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Background-—Left ventricular (LV) diameter is routinely measured on the echocardiogram but has not been jointly evaluated with
the ejection fraction (EF) for risk stratification of sudden cardiac death (SCD).

Methods and Results-—From a large ongoing community-based study of SCD (The Oregon Sudden Unexpected Death Study;
population �1 million), SCD cases were compared with geographic controls. LVEF and LV diameter, measured using the LV internal
dimension in diastole (categorized as normal, mild, moderate, or severe dilatation using American Society of Echocardiography
definitions) were assessed from echocardiograms prior but unrelated to the SCD event. Cases (n=418; 69.5�13.8 years),
compared with controls (n=329; 67.7�11.9 years), more commonly had severe LV dysfunction (EF ≤35%; 30.5% versus 18.8%;
P<0.01) and larger LV diameter (52.2�10.5 mm versus 49.7�7.9 mm; P<0.01). Moderate or severe LV dilatation (16.3% versus
8.2%; P=0.001) and severe LV dilatation (8.1% versus 2.1%; P<0.001) were significantly more frequent in cases. In multivariable
analysis, severe LV dilatation was an independent predictor of SCD (odds ratio 2.5 [95% CI 1.03 to 5.9]; P=0.04). In addition,
subjects with both EF ≤35% and severe LV dilatation had higher odds for SCD compared with those with low EF only (odds ratio 3.8
[95% CI 1.5 to 10.2] for both versus 1.7 [95% CI 1.2 to 2.5] for low EF only), suggesting that severe LV dilatation additively
increased SCD risk.

Conclusion-—LV diameter may contribute to risk stratification for SCD independent of the LVEF. This readily available
echocardiographic measure warrants further prospective evaluation. ( J Am Heart Assoc. 2014;3:e001193 doi: 10.1161/
JAHA.114.001193)
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H eart disease continues to be a leading cause of
mortality in the United States, with sudden cardiac

death (SCD) representing about 50% of this burden. The
average US national survival rate from out-of-hospital cardiac
arrest remains <5%.1 Large, multicenter trials have demon-
strated the effectiveness of the implantable cardioverter

defibrillator (ICD) in reducing mortality due to sudden
death,2,3 and the primary prevention ICD is currently recom-
mended for most patients with left ventricular (LV) ejection
fraction (EF) of ≤35%. However, it has been established that
subjects with low EF comprise a minority of the cases of SCD
in the general population.4,5 Furthermore, not all people with
low EF are equally at risk of SCD, as reflected by the relatively
high number needed to treat in the ICD trials and by current
real-world experience3,6 Also, since ICD therapy is not without
risk,7 there is an urgent need to optimize this treatment
modality to maximize benefit and minimize harm. In this
context, it is important to develop clinically meaningful
markers that can help us address the heterogeneity of risk
within the population with left ventricular (LV) dysfunction.

The LV diameter is a measure that can be easily obtained
during echocardiography at the time of LVEF measurement.
Previous studies have established the importance of LV size
with regard to cardiac mortality. In the Studies of Left
Ventricular Dysfunction (SOLVD) registry, increased LV end-
systolic diameter was associated with cardiovascular death.8

Similarly, an analysis from the MADIT-CRT trial showed a
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graded reduction in risk of death or heart failure with
decreasing LV diastolic volumes.9 Some studies in selected
populations have suggested that LV diameter could be useful in
SCD risk assessment10,11; however, there is a lack of studies
evaluating the role of LV diameter in SCD in the general
population, especially when considered along with LVEF.
Consequently, we evaluated whether this simple index adds
to the LV EF in the context of estimating SCD risk.

Methods
The Oregon Sudden Unexpected Death Study is a prospective
study of out-of-hospital cardiac arrest in the Portland, Oregon,
metropolitan area (population �1 million), ongoing since
2002. Cases of sudden cardiac arrest were identified using
reports from first responders, local hospitals, or the county
medical examiner’s office. SCD was defined as an unexpected
pulseless condition occurring within 1 hour of a witnessed
collapse or within 24 hours of the subject last being seen in a
usual state of health if unwitnessed. Noncardiac etiologies of
SCD such as trauma or drug overdose were excluded, and
SCD was diagnosed based on detailed analysis of available
records, using a process of adjudication by 3 physicians.
Earlier studies have reported that at least 80% of SCD cases
will have associated significant coronary artery disease (CAD),
even in the absence of prior clinically documented CAD.12

Therefore, the control group was selected to consist
predominantly of subjects with CAD in an effort to identify
risk factors that are specific to SCD and not merely reflective
of CAD risk. Controls were recruited from the same
geographic location to constitute a mix of subjects with
stable and nonstable CAD and a smaller group with no prior
documented CAD. CAD was defined as ≥50% stenosis of a
major coronary artery or history of myocardial infarction,
coronary artery bypass grafting, or percutaneous coronary
intervention. Control subjects were ascertained between
2002 and 2011 from multiple sources that included (1)
individuals who called 911 and received ambulance transport
for symptoms of acute ischemia; (2) those who visited the
cardiology clinic or who had angiography (with ≥50% stenosis
noted on a coronary artery) at one of the participating
hospitals; and (3) members of the region’s Kaiser Permanente
health maintenance organization (HMO; enrolled 2009 to the
present), half of whom had prior documented CAD and half of
whom did not. Control subjects were enrolled if they provided
consent and had no history of ventricular arrhythmias.
Detailed demographic and clinical information was obtained
for all cases and controls. Only adults (aged ≥18 years) with
relevant echocardiographic information available were
included in the present analysis; therefore, all subjects in
the present study had an echocardiogram. No other specific
matching was performed while selecting controls.

Echocardiographic Information
Echocardiograms for both cases and controls were obtained
from existing hospital records. Echocardiograms performed
prior (but unrelated) to the SCD event were used; if >1
echocardiogram was available, the test closest to the SCD
event was used. The LVEF and LV internal dimension in
diastole (LVIDD), in millimeters were obtained from the same
echocardiogram. EF was calculated using Simpson’s method,
and the LVIDD was obtained using the standard M mode. LV
size index was calculated as the LVIDD normalized for body
surface area. Severe LV dysfunction was defined as EF ≤35%.
The American Society of Echocardiography criteria were used
to categorize subjects based on LVIDD.13 These criteria
classify the LV size as normal (men: 42 to 59 mm; women: 39
to 53 mm), mildly dilated (men: 60 to 63 mm; women: 54 to
57 mm), moderately dilated (men: 64 to 68 mm; women: 58
to 61 mm), or severely dilated (men: ≥69 mm; women:
≥62 mm).

Statistical Analysis
Continuous variables were compared using t tests, and
categorical variables were compared using chi-square
tests. Unadjusted odds ratios (ORs) were calculated for
association of SCD with LV dilatation and severe LV
dysfunction. In addition, dummy variables were created for
combination of severe LV dysfunction with different catego-
ries of LV size. Odds of SCD associated with these
combinations (compared with the rest of the population)
were calculated. Logistic regression was used to derive
adjusted ORs for SCD associated with severe LV dilatation.
Additional models were used to estimate odds for SCD
associated with low EF only and presence of both low EF and
severe LV dilatation (using a dummy variable) after adjusting
for the other covariates considered in the first model. A P
value of ≤0.05 was considered statistically significant.
Analysis was performed using SPSS version 21.0 (IBM
Corporation).

Results
A total of 747 subjects (418 cases and 329 controls) were
studied. Table 1 shows the demographic characteristics and
the echocardiographic parameters of cases and controls.
Cases were slightly older than controls (P=0.06) with a
greater proportion of black subjects (P≤0.01). There was no
significant difference in the mean body mass index,
proportion of systemic hypertension, or use of angioten-
sin-converting enzyme inhibitors. Cases were more likely
to have LVEF ≤35% (P=0.01) and more likely to have
larger LV size compared with controls. The mean LVIDD
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(52.2�10.5 versus 49.7�7.9 mm; P<0.01) and LVIDD
adjusted for body surface area (26.6�5.3 versus
25.4�4.2 mm; P<0.01) was significantly higher in cases.
Mild, moderate, or severe LV dilatation was found
significantly more often in cases compared with controls
(Figure).

In univariate comparisons, black race, severe LV dysfunc-
tion, and LV dilatation were all significant predictors of SCD
case status. The presence of either moderate or severe LV
dilatation doubled the odds of SCD, whereas considering only
severe LV dilatation quadrupled the odds. An EF of ≤35% also
doubled the SCD odds. We also assessed the effect of LV
dilatation within the group with EF ≤35%. The subgroup with
low EF and normal or mildly dilated LV did not have significantly
increased odds of SCD when compared with the rest of the
population (OR 1.5; 95% CI 1.0 to 2.3; P=0.06). However,
combinations of low EF with either moderate or severe LV
dilatation (OR 2.6; 95% CI 1.4 to 4.7; P<0.01) or severe LV
dilatation alone (OR 4.9; 95% CI 1.9 to 12.7; P<0.01) were
associated with progressively greater SCD odds (Table 2).

In multivariate analysis, severe LV dilatation was an
independent predictor of SCD after adjusting for age, black
race, and severe LV dysfunction (Table 3).

Table 1. Demographic and Echocardiographic Characteristics of Cases and Controls

Cases (n=418) Controls (n=329) P Value*

Age 69.5�13.8 67.7�11.9 0.06

Male 270 (64.6) 205 (62.3) 0.52

Black race† 49 (11.8) 13 (4.2) <0.01

Body mass index‡ 29.8�9 29.9�6.7 0.93

Hypertension 321 (76.8) 249 (75.7) 0.72

Smoking§ status

Current 89 (21.3) 59 (17.9) 0.14

Former 140 (33.5) 107 (32.5)

Nonsmoker 97 (23.2) 67 (20.4)

Cholesterol, mg/dLk 170.5�46.5 173.1�52.4 0.55

Use of ACE inhibitors¶ 200 (49.3) 149 (47.9) 0.72

Mean LVEF, % 46.9�16.8 51.3�14.3 <0.01

LVEF ≤35%# 115 (28.0) 53 (16.4) <0.01

LVIDD in mm 52.2�10.5 49.7�7.9 <0.01

LVIDD/BSA, mm/m2 26.6�5.3 25.4�4.2 <0.01

Moderately or severely dilated LV** 68 (16.3) 27 (8.2) <0.01

Severely dilated LV†† 34 (8.1) 7 (2.1) <0.01

ACE indicates angiotensin-converting enzyme; BSA, body surface area; LVEF, left ventricular ejection fraction; LVIDD, left ventricular internal dimension in diastole.
*Using t test for continuous variables and chi-square test for categorical variables.
†Race data available for 416 cases and 312 controls.
‡Body mass index data available for 380 cases and 324 controls.
§Smoking status available for 326 cases and 233 controls.
kCholesterol data available for 245 cases and 263 controls.
¶ACE inhibitor use information available for 406 cases and 311 controls.
#Data available for 410 cases and 324 controls.
**Defined as LVIDD ≥58 mm for women and ≥64 mm for men.
††Defined as LVIDD ≥62 mm for women and ≥69 mm for men.
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Figure. Proportions of cases and controls with different cate-
gories of LV dilatation based on magnitude of dilatation. LV
indicates left ventricular.
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In separate multivariate models adjusted for age and black
race, the OR for severe LV dysfunction alone was 1.8 (95% CI
1.2 to 2.6; P<0.01), whereas for subjects with both severe LV
dysfunction and severe LV dilatation, the OR was 4.0 (95% CI
1.5 to 10.7; P<0.01), showing that presence of severe LV
dilatation additively increased the odds for SCD in patients
with severe LV dysfunction.

Normal-EF Versus Low-EF Subjects
We performed a sub-analysis comparing LV diameter in cases
and controls stratified by normal LVEF (≥50%) versus reduced
LVEF (<50%) (Table 4). As shown in the table, significant
differences in LV diameter were observed only in the
subgroup with reduced EF.

Discussion
The findings from this community-based study suggest that
LV size may have additional value beyond LVEF as a risk

marker for SCD in the community. Although the role of EF has
been studied extensively, the LV diameter obtained routinely
along with LVEF has not been considered for potential use in
risk stratification. The current findings indicate that we could
significantly add to risk stratification by using this simple
measure. Low EF clearly increases overall risk of sudden
death, but it is not clear why the risk is variable within
subjects with low EF. It is possible that LV dilation may
explain this to some extent because people with a low EF but
normal or only mildly dilated LV did not appear to be at
significantly greater risk of SCD in this study; however,
presence of moderate or severe LV dilation along with low EF
was associated with significantly higher odds of SCD.

It could be argued that subjects with moderate or severe
LV dilatation merely represent those with relatively lower EFs
among the population with LV dysfunction. Indeed, LVEF and
LV dilatation are closely related. However, a potential
limitation of EF is significant interobserver variability and
limited accuracy, especially when endocardial borders are not
well defined in all phases of the cardiac cycle.14 Reports have
suggested that such variability in EF could be in the range of
10% or greater.15 Consequently, attempting to subclassify
categories of EF within the group with LVEF ≤35% may be
subject to error and difficult to apply in actual clinical
practice. LV size assessed using M mode may be less prone to
error. In addition, although there is no consensus on risk-
stratification based on progressive reduction in EF, categori-
zation using LV diameter may provide a practical alternative
for refinement of risk assessment. LVEF is also prone to
temporal changes, and the prognostic implications of such
changes are not well understood. It would be worthwhile to
study whether LV size would provide a more stable, robust
measure in this regard. Lee et al, in a group of heart failure
patients, determined that LV dilatation was an independent
predictor of overall and sudden death.16 In addition, in a
subgroup of patients, EF improved but moderate or severe LV
dilatation did not change significantly. The authors suggest
that LV dilatation is an important risk marker and can be used
to guide aggressive therapies.

Earlier studies have shown that most cases of SCD in the
community have structurally normal LV.12,17 As is evident
from the comparisons of LV diameter stratified by LVEF,
significant LV dilatation is unlikely to be found in patients with
structurally normal LV. The utility of LV size as a risk marker
is likely to help mainly in patients with structural heart
disease.

An analysis of patients in a congestive heart failure
database revealed that subjects with sudden death had a
higher mean LV diastolic diameter. The authors suggested
that a combination of brain natriuretic peptide and LV
dimensions could be useful for SCD risk assessment.10

Yetman et al, in a follow-up study of patients with Marfan

Table 2. Unadjusted Odds Ratios for Sudden Cardiac Death

Parameter OR (95% CI) P Value

Black race 3.0 (1.6 to 5.7) <0.01

Moderate or severely dilated
LV vs normal

2.1 (1.3 to 3.4) <0.01

Severely dilated LV vs moderately
or mildly dilated or normal

4.0 (1.7 to 9.3) <0.01

LVEF ≤35% 2.0 (1.4 to 2.9) <0.01

LVEF ≤35% with normal LV size
or mild LV dilatation*

1.5 (1.0 to 2.3) 0.06

LVEF ≤35% and either moderate
or severe LV dilatation*

2.6 (1.4 to 4.7) <0.01

LVEF ≤35% and severe
LV dilatation*

4.9 (1.9 to 12.7) <0.01

EF indicates ejection fraction; LV, left ventricle; OR, odds ratio.
*Compared with the rest of the study population.

Table 3. Multivariable Odds Ratios for Sudden Cardiac
Death*

Parameter OR (95% CI) P Value

Age 1.01 (1.00 to 1.02) 0.02

Black race 3.06 (1.61 to 5.83) <0.01

EF ≤35% 1.57 (1.06 to 2.32) 0.03

Severe LV dilatation 2.65 (1.11 to 6.37) 0.03

EF indicates ejection fraction; LV, left ventricle; OR, odds ratio.
*Multivariable analysis performed on 715 subjects with complete information on all
variables in the model.
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syndrome, found sudden death to be more frequent in those
with a dilated LV.11

The ability of LV size to help further refine EF-based risk
prediction could have important implications for primary
prevention of SCD. In a small study of patients with idiopathic
dilated cardiomyopathy and ICDs implanted for primary
prevention, the highest rate of appropriate ICD interventions
was seen in the group that had both low EF and severely
dilated LV.18 ICD shocks have been potentially linked to
adverse outcomes,7 and inappropriate shocks have a signif-
icant adverse impact on quality of life. According to current
guidelines, which are based on EF alone, it is likely that a
subgroup of ICD recipients do not derive significant benefit.19

The findings from this study suggest that among those with
severe LV dysfunction, subjects with a normal or slightly
dilated LV may not be at significant risk for SCD. So far, none
of the major ICD trials have considered LV size in determining
entry criteria. Among the cardiac resynchronization therapy
trials, the CARE-HF trial used LV end-diastolic dimension of at
least 30 mm (indexed to height) as an inclusion criterion.20 A
subsequent analysis showed LV end-diastolic volume to be a
univariate predictor of SCD, whereas randomization to cardiac
resynchronization therapy reduced SCD risk.21

How does a dilated LV predispose to sudden death? Fatal
arrhythmogenesis in SCD is the end result of a complex
interplay of several factors that include an arrhythmogenic
substrate and an appropriate trigger. Dilatation of the LV
could potentially create a favorable milieu for re-entrant
ventricular arrhythmias. Alterations in parameters of repolar-
ization such as the QT dispersion have also been proposed as
a potential mechanism of sudden death in patients with heart
failure and a dilated LV.22 Consequently, in addition to risk

stratification, LV diameter, also warrants investigation as a
therapeutic target.

Limitations
Some limitations should be considered when interpreting the
results of this study. Although this evaluation was community
based, the present analysis was restricted to those who had
an echocardiogram performed. We cannot exclude potential
bias with this approach because these subjects are likely to
have cardiovascular risk factors or disease. However, this
study design provided feasible numbers to address the
question of whether LV size adds prognostic information to
LVEF. The population studied is clinically relevant group, and
we believe that these results hold relevance for a large
segment of heart disease patients at risk of SCD; for whom
current risk stratification approaches and decision making for
primary prevention ICDs are imperfect. The echocardiograms
were not read in a standardized manner because they were
obtained from existing hospital records from the study region;
however, these measurements reflect the real-world scenario
in actual clinical practice. Moreover, LVIDD measurement
using M-mode is a very simple, standardized measurement,
making significant interobserver variations unlikely.23

Although multivariable models were performed and suggest
that LV size appears to improve risk prediction beyond EF
alone, other factors could potentially confound the results. In
addition, whether LV size can actually improve risk prediction
clinically will need further prospective studies with additional
analyses focused on parameters such as discrimination and
reclassification aimed at evaluating the performance of LV
size as a diagnostic test.

Table 4. Case Control Comparison of LV Diameter Stratified by Normal Versus Low LVEF

Case (n=228) Control (n=214) P Value

LVEF ≥50% (n=442)

LVIDD, mm 47.8�8.7 47.3�6.5 0.5

LVIDD/BSA, mm/m2 24.6�4.6 24.3�3.7 0.4

Moderate or severe LV dilatation 9 (3.9%) 4 (1.9%) 0.2

Severe LV dilatation 2 (1%) 0 (0%) 0.2

Case (n=181) Control (n=105) P value

LVEF <50% (n=286)

LVIDD, mm 57.9�9.7 54.4�8.2 <0.01

LVIDD/BSA, mm/m2 29.3�5.1 27.5�4.3 <0.01

Moderate or severe LV dilatation 58 (32%) 20 (19%) 0.02

Severe LV dilatation 16 (9.6%) 1 (1%) <0.01

BSA indicates body surface area; LV, left ventricular; LVEF, left ventricular ejection fraction; LVIDD, left ventricular internal dimension in diastole.
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Conclusion
Assessment of LV size could potentially add value to EF in risk
prediction for SCD. Further investigation directed toward better
understanding of the mechanisms underlying the deleterious
effects of LV dilatation and evaluating its utility as a clinical risk
marker, may pave the way for incorporation of this measure-
ment into risk-stratification algorithms for sudden death.
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