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ABSTRACT

Background: The use of an implantable cardioverter-defibrillator (ICD) has been
established as an effective secondary prevention strategy for ventricular tachycardia
(VT)/ventricular fibrillation (VF). However, few reports discuss the difference in
clinical predictors for recurrent VI/VF between patients with ischemic
cardiomyopathy (ICM) and patients with dilated cardiomyopathy (DCM).
Methods: From May 2004 to December 2015, 132 consecutive patients who had ICM
(n = 94) or DCM (n = 38) and had received ICD implantation for secondary
prevention were enrolled in this study. All anti-tachycardia events during follow-up
were validated. The clinical characteristics and echocardiographic parameters were
obtained for comparison. The incidence of recurrence of VT/VF, cardiovascular
mortality, all-cause mortality, the change of left ventricular ejection fraction (LVEF)
and LV volume were analyzed.

Results: At a mean follow-up of 3.62 * 2.93 years, 34 patients (36.2%) in the ICM
group and 22 patients (57.9%) in the DCM group had a recurrence of VI/VF
episodes (p = 0.032). The DCM group had a lower LVEF (p = 0.019), a larger LV
end-diastolic volume (LVEDV) (p = 0.001), a higher prevalence of LVEDV >158 mL
(p = 0.010), and a larger LV end-systolic volume (p = 0.010) than the ICM group.
LVEDV >158 mL and no use of angiotensin-converting-enzyme inhibitor/
angiotensin receptor blocker were independent predictors of recurrences of VI/VF
in ICM patients but not in DCM patients. There were no difference in cardiovascular
mortality and all-cause mortality between the ICM and DCM patients.
Conclusion: The DCM patients had a higher recurrence rate of VI/VF than did the
ICM patients during long-term follow-up. An enlarged LV is an independent
predictor of the recurrence of VI/VF in ICM patients receiving ICD for secondary
prevention.

Subject Cardiology
Keywords Implantable cardioverter-defibrillator, Ventricular tachyarrhythmia, Ischemic
cardiomyopathy, Dilated cardiomyopathy
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INTRODUCTION

Cardiac arrhythmias impose a public health and an economic burden on the global
medical community. Ventricular tachyarrhythmias are significantly associated with
increased risks of cardiovascular complications and sudden cardiac death (SCD),
consequently leading to a decreased quality of life and increased disability, high mortality,
and greater healthcare expenses. In Asia, SCD occurs in approximately 40 cases per
100,000 individuals annually, and most cases of SCD are caused by myocardial infarction
and ventricular tachycardia (VT)/ventricular fibrillation (VF) (Murakoshi ¢ Aonuma,
2013). Implantation of an implantable cardioverter-defibrillator (ICD) has been
established as an effective secondary prevention strategy for SCD, and the number of ICD
implantations has increased gradually because more and more patients with post-
myocardial infarction and heart failure (HF) survive with contemporary optimal
medical therapies, including 3-blockers, renin-angiotensin-aldosterone antagonists,

and statins, as well as modifications of risk factors (Borne et al., 2017). According to the
current European Society of Cardiology guidelines (Ponikowski et al., 2016) one primary
prevention ICD, the patients with non-ischemic disease fulfill indications of ejection
fraction (EF) <35% on optimal medical therapy and with >1-year life expectancy, and the
patients with ischemic disease fulfill indications when >6 weeks after MI, with EF <35% on
optimal medical therapy and with >1-year life expectancy. Secondary prevention ICD
refers to the prevention of SCD in patients who have survived a prior sudden cardiac arrest
or a sustained VT (Kusumoto et al., 2014). Although randomized control studies
demonstrated a survival benefit of ICD implantation among patients surviving SCD, the
overall morbidity and mortality in this population remain high. In recent large registry
reports, the survival rate for ICD-treated patients was near 90% at 1-year follow-up, and
most of the deaths were related to cardiac causes (Katz et al., 2017). The most common
causes of deaths in patients with HF include recurrent VI/VF and HF progression
(Narang et al., 1996).

A left ventricular ejection fraction (LVEF) <40%, permanent atrial fibrillation, and QRS
duration >150 m/s have been reported as independent predictors for recurrence of VT/VF
in patients with dilated cardiomyopathy (DCM) (Klein et al., 2006). A previous study
also reported left ventricular (LV) remodeling and a QRS width >125 m/s to be
independent predictors of VI/VF recurrence in ICD recipients for secondary prevention
under optimal medical therapy (Lee et al., 2016). However, few reports have focused on the
differences in clinical predictors for recurrent VI/VF after receiving ICD for secondary
prevention between patients with ischemic cardiomyopathy (ICM) and patients with DCM.

Accordingly, this study aimed to investigate the difference in predictors for recurrent VI/VF
after ICD implantation between patients with ICM and patients with non-ischemic DCM.

METHODS

Database
The protocol was set according to our previous work examining predictors for recurrent
VT/VEF in secondary prevention ICD recipients (Lee et al., 2016). The type of data collected
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was also similar to that in the above study. Specifically, the study extended to the follow-up
period and enrolled more patients in our hospital. In addition, the study focused on the
comparison of recurrent VT/VF between the ICM and the DCM groups. Recurrent VT/VF
was defined as a sustained VT (duration longer than 30 s) and VF. Baseline characteristics
such as general demographics, heart diseases, comorbidities, the LV function, the
functional class of HF, QRS length, primary presenting rhythm, systolic blood pressure
(SBP), renal function, medication, VT/VF detection zone, and VT ablation were compared
between the two groups. According to the chart review, data on cardiovascular death and
all-cause death were collected and compared between the groups. All patients who received
ICD implantation had regular out-patient department follow-ups and underwent ICD
record follow-up every three months in our hospital.

Patient population (inclusion and exclusion criteria)

From May 2004 to December 2015, 132 consecutive patients, who had survived

sudden death related to VT/VF events, were diagnosed with ICM or DCM, and received
ICD implantation for secondary prevention were enrolled in this study in Kaohsiung
Chang Gung Memorial Hospital. We excluded the patients who received implantable
cardiac resynchronization therapy defibrillator implantation and those with other
etiologies, such as Brugada syndrome, idiopathic VF or arrhythmogenic right ventricular
cardiomyopathy receiving ICD implantation. The ICM group comprised 94 patients, and
the non-ischemic DCM group comprised 38 patients. In the DCM group, all patients
underwent coronary angiography to exclude obstructive coronary lesions. Only seven
patients had focal 50% stenotic lesions in the coronary artery that did not involve the left
anterior descending artery. All patients received the echocardiography evaluation at the
registry inclusion prior to ICD implantation. All patients were also administered guideline-
base treatments for ventricular tachyarrhythmia and HF if the patient could tolerate
without decrease of renal function. All information from ICD integgoration during
follow-up or anti-tachycardia events were reviewed and validated with the occurrences
of VT/VF and anti-tachycardia therapy (anti-tachycardia pacing or shock) by two
different electrophysiologists independently.

Echocardiography

Echocardiographic parameters, including LV diastolic dysfunction, LV end-diastolic
volume (LVEDV), and LV end-systolic volume (LVESV), were measured using a Philips
IE33 or GE’s Vivid 9. LVEDV and LVESV were quantified by M-mode and corrected
by the two-dimensional guided biplane Simpson’s method of disc measurements by
echocardiography (Crawford et al., 1980; Lang et al., 2005).

Study endpoints

The primary study endpoints included the recurrence of sustained VT/VF (longer than
30 s) which needed anti-tachycardia pacing therapy or ICD shock therapy. The secondary
endpoints included cardiovascular death (death related to HF and arrhythmic death)
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and all-cause mortality from any cause (including cardiovascular death, sepsis, hepatic
failure, and brain hemorrhage).

Ethics statement

The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the Institutional Review Committee for Human Research
(201701405B0) of our institution. The raw data were from the ICD registry of Kaohsiung
Chang Gung Memorial Hospital. The accession number for the KCGMH ICD registry was
104-8143B, and it was deposited at the Kaohsiung Chang Gung Memorial Hospital.

Statistical analysis

Data are presented as mean + standard deviation or percentages; median and interquartile
range were used for non-normally distributed parameters. The clinical characteristics of
the study groups were compared by the t-test or Mann-Whitney U test for continuous
variables or chi-square test or Kruskal-Wallis test for categorical variables. The significant
predictors for the recurrence of VI/VF after ICD implantation were identified by the
univariate and multivariate Cox regression analyses. Each independent variable was
based on previous studies and conventional risk factors, and predictors for the recurrence
of VT/VF were expressed as hazard ratios with 95% confidence intervals. Receiver
operating characteristic (ROC) curves were used to determine the optimal values in terms
of sensitivity and specificity. The Kaplan-Meier method and log-rank test were used to
compare the event-free survival of the recurrence of VI/VF, cardiovascular mortality, and
all-cause mortality during follow-up. Statistical analysis was carried out using statistical
software (SPSS for Windows, Version 22; SPSS, Inc., Chicago, IL, USA). A two-sided
p-value of 0.05 was considered statistically significant.

RESULTS

Receiver operating characteristic curves

Receiver operating characteristic curves for LVEDV were constructed, and they revealed
that the cut-off point for the LVEDV was 158 mL. This resulted in the best sensitivities
and specificities of recurrent VT/VF in the ICM group; the areas under these curves
was 0.694 (p = 0.002). In the DCM group, ROC curves for LVEDV did not have significant
values for recurrent VT/VF.

Baseline characteristics of study patients

A total of 94 patients with a mean age of 66.7 + 10 years were in the ICM group, and
the majority was male (77.7%). A total of 38 patients with a mean age of 59.7 + 12 years
were in the non-ischemic DCM group and the majority was male (78.9%). The ICM group
contained a statistically significant number of older patients and had a significantly
higher prevalence of coronary artery disease, hypertension, diabetes mellitus, and
hyperlipidemia than did the ICM group (Table 1). The HF functional class was similar
between the two groups. The majority of primary presenting rhythm was VT in the ICM
group, and the majority of the primary presented rhythm was VT plus VF in the DCM
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Table 1 Baseline characteristics of study patients.

ICM (n = 94) DCM (n = 38) p-Value
General demographics
Age (year) 67.7 £ 10 59.6 + 11 0.001
Male gender 73 (77.7) 30 (78.9) 0.871
Comorbidity
CAD 94 (100) 7 (18.4) <0.001
Valvular heart disease 6 (6.4) 3(7.9) 0.716
post operation
Hypertension 69 (73.4) 20 (52.6) 0.025
Diabetes mellitus 41 (43.6) 7 (18.4) 0.009
Prior stroke 14 (14.9) 4 (10.5) 0.588
Hyperlipidemia 39 (41.5) 5(13.2) 0.002
ESRD 14 (14.9) 1(2.6) 0.066
CKD stage >3 25 (26.6) 4 (10.5) 0.043
Atrial fibrillation (%) 0.135
No 73 (77.7) 23 (60.5)
Paroxysmal 14 (14.9) 10 (26.3)
Persistent 7 (7.4) 5(13.2)
Heart failure 0.189
NYHA functional class I-1I 63 (67.0) 24 (63.2)
NYHA functional class III-IV 31 (33.0) 14 (36.8)
QRS length (m/s) 110.0 (92.0-126.0) 112.0 (96.0-152.0) 0.330
Primary presenting rhythm <0.001
VT 82 (87.2) 9 (23.7)
VF 7 (7.4) 1(2.6)
VT plus VF 5 (5.3) 28 (73.7)
Systolic blood pressure (mmHg) 111.84 + 14.10 117.45 + 11.80 0.021
Creatinine (mg/dL) 1.31 (0.97-2.10) 1.13 (0.90-1.63) 0.128
Medications
ACEI/ARB 66 (70.2) 36 (94.7) 0.002
3-blocker 59 (62.8) 27 (71.1) 0.423
Diuretic 28 (29.8) 16 (42.1) 0.221
Statin 50 (53.2) 6 (15.8) <0.001
Spironolactone 16 (17.0) 11 (28.9) 0.154
Anti-platelet agent 85 (90.4) 9 (23.7) <0.001
Warfarin 11 (11.7) 8 (21.1) 0.179
NOAC 2(2.1) 2(5.3) 0.578
Amiodarone 70 (74.5) 26 (68.4) 0.521
ICD chamber 0.850
Single 50 (53.2) 21 (55.3)
Dual 44 (46.8) 17 (44.7)
Lowest VT-detection zone (bpm) 160.0 (150.0-167.0) 164.5 (160.0-180.0) 0.028
Lowest VF-detection zone (bpm) 200.0 (200.0-214.0) 200.0 (200.0-222.0) 0.786
(Continued)
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Table 1 (continued).

ICM (n = 94) DCM (n = 38) p-Value

Post VT ablation (%) 8 (8.5) 6 (15.8) 0.226

Success 4 (50) 2 (33.3)

Failure 4 (50) 4 (66.7)
LV systolic function

LVEF (%) 44.40 £+ 15.32 37.46 + 14.57 0.019

LVEDV (mL) 167.0 (124.0-201.0) 209.0 (167.0-264.0) 0.001

LVEDV >158 mL 50 (53.2) 29 (78.4) 0.010

LVESV (mL) 85.5 (59.0-130.0) 121.0 (74.8-168.5) 0.010
Recurrent VI/VF (%) 34 (36.2) 22 (57.9) 0.032
VT/VEF occurrence within 1 year 21 (26.6) 12 (35.3) 0.373
1-year CV mortality 5 (6.3) 3(9.4) 0.687
1-year all-cause mortality 10 (11.8) 5(14.7) 0.761
Follow-up time (years) 3.03 (1.33-5.70) 3.01 (1.01-6.06) 0.966

Notes:

Data are expressed as mean + SD or median (IQR) if non-normal distributed parameters or as number (percentage).
ICM, ischemic cardiomyopathy; DCM, dilated cardiomyopathy; CAD, coronary artery disease; ESRD, end stage renal
disease; CKD, chronic kidney disease; NYHA, New York Heart Association; ACEI angiotensin-converting-enzyme
inhibitor; ARB, angiotensin receptor blocker; NOAC, non-vitamin K oral anticoagulants; ICD, Implantable cardioverter-
defibrillator; VT, ventricular tachycardia; VF, ventricular fibrillation; LVEF, left ventricular ejection fraction; LVEDV, left
ventricular end diastolic volume; LVESV, left ventricular end systolic volume; CV, cardiovascular.

group (p < 0.001). SBP was well controlled in both groups and was higher in the DCM
group. The prevalence of the use of angiotensin-converting-enzyme inhibitor (ACEI)/

angiotensin receptor blocker (ARB) was significantly lower and the prevalence of the use

of statin, and anti-platelet agents was significantly higher in the ICM group compared
to the DCM group. Only eight (8.5%) patients in the ICM group and six (15.8%)
patients in the DCM group received VT ablation (p = 0.226). The DCM group had a
lower LVEF (37.46 + 14.57% vs. 44.40 * 15.32%; p = 0.019), a larger LVEDV (209.0
(167.0-264.0) vs. 167.0 (124.0-201.0) mL; p = 0.001), higher prevalence of LVEDV
>158 mL (78.4% vs. 53.2%; p = 0.010), and a larger LVESV (121.0 (74.8-168.5) vs.

85.5 (59.0-130.0) mL; p = 0.010) than the ICM group.

Differences in the incidence of recurrent VT/VF, cardiovascular

mortality, and all-cause mortality during follow-up between ICM and

DCM patients

The median number of follow-up years was similar between the two groups

(3.03 (1.33-5.70) years vs. 3.01 (1.01-6.06) years; p = 0.966). The DCM group had a
significantly higher incidence of recurrent VT/VF (57.9% vs. 36.2%; p = 0.032) than the
ICM group. The difference in event-free survival from VT/VF occurrence between the

ICM and DCM patients began to separate at the 3-year follow-up and became significant
at the 5-year follow-up (57.7% vs. 84.6%; p = 0.022) (Fig. 1).
There were no significant differences in cardiovascular mortality and all-cause mortality

between the two groups at the 1-year and 3-year follow-ups (Table 1). Five patients
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Figure 1 Kaplan-Meier curves of 1-year, 3-year, and 5-year event free survival from recurrent
ventricular tachycardia (VT)/ventricular fibrillation (VF) between ICM and DCM. Study sites:
ICM, ischemic cardiomyopathy; DCM, dilated cardiomyopathy.

Full-size K&l DOTI: 10.7717/peerj.5312/fig-1

in the ICM group had cardiovascular deaths due to refractory VT/VF, and three patients in
the DCM group experienced cardiovascular death (two patients because of severe HF with
cardiogenic shock and one patient because of refractory VI/VF) at the 1-year follow-up
(Table 1).

Clinical predictors of recurrence of VT/VF in patients with ICM

On univariate Cox regression analyses, larger LVEDV, LVEDV >158 mL, non-use of
ACEI/ARB, and use of spironolactone were found to be statistically significant predictors
of recurrence of VI/VF in patients with ICM (Table 2). By multivariate Cox regression
analyses of LVEDV >158 mL, no use of ACEI/ARB, and the use of spironolactone,
LVEDV >158 mL and no use of ACEI/ARB were independent predictors of recurrence
of VT/VF in patients with ICM (Table 2).

Clinical predictors of recurrence of VT/VF in patients with DCM

By univariate Cox regression analyses, age, gender, atrial fibrillation, LV function, LV
volume, clinical HF functional class, QRS length, and medications (ACEI/ARB, {3-blocker,
amiodarone, spironolactone) were not predictors of recurrence of VI/VF in patients
with DCM (Table 3).

Comparison of the recurrent rate of VT/VF between DCM patients and
ICM patients with LV volume and function like DCM patients

A total of 50 ICM patients had LVEDV >158 mL and the mean LV function and
volume like the 38 DCM patients. These 50 ICM patients were older and had less use
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Table 2 Univariate and multivariate Cox regression analyses in predicting recurrence of VI/VF in
patients with ICM.

Variables Univariate analysis Multivariate analysis
Hazard 95% CI P value Hazard 95% CI p-Value
ratio ratio

Female 0.733 0.340-1.581 0.429
Age 0.979 0.948-1.011 0.189
Atrial fibrillation 0.678 0.261-1.759 0.424

(paroxysmal and

persistent)
LVEF (%) 0.990 0.968-1.014 0.415
LVEF <30% 1.674 0.723-3.877 0.229
LVEDV (mL) 1.005 1.000-1.009 0.048
LVEDV >158 mL 4.146 1.708-10.065 0.002 4.011 1.648-9.759 0.002
LVESV (mL) 1.003 0.998-1.009 0.200
Heart failure NYHA 1.001 0.485-2.066 0.999

functional class >3
QRS width (m/s) 1.002 0.990-1.014 0.704
ACEI/ARB 0.448 0.224-0.897 0.023 0.486 0.239-0.959 0.038
B-blocker 0.689 0.345-1.377 0.292
Amiodarone 0.768 0.372-1.585 0.475
Spironolactone 2.261 1.002-5.103 0.049

Note:

ICM, ischemic cardiomyopathy; VT, ventricular tachycardia, VF, ventricular fibrillation, CI, confidence interval, LVEF,
left ventricular ejection fraction, LVEDYV, left ventricular end diastolic volume, LVESV, left ventricular end systolic
volume, NYHA, New York Heart Association, ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin
receptor blocker.

of ACEI/ARB than the 38 DCM patients (Table 4) and there was no difference in the
clinical functional class of HF, QRS length, the prevalence of use of 3-blocker, diuretics,
spironolactone, and amiodarone between the 50 ICM patients and 38 DCM patients.
The 1-year recurrence rate of VI/VF (34.0% vs. 35.3%; p = 1.000), 1-year cardiovascular
mortality, and 1-year all-cause mortality did not differ between these 50 ICM patients
and the 38 DCM patients (Table 4; Fig. 2).

The incidence of recurrent ventricular tachyarrhythmia in the patients
with improving LVEDV or LVEF at 1-year follow-up period

After excluding the expired patients and the patients who did not receive the follow-up
echocardiography between the half-year and 1-year follow-up period, a total the

101 patients received follow-up echocardiography after at least half a year of medical
treatment. LVEDV regressed >10% with less prevalence of recurrent ventricular
tachyarrhythmia but did not reach significance (Table 5). LVEDV still greater than 158 mL
had a significantly higher prevalence of recurrent ventricular tachyarrhythmia (LVEDV
>158 vs. <158 mL; 54.2% vs. 31.0%; p = 0.026) (Table 5). The patients with improving
LVEF greater than 5% did not have a lesser prevalence of recurrent ventricular
tachyarrhythmia (Table 5).
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Table 3 Univariate Cox regression analyses in predicting recurrence of VI/VF in patients with

DCM.

Variables Univariate analysis
Hazard 95% CI p-Value
ratio

Female 1.078 0.363-3.205 0.892
Age 1.007 0.971-1.043 0.717
Atrial fibrillation 1.563 0.665-3.674 0.306

(paroxysmal

and persistent)
LVEF (%) 1.001 0.968-1.036 0.947
LVEF <30% 1.326 0.551-3.191 0.529
LVEDV (mL) 1.003 0.998-1.009 0.253
LVEDV >158 mL 1.641 0.549-4.907 0.376
LVESV (mL) 1.005 0.999-1.010 0.123
Heart failure NYHA 0.870 0.337-2.243 0.773

functional class >3
QRS width (m/s) 1.009 0.996-1.022 0.166
ACEI/ARB 0.369 0.083-1.634 0.189
B-blocker 0.481 0.176-1.313 0.153
Amiodarone 1.630 0.653-4.068 0.296
Spironolactone 0.509 0.172-1.506 0.223

Note:

DCM, dilated cardiomyopathy; VT, ventricular tachycardia, VF, ventricular fibrillation, CI, confidence interval, LVEF,
left ventricular ejection fraction, LVEDYV, left ventricular end diastolic volume, LVESV, left ventricular end systolic
volume, NYHA, New York Heart Association, ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin
receptor blocker.

DISCUSSION

This study showed that the DCM patients had a significantly higher incidence of
recurrent VT/VF than did the ICM patients. In both groups, SBP was well controlled, and a
guideline-based treatment was applied if possible. Besides, LVEDV >158 mL and non-use
of ACEI/ARB were independent predictors of recurrence of VI/VF in the patients

with ICM but not in the DCM patients. However, like DCM patients, the subgroup of ICM
patients with LV function and volume had a recurrence rate of VT/VF that was similar
to that of DCM patients. There were no differences in the cardiovascular mortality and
all-cause mortality between the ICM patients and DCM patients. After adequate
medical treatment for at least half a year, a higher prevalence of recurrent ventricular
tachyarrhythmia was noted in the patients with LVEDV >158 mL.

One study reported that around 50% of recurrent VI/VF events developed in DCM
patients with ICD implantation for primary prevention and secondary prevention, and
the time between implantation and first appropriate therapy was similar between primary
and secondary prevention patients (Karaoguz et al., 2006; Meyer et al., 2009). Although
there are controversial reports regarding the use of ICD implantation to reduce sudden death
in patients with DCM (Anderson, 2005), few studies have discussed the clinical predictors of
recurrent VI/VF in DCM patients. In this study, LVEDV >158 mL was an independent
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Table 4 Comparison of the recurrent of VI/VF between DCM patients and ICM patients with LV
volume and function like DCM patients.

ICM (n = 50) DCM (n = 38) p-Value

General demographics

Age (year) 651+ 11 59.6 + 11 0.031

Male gender 41 (82.0) 30 (78.9) 0.789
Heart failure 0.827

NYHA functional 30 (60.0) 24 (63.2)

class I-1I
NYHA functional 20 (40.0) 14 (36.8)
class III-1V

QRS length (m/s) 110.0 (102.0-120.0) 112.0 (96.0-152.0) 0.514
Medications

ACEI/ARB 34 (68.0) 36 (94.7) 0.003

R-blocker 30 (60.0) 27 (71.1) 0.369

Diuretic 23 (46.0) 16 (42.1) 0.829

Spironolactone 12 (24.0) 11 (28.9) 0.631

Amiodarone 37 (74.0) 26 (68.4) 0.636
LV systolic function

LVEF (%) 38.82 + 13.33 37.46 + 14.57 0.652

LVEDV (mL) 201.0 (176.5-255.0) 209.0 (167.0-264.0) 0.859

LVESV (mL) 127.0 (104.0-176.5) 121.0 (74.8-168.5) 0.756
Recurrent VI/VF (%) 24 (48.0) 22 (57.9) 0.395
VT/VF occurrence 17 (34.0) 12 (35.3) 1.000

within 1 year
1-year CV mortality 3 (6.0) 3(9.4) 0.688
1-year all-cause mortality 4 (8.0) 5(14.7) 0.484

Notes:
Data are expressed as mean + SD or median (IQR) if non-normal distributed parameters or as number (percentage).
VT, ventricular tachycardia; VF, ventricular fibrillation; ICM, ischemic cardiomyopathy; DCM, dilated cardiomyopathy;
LVEDV, left ventricular end diastolic volume; NYHA, New York Heart Association; ACEI, angiotensin-converting-
enzyme inhibitor; ARB, angiotensin receptor blocker; LV, left ventricle; LVEF, left ventricular ejection fraction; LVESV,
left ventricular end systolic volume; CV, cardiovascular.

predictor for recurrent VI/VF in patients with ICM, but not in patients with DCM. An item
of note is that, like DCM patients, ICM patients with LVEDV >158 mL and LV volume had a
recurrence rate of VT/VF similar to that of DCM patients. LV dilatation has been reported as
a major negative prognostic marker in patients with HF (Frigerio ¢» Roubina, 2005) and
indicates a diseased heart with a high possibility of recurrent ventricular tachyarrhythmia.
In this study, a higher prevalence of recurrent ventricular tachyarrhythmia was noted in
dilated LVEDV before and after ICD implantation and after adequate treatment. Although
ICD therapy could prevent SCD, ICD could not halt or reverse the progression of HF.
Therefore, optimal medical therapy, especially the use of ACEI/ARB to halt or reverse LV
remodeling and HF progression is crucial to reduce the recurrence of VI/VF in ICM
patients.

A previous study reported that the survival of patients undergoing appropriate ICD
therapy was 55% at the 4-year follow-up, and the survival of patients with all-cause
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Figure 2 Kaplan-Meier curves of 1-year, 3-year, and 5-year event free survival from recurrent
ventricular tachycardia (VT)/ventricular fibrillation (VF) between ICM with LVEDV >158 mL
and DCM. Study sites: ICM, ischemic cardiomyopathy; DCM, dilated cardiomyopathy; LVEDV, left
ventricular end diastolic volume. Full-size k4] DOI: 10.7717/peerj.5312/fig-2

Table 5 The incidence of recurrent ventricular tachyarrhythmia in the patients with improving left
ventricular diastolic volume or left ventricular ejection fraction at 1-year follow-up period.

The incidence of p-Value
ventricular tachyarrhythmia
LVEDV Smaller >10% 16/41 (39.0%) 0.417
Smaller <10% 29/60 (48.3%)
LVEDV >158 mL 32/59 (54.2%) 0.026
<158 mL 13/42 (31.0%)
LVEF Improving >5% 20/43 (46.5%) 0.840
Improving <5% 25/58 (43.1%)

Note:
LVEDV, left ventricular end diastolic volume; LVEF, left ventricular ejection fraction.

mortality was 79% in DCM patients receiving ICD for secondary prevention (Karaoguz
et al., 2006). In this study, we found that there were no differences in cardiovascular
mortality and all-cause mortality between the ICM and DCM patients receiving ICD
implantation for secondary prevention. These may be contributed by the differences in
underlying disease with higher prevalence of diabetes mellitus, chronic kidney disease
stage >3 and hypertension, and less guideline-based treatments in ICM patients.

Left ventricular remodeling and dilation developed due to myocardial infarction and
contributed to LV contractile dysfunction in the survivors of acute myocardial infarction.
LV dilation after myocardial infarction is an important determinant of future major
adverse cardiovascular events including ventricular arrhythmias, HF, and death (St. John
Sutton et al., 1997). The European Society of Cardiology 2016 guidelines recommended
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ACEI as an anti-arrhythmia agent to decrease ventricular tachyarrhythmia in patients
with HF and reduced LVEF (Ponikowski et al., 2016). ACEI may not be a traditional
antiarrhythmic agent, but ACEI has been shown to reverse post-infarction LV remodeling,
alter LV architecture and function, and decrease the development of essential substrates
for high-grade ventricular arrhythmias (St. John Sutton et al., 2003). ACEI cannot be
qualified as an antiarrhythmic agent by any means, but the use of a neurohormonal
blockade can reduce the incidence of VT through reverse remodeling. In our study, non
use of ACEI/ARB was found to be an independent predictor of recurrent VT/VEF.

In clinical practice, decreased renal function or increased disease severity and
hypotension often limit the addition of ACEI/ARB. However, the results of our study
provided important evidence on the use of ACEI/ARB to decrease ventricular
tachyarrhythmia by decreasing LV remodeling.

Study limitations

This retrospective analysis had several limitations. First, this study population was
relatively small. However, we provided important information in terms of the difference
in clinical predictors for recurrent VT/VF, after receiving ICD for secondary prevention,
between patients with ICM and patients with non-ischemic DCM. Second,
electrocardiographic variability and biomarkers were not included in the analysis, and
this study included only conventional clinical parameters.

CONCLUSION

The non-ischemic DCM patients had a higher recurrence rate of VI/VF than the ICM
patients during long-term follow-up. An enlarged LV is an independent predictor of
recurrence of VI/VF in ICM patients who received ICD for secondary prevention.
The non-ischemic DCM patients and the ICM patients had similar long-term
cardiovascular mortality and all-cause mortality.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

The authors received no funding for this work.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Chih-Yuan Fang conceived and designed the experiments, authored or reviewed drafts
of the paper, approved the final draft.

e Huang-Chung Chen performed the experiments, authored or reviewed drafts of the
paper, approved the final draft.

e Yung-Lung Chen performed the experiments, authored or reviewed drafts of the paper,
approved the final draft.

Fang et al. (2018), PeerdJ, DOI 10.7717/peerj.5312 12/14


http://dx.doi.org/10.7717/peerj.5312
https://peerj.com/

Peer/

e Tzu-Hsien Tsai performed the experiments, authored or reviewed drafts of the paper,
approved the final draft.

e Kuo-Li Pan performed the experiments, authored or reviewed drafts of the paper,
approved the final draft.

e Yu-Sheng Lin performed the experiments, authored or reviewed drafts of the paper,
approved the final draft.

e Mien-Cheng Chen performed the experiments, analyzed the data, authored or reviewed
drafts of the paper, approved the final draft.

e Wei-Chieh Lee conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, prepared figures and/or
tables, authored or reviewed drafts of the paper, approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The study protocol conforms to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the Kaohsiung Chang Gung Memorial Hospital’s
Institutional Review Committee for Human Research (201701405B0).

Data Availability
The following information was supplied regarding data availability:
The raw data are provided in a Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.5312#supplemental-information.

REFERENCES

Anderson KP. 2005. Sudden cardiac death unresponsive to implantable defibrillator therapy: an
urgent target for clinicians industry and government. Journal of Interventional Cardiac
Electrophysiology 14(2):71-78 DOI 10.1007/s10840-005-4547-9.

Borne RT, Katz D, Betz J, Peterson PN, Masoudi FA. 2017. Implantable cardioverter-
defibrillators for secondary prevention of sudden cardiac death: a review. Journal of the
American Heart Association 6(3):e005515 DOI 10.1161/jaha.117.005515.

Crawford MH, Grant D, O’Rourke RA, Starling MR, Groves BM. 1980. Accuracy and
reproducibility of new M-mode echocardiographic recommendations for measuring
left ventricular dimensions. Circulation 61(1):137-143 DOI 10.1161/01.cir.61.1.137.

Frigerio M, Roubina E. 2005. Drugs for left ventricular remodeling in heart failure. American
Journal of Cardiology 96(12):10-18 DOI 10.1016/j.amjcard.2005.09.060.

Karaoguz R, Maydanozcu S, Altun T, Giildal M, Akyiirek O, Erol C. 2006. Appropriate ICD
therapy in patients with idiopathic dilated cardiomyopathy: long term follow-up.
International Heart Journal 47(5):763-773 DOI 10.1536/ihj.47.763.

Katz DF, Peterson P, Borne RT, Betz J, Al-Khatib SM, Varosy PD, Wang Y, Hsu JC, Hoffmayer KS,
Kipp RT, Hansen CM, Turakhia MP, Masoudi FA. 2017. Survival after secondary prevention
implantable cardioverter-defibrillator placement. JACC: Clinical Electrophysiology 3(1):20-28
DOT 10.1016/j.jacep.2016.06.001.

Fang et al. (2018), PeerdJ, DOI 10.7717/peerj.5312 13/14


http://dx.doi.org/10.7717/peerj.5312#supplemental-information
http://dx.doi.org/10.7717/peerj.5312#supplemental-information
http://dx.doi.org/10.7717/peerj.5312#supplemental-information
http://dx.doi.org/10.1007/s10840-005-4547-9
http://dx.doi.org/10.1161/jaha.117.005515
http://dx.doi.org/10.1161/01.cir.61.1.137
http://dx.doi.org/10.1016/j.amjcard.2005.09.060
http://dx.doi.org/10.1536/ihj.47.763
http://dx.doi.org/10.1016/j.jacep.2016.06.001
http://dx.doi.org/10.7717/peerj.5312
https://peerj.com/

Peer/

Klein G, Lissel C, Fuchs AC, Gardiwal A, Oswald H, Desousa M, Pichlmaier AM, Lichtinghagen R,
Geerlings H, Lippolt P, Niehaus M, Drexler H, Korte T. 2006. Predictors of VT/VF occurrence
in ICD patients: results from the PROFIT-Study. EP Europace 8(8):618-624
DOI 10.1093/europace/eul082.

Kusumoto FM, Calkins H, Boehmer J, Buxton AE, Chung MK, Gold MR, Hohnloser SH,
Indik J, Lee R, Mehra MR, Menon V, Page RL, Shen WK, Slotwiner DJ, Stevenson LW,
Varosy PD, Welikovitch L, American College of Cardiology, American Heart Association.
2014. HRS/ACC/AHA expert consensus statement on the use of implantable
cardioverter-defibrillator therapy in patients who are not included or not well
represented in clinical trials. Journal of the American College of Cardiology 64:1143-1177
DOI 10.1016/j.jacc.2014.04.008.

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, Picard MH,
Roman M]J, Seward J, Shanewise JS, Solomon SD, Spencer KT, Sutton MS, Stewart WJ. 2005.
Recommendations for chamber quantification: a report from the American Society of
Echocardiography’s Guidelines and Standards Committee and the Chamber Quantification
Writing Group, developed in conjunction with the European Association of Echocardiography,
a branch of the European Society of Cardiology. Journal of the American Society of
Echocardiography 18(12):1440-1463 DOI 10.1016/j.ech0.2005.10.005.

Lee WC, Chen HC, Chen YL, Tsai TH, Pan KL, Lin YS, Chen MC. 2016. Left ventricle
remodeling predicts the recurrence of ventricular tachyarrhythmias in implantable cardioverter
defibrillator recipients for secondary prevention. BMC Cardiovascular Disorders 16(1):231
DOI 10.1186/s12872-016-0416-y.

Meyer C, Schueller P, Rodenbeck A, Hennersdorf M, Merx M, Winter J, Rassaf T, Kelm M,
Schauerte P. 2009. Primary and secondary prevention of ventricular arrhythmias in dilated
cardiomyopathy: nonsustained, sustained, and incessant. International Heart Journal
50(6):741-751 DOI 10.1536/ihj.50.741.

Murakoshi N, Aonuma K. 2013. Epidemiology of arrhythmias and sudden cardiac death in Asia.
Circulation Journal 77(10):2419-2431 DOI 10.1253/circj.cj-13-1129.

Narang R, Cleland JGF, Erhardt L, Ball SG, Coats AJS, Cowley AJ, Dargie HJ, Hall AS,
Hampton JR, Poole-Wilson A. 1996. Mode of death in chronic heart failure: a request and
proposition for more accurate classification. European Heart Journal 17(9):1390-1403
DOI 10.1093/oxfordjournals.eurheartj.a015074.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, Falk V, Gonzalez-
Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C, Nihoyannopoulos P, Parissis JT,
Pieske B, Riley JP, Rosano GMC, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P, ESC
Scientific Document Group. 2016. 2016 ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC). Developed with the special
contribution of the Heart Failure Association (HFA) of the ESC. European Heart Journal
37(27):2129-2200 DOI 10.1093/eurheartj/ehw128.

St. John Sutton M, Lee D, Rouleau JL, Goldman S, Plappert T, Braunwald E, Pfeffer MA. 2003.
Left ventricular remodeling and ventricular arrhythmias after myocardial infarction. Circulation
107:2577-2582.

St. John Sutton M, Pfeffer MA, Moye L, Plappert T, Rouleau JL, Lamas G, Rouleau J, Parker JO,
Arnold MO, Sussex B, Braunwald E. 1997. Cardiovascular death and left ventricular
remodeling two years after myocardial infarction: baseline predictors and impact of long-term
use of captopril: information from the Survival and Ventricular Enlargement (SAVE) Trial.
Circulation 96(10):3294-3299 DOI 10.1161/01.¢ir.96.10.3294.

Fang et al. (2018), PeerdJ, DOI 10.7717/peerj.5312 14/14


http://dx.doi.org/10.1093/europace/eul082
http://dx.doi.org/10.1016/j.jacc.2014.04.008
http://dx.doi.org/10.1016/j.echo.2005.10.005
http://dx.doi.org/10.1186/s12872-016-0416-y
http://dx.doi.org/10.1536/ihj.50.741
http://dx.doi.org/10.1253/circj.cj-13-1129
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a015074
http://dx.doi.org/10.1093/eurheartj/ehw128
http://dx.doi.org/10.1161/01.cir.96.10.3294
http://dx.doi.org/10.7717/peerj.5312
https://peerj.com/

	Comparison of ventricular tachyarrhythmia recurrence between ischemic cardiomyopathy and dilated cardiomyopathy: a retrospective study ...
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


