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 Background: The purpose of this study was to evaluate the effect of implantable cardioverter defibrillators (ICD) in heart 
failure (HF) patients compared to pharmacologic/conventional management.

 Material/Methods: We searched PubMed, Embase, and Springer Link Library databases up to February 10th, 2014. Pooled risk ratio 
(RR) and 95% confidence interval (CI) for the mortality of the patients with HF were collected and calculated in 
a fixed-effects model or a random-effects model, as appropriate. Summary effect estimates were also strati-
fied by sex and follow-up time. Egger’s regression asymmetry tests were utilized for publication bias detection.

 Results: A total of 7 separate studies including 15 520 patients (10 801 ICD cases and 4719 controls) with HF were 
considered in the meta-analysis. The overall estimates showed that ICD could statistically significantly reduce 
the mortality of male (RR=0.73, 95% CI: 0.66–0.80) and female (RR=0.75, 95% CI: 0.63–0.90) patients. In ad-
dition, the further stratification subgroup analysis indicated that ICD presented a significant reduction (male: 
RR=0.72, 95% CI: 0.64–0.81; female: RR=0.69, 95% CI: 0.56–0.85) of mortality after 2–3 years of ICD therapy. 
The RR (95% CI) effects of mortality after 4–5 years of ICD therapy for males and females were 0.76 (0.51–1.14) 
and 0.96 (0.68–1.37), respectively.

 Conclusions: This meta-analysis suggests that ICD could reduce HF patient mortality despite the sex difference.
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Background

Heart failure (HF), as primarily a disease of the elderly, is a ma-
jor public health problem in the United States, and the annual 
incidence of heart failure is approximately 10 per 1000 patients 
65 years and older [1–4]. Moreover, nearly 300 000 patients die 
due to HF as a primary or contributory cause each year, and 
the number of deaths has increased steadily despite advanc-
es in treatment [2]. Despite enormous progress in treatment, 
HF mortality rates remain unacceptably high, with approxi-
mately 70–80% of patients dying within 8 years of diagnosis 
[3].In patients diagnosed as having HF, sudden cardiac death 
(SCD) occurs at 6–9 times the rate of the general population 
[5], and it accounts for two-thirds of the sudden death cases 
in the United states [6]. A previous report also suggested that 
SCD occurred at a rate of 41.8/100 000 population in China, 
accounting for over 544 000 deaths annually [7].Therefore, HF 
is associated with high mortality and morbidity.

The mechanism of sudden death is arrhythmic with about 75% 
of mortalities involving ventricular fibrillation or tachycardia 
[8]. The implantable cardioverter defibrillator (ICD), a battery-
powered implantable device that can detect and terminate po-
tentially life-threatening tachyarrhythmias via defibrillation to 
prevent SCD, has been continuously improved [9]. In addition, 
studies have demonstrated that ICD therapy could (significant-
ly) reduce by 31% the risk of mortality in HF patients [10,11]. 
However, on the basis of a non-statistically significant find-
ing, 2 previous reviews have shown there is little or no benefit 
from use of ICDs in women [12,13]. Hohnloser et al. reported 
that ICD therapy did not reduce overall mortality in high-risk 
patients who had recently had a myocardial infarction [14]. 
Thus, it is controversial whether the effect of ICD treatment 
is beneficial for HF patients. In the present work, we conduct-
ed a systematic meta-analysis to achieve an integrative un-
derstanding of the relative effects of ICD and pharmacologic 
therapy in HF patients.

Material and Methods

Source of material

We performed the pre-established search strategies and sys-
tematically retrieved studies from PubMed, Embase, and 
Springer Link databases until Feb. 10th, 2014. The key words 
of “defibrillator”, “implantable cardioverter defibrillators”, 
“heart failure”, “failure”, “mortality”, and “death” were used 
for all searches. A manual search of print documents and ci-
tations from relevant original studies and review articles per-
formed for any additional studies. We only collected data from 
fully-published English papers, excluding any meeting or con-
ference abstracts.

Study selection criteria

Inclusion criteria were: 1) research design was prospective 
cohort study or randomized controlled trial; 2) study objects 
were HF patients; 3) the experimental group was HF patients 
treated with ICD, and the control group was HF patients ac-
cepted with pharmacologic therapy or conventional thera-
py; and 4) the outcome of the included studies was the mor-
tality of the HF patients with different treatment. Exclusion 
criteria were: 1) HF patients in experimental group received 
ICD treatment and also accepted other interventional thera-
py; 2) article was non-original literature such as review, let-
ters, and comments; and 3) duplicate publications that used 
the same population data – only the one with longest fol-
low-up and most complete information was included, and 
the rest were excluded.

Data extraction

Two reviewers independently extracted data from the pri-
mary studies into an Excel spreadsheet using a standardized 
form to assess the eligibility for inclusion. In brief, informa-
tion were tabulated according to the article’s first author’s 
name, year of publication, region where research was con-
ducted, sample size of the experimental group and control 
group, duration of follow-up, age and sex of the study indi-
viduals, and the adjusted RR and 95% CI. When completed, 
the information tables were exchanged and checked. Any dis-
crepancies were resolved by discussion and by referring to the 
original publication.

Meta-analysis methods

In the present meta-analysis, the point estimates of RRs and its 
95% CI were calculated as effect sizes. We assessed the hetero-
geneity by testing Cochran’s Q-statistic [15]. The effect of het-
erogeneity was also quantified using I2=100%×(Q−df)/Q[16]. If 
a significant Q-statistic (P<0.05) or I2-statistic (I2>50%) indicat-
ed heterogeneity across studies, then the random-effects mod-
el was used for meta-analysis. Otherwise, heterogeneity was 
not significant and the fixed-effects model was applied. The 
overall estimates of RRs was obtained using Mantel-Haenszel 
method in the fixed-effects model [17]or DerSimonian and 
Laid method in the random-effects model [18]. To test the re-
liability of the results, we also performed a sensitivity anal-
ysis by repeating the meta-analysis after removal of 1 study 
each time. Publication bias was assessed by Egger’s regres-
sion asymmetry test and P>0.05 for both tests was considered 
to be no significant publication bias [19].
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Results

Characteristics of eligible studies

The details of the study selection process are shown in 
Figure 1. According to the pre-established search strategies, 
we found 7694 papers potentially relevant to the search 
terms (PubMed: 1837; Embase: 2733; Springer: 3124). A total 
of 3812 potentially relevant studies were selected after du-
plicates were removed. During the step of title and abstract 
screening, 3788 articles were excluded. Among the remain-
ing 24 studies, only 7 (3 descriptive research papers, 4 with 
the same population data, 2 reviews, and 9 articles not about 
ICD and the risk of death) met the inclusion criteria after full 
publication review.

Table 1 shows the characteristics of the 7 included studies 
[14,20–25], which were published between 2004 and 2014. A 
total of 15 520 patients (10 801 ICD cases and 4719 controls) 
with HF were considered in the meta-analysis. Sample sizes 
ranged from 34 to 2012, and average age was 57.9–75.3 years. 
Follow-up times were between 20 and 48 months.

Overall effects of mortality and subgroup analysis

The summary of the meta-analysis for mortality of male patients 
with HF is shown in Figure 2. The heterogeneity test showed 
that there were no significant heterogeneities between stud-
ies (I2=27.7%, P=0.217), so we used the fixed-effects model 
to calculated the effect sizes of mortality of ICD cases vs. the 
controls. The overall estimates of mortality (RR=0.73, 95% CI: 

Figure 1. Literature search and study selection.

Literature search in Embase (n=2733)
PubMed (n=1837), Springer link (n=3124)

Articles excluded:
  Obvious irrelevance (n=1499)

Articles excluded (n=17):
  3 descriptive research papers;
  4 of the same population data (remove 3
  articles 17);
  2 reviews, 9 articles not about ICD and
  the risk of death

Articles after duplicates removed (n=3812)

Articles full-text reviewed (n=24)

Articles included for meta-analysis (n=7)

ID
Author 
year

Country
Type of 
control

Follow up 
times

Years of 
event 
rates

Follow-up 
(%)

Mean 
LVEF

Sex
Control 
n, age

Case  
n, age

RR 
(95% CI)

1
Hohnloser 

2004
Germany

Pharmacologic 

therapy
30 months* 4 years 100.00% 0.28

F 80, 62.1 (10.6) 80, 61.5 (10.9) 1.00 (0.49, 2.04)

M 252, 62.1 (10.6) 262, 61.5 (10.9) 1.14 (0.77, 1.69)

2
Wilcox 

2014
USA

Pharmacologic 

therapy
24 months# 2 years 99.96% 0.25

F 1082, 69.3 (13.8) 604, 69.3 (13.8) 0.73 (0.55, 0.98)

M 1985, 68.7 (12.8) 1955, 68.7 (12.8) 0.73 (0.57, 0.92)

3
Hernandez 

2010
USA

Pharmacologic 

therapy
48 months# 3 years 100.00% ≤0.35

F 1797, 75.3 (5.6) 99, 74.3 (5.5) 0.58 (0.41, 0.83)

M 2012, 75.3 (5.6) 277, 74.3 (5.5) 0.80 (0.63, 1.01)

4
Russo 

2008
USA

Pharmacologic 

therapy
45.5 months* 5 years 100.00%

0.25 F 588, 60 (50, 67) 0.90 (0.56, 1.43)

0.24 M 1933, 60 (52, 69) 0.71 (0.57, 0.88)

5
Zareba 

2005
USA

Conventional 

therapy
20 months* 2 years 99.80% £0.30

F 73, 64 (11) 119, 64 (11) 0.57 (0.28, 1.18)

M 417, 65 (10) 623, 65 (10) 0.66 (0.48, 0.91)

6
Russo 

2004
USA

Pharmacologic 

therapy
39 months* 2 years 99.40% £0.40

F 34, NP 34, NP 1.38 (0.63, 2.99)

M 319, NP 317, NP 0.72 (0.55, 0.95)

7
Albert 

2008
USA

Pharmacologic 

therapy
29 months* 5 years 100.00%

0.22 F 69, 59.1 63, 59.1 1.14 (0.50, 2.64)

0.21 M 160, 57.9 166, 57.9 0.49 (0.27, 0.90)

Table 1. Characteristics of studies included in the meta-analysis.

LVEF – left ventricular ejection fraction; * mean; # length; F – female; M – male; NP – not provided.
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0.66–0.80) indicated that ICD significantly decreased the death 
of male patients with HF compared to the pharmacologic ther-
apy or conventional therapy. There was no heterogeneity be-
tween studies (I2=16.3%, P=0.306) for the female patients. The 
fixed-effects model, showed the pooled estimate of RR was 0.75 
(95% CI: 0.63–0.90), which demonstrates that ICD could signifi-
cantly reduce the mortality of female patients with HF (Figure 3).

Subgroup analysis stratified by the time after receiving an ICD 
was performed and results are shown in Table 2. The result 
of reduced mortality in HF patients was consistently found in 
the stratified analyses 2–3 years after receiving an ICD. But 

in the 4–5 years subgroup analysis, the effect sizes of male 
(RR=0.76, 95% CI: 0.51–1.14, P=0.184) and female patients 
(RR=0.96, 95% CI: 0.68–1.37, P=0.840) demonstrated that ICD 
use did not significantly reduce the death rate.

Sensitivity analysis and publication bias

The outcomes of RR in the sensitivity analysis of male pa-
tients ranged from 0.71 (95% CI: 0.64–0.78) to 0.75 (95% CI: 
0.66–0.82) and the RR in the female patients ranged from 0.73 
(95% CI: 0.60–0.88) to 0.25 (95% CI: 0.69–1.00). Therefore, the 
results of this meta-analysis are statistically stable and reliable.

Figure 2.  Forest plots for risk ratios of mortality (male) in heart 
failure patients associated with the implantation of 
cardioverter defibrillator treatment vs. pharmacologic 
therapy or conventional therapy. Squares represent 
the effect size for the risk ratio of mortality in heart 
failure patients associated with the cardioverter 
defibrillator treatment vs. the pharmacologic therapy 
or conventional therapy. Size of the squares is 
proportional to the size of the cohorts. Error bars 
represent 95% confidence intervals (CI). The diamond 
shape represents the pooled estimates within each 
analysis.

Hahnlose
Wilcox
Hermandez
Russo
Zareba
Russo
Albert
Overall (I-squared=27.7%, p=0.217)

2004
2014
2010
2008
2005
2004
2008

1.14 (0.77, 1.69)
0.73 (0.57, 0.92)
0.80 (0.63, 1.01)
0.71 (0.57, 0.88)
0.66 (0.48, 0.71)
0.72 (0.55, 0.95)
0.49 (0.27, 0.90)
0.73 (0.66, 0.80)

6.14
16.57
17.05
20.13
24.76
12.71

2.62
100.00

Year

Protective Risk factor

Author RR (95% CI)

.1 .5 1 2 10

% weight

Figure 3.  Forest plots for risk ratios of mortality (female) in heart 
failure patients associated with the implantation of 
cardioverter defibrillator treatment vs. pharmacologic 
therapy or conventional therapy. Squares represent the 
effect size for the risk ratio of mortality in heart failure 
patients associated with the cardioverter defibrillator 
treatment vs. pharmacologic therapy or conventional 
therapy. Size of squares is proportional to the size 
of the cohorts. Error bars represent 95% confidence 
intervals (CI). The diamond shape represents the 
pooled estimates within each analysis.

Hahnlose
Wilcox
Hermandez
Russo
Zareba
Russo
Albert
Overall (I-squared=16.3%, p=0.306)

2004
2014
2010
2008
2005
2004
2008

1.00 (0.49, 2.04)
0.73 (0.55, 0.98)
0.58 (0.41, 0.83)
0.90 (0.56, 1.43)
0.57 (0.28, 1.18)
1.38 (0.63, 2.99)
1.14 (0.50, 2.64)
0.75 (0.63, 0.90)

6.23
37.97
25.41
14.41

6.12
5.22
4.58

100.00

Year

Protective Risk factor

Author RR (95% CI)

.1 .5 1 2 10

% weight

Total/subgroup Category No. of studies RR (95% CI)
Heterogeneity test

P I2 (%)

Male

All studies 7 0.73 (0.66, 0.80) 0.217 27.7

Years of event rates
2–3 years 4 0.72 (0.64, 0.81) 0.674 0.0

4–5 years 3 0.76 (0.51, 1.14) 0.039 69.3

Female

All studies 7 0.75 (0.63, 0.90) 0.306 16.3

Years of event rates
2–3 years 4 0.69 (0.56, 0.85) 0.222 31.7

4–5 years 3 0.96 (0.68, 1.37) 0.883 0.0

Table 2. Pooled risk ratios of mortality for ICD treatment cases vs. control group cases in the meta-analysis.
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The Egger’s linear regression test was used to assess publica-
tion bias. For the male and female patent studies, the P val-
ues of mortality were 0.760 and 0.155, respectively, which re-
vealed no statistically significant publication bias.

Discussion

Many studies have compared ICD with pharmacologic thera-
py or conventional therapy in HF patients, but these studies 
have shown mixed results due to small sample sizes, low sta-
tistical power, patient sex, and different regions. In this me-
ta-analysis, we combined and re-analyzed 7 studies including 
15 520 patients (10 801 ICD cases and 4719 controls) assess 
the effectiveness of ICD for treatment of HF.

The results of this meta-analysis showed that HF significant-
ly reduced the mortality of female patients (RR=0.75, 95% 
CI=0.63–0.90) and male patients (RR=0.73, 95% CI=0.66–0.80) 
vs. pharmacologic/conventional management, consistent with 
a previous study reporting that the RR (95% CI) of female and 
male mortality in Wilcox’s paper were 0.73 (0.55–0.8) and 0.73 
(0.57–0.9), respectively. In addition, the mortality benefit of ICD 
use was also reported in Russo’s studies [22,25], despite the 
small number of women enrolled, and did not appear to be in-
fluenced by sex in these previous trials. Our subgroup analy-
sis also demonstrated that ICD use could significantly reduce 
the mortality in HF patients without differences according to 
sex, after receiving the therapy for 2–3 years;, and even after 
4–5 years the mortality was still less than the pharmacolog-
ic/conventional treatment, but this result was not significant, 
perhaps because of the relatively small population included.

ICD therapy was intentionally selected to consist of shock-
only, single-lead therapy with the goal of treating only rap-
id, sustained ventricular tachycardia or ventricular fibrilla-
tion [10]. In addition, the ICD was uniformly programmed to 
have a detection rate of 187 beats per minute or more [26]. 
Anti-tachycardia pacing therapies were not permitted in or-
der to minimize excessively rapid intervention in the event of 
non-sustained ventricular tachycardia [10,26]. In recent years, 
ICD therapy has been shown to be effective in the reduction 
of mortality of HF patient in numerous studies [11,22,25]. 
Although Kadish showed no reduction in all-cause mortality 
for female HF patents receiving ICD therapy [27], our analysis 
indicate that ICD could be effectively used for all eligible pa-
tients without sex difference.

Since the first descriptions of external defibrillation in the 1960s 
and the first human ICD application in 1980 by Mirowski [28], 
the paradigm for the prevention of sudden cardiac death has 
shifted away from anti-arrhythmic drug and ablative strate-
gies. In the past 15 years, the annual insertion of ICDs has in-
creased by 20-fold in the United States [29]. Several specific 
cardiomyopathies and hereditary heart diseases are endemic 
in China and about 70% of SCD are due to these heart diseas-
es, but the main strategy for SCD is pharmacological treatment 
(with high mortality), as ICD therapy is limited by socioeco-
nomic conditions [7]. Inspiringly, there is now increasing use 
of ICD in China and a national project has been recently start-
ed for SCD prevention.

The present study was an updated meta-analysis of the ef-
fects of ICD therapy on mortality in adults with HF. However, 
some limitations of this study should be noted. Firstly, few ar-
ticles were included, and were mainly conducted in the United 
States, so the outcomes might not be generalizable to patients 
in others countries. Therefore, it is necessary to conduct in-
vestigations in Asian, Australian, Central and South American, 
and European countries. Secondly, age, health status, quality 
of life, and patient condition were not uniform, so the results 
should be interpreted with caution. Thirdly, we did not have in-
formation on the pharmacologic/conventional treatment, such 
as medications intake and doses, and we did not account for 
the small number of patients who crossed over from the com-
parison group to the ICD group after the index hospitalization. 
Finally, we did not consider the complications of ICD treat-
ment, which is important in evaluating the use of ICD therapy.

Conclusions

Patients with HF had significantly less mortality when treat-
ed with ICD compared to pharmacologic/conventional 
management.
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