n (%) 18 (72.0) 41 (77.4) 0.624
ACEI, n (%) 14 (56.0) 38 (71.7) 0.194
ARB, n (%)) 5 (20.0) 6 (11.3) 0.310
β-blocker, n (%) 24 (96.0) 47 (88.7) 0.222
Anticoagulant, n (%) 4 (16.0) 7 (13.2) 0.745
Amiodarone, n (%) 2 (8.0) 3 (5.7) 0.717
Valsartan Sodium
Tablets, n (%)

2 (8.0) 1 (1.9) 0.304

Trimetazidine
Hydrochloride, n (%)

8 (32.0) 8 (15.1) 0.124

Data are expressed as mean ± standard deviation or number (%).

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP,
B-type natriuretic peptide; CAG, coronary arteriography; CTA, computed tomography angiography; DBP,
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. diastolic blood pressure; HBP, high blood pressure; LVEF, left ventricular ejection fraction; NYHA, New
York Heart Association; SBP, systolic blood pressure;

All-cause mortality

The occurrence of all-cause death in ICM group was higher than in DCM group, while SCD and other
cardiogenic deaths (including death due to malignant arrhythmia such as ventricular tachycardia, ventri-
cular fibrillation, etc.) were not statistically different between the two groups. Kaplan-Meier multivariate
Cox regression analysis showed that ICM group had higher cardiovascular mortality than DCM group, but
there was no significant difference of the incidence of cardiopulmonary resuscitation or sustained ventricular
tachycardia (VT). (Table 2 )

Table 2. Follow-up results of patients in ICM group and DCM group.

ICM (N = 25) DCM (N = 53) P-value

Death from any cause 8 (32) 5 (9.43) 0.012
Cardiovascular death 5 (20) 3 (5.66) 0.052
No cardiovascular
death

3 (12) 2 (3.77) 0.171

Resuscitated cardiac
arrest or sustained VT

4 (16) 8 (15.09) 0.919

Sustained VT requiring
medical intervention or
electrical conversion

2 (8) 5 (9.43) 0.839

Heart transplantation 0 (0) 2 (3.77) 0.009

Data are presented as number (%).

Survival analysis

Kaplan-Meier survival analysis revealed that the incidence of cardiovascular death during the follow-up
period in the ICM group was higher than that in the DCM group (p = 0.049; Figure 1 ). After adjusted
for age, LVEF, course of heart failure, NYHA classification, and history of diabetes. Cox regression analysis
showed that cardiogenic mortality in ICM group was higher than that in DCM group. (Table 3 )

5
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. Figure 1:Kaplan-Meier curve analysis of cardiovascular death between two groups.

Table 3.Multivariable Cox regression analysis of cardiovascular death.

Parameters HR 95% CI P-value

DCM vs. ICM 0.009 0.000-0.074 0.018
Age 1.032 0.952-1.118 0.445
Sex 0.937 0.074-11.929 0.960
LVEF 0.728 0.578-0.918 0.007
Hypertension 11.526 0.928-143.203 0.057
Diabetes 0.344 0.059-2.002 0.235

There was no statistically significant difference in the incidence of cardiopulmonary resuscitation or sustained
ventricular tachycardiac ICD discharge in ICM and DCM group (p = 0.786; Figure 2 ). In Cox regression
analysis the difference still existed (HR 0.294, 95% CI 0.040 to 2.144, p = 0.227). (Table 4)

Figure 2:Kaplan-Meier curve analysis of resuscitated cardiac arrest or sustained ventricular
tachycardia between two groups.

Table 4. Cox regression analysis of resuscitated cardiac arrest or sustained VT.

Parameters HR 95%CI P-value

Cause 0.294 0.040-2.144 0.227
Age 0.086 0.975-1.096 0.086
History of HF (months) 0.989 0.973-1.007 0.225
LVEF 0.975 0.866-1.096 0.668
HBP 2.537 0.406-15.840 0.319
Medication
β-blocker 0.494 0.049-5.003 0.550
Amiodarone 0.989 0.973-1.007 0.225

6



P
os

te
d

on
A

u
th

or
ea

17
N

ov
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

56
36

41
.1

07
87

74
6/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Discussion

In the European Guidelines, ICD implantation is a class 1B recommendation for patients with nonischemic
heart failure, and a class 1A recommendation for patients with ischemic heart failure.[7] However, no difference
was found between the long-term benefits of DCM patients and ICM patients receiving ICD as primary
prevention treatment in this study.

Patients with extensive comorbidity may experience less benefit from ICDs than those with less
comorbidity.[10] We can see that patients in the ICM group have prevalence of hypertension and diabetes
than patients in the DCM group. In this study, 38% of deaths were attributed to non-cardiovascular diseases,
emphasizing the importance of strict screening criteria for ICD implantation. ICD implantation in NICM
patients had a less benefit, which provided a basis for not implanting ICD in frail patients, which is in line
with the guidelines that recommend.[11, 12]

Cox regression analysis found that all-cause mortality of ICM was higher than that of DCM group. Patients
with more comorbidities benefited less from ICD treatment. Therefore, it is not recommended to install
ICDs in patients who cannot tolerate or are not suitable for CRT treatment, VAD (ventricular assist device),
NYHA Class IV heart transplantation, or patients with severe comorbidities. The life expectancy of these
patients is difficult to exceed One year, it is difficult to obtain benefits from expensive ICD treatment.
Studies have also shown that ICM patients in NYHA II-III patients have a greater risk of death than NICM
patients, so it is more recommended to carry out drug or ICD primary prevention treatment in the early
stage of the disease.[13]

As we know, ICD is superior to antiarrhythmic drugs in increasing overall survival.[14] Studies have shown
that, ICD was superior to amiodarone for the prevention of SCD.[15] In this study, due to the small number
of patients taking amiodarone, and rare arrhythmia events during the follow-up results, so their effects could
not be compared.

The European Guidelines have recommended ICD implantation in patients with NYHA class II-III. Although
ICD treatment could reduce the risk of SCD in some NYHA class IV patients, these patients often survived
less than 1 year due to the presence of severe diabetes, cerebral infarction and other non-cardiovascular
diseases. Due to the high survival rate (50% at 10 years), heart transplantation became a choice for patients
with severe HF.[16] However, due to the limited donor heart, these patients had a very high risk of SCD while
waiting for surgery, which was a special indication for ICD implantation. Some retrospective studies showed
that the use of ICD in patients waiting for heart transplantation can reduce overall mortality by 36% to
49%.[17] Interestingly, 2 patients in the DCM group successfully received heart transplantation in this study.

Among the patients included in this study, 3 (12%) in the ICM group and 20 (37.7%) in the DCM group
have received CRT treatment.[18, 19] Reversing LV remodeling is one of the most important effects of CRT.
However, it is difficult for CRT to reverse cardiac remodeling of ICM patients whose LV were covered with
scar tissues to the same extent as DCM, which was consistent with our results.[20] In this study, more patients
received CRT-D treatment in the DCM group, which may be a choice based on the patient’s situation in
clinical practice, but there is a lack of function evaluation after receiving CRT-D treatment in both groups.

Limitations of our research need to be recognized. The sample size of this study was small, and the conclusions
were greatly affected by individual differences. Multi-center studies could be conducted in the future.

In conclusion, DCM patients with ICD implantation compared could be benefit with a reduction in the risk
of all-cause mortality and cardiovascular disease with ICM patients, while the occurrence of SCD had no
difference in two groups.
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