Research Article

Indications and Effectiveness of ICD for Primary and Secondary
Prevention in Patients Admitted in Ahvaz Imam Khomeini
Hospital since 2017

Mohamadreza Kiarsi', Maryam Pooyanfar?, Babak Payami?, Nehzat Akiash', Mehdi Easapour Moghadam?, Maryam Seyedtabib®
'Atherosclerosis Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran, 2Department of Cardiology, School of Medicine, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran, *Department of Biostatistics and Epidemiology, School of Health, Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran

Background: Implantable cardioverter-defibrillators (ICDs) have been established for primary and secondary prevention of fatal arrhythmias
and effectively reduce the rate of sudden cardiac death (SCD). This study aims to evaluate the indications and effectiveness of ICD for primary
and secondary prevention of SCD.

Materials and Methods: This retrospective study was conducted on 229 patients (136 for primary and 93 for secondary prevention) with
ICD implantations in Imam Khomeini Hospital, Ahvaz, between 2017 and 2020. The incidence of arrhythmic events after implantation of
ICDs was saved in electrograms, and the performed treatments (antitachycardia pacing (ATP)/shock) were recorded from the device memory.

Results: The indications for ICD implantation in primary and secondary prevention were different (P < 0.0001). The most common cause
of ICD implantation for primary prevention was ischemic cardiomyopathy (ICMP, 90.4%) and for secondary prevention was ICMP (58.1%)
followed by dilated cardiomyopathy (31.2%). During ICD implantation, 54 patients (39.7%) with ICD implantation for primary prevention
and 50 patients (53.8%) for secondary prevention had arrhythmia (P = 0.043). The rate of appropriate therapies in patients with secondary
prevention was higher than the primary prevention (57.9% vs. 42.1%), while the rate of inappropriate treatments in patients with primary
prevention indication was more than the secondary prevention (63% vs. 37%) (P = 0.060).

Conclusions: ICMP was the main cause of ICD implantation for the prevention of SCD in both groups. At follow-up, the high prevalence of
appropriate ICD therapy was observed in both groups, and this risk was slightly higher in the secondary prevention group.
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INTRODUCTION

Cardiovascular diseases are the leading cause of death worldwide.
Sudden cardiac death (SCD) occurs annually in 40 out of every
100,000 people in every Asian country.!*? One of the treatment
measures in patients with high-risk heart disease, especially heart
failure, is the installation of an intra-cardiac defibrillator (ICD)
to prevent SCD. It reduces mortality and increases survival.l'¥
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Today, ICD is known as the preferred choice, compared to
antiarrhythmic drugs for the primary or secondary prevention
of SCD.P4 Primary prevention is the treatment of ICD in
patients with risk factors for sudden death without a history of
cardiac arrest or persistent ventricular tachyarrhythmia (VTa)
or syncope. Secondary prevention also includes ICD
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implantation after resuscitated cardiac arrest or life-threatening
ventricular arrhythmia (VA).51 Between 1980 and 1991, the
most indications for ICD implantation (76%) were secondary
prevention.® However, in the last two decades, this trend has
expanded toward early prevention of SCD.F7)

Indications for ICD treatment for primary and secondary
prevention have been reviewed in various studies; however,
due to low follow-up and ambiguous definitions for treated
arrhythmias, conflicting results have been reported.!'”
There are also little data on the recurrence of VTa and its
characteristics during the follow-up period in patients at risk
of or rescued from SCD due to ventricular fibrillation (VF).
According to a report, in 70% of patients with ICD treatment,
there were more than five cases of VTa after 4.5 years. In
addition, as the indications for ICD implantation, whether
for primary or secondary prevention of SCD, vary depending
on the pathology of the heart, this study was conducted to
provide information on the indications, risks, and benefits of
ICD implantation to improve ICD results and to investigate
the indications and outcomes of ICD implantation for primary
and secondary prevention.

MarteriaLs AND METHODS

This retrospective cohort study was performed on patients
who underwent ICD treatment for various clinical reasons for
primary or secondary prevention of life-threatening VTa in
Imam Khomeini Hospital in Ahvaz from 2017 to 2020. This
study was conducted after approval by the Research Ethics
Committee of Ahwaz Jundishapur University of Medical
Sciences (Code: IR AJUMS.HGOLESTAN.REC.1400.011).
It is approximated that at least 212 patients who underwent
ICD treatment with indications for primary and secondary
prevention of the disease would be needed to find a difference
between desired groups, with probability of type I error (Alpha,
0=0.05) and the accuracy of 0.08. The following formula was

used to find out sample size from most similar studies!!):

ez,

n= 27 . Sampling was performed consecutively from
d

the available samples and continued until reaching the final

sample size.

At first, written consent was obtained from the participating
patients after the purpose of the study had been fully
explained to them. Furthermore, in all stages of this study,
the ethical statement in the Declaration of Helsinki study
and the principles of patient information confidentiality were
observed. Patients with ICD implantation during the period
of 2017-2020, who had surgery at least 3 months before the
study, were included in the study if desired. Patients were
excluded from the study if the indication for ICD implantation
was not clear and there was no documented evidence. Finally,
229 patients with ICD implantation, including 136 patients
with primary indication and 93 patients with secondary
prevention indication, entered the study. Patients were divided
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into primary and secondary prevention of SCD, based on the
indications for ICD implantation. Primary prevention is the use
of ICD in individuals at risk for episodes of stable ventricular
tachycardia (VT), VF, or resuscitated cardiac arrest. Secondary
prevention is the prevention of SCD in patients, rescued from
resuscitated cardiac arrest or with previous stable VT.57

Basic patient profiles including demographic and clinical
information including age, sex, and family history of SCD
in the first-degree relatives were extracted from patients’
records. Clinical information included duration of ICD
implantation, patient left ventricular ejection fraction (LVEF)
within ICD implantation, ischemic heart disease, history of
percutaneous coronary intervention (PCI), and concurrent
use of antiarrhythmic drugs during ICD implantation.
The presence of underlying diseases leading to ICD
implantation including ischemic cardiomyopathy (ICMP),
right ventricular arrhythmogenic cardiomyopathy, dilated
cardiomyopathy (DCM), and hypertrophic cardiomyopathy
was evaluated and recorded. Diagnosis of ICMP was based
on a previous history of myocardial infarction and/or a history
of PCI and/or coronary stenosis on angiography >50%. In
follow-up visits after ICD implantation, patients underwent
ICD check by an electrophysiologist. Arrhythmic events that
occurred during the installation of the device stored in the
electrogram (EGMs) from the device memory were reviewed
and the treatments performed were recorded. VTa is defined
as events with a sudden increase in rate along with a change
in the morphology of the near-field and far-field ventricular
EGM, relative to baseline rhythm. If an atrial EGM is present,
ventricular atrial rate (ventricular rate > atrial rate) is used to
diagnose VTa. ICD appropriate treatment was defined as ATP
or shock for VTa (VT/VF).M Finally, data about the occurrence
of arrhythmia during ICD implantation as well as arrhythmia
treatment method (ATP/shock) were reviewed and recorded.

Statistical analysis

SPSS software (SPSS Inc., Chicago, IL, USA.) version 24
was used for statistical analysis. Mean, standard deviation,
frequency, and percentage were used to describe the data. The
normality of the data was determined by Kolmogorov—Smirnov
test. Independent #-test and Chi-square (or Fisher’s exact
test) test were used to compare quantitative and qualitative
variables, respectively. Significance level was considered
0.05 in the tests.

ResuLts

In this study, 229 patients including 148 males (64.6%)
and 81 females (35.4%) with a mean age of
64.48 £ 10.12 years (range of 34-86 years) and a mean
follow-up period of 11.5 + 21.92 months participated. A total
of 136 patients (59.4%) with primary indication and 93 patients
(40.6%) with secondary indication for prevention were treated
with ICD implantation. The basic characteristics of the patients
in both the groups of ICD implantation with indications of
primary and secondary prevention are presented in Table 1. The
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Table 1: Basic characteristics of patients with implantable cardioverter-defibrillators implantation for primary and

secondary prevention

Variable Group Secondary prevention Primary prevention P*
(n=93), n (%) (n=136), n (%)
Age (years) 66.80+8.76 (47-86) 62.54+11.61 (34-86) 0.023
Gender Male 64 (68.8) 84 (61.8) 0.325
Female 29 (31.2) 52 (38.2)
ICD installation period (months) 22.11£11.29 (4-48) 21.95+11.58 (3-48) 0.918
Family history of sudden cardiac death 21(22.6) 9 (6.6) 0.001
LVEF (%) 26.94+10.65 (10-55) 26.07+7.13 (10-45) 0.492
Antiarrhythmic drug at the time of ICD implantation 50 (53.8) 106 (77.9) <0.0001
ICD embedding indication ICMP 54 (58.1) 123 (90.4) <0.0001
DCM 29 (31.2) 12 (8.8)
HCM 8(8.6) 0(0)
ARVD 2(2.2) 1(0.7)

*P<0.05 is significant. Data are presented as mean+SD (minimum—maximum) or frequency (%). ICD: Implantable cardioverter-defibrillator,
LVEF: Left ventricular ejection fraction, ICMP: Ischemic cardiomyopathy, DCM: Dilated cardiomyopathy, HCM: Hypertrophic cardiomyopathy,
ARVD/ARVC: Arrhythmogenic right ventricular dysplasia/cardiomyopathy, SD: Standard deviation

mean age of the patients with ICD implantation for primary
prevention was significantly higher than the patients with ICD
implantation for secondary prevention (P =0.023). The family
history of SCD was higher in patients with ICD implantation
for secondary prevention (P = 0.001). Furthermore, the
frequency of antiarrhythmic drug use during ICD implantation
in the group of patients with ICD implantation for primary
prevention was significantly higher than the group of patients
with secondary prevention indication (P < 0.0001). ICD
implantation indications in primary and secondary prevention
were different (P < 0.0001).

In the present study, 54 patients (39.7%) with ICD implantation
for primary prevention and 50 patients (53.8%) for secondary
prevention had arrhythmia during ICD implantation (P=0.043).
The frequency of arrhythmias in both the groups of patients
with ICD implantation for primary and secondary prevention
was not significantly different (P = 0.703), and the results
are presented in Table 2. In the present study, the need for
treatment (shock/ATP) in the primary prevention group was
24.26% while in the secondary prevention group was 34.4%.
The frequency of arrhythmia therapy during ICD implantation
for primary and secondary prevention is presented in Table 3.

Although most of the appropriate treatments were in patients
with secondary prevention group (57.9%) and most of the
inappropriate treatments were in patients with primary
prevention indications (63.0%), there was no significant
difference between the two groups in terms of inappropriate
and appropriate arrhythmia treatments (P = 0.060). The
frequency of different arrhythmia treatment methods during
ICD implantation, based on the type of arrhythmia, is presented
in Table 4, and as it can be seen, there was a difference between
the treatment methods for different arrhythmias (P < 0.0001).

In patients with primary prevention indication, there was no
significant relationship between patient characteristics (age,
sex, duration of ICD implantation, LVEF ICD implantation
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time, family history of SCD, and concurrent antiarrhythmic drug
use), and arrhythmia incidence (P < 0.05). However, in patients
with secondary prevention indication, the duration of ICD
implantation in patients with arrhythmia was significantly longer
than in patients without arrhythmia (22.44 + 11.17 months
vs. 19.11 £ 10.94 months, P = 0.031). In addition, LVEF
in time of ICD implantation was significantly higher in
patients with arrhythmia, compared to the patients without
arrhythmia (29.10% +11.00% vs. 24.42% +9.77%, P=0.034).
No dramatic relationship was reported between other patients’
characteristics and the presence of arrhythmia (P > 0.05).

Discussion

The results of the present study showed that the indications
for ICD implantation in primary and secondary prevention
were different so that the most common cause of ICD
implantation for primary prevention was ICMP (90.4%) while
the most common causes of ICD implantation for secondary
prevention were ICMP (58.1%) and DCM (31.2%). In the
study of Nagahara et al.,l'"” ischemic heart disease (34%) and
nonischemic heart disease (66%) were the causes of ICD for
secondary prevention. However, in a study by Boulé et al.l®
on patients with ICD implantation for secondary prevention
of SCD, most patients (72%) had ICMP. In a study by Schaer
et al. in Switzerland"® on the indications and predictors of ICD
treatment for secondary prevention, 83% of cases were ICMP.
These results suggest that ICD is used in patients at risk for
SCD with different clinical indications. Indications for ICD
implantation for the primary and secondary prevention of SCD
are various in different regions.

According to the results of the present study, 61.5%
of arrhythmias were VT/nonsustained ventricular
tachycardia (NSVT)/VF and 11.5% of arrhythmias were
supraventricular tachycardia (SVT). In addition, the incidence
of arrhythmias in people with ICD for primary prevention
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Table 2: Type of arrhythmia during implantable
cardioverter-defibrillator implantation for primary and
secondary prevention

Type of Secondary prevention  Primary prevention  P*
arrhythmia (n=50), n (%) (n=54), n (%)

Sinus tach 2 (4.0) 5(9.3) 0.703
V-tach 18 (36.0) 11 (20.4)

NSVT 12 (24.0) 14 (25.9)

AF 4 (8.0) 7(13.0)

AFL 3 (6.0) 2(3.7)

SVT 5(10.0) 7(13.0)

AT 2 (4.0) 3(5.6)

VF 4 (8.0) 5(9.3)

*P<0.05 is significant. Data are presented as frequency (%). Sinus tach:
Sinus tachycardia, V-tach: Ventricular tachycardia, NSVT: Nonsustained
ventricular tachycardia, AF: Atrial fibrillation, AFL: Atrial flutter,

SVT: Supraventricular tachycardia, AT: Atrial tachycardia,

VE: Ventricular fibrillation

Table 3: Type of arrhythmia treatment during implantable
cardioverter-defibrillator implantation for primary and
secondary prevention

Type of Secondary Primary P*
arrhythmia prevention prevention

treatment (n=93), n (%) (n=136), n (%)

Untreated 61 (65.6) 103 (75.7) 0.109
ATP/shock 3(3.2) 7(5.1)

Shock 18 (19.4) 12 (8.8)

ATP 11 (11.8) 14 (10.3)

Appropriate 22 (57.9) 16 (42.1) 0.060
Inappropriate 10 (37.0) 17 (63.0)

*P<0.05 is significant. Data are presented as frequency (%).
ATP: Antitachycardia pacing

Table 4: Types of arrhythmia treatment based on type of
arrhythmia during implantable cardioverter-defibrillator
implantation

Type of Untreated  ATP/ Shock ATP P*
arrhythmia shock

Sinus tach 3(28.6)  2(286) 1(143) 2(28.6) <0.0001
V-tach 0 8(27.6) 15(51.7) 6(20.7)

NSVT 20 (76.9) 0 2(6.7)  4(16.0)

AF 5(76.9) 0 2(182) 4(36.4)

AFL 4 (80.0) 0 0 1 (20.0)

SVT 5(41.7) 0 1(83)  6(50.6)

AT 4 (80.0) 0 0 1(20.1)

VF 0 0 9 (100) 0

*P<0.05 is significant. Data are presented as frequency (%). Sinus tach:
Sinus tachycardia, V-tach: Ventricular tachycardia, NSVT: Nonsustained
ventricular tachycardia, AF: Atrial fibrillation, AFL: Atrial flutter,

SVT: Supraventricular tachycardia, AT: Atrial tachycardia,

VF: Ventricular fibrillation

was significantly lower than the secondary prevention
group (39.7% vs. 53.8%). Previous studies have also shown
that patients undergoing ICD treatment for secondary
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prevention are at high risk for short-term VTs.I'*!Y] However,
the long-term outcome has not been accurately determined. In
a study by Theuns et al. in the Netherlands, during the mean
follow-up time of 4.5 years after ICD implantation, 690 cases
of VF were reported in 91 patients (24%) and 70% of patients
had more than five cases of VTa.

In the study by Zhang ef al. in China,!""? 86.3% of arrhythmic
events were related to VI/VF and 13.7% were related to SVT.
In the study of Manuchehry er al.'*) in the United States,
monomorphic VT, apart from implantation indication, was
the most common cause of ICD treatment in the primary and
secondary prevention groups (60.3% and 56.4%, respectively),
and there was no significant difference in indication for ICD
implantation between the primary and secondary prevention
groups. The results of PainFREE Rx II and INTRINSIC RV
clinical trials also showed that the frequency distribution
of VAs was similar between the two groups of primary and
secondary prevention patients.''®!” However, in both clinical
trials, in most patients in the secondary prevention group, VT
was as the index arrhythmia. These results are completely
consistent with the findings of the present study.

In the present study, the need for treatment (shock/ATP)
in the primary prevention group was 24.26% while in the
secondary prevention group was 34.4%. The frequency of
arrhythmia treatment in both the groups of patients with ICD
implantation for primary and secondary prevention was not
significantly different. Although inappropriate treatments in
patients with primary prevention indication were more than
secondary prevention (63% vs. 37%) and appropriate treatment
in patients with secondary prevention indication was more
than the primary prevention group (57.9% vs. 42.1%), there
was no significant difference between the groups in terms of
appropriate and inappropriate treatment.

Results of the study by Nagahara et a/.l'¥ in evaluating the
results of ICD treatment in patients with structural heart
disease (SHD) and the indication for secondary prevention
showed that the appropriate therapy in the 5-year follow-up
was 54%, while inappropriate treatment was reported 17.6%.
In the study by Schaer et al.,'” it was reported that during
10 years of follow-up, the appropriate treatment rate in
patients with ICD implantation for secondary prevention
was high (65%), and there was no important predictor for it,
especially for life-threatening arrhythmias. These results are
inconsistent with the findings of the present study. The reason
for the high incidence of arrhythmias in their study may be
partly due to long-term follow-up and differences in subjects’
characteristics. The results of a study by Boulé et al.! showed
that recipients of ICD treatment for secondary prevention
in long-term follow-up were at high risk for appropriate
device therapy (58.2%). In LOHCAT clinical trial,''¥ the rate
of appropriate treatments during the average follow-up of
4.5 years was 47%.

Schaer et al."% in a cohort study on 357 patients with secondary
prevention indication reported a 59% incidence of appropriate
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treatments over a 6.8-year follow-up period. In a study by
Rahmawati et al., during the follow-up period (69.2 months) for
secondary prevention, the patients received more appropriate
shocks than primary prevention (40.5% vs. 19.2%), and the
incidence of inappropriate shocks was high in both primary
and secondary prevention groups (25.5% vs. 26%). In a study
by Konstantino et al. in the United States,!'¥! the patients with
ICD implantation for primary prevention were significantly
at lower risk of appropriate ICD treatment, while the patients
with ICD implantation for secondary prevention were at greater
risk for ICD treatment, and the time interval between ICD
implantation till the first treatment was significantly shorter.
In the study of Theuns et al.,”* during the mean follow-up
period of 4.5 years, 24% of patients with ICD implantation for
secondary prevention received appropriate treatment (shock
or ATP).

Although ICD prophylaxis is widely used, there are relatively
limited data on the outcome of these patients. In addition, the
studies, performed on different populations with different
indications and different follow-up durations, have yielded
controversial results in this field. It is also substantial to
say that the peril of suitable remedies depends on ICD
programming.[' In this research, although ICD programming
was standardized at the time of implant placement, subsequent
ICD programming was performed with the patient’s physician;
therefore, changes in ICD programming may have affected
the peril of suitable remedies. In addition, despite limited data
in this area, it is likely that “modern” tachycardia diagnosis
programming (higher threshold for VT detection rate, longer
detection duration, etc.) may lead to less appropriate therapies.

What is certain is that ICD is an essential treatment for
the secondary prevention of SCD in patients with SHD.!
Although some studies have shown that the rate of appropriate
therapy after ICD implantation in patients with secondary
prevention indication was higher than ICD patients for primary
prevention,['%132022 it should be noted that clinical trials for
ICD treatment have been mostly performed in European
countries and the United States, where most of the underlying
cases of heart disease are ischemic heart disease, and therefore,
these findings may not be applicable for countries with
different prevalence of heart diseases.' Furthermore, one of
the reasons for the different occurrence of appropriate therapy
after implantation of ICD for primary and secondary prevention
in previous studies is the heterogeneity of different groups of
patients with arrhythmia.

In the present study, there was a significant difference
between the treatment methods of different arrhythmias so
that NSVT, atrial fibrillation (AF), atrial flutter (AFL), and
atrial tachycardia (AT) arrhythmias were untreated in most
cases (76.9%, 76.9%, 80%, and 80%). SVT arrhythmia was
treated with ATP in 50% of cases and untreated in 41.7% of
cases. VT arrhythmia was treated by shock method in 51.7%
of cases. VF arrhythmia was also treated in all cases (100%) by
shock method. In the study of Theuns ez al.,! the results of VTa
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after ICD implantation in 378 patients showed that VTa with
a duration <300 ms was treated with shock (82%), but most
cases (83%) of VTa with a cycle length >300 ms were treated
with ATP. No studies were observed on arrhythmia treatment,
based on the type of arrhythmia during follow-up within ICD
implantation for primary and secondary prevention, so it was
impossible to compare this part of the results. In the present
study, all VT and VF cases received appropriate treatment.
Meanwhile, in a 3-year follow-up study, it was reported that
patients with VT as an arrhythmia index were more likely
to require appropriate treatment during ICD implantation
(75.5% vs. 47.4%), compared to VF index arrhythmias.

In a cohort study by Boulé ez al.,[ which investigated
239 patients with an average follow-up of 7.8 years, the results
showed that patients with VF index arrhythmia needed more
appropriate treatment than VT arrhythmias.

Finally, as mentioned, various studies have reported conflicting
results in terms of indications and outcome of ICD implantation
for primary and secondary prevention of SCD, because these
studies have been performed on different populations with
different underlying heart diseases and different rates of heart
failure. The duration of follow-up has also varied in different
studies.

The present study also faced limitations including being
retrospective and monocenteric. Other limitations include
the failure to investigate the relationship between the ICD
manufacturer and receiving right or wrong shocks. Further,
changes in device programming over time can affect the
incidence of appropriate therapies. Therefore, by conducting
more multicenter studies with a larger sample size, better
results can be achieved.

ConcLuSIONS

The results of the present study showed that the indications
for ICD implantation in primary and secondary prevention
are different and ICD treatment recipients in both groups,
especially patients with secondary prevention indication,
were exposed to high incidence of appropriate therapy, which
supports the use of existing ICD guidelines for the primary
and secondary prevention of SCD. Finally, the results of this
study suggest that the patients, treated with ICD, require close
monitoring and that the care of patients receiving ICD for
primary and secondary prevention may be different.
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