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Introduction
Since the introduction of the implantable cardioverter- 
defibrillator (ICD) approximately 25 years ago, the list of indi-
cations for implantation has progressively expanded to include a 
larger cohort of patients with a variety of cardiac conditions. The 
most commonly used quantifiable parameter for determination of 
candidates for ICD implantation is left ventricular ejection frac-
tion (LVEF). While the implantation of ICDs in patients who 
have survived a life-threatening ventricular arrhythmia as sec-
ondary prevention of sudden cardiac death (SCD) has long been 
accepted, studies such as the Sudden Cardiac Death in Heart 

Failure Trial (SCD-HeFT) and the Multicenter Automatic 
Defibrillator Implantation Trial II (MADIT-II) have demon-
strated the clinical utility of prophylactic ICD implantation in 
patients with a reduced LVEF as primary prevention of SCD 
as well.1,2 ICD therapy is also employed in patients with isch-
emic cardiomyopathy for prevention of SCD, such as in patients 
with prior myocardial infarction (MI) with residual scar tissue, 
which serves as a substrate for arrhythmogenicity and potentially 
malignant ventricular arrhythmias.

There are numerous accepted indications for ICD 
implantation based upon large-scale randomized controlled 
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Abstract 
Background: Patients with structural heart disease are prone to ventricular tachycardia (VT) and ventricular fibrillation (VF), which account for 
the majority of sudden cardiac deaths (SCDs). We sought to examine echocardiographic parameters that can predict VT as documented by implantable 
cardioverter-defibrillator (ICD) appropriate discharge. We examine echocardiographic parameters other than ejection fraction that may predict VT as 
recorded via rates of ICD discharge.
Methods: Analysis of 586 patients (469 males; mean age = 68 ± 3 years; mean follow-up time of 11 ± 14 months) was undertaken. Echo parameters 
assessed included left ventricular (LV) internal end diastolic/systolic dimension (LVIDd, LVIDs), relative wall thickness (RWT), and left atrial (LA) size.
Results: The incidence of VT was 0.22 (114 VT episodes per 528 person-years of follow-up time). Median time-to-first VT was 3.8 years. VT was 
documented in 79 patients (59 first VT incidence, 20 multiple). The echocardiographic parameter associated with first VT was LVIDs .4 cm (P = 0.02).
Conclusion: The main echocardiographic predictor associated with the first occurrence of VT was LVIDs .4 cm. Patients with an LVIDs .4 cm 
were 2.5 times more likely to have an episode of VT. Changes in these echocardiographic parameters may warrant aggressive pharmacologic therapy and 
implantation of an ICD.
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trials comparing the efficacy of ICD implantation with medical 
therapy using antiarrhythmic agents. For patients who have 
experienced clinically significant ventricular arrhythmias, 
ICD implantation is recognized as the treatment of choice for 
secondary prevention of arrhythmia recurrence. Large-scale 
studies such as the Antiarrhythmics vs Implantable Defibril-
lators (AVID) trial3 and the Cardiac Arrest Study Hamburg 
(CASH)4 have demonstrated the relative superiority of ICDs 
in reducing mortality compared to antiarrhythmic pharmaco-
therapy. The patients with the greatest survival benefit from 
ICD therapy in these trials were those with diagnosed heart 
failure and significantly diminished LVEF.5

While most studies have demonstrated relatively good 
outcomes by using the LVEF as the primary indicator of benefit 
from ICD implantation, some studies have raised the concern 
that LVEF alone is not a sufficient predictor of survival ben-
efit post-ICD implantation, particularly in certain subsets of 
patients, such as post-MI patients with reduced LVEF. The basis 
of such arguments often relies upon the multifactorial nature of 
ventricular arrhythmias, primarily ventricular tachycardia (VT) 
and ventricular fibrillation (VF). For example, in patients with 
significant coronary artery disease but no previous history of 
MI, the majority of incidents of SCD are attributed to ventri
cular arrhythmias arising in the setting of acute ischemia with 
a preserved LVEF.6,7 Using LVEF as the sole determinant of 
which members of this patient population would benefit from 
ICD therapy would exclude the majority of these patients.

There are numerous indications for ICD implantation 
other than reduced ejection fraction. Among the plethora of 
conditions for which ICD implantation might be useful are car-
diac ion channel abnormalities, documented arrhythmogenicity 
secondary to structural heart disease, and rarer conditions such 
as the Brugada syndrome,8 long-QT syndrome,9 and hypertro-
phic cardiomyopathy.10 Despite the expanding list of indications 
for ICD therapy, there are few readily quantifiable parameters 
that can be used to definitively state that certain patients would 
benefit from implantation of a defibrillator. Echocardiography, 
which is often the initial imaging modality used to assess myo-
cardial function, can provide a wealth of information regard-
ing overall cardiac health and may be used to classify potential 
candidates for ICD implantation. The utilization of echocardio-
graphic parameters such as left ventricular (LV) systolic/diastolic 
dimensions, left atrial (LA) size, and other readily quantifiable 
variables, when used in conjunction with LVEF, may help in 
both risk stratification for determining which patients could 
benefit most from ICD implantation and in modifying therapy, 
whether that involves altering ICD settings or adding or modi-
fying antiarrhythmic pharmacotherapy.

Methods
Inclusion/exclusion criteria. Analysis of data from a 

total of 586 patients with a history of ICD implantation was 
performed. The study was approved by the institutional review 
board of North Shore-LIJ Health System, and conducted in 

accordance with the principles of the Declaration of Helsinki. 
The list of potential subjects was compiled from a data-
base query of the Heath Information Management Systems 
database at North Shore University Hospital in Manhasset, 
New York. All patients greater than 18 years of age who had  
undergone ICD implantation at North Shore University Hos-
pital between January 1999 and August 2005 were included 
regardless of the indication for ICD implantation. Only 
patients who followed up in the office were included in the 
study, so no patients were lost to follow-up. In 77  subjects 
(13%), the indication for implantation was for primary pre-
vention. The remainder of the patients were implanted for sec-
ondary prevention such as LVEF less than 35%, hypertrophic 
obstructive cardiomyopathy, long-QT syndromes, and others, 
which account for SCD. Subjects in the primary prevention 
group were significantly older than those in the secondary 
prevention group (71 ± 12 vs 68 ± 12; P = 0.02). The mean 
age at ICD implantation for the entire population was 68 (±13 
years) with an average follow-up of 11.0 ± 13.8 months.

Echocardiographic predictors were obtained from an 
echocardiogram performed within one month prior to the 
implant and were analyzed to determine potential associa-
tion with incidence of VT as documented by ICD discharge 
in the post-implantation follow-up period. Echocardiographic 
parameters assessed included LV internal end diastolic and 
systolic dimension (LVIDd, LVIDs), relative wall thickness 
[RWT = (2 × posterior wall thickness)/LVIDd], and LA size 
to determine possible associations with the incidence of first 
episodes of VT. Patients had standard transthoracic echocar-
diography (TTE) performed using the Acuson Sequoia 
C256 (Siemens Medical, Mountain View, CA, USA).

Follow-up and endpoint variables. The starting point of 
the study was the time of ICD implantation. All patients were 
seen routinely every three months or after each device delivered 
electrical therapy. ICD interrogation reports were the primary 
means of follow-up after device implantation. Not all patients 
kept their clinic visit, and some patients presented before sched-
uled appointments because of ICD discharge or battery replace-
ment. At each follow-up visit, the ICD provided an interrogation 
report and quantified each episode of arrhythmia. The patient 
charts were reviewed, and the electronic database within the 
health information management system was utilized to collect 
the dates of the arrhythmias and the specific type of arrhythmia 
recorded. The primary endpoint variable for this study was the 
time-to-first VT. Each episode of VT was analyzed via the stored 
ICD electrogram. Subjects who did not experience an episode of 
VT were considered censored as of their last follow-up.

Measurements of echocardiographic parameters. Spe-
cific echocardiographic parameters were assessed for purposes 
of data collection and analysis. All echocardiographic measure-
ments were obtained by level III trained echocardiographers 
according to standard American Society of Echocardiography 
(ASE) recommended techniques of chamber and function 
quantification based upon the ASE guideline statement.11
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Statistical methods for analysis of time-to-first VT. All 
echocardiographic parameters were considered for analysis of 
time-to-first VT. Comparisons of Kaplan–Meier curves were 
carried out using the log-rank test. A multivariate analysis, 
based on the Cox proportional hazards regression, was carried 
out, including all the variables that were found to be indi-
vidually significant. A P-value ,0.05 was considered to be 
statistically significant. All statistical tests were two sided.  
A backward elimination selection algorithm was subsequently 
used to determine which factors were most significantly asso-
ciated with time-to-first VT. Baseline patient characteristics 
are expressed as means ± standard deviation.

Results
Baseline characteristics and indications for implanta-

tion. Baseline patient characteristics are listed in Table 1. Of the  
586 patients reviewed, the indications for ICD implanta-
tion were distributed as follows: non-sustained ventricular 
tachycardia (NSVT) (n = 464; 80%), congestive heart failure 
(defined by the absence of NSVT and an ejection fraction of 
,30%) (n = 81; 13.9%), VF arrest (n = 39; 6.72%), and MADIT 
2 criteria (n  =  11; 1.9%). The incidence of VT in the entire 
population was 0.22 (114 VT episodes in 528 person-years). 
The median time-to-first episode of VT was 3.8 years. VT was 
documented in a total of 79 patients (59 first VT incidence, 20 
recurrent VT). The only echocardiographic parameter (Table 2) 
associated with time-to-first VT was the LV internal systolic 
dimension (P = 0.02). Patients with normal ventricular internal 
systolic dimension (,4  cm) had a significantly longer time- 
to-first VT compared to those with abnormal LVIDs.

Survival Function
VT-free period. The following risk factors were indi-

vidually found to be associated with time-to-first VT: age 
over 65 years (P = 0.02), use of diuretics (P = 0.03) or digi-
talis (P = 0.02) as medical therapy, having had coronary artery 
bypass grafting (CABG) surgery (P = 0.001), and having an 
abnormal LVIDs (P = 0.02). A backward selection algorithm 
was used to arrive at the final model for time-to-first VT. This 
more parsimonious model consists of LVIDs (P = 0.01) and 
CABG surgery (P = 0.01) as the most significant risk factors 
for a VT event (Table 3).

Kaplan–Meier survival plots. Figure 1 plots the propor-
tion of VT-free subjects vs the number of months from initial 

ICD placement. The ordinate axis represents the proportion of 
subjects who have not had a VT episode. Censored observa-
tions (indicated by circles superimposed upon the hatched and 
solid lines) are those patients who have not experienced a VT 
as of last follow-up. These are patients with no episodes of VT 
recorded on their electrograms from the ICD as of their last 
clinic visit.

Hazard ratio. The hazard ratio attributed to those who 
had an abnormal LVIDs vs those who did not was 2.5 [95% 
CI: (1.3, 5.0)]. This implies that subjects who had an abnormal 
LVIDs were 2.5 times more likely to have VT (and therefore 
an ICD discharge) than those with normal LVIDs (Table 3). 
Subjects who have had CABG surgery are 3.5 times more 
likely to have a VT than those who did not. Among subjects 
whose reason for ICD implantation was considered as a sec-
ondary prevention therapy, the following variables were indi-
vidually associated with first VT: age .65 (P = 0.047), CABG 
surgery (P = 0.0005), digitalis (P = 0.017), diuretic (P = 0.02), 
lipid agent (P = 0.012), previous CHF (P = 0.03), and LIVDs 
(P = 0.0239). However, a backward selection algorithm using 
the Cox regression resulted in CABG surgery as the only 
factor significantly associated with longer time-to-first VT. 
[For the 77 patients whose ICD was implanted for primary 
prevention, age .65 (P = 0.02), history of AFIB (P = 0.004), 
and MADIT-II (P = 0.02) were individually associated with 
VT; however, a backward elimination algorithm showed that 
none of these three variables were significant].

Discussion
SCD most commonly results from cardiac arrest because of 
ventricular arrhythmias, primarily VF and VT usually in the 
setting of underlying structural heart disease with diminished 
LVEF. SCD accounts for approximately 15% of the total 
mortality in the United States and other industrialized coun-
tries, particularly prevalent among patients with heart failure. 
Despite the significant advances made over the past decade 
in the management of heart failure, it is estimated that about 
half of diagnosed heart failure patients die suddenly, most 
commonly as a result of fatal arrhythmias or further myocar-
dial ischemic episodes.12–14 As a result of the high rate of SCD 
in these patients and among patients with documented myo-
cardial arrhythmogenicity (evidenced by low LVEF, induc-
ible arrhythmias during electrophysiology (EP) studies, or 
prior episodes of ventricular arrhythmia), the quantification 
of identifiable risk factors for the future development of fatal 
arrhythmias is essential.

While LVEF has proven to be a valuable echocardio-
graphic parameter for determination of risk of ventricular 
arrhythmias, and therefore ICD eligibility, the question often 
arises of whether other parameters that are routinely assessed 
during echocardiography have the potential to serve as addi-
tional indicators of prognosis as well as predictors of future 
risk of SCD in patients deemed to be at risk of developing 
malignant ventricular arrhythmias. Despite the demonstrated 

Table 1. Baseline characteristics.

Echocardiographic 
Parameters

MALES
N = 474

FEMALES
N = 117

LEFT ATRIUM ABN: .4 cm 180 (67.4%) 35 (52.2%)

LVIDd ABN: .5.6 cm 185 (70.6%) 42 (65.6%)

LVIDs ABN: .4 cm 187 (72.5%) 49 (79.0%)

RWT ABN: $0.45 cm 86 (34.3%) 16 (25.4%)
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efficacy of employing LVEF as a factor in determining ICD 
eligibility in most studies, the need for further quantifiable 
parameters is clear. Utilizing more varied parameters, in addi-
tion to ejection fraction, in determining ICD eligibility as well 
as for the optimization of possible antiarrhythmic therapy may 
have the potential to reduce the morbidity and mortality asso-
ciated with the most common ventricular arrhythmias.

The importance of employing factors in addition to 
LVEF in structuring therapy for patients at risk of cardiac 
arrhythmias has been highlighted by several major clinical 
trials aimed at assessing the efficacy of ICD therapy. In the 
MADIT trial, for example, while patients with an LVEF 
below 26% demonstrated the greatest survival benefit from 
ICD implantation, those subjects with an LVEF between 
26% and 35% did not demonstrate improved survival out-
comes with an ICD compared with those who received con-
ventional antiarrhythmic pharmacotherapy (thus, prompting 
the MADIT-II investigators to mandate an LVEF less than 
30% as a prerequisite for entry into this later study).15 In 
the Multicenter Unsustained Tachycardia Trial (MUSTT), 
LVEF had a relatively low specificity in predicting SCD. 
The study, which in part specifically addressed the utility of 
LVEF as a predictor of the risk of SCD, demonstrated no 
significant difference in the number of patients with SCD 

attributed to arrhythmia in patients with an LVEF below 
30% compared to those with an LVEF between 30% and 
40%.16 Numerous other studies demonstrated similar results. 
In the European Autonomic Tone and Reflexes After Myo-
cardial Infarction (ATRAMI) study, which recruited 1284 
post-MI patients, less than half of the patients whose deaths 
were attributed to SCD in the 21-month follow-up period 
had an LVEF below 35%, although these results may be 
affected by the fact that there were significantly less patients 
in this study with LVEF below 35%.17,18

Such findings as those from MADIT-I, and the 
ATRAMI trials call into question the overutilization of 
LVEF as the sole indicator of potential benefit from ICD 
implantation and have led to attempts at identifying other 
parameters that can be useful for risk stratification. Given the 
finding of a relatively low specificity of LVEF in predicting 
the risk of sudden death, the MUSTT investigators identi-
fied other factors that were thought to have a high predictive 
value, including prior digitalis therapy, left bundle-branch 
block, and nonspecific intraventricular conduction delay.18,19 
The ATRAMI trial demonstrated increased sensitivity in pre-
dicting the risk of SCD in post-MI patients by integrating 
LV systolic dysfunction/low LVEF with markers of depressed 
vagal activity, particularly heart rate variability and depressed 

Table 3. Backward selection algorithm for time-to-first VT.

n = 591 MALES
N = 474

FEMALES
N = 117

P-VALUE

Age more than 65 years 378 (64.2%) 211 (35.8%) 0.21

Hypertension 412 (88.0%) 102 (89.5%) 0.87

Diabetes 118 (25.3%) 40 (34.8%) 0.06

Valve replacement history 164 (34.6%) 35 (29.9%) 0.38

Coronary artery bypass surgery 120 (25.5%) 17 (14.8%) 0.02

Percutaneous coronary intervention 52 (11.1%) 6 (5.2%) 0.06

Syncope history 63 (13.4%) 14 (12%) 0.88

Myocardial infarction 147 (31.2%) 23 (20.2%) 0.17

Atrial Fibrillation history 79 (16.7%) 17 (14.5%) 0.67

Table 2. Echocardiographic parameters.

Echocardiographic Parameter 12-Month % VT-Free (95% CI) Log-rank test P-value

Left Atrium (LA) Abn 86% (80%, 92%) 0.20

 Nml 87% (79%, 95%)

Relative Wall Thickness (RWT) Abn 88% (80%, 96%) 0.22

Nml 86% (80%, 92%)

Left Ventricle in Diastole (LVIDd) Abn 86% (80%, 92%) 0.70

Nml 88% (80%, 96%)

Left Ventricle in Systole (LVIDs) Abn 83% (77%, 89%) 0.02**

Nml 97% (93%, 100%*)

Note: **, significant value.
Abbreviations: Abn, abnormal; Nml, normal.
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baroreflex sensitivity.17 Despite the possibility of using such 
factors as additional markers of increased risk of ventricular 
arrhythmias, these variables are not yet currently employed in 
routine day-to-day practice.

While TTE is used to analyze myocardial function in 
patients with suspected cardiomyopathy, much of the data 
that are available from echocardiography often go unused in 
assessing risk of future adverse cardiac events. Our study aimed 
to correlate echocardiographic parameters other than LVEF 
with the risk of malignant ventricular arrhythmias following 
ICD implantation. Our data indicate that certain structural 
parameters, primarily LVIDs and LA size, may serve as sur-
rogate markers in addition to LVEF to predict which patients 
may benefit from ICD therapy or to assist in alteration of ICD 
parameters or adjunctive antiarrhythmic pharmacotherapy in 
patients who already have an ICD.

Our data indicated that an LVIDs of greater than 4 cm 
was significantly associated with the occurrence of a VT in the 
post-ICD implantation period. Patients with LVIDs .4 cm 
were over twice more likely to experience VT than those patients 
with normal LV systolic dimensions (HR = 2.5). This finding is 
not entirely surprising given the established electromechanical 
defects and potential myocardial dyssynchrony associated with 
an enlarged left ventricle.20 Given our findings, LVIDs, as one 
of the parameters used to assess LV systolic function, may be 
used in combination with LVEF to enhance the sensitivity of 
echocardiography in predicting which patients may benefit 
most from ICD therapy. Long-term structural and neurohor-
monal changes lead to alterations in the cardiac microenviron-
ment, which in turn results in enhanced arrhythmogenicity 

and is manifest as systolic dysfunction, which can be diagnosed 
via reduced LVEF and increased LVIDs.

Study Limitations
Our data were collected retrospectively, and therefore, the accu-
racy depends on the accuracy of the medical records and clinic 
charts. Some patients who are not currently followed up at our 
institution might have had episodes of VT after they were lost 
to follow-up, which could not be accounted for. Second, given 
the retrospective design, the presence of biases in the treat-
ment for patients who are deemed to be at high risk for VT by 
the managing electrophysiologist cannot be ruled out with cer-
tainty. Third, not all ICD devices were implanted for primary 
prevention. Some patients may have been VT free longer after 
the initial implantation because of long-standing antiarrhyth-
mic therapy. Finally, although our study had a large number 
of patients (586), because of the fact that this number was not 
based on a formal power calculation, the number of patients 
included in our study might have prevented some of the trends 
observed from reaching statistical significance. If echocardio-
graphic parameters such as the ones mentioned were evaluated 
in more large-scale studies, and a more homogeneous group of 
subjects with more data on medication regimens and follow-up 
routines, the significance of this association could be explored 
further and elaboration of such relationships could alter targets 
for antiarrhythmic therapy.

Conclusion
The determination of echocardiographic parameters that 
can be used to reliably assess the risk of the development 
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Figure 1. LVIDs: survival function (VT-free period, Kaplan–Meier survival plot). Subjects in the abnormal LVIDs group (solid line) had, on average,  
a shorter time-to-first VT than those in the normal LVIDs group (hatched line).
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of life-threatening ventricular arrhythmias can theoreti-
cally improve outcomes by guiding alterations in either 
pharmacologic or electrophysiologic therapy and in risk strati-
fication prior to consideration for ICD implantation. Certain 
echocardiographic parameters may impact survival in patients 
with future episodes of ventricular arrhythmias, and it is of 
concern which of these echocardiographic parameters can 
serve as predictors of electrical discharge from the ICD. While 
our study indicated that the main echocardiographic param-
eter associated with increased risk of VT was an increased LV 
dimension during systole, other factors that can serve as reli-
able predictors of future risk of ventricular arrhythmias are 
likely to be discovered with more wide-scale clinical trials. 
The addition of more variables to evaluate eligibility for ICD 
therapy and to alter the antiarrhythmic therapeutic approach 
is likely to improve outcomes in patients deemed to be at risk 
for developing malignant ventricular arrhythmias. Our study 
should provide the impetus for more large-scale studies evalu-
ating the utility of readily available echocardiographic param-
eters as predictors of ventricular arrhythmias. Based on the 
likelihood of arrhythmia occurrence as assessed by specific 
echocardiographic parameter (such as LVIDs and LVEF), 
pharmacologic antiarrhythmic therapy and future programing 
of the ICD may be tailored to, respectively, prevent and ter-
minate VT in addition to the earlier implantation of primary 
prevention, the ICD. The use of these parameters in conjunc-
tion with LVEF has the potential to improve outcomes in 
patients predisposed to malignant ventricular arrhythmias.
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