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Abstract

Objectives—We tested whether an assessment of myocardial scarring by cardiac magnetic
resonance (CMR) would improve risk stratification in patients evaluated for implantable
cardioverter-defibrillator implantation.

Background—Current SCD risk stratification emphasizes left-ventricular ejection fraction
(LVEF), however the majority of patients suffering SCD have a preserved LVEF and many with
poor LVEF do not benefit from ICD prophylaxis.

Methods—One hundred thirty-seven patients undergoing evaluation for possible ICD placement
were prospectively enrolled and underwent CMR assessment of LVVEF and scar. The prespecified
primary endpoint was death or appropriate ICD discharge for sustained ventricular
tachyarrhythmia.

Results—During a median follow-up of 24 months the primary endpoint occurred in 39 patients.
Whereas the rate of adverse events steadily increased with decreasing LVEF, a sharp step-up was
observed for scar size >5% of LV mass (HR=5.2 [95% ClI, 2.0-13.3]). On multivariable Cox
proportional hazards analysis, including LVEF and electrophysiological-study results, scar size (as
a continuous variable or dichotomized at 5%) was an independent predictor of adverse outcome.
Among patients with LVEF >30%, those with significant scarring (>5%) had higher risk than
those with minimal-or-no (<5%) scarring (HR=6.3 [1.4-28.0]). Those with LVEF >30% and
significant scarring had similar risk to patients with LVEF <30% (p=0.56). Among patients with
LVEF <30%, those with significant scarring again had higher risk than those with minimal-or-no
scarring (HR=3.9 [1.2-13.1]). Those with LVEF <30% and minimal scarring had similar risk to
patients with LVEF >30% (p=0.71).
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Conclusions—Myocardial scarring detected by CMR is an independent predictor of adverse
outcome in patients being considered for ICD placement. In patients with LVEF >30%, significant
scarring (>5% LV) identifies a high-risk cohort similar in risk to those with LVEF <30%.
Conversely, in patients with LVEF <30%, minimal-or-no scarring identifies a low-risk cohort
similar to those with LVEF >30%.

Keywords
cardiovascular magnetic resonance; implantable cardioverter-defibrillator; myocardial scarring

INTRODUCTION

Sudden cardiac death (SCD) is a leading cause of mortality responsible for approximately
325,000 deaths annually in the United States alone.(1) Currently, risk stratification for SCD
emphasizes left-ventricular ejection fraction (LVEF), and significant LV dysfunction has
become the primary basis for determining a patient's eligibility for an implantable
cardioverter-defibrillator (ICD).(2-5) However, LVEF has limitations in predicting clinical
events. SCD typically results from ventricular tachyarrythmias,(6) and LVEF provides an
indirect measure of the arrhythmic potential. Not surprisingly, in population studies, up to
70% of patients suffering SCD have a preserved LVEF and are not identified for
prophylactic ICD implantation.(7) On the other hand, in patients with poor L\VEF—who are
eligible for ICD prophylaxis—many do not benefit. Recent trials suggest that approximately
14 t018 patients with ventricular dysfunction need to have an ICD implanted to prevent one
death.(3,5) Moreover, considering the substantial cost(8) and the potential for complications,
(9) improved risk stratification to identify patients who would benefit most from ICD
implantation remains an important public health challenge.

Myocardial scar tissue is known to serve as a substrate for malignant ventricular
tachyarrhythmias in both ischemic(10,11) and nonischemic cardiac disorders.(12,13)
Importantly, the presence and extent of scarring may not be concordant with LVEF. For
instance, some patients with extensive scarring may have preserved LVEF either because the
scar is not full-thickness and/or because there is hyperkinesia of remote segments.(14,15)
Conversely, some patients without myocardial scarring may have severely reduced LVEF.
(16,17)

We postulated that an assessment of myocardial scarring would improve risk stratification
for SCD beyond that provided by LVEF. Delayed-enhancement cardiovascular magnetic
resonance (DE-CMR) provides high spatial resolution images of scar tissue that directly
correlate with pathology.(18,19) Additionally, DE-CMR has shown prognostic utility above
and beyond common clinical and functional indices in a variety of cohorts with
ischemic(20-23) or nonischemic(19,20,24) cardiac disorders. However, in most studies
evaluating prognosis there were few hard events and the primary endpoint was a composite
including hospitalization for heart failure. Thus, additional studies evaluating the prognostic
value of DE-CMR are essential.

The present investigation was designed to directly compare the predictive value of scar to
LVEF—both simultaneously assessed during the same CMR session—for adverse outcome
in patients being considered for ICD implantation.

JAm Coll Cardiol. Author manuscript; available in PMC 2013 July 31.
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Population and Design

Follow-up

We prospectively screened patients referred to the electrophysiology service and scheduled
for an electrophysiology study (EPS) and/or ICD placement between July 1, 2002 and July
1, 2004. Since we wished to evaluate both patients with preserved and impaired LVEF, a
broad population was chosen and only those with contraindications for CMR (prior
pacemaker or defibrillator) or were under 18 years of age were excluded. The reasons for
referral to the electrophysiology service were low ejection fraction meeting criteria for an
ICD in 69 (50%) patients, mild LV dysfunction not meeting criteria but with palpitations,
frequent premature ventricular contractions, and/or non-sustained ventricular tachycardia in
22 (16%), evaluation of wide-complex tachycardia in 25 (18%), syncope in 17 (13%), and
presumed cardiac arrest in 4 (3%). Of the 137 patients that were enrolled, CMR was
performed for research purposes (only this specific protocol) in 109 patients and scan results
were not used to guide clinical decision-making. The remaining 28 patients were screened
concurrently and in the same prospective manner but had a clinically ordered scan for the
assessment of LVEF. This group was similar to the 109 scanned only for the purpose of
research with respect to age, gender, prevalence of coronary artery disease (CAD), LVEF,
prevalence and extent of scar, as well as clinical outcome during follow-up (all p>0.10). All
patients gave written informed consent. The study was approved by the Duke Institutional
Review Board.

A comprehensive medical history including CAD risk factors, heart failure functional class
(NYHA), and medications at the time of CMR was obtained in all patients. Additionally, 12-
lead electrocardiography (ECG) was performed a median of 2 days (interquartile range
[IQR]: 1, 5 days) from CMR and interpreted blinded to clinical and CMR data. Established
criteria(3) were used to categorize patients as having ischemic or nonischemic heart disease:
ischemic disease was considered present if there was =70% stenosis of a major epicardial
coronary artery on x-ray angiography,(25) history of enzymatically proven myocardial
infarction, or evidence of ischemia or infarction on clinical stress-testing. The majority of
patients (n=122, 89%) had previously undergone x-ray coronary angiography.

Information concerning arrhythmic events and mortality status were obtained at regular
intervals of 6 months via: 1) telephone interview with the patient, or if deceased, with family
members, 2) contact with the patient's physician(s), and 3) hospital records. Additionally, in
patients with ICDs, stored electrograms were downloaded at 3-month intervals and reviewed
by an electrophysiologist blinded to clinical data and CMR findings. The prespecified
primary endpoint was all-cause mortality or appropriate ICD discharge for ventricular
tachycardia or fibrillation.(26) There were two secondary endpoints: 1) all-cause mortality
alone, 2) sudden cardiac death or appropriate ICD discharge. For the primary endpoint, all-
cause rather than cardiac mortality was included (as recommended by a policy statement on
endpoints for trials that include 1CDs written by the North American Society for Pacing and
Electrophysiology(27) since the former is objective, clinically relevant, and unbiased, which
is often not the case for cardiac mortality.(28) The secondary endpoint of SCD or
appropriate ICD discharge was included to explore the mechanism of adverse outcome, and
SCD was defined as death within 1 hour of symptom onset, or an unobserved death in which
the patient was seen and known to be doing well within 24 hours of death.(29) All event
information was obtained and classified without knowledge of clinical or CMR findings.

Patients were enrolled before the recent Federal Drug Administration alerts regarding the
rare occurrence of nephrogenic systemic fibrosis associated with gadolinium contrast
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administration.(30) Two patients had end-stage renal disease and were receiving dialysis
(one hemodialysis, one peritoneal dialysis) at the time of enrollment. None of the study
participants developed nephrogenic systemic fibrosis during the follow-up period.

Cardiovascular Magnetic Resonance

Acquisition—Clinical 1.5-T scanners (Siemens Sonata or Avanto) with phased-array
receiver coils and standard protocols were used.(31) Briefly, cine images were acquired in
multiple short-axis (every 10 mm throughout the entire LV) and 3 long-axis views using a
steady-state free precession sequence (slice thickness, 6 mm; inter-slice gap, 4 mm; TR, 3.0
ms; TE, 1.5 ms; temporal resolution, 35-40 ms; flip angle, 60°; in-plane resolution 1.7x1.4
mm). DE-CMR was performed using a segmented inversion-recovery gradient-echo
sequence (slice thickness, 6 mm; inter-slice gap, 4 mm; TR, 9.5 ms; TE, 3.8 ms; flip angle,
25°; in-plane resolution 1.8x1.4 mm) 10 minutes after contrast administration
(gadoversetamide, 0.15 mmol/kg) in the identical locations as cine-CMR. Inversion delay
time was set to null signal from normal myocardium, and was typically 280-360 ms.

Analysis—Cine-CMR and DE-CMR images were evaluated separately masked to all
patient information. Left ventricular volumes, mass, and ejection fraction were
quantitatively measured from the stack of short-axis cine images using standard techniques.
(32) Presence or absence of left ventricular aneurysm was noted. The presence and location
of hyperenhanced tissue on DE-CMR, which was interpreted as representing scarred
myocardium,(31) was determined by visual inspection using the AHA 17-segment model.
(33) Regional enhancement was scored according to the spatial extent of hyperenhanced
tissue within each segment (0=no hyperenhancement, 1=1-25% hyperenhanced, 2=26-50%,
3=51-75%, 4=76-100%).(14) Scar size was measured by planimetry from the stack of short-
axis DE-CMR images in our CMR core laboratory by a single, blinded reader. Inter- and
intraoberver agreement for scar size is routinely tested in the core laboratory for quality
assurance; Bland-Altman analysis demonstrated a bias of 1.0% and -0.1%, respectively with
a standard deviation of differences of 2.6% and 0.8%, respectively;(22) the intra class
correlation coefficients were 0.942 and 0.982, respectively. We also assessed other
morphological characteristics of scar. These included the number of separate scars, scar
surface area (determined from the scar circumference on the stack of short-axis DE-CMR
images(34)), and scar pattern (classified as CAD-type when subendocardial or transmural in
a typical vascular distribution, or non CAD-type when mid-myocardial or epicardial(35)).
The extent of the “grey-zone” (i.e. regions with partial hyperenhancement) was also
determined.(36) As described previously,(36) grey zones were defined as those regions with
image intensity between 2 and 3 SD above that of reference, remote myocardium, and was
expressed as a percentage of LV mass.

Electrophysiologic Testing

A total of 105 (77%) patients underwent EPS within a median of 0 days (IQR 0, 3.5) of
CMR. No patient experienced a change in clinical status in the time between CMR and EPS.
EPS was performed using standard techniques. Briefly, programmed stimulation was
performed using two drive trains followed by one to three ventricular extrastimuli that were
2 ms in duration at twice the diastolic threshold at two right ventricular sites.(37) All EPS
data were reinterpreted at a later timepoint by an experienced electrophysiologist blinded to
patient information and CMR findings by reviewing the intracardiac electrograms and the
surface ECG stored on the commercial recording system (Prucka Cardiolab, GE Healthcare).
The EPS endpoint included the induction of a sustained monomorphic ventricular
tachycardia (VT), polymorphic VT, or ventricular fibrillation (VF), or completion of the
protocol.(37) Similar to previous studies, a sustained ventricular arrhythmia was defined as
one lasting 30 seconds or requiring termination sooner because of hemodynamic
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compromise, monomorphic VT was defined as a VT with a uniform beat-to-beat QRS
morphology, polymorphic VT had a variable QRS morphology, and VF was defined as a
rapid, disorganized rhythm without consistently identifiable complexes.(37)

Statistical Analysis

RESULTS

Normally distributed data are presented as the mean + SD or, in cases where the distribution
is not normal, as median and interquartile range. Two sample ftests were used to compare
mean values of continuous data between two groups. Chi square tests were used to compare
discrete data between groups; in those cases where the expected cell count was <5, Fisher's
exact test was used. Cumulative event rates were calculated according to the Kaplan-Meier
method. Differences in event rates between groups were assessed with the log-rank test
without adjustment for multiple comparisons. In order to identify the baseline characteristics
associated with adverse outcome, univariable Cox proportional hazards regression analysis
was performed. For patients with two or more events during follow-up (several arrhythmic
events or an arrhythmic event followed by death), only the time to the first event was
considered per patient. Because coronary revascularization may result in procedure-related
myocardial injury,(38,39) patients who underwent coronary bypass graft surgery or
percutaneous coronary intervention after study enrollment were censored at the date of the
procedure. Patients were to be censored on the date of heart transplantation, but none
underwent heart transplantation during follow-up.

Two Cox regression multivariable models were subsequently developed. In the first,
candidate variables showing a possible association with prognosis by univariable analysis
(p<0.10) were considered one at a time starting with the most significant variable.
Significant variables were determined by stepwise selection (and backwards elimination) at
the 0.05-level of significance. In the subgroup with EPS a separate analysis was performed
with monomorphic VT added as a covariate. Relative risks were expressed as hazard ratios
with associated 95% confidence intervals (HR [95% CI]). In the second multivariable
model, only 3 variables were included to avoid the potential for overfitting. These were
NYHA functional class (the most significant clinical predictor), LVEF, and scar size>5%.
Formal risk reclassification analyses were conducted with both integrated discrimination
improvement (IDI) and net reclassification improvement (NRI) methods.(40) All statistical
tests were two tailed and p<0.05 was regarded as significant. The authors had full access to
and take full responsibility for the integrity of the data. All authors have read and agree to
the manuscript as written.

Baseline Characteristics

Of the 137 enrolled patients, all successfully underwent CMR and their baseline
characteristics are shown in Table 1. Briefly, the mean age was 59 years, 63% were male,
about half (53%) had ischemic heart disease, and the mean LVEF was 35%. Just over 60%
had NYHA functional class Il or higher, and two-thirds were treated with a beta-blocker and
an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker. The majority
(n=105) underwent EPS, and monomorphic VT was induced in 21 (20%) patients.
Myocardial scar was found in 107 patients (78%) with a median scar size of 7.8% of the left
ventricular mass (IQR 1.1, 15.8). Patients with ischemic heart disease were older, more
often male, more likely to have diabetes, hypertension, and hypercholesterolemia, and had
lower LVEF and higher prevalence of myocardial scar, compared to those without ischemic
disease.

JAm Coll Cardiol. Author manuscript; available in PMC 2013 July 31.
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The median follow-up time was 24 months (IQR 19.9, 29.0). No patient was lost to follow-
up. 104 patients (75%) had an ICD placed, generally during the initial evaluation, 2 days
(IQR 1, 7) after enrollment. The decision for ICD implantation was guided by standard
consensus criteria(2,41) including LVEF and EPS results, but was at the discretion of the
treating physician after discussion with the patient. The indication for ICD implantation was
primary prophylaxis in 92 patients and secondary prophylaxis (sustained VT or presumed
cardiac arrest) in 12. The primary endpoint of death or appropriate ICD discharge occurred
in 39 (28%) patients: 19 died (5 of whom also had an ICD discharge) and 20 had ICD
discharge only. Sudden cardiac death occurred in 5 patients. Four patients underwent
revascularization (all percutaneous coronary interventions) at 9, 12, 12, and 21 months after
enrollment, and were censored at that time.

Predictors of Adverse Events

Patient characteristics related to the primary endpoint are listed in Table 1. Patients who
died or had an appropriate ICD discharge were more likely to have ischemic heart disease,
worse NYHA functional class, and monomorphic VT elicited on EPS. Among the CMR
parameters, patients with events had worse LVEF, larger end-diastolic and end-systolic
volumes, and more frequently had a LV aneurysm. Additionally, they were more likely to
have myocardial scar, and scar size as a percentage of left ventricular mass was larger
compared to patients without events.

Figure 1a details the relationship between LVEF and events. For each decrement in LVEF,
there was a monotonically increasing event rate. Figure 1b demonstrates a different
relationship between scar size and events. There was a marked step-up in event rate in
patients with a scar size exceeding 5% of LV mass (HR=5.2 [2.0-13.3], p=0.0006), without
further rise with each increment in scar size. Among the 84 patients with scar >5%, 34 had
events—17 died (4 of whom also had an ICD discharge) and 17 had ICD discharge only—
representing an event rate of 19.6%/year and a mortality rate of 9.8%/year. Conversely,
among the 53 patients with scar <5%, 5 had events—2 died (1 of whom also had an ICD
discharge) and 3 had ICD discharge only—representing an event rate of 4.25%/year and a
mortality rate of 1.7%/year. Among the 30 patients without any myocardial scar, there were
2 events (both ICD discharges, no deaths) representing a total event rate of 2.8%/year.

In Table 2 the hazard ratios for the significant clinical and CMR predictors of adverse
events are shown. For the primary endpoint of death or ICD discharge, multivariable
analysis demonstrated that NYHA functional class (HR=1.7 [1.2-2.4], p=0.003) and scar
size >5% (HR=4.6 [1.8-11.8], p=0.002) were the only independent predictors. Scar size >5%
remained an independent predictor for the secondary endpoints of SCD or ICD discharge,
and all-cause mortality. Notably, although LVEF was a significant univariable predictor of
adverse events (primary and both secondary endpoints), it was not an independent predictor
on multivariable analysis, either as a continuous variable or using a cutoff of 30% or 35%.
Multivariable analysis excluding the 28 patients with a clinically ordered scan demonstrated
the same independent predictors as in the entire population. For the primary endpoint,
NYHA functional class (HR=1.9 [1.3-2.9], p=0.002) and scar size >5% (HR=4.9 [1.7-14.0],
p=0.003), again were the only independent predictors.

When scar size was included as a continuous (% LV mass) rather than dichotomous
variable, it remained an independent predictor of the primary endpoint, death or ICD
discharge (HR=1.03 [1.01-1.07], p=0.03) and the secondary endpoint, SCD or ICD
discharge (HR=1.04 [1.01-1.07], p=0.03).
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An analysis of the subgroup of patients undergoing EPS (n=105) was performed after
including inducible monomorphic VT as a covariate (Table 2). Scar size >5% was an
independent predictor for all endpoints. Inducible monomorphic VT was a significant
univariable predictor of death or ICD discharge, and SCD or ICD discharge but not all-cause
death. On multivariable analysis, inducible monomorphic VT was not an independent
predictor of the primary or secondary endpoints.

In a separate multivariable modeling approach, only three variables (NYHA class, LVEF,
and scar size >5%) were included to avoid the potential for overfitting. In this model, scar
size >5% was the strongest predictor of the primary endpoint (HR=4.5 [1.7-11.6], p=0.002).
While NYHA class was an independent predictor (HR=1.6 [1.0-2.4], p=0.04), LVEF was
not (HR=0.1[0.97-1.20], p=0.58).

To assess the incremental prognostic value of the scar data over NYHA class and over
LVEF, we performed a risk reclassification analysis for the primary endpoint. The IDI
showed significant reclassification when adding scar data to the model with NYHA class
(ID1=0.134, p=0.0004) and when adding scar data to the model with LVEF (IDI=0.111,
p=0.003). The NRI was calculated using 4 risk categories (0-20%, 20-40%, 40-60%, and
>60%), and also showed significant reclassification when adding scar data to the model with
NYHA class (NRI=41%, p=0.03) and to the model with LVEF (NRI=32%, p=0.049).

Improved Risk Stratification in LVEF subgroups

Survival analysis in subgroups with >30% and LVEF <30%(5,42) are shown in Figures 2
and 3, respectively. Among patients with LVEF >30%, those with significant scarring
(>5%) had higher incidence of death or ICD discharge compared to those with minimal-or-
no (<5%) scarring (HR=6.3 [1.4-28.0], p=0.02; Figure 2a). Despite an LVEF >30%, the
high-risk subcohort with scar >5% had a similar event rate to the entire group with LVEF
<30% (HR=0.8 [0.4-1.6], p=0.56). Similar relationships were observed for the secondary
endpoints (Figure 2b and c).

Among patients with LVEF <30%, again those with scar >5% had higher incidence of death
or ICD discharge compared to those with scar <5% (HR=3.9 [1.2-13.1, p=0.03]; Figure 3a).
Similar trends were found for the secondary endpoints, but these did not reach statistical
significance (Figure 3b and c). Despite an LVEF <30%, the low-risk subcohort with scar
<5% had a similar event rate (for all 3 endpoints) to the entire group with LVEF >30%.

Survival analysis using an LVEF cutoff of 35% (rather than 30%) demonstrated similar
findings. Despite an LVEF >35%, those patients with scar >5% had a similar event rate to
the entire group with LVEF <35% (HR=0.6 [0.3-1.5], p=0.29). Conversely, among patients
with an LVEF <35%, the subgroup of patients with scar <5% had a similar event rate to the
entire group with LVEF >35% (HR=0.8 [0.2-2.8], p=0.69). Figure 4 illustrates typical CMR
images in patients with various levels of myocardial scarring and left ventricular function.

Scar Morphology and Events

A number of characteristics of scar morphology were evaluated, and their relationships to
outcome are shown in Table 3. Many parameters were associated with adverse outcome
(primary and both secondary endpoints) on an unadjusted basis. However, a multivariable
analysis including only scar morphology covariates, demonstrated that scar size >5%
(p=0.03, HR=3.1[1.1, 8.6]) and the number of separate scars (p=0.02, HR=1.7 [1.1, 2.5])
were independent predictors of the primary endpoint.
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DISCUSSION

The main finding of this study is that myocardial scarring detected by DE-CMR strongly
predicts death or appropriate ICD discharge for sustained ventricular arrhythmia in patients
undergoing evaluation for possible ICD placement. On multivariable analysis, which
included LVEF and electrophysiological study results, scar size was an independent
predictor of adverse outcome when considered as a continuous variable or dichotomized at
5% of LV mass. For the latter, the hazard ratio was 4.6 [1.8-11.8] in all patients and 4.4
[1.7-11.6] in patients undergoing EPS (n=105). Furthermore, scar size >5% was an
independent predictor of both secondary endpoints, SCD or ICD discharge and all-cause
mortality alone.

Scar tissue is believed to be a fundamental component of the anatomical substrate for lethal
ventricular arrhythmias.(10-13,43) In the setting of coronary disease, electrical mapping
studies have revealed that reentrant VT usually originates from the subendocardial surface
of infarcted myocardium, adjacent to dense scar.(11,43,44) In the setting of nonischemic
cardiomyopathy, scar is less common and some characteristics are different (less confluence,
less endocardial involvement)(17,45,46) but again VT appears primarily the result of
myocardial reentry associated with scar.(13,47) In both settings, histological analysis of
myocardial specimens have shown that regions that are crucially involved in the reentry
circuit consist of isolated bundles of surviving myocytes interwoven with strands of fibrous
scar tissue—the consequence of which is nonuniform anisotropic conduction and other
electrophysiological abnormalities that can result in VT.(11,12,43)

The potential relevance of scar as detected by DE-CMR was initially investigated by
comparisons with electrophysiological testing. Bello et al.(34) observed that infarct scar size
(or surface area) was a better predictor of inducible monomorphic VT on EPS than LVEF in
patients with coronary disease. Similarly, Nazarian et al.(48) demonstrated that DE-CMR
assessment of scar distribution was the strongest predictor of inducible VT in patients with
nonischemic cardiomyopathy. More recently, in patients referred for radiofrequency ablation
of VT or symptomatic premature ventricular complexes, Bogun et al.(46) reported that DE-
CMR diagnosed scar in all patients with history of sustained VT; and when a critical site of
VT was identified, it occurred within areas of scar in all cases. Moreover, the location of
scar was a reliable guide to catheter ablation—for predominantly endocardial scar, an
endocardial approach was necessary, for epicardial scar, an epicardial approach was needed,
and for mid-wall intramural scar, ablation was uniformly ineffective. Thus, these data
present compelling evidence that DE-CMR identified scar is associated with ventricular
arrhythmias, and offer mechanistic insight into why scar assessment may be better at
predicting prognosis than LVEF or indices of LV morphology.

The results of the present study corroborate and extend those of earlier reports investigating
the prognostic significance of scarring identified by DE-CMR.(19,21,22,24,49,50) These
studies have consistently demonstrated the additive value of scar (or infarct) assessment for
predicting adverse outcome. However, most studies had few hard endpoints(19,23,24) and/
or were retrospective evaluations of patients who had undergone clinically ordered CMR in
which scan results were used to determine patient management.(21,49,50) In the current
study, all patients were prospectively enrolled prior to CMR and in most (80%) CMR was
performed only for research purposes and scan results were not used to guide clinical
decision-making. The overall crude mortality rate of 6.8%/year was similar to that in
comparable populations at risk for arrhythmia,(3,5) and 39 patients reached the prespecified
primary endpoint of death or appropriate ICD discharge. Although still relatively small, the
number of events compares favorably with recently published prospective CMR studies by
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Wu,(23) Assomull,(19) and Wu et al.(24) that involved 18, 23, and 15 events, respectively
overall, and 2, 10, and 7 events after excluding hospitalization events.

The present study is the first to directly compare CMR scar assessment with invasive EPS
for predicting prognosis. EPS has distinct advantages over LVEF in that the actual induction
of VT directly establishes the presence of an arrhythmic substrate, is more specific for
predicting an arrhythmic death,(51) and a risk stratification strategy involving EPS has
higher efficiency (fewer ICDs needed /life saved) than one focused primarily on LVEF.(52)
Nonetheless, a negative EP study is not reassuring and does not indicate low likelihood for
arrhythmic death especially in patients with low LVEF or with nonischemic
cardiomyopathy.(37,52,53) In our relatively broad patient population we observed that
inducibilty of VT on EPS was a significant univariable predictor of adverse events, but on
multivariable analysis DE-CMR scar assessment was superior to EPS in predicting both
primary and secondary endpoints.

Clinical Implications

Although significant left ventricular dysfunction identifies a cohort at particularly high risk
for SCD, it is a well-recognized paradox that most patients that die suddenly have less
severe dysfunction. For instance, the Maastricht prospective registry found that 81% of
patients experiencing SCD had an LVEF >30% before the event.(54) Likewise, the Oregon
sudden death study reported that 70% of patients suffering SCD had an LVEF >35% before
the event. The present investigation was not a community-wide population study, but it is
notable that of the 72 patients that would have been considered low-risk solely from an
LVEF perspective (LVEF >30%), 14 died or had an appropriate ICD discharge during
followup. Importantly, scar >5% on DE-CMR classified 12 of these 14 as high- rather than
low-risk individuals. DE-CMR images of two of these patients are shown in Figure 4
(Patient Cand D).

On the other hand, it is also recognized that among patients that meet the current definition
of high-risk LVEF (<30%-35%), the majority will not derive any benefit from ICD
implantation, since 14-18 patients with high-risk LVEF need to have an ICD implanted to
prevent one death.(3,5) In the present study 65 patients had LVEF <30%, among whom 25
died or had an appropriate ICD discharge during followup. However, those with scar <5%
had a 3-year event rate that was below or similar to that of the entire group with low-risk
LVEF (Figure 3a).

Eligibility for ICD implantation is based primarily on the presence of LV dysfunction, since
LVEF is considered the strongest independent predictor of SCD among traditional clinical
markers.(55) However, our data corroborate prior investigations reporting LVEF lacks both
sensitivity and specificity in predicting clinical events.(55) Although preliminary, our
findings highlight the potential of scar assessment by DE-CMR to improve the sensitivity of
risk stratification by identifying patients with relatively preserved LVEF who nevertheless
are at considerable risk for poor outcome. Because most SCD occurs in patients with
preserved LVEF substantial effort is justified in evaluating new noninvasive risk
stratification strategies in this group.(55) Our results also suggest that DE-CMR scar
assessment may be useful in identifying patients with low LVEF who may not benefit from
ICD therapy. This hypothesis requires extensive further testing but seems warranted given
the substantial cost of ICD therapy and the potential for harm, from unnecessary shocks,
procedural complications, manufacturer recalls, and possible proarrhythmia.(56)
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Study Limitations

There are limitations in using ICD discharges—even after classification as appropriate or
not based on stored electrograms—as a surrogate for SCD.(57) However, our findings were
similar when using all-cause mortality as the endpoint (Table 2) and we believe the main
associations between scar and adverse outcome in the study are unlikely to be spurious.

We compared scar with LVEF, EPS, QRS duration, and many other clinical indices, but
several others with high potential for improving risk stratification, such as T-wave alternans
and heart rate variability, were not tested. A systematic comparison between scar and these
other risk metrics was beyond the scope of the present study but would be an important area
of future research.

An exploratory analysis of scar morphology (Table 3) suggests other characteristics besides
size may be important for risk stratification, such as the number of separate scars, but this
will require prospective testing to fully explore their significance. There are several ways to
quantitatively assess the grey zone, and it is possible that a different analysis method than
the one used in the present study may have provided different results. Likewise, there may
be different thresholds in scar size to optimally stratify risk when considering CAD and non-
CAD patients separately. Interestingly, similar to the results of the present study, we note
that Assomull et al.(19) found that scar >4.8% was the optimal threshold to predict outcome
in patients with nonischemic cardiomyopathy, and Kwong et al.(21) observed a sharp step-
up in risk with even a small amount of scarring in patients with coronary disease. It is
speculative, but these results are consistent with experimental investigations that have
suggested that a “critical mass” of scar is necessary for reentrant VT to occur.(58,59)

Finally, an important limitation is that the conclusions are based on a limited number of
events (the primary endpoint occurred in 39 patients), and this raises the possibility of
overfitted multivariable models; larger studies are vital to confirm these findings.

Conclusions

In patients undergoing evaluation for possible ICD implantation, myocardial scarring
detected by DE-CMR predicts worse outcome. Even in patients with LVEF >30%
considered low-risk from an LVEF perspective, significant scarring (>5%) identifies a
cohort with a high rate of adverse events and one similar in risk to those with LVEF <30%.
Additionally, in patients with LVEF <30%, minimal-or-no scarring identifies a cohort with
lower risk similar those with LVEF >30%. The findings suggest that DE-CMR scar
assessment is superior to LVEF for risk stratification, and justify future studies prospectively
testing whether patient management guided by CMR findings can improve patient outcome.
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Figure 1. Event Rate Depending on LVEF and Scar Size

The percentage of patients with the primary endpoint of death or appropriate ICD discharge
is shown according to different levels of left ventricular ejection fraction (Panel a) and scar
size (Panel b). For ejection fraction, the trendline (red line) shows a positive slope over the
entire range, indicating that event rate monotonically increases with decreasing LVEF. In
contrast, a marked step-up in event rate is noted for scar size greater than 5% of left
ventricular mass, which however does not rise further with increasing scar size.
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Figure 2. Kaplan-Meier Estimates of Adverse Events in Patients With LVEF >30%

In patients with LVEF >30%, those with significant scarring (>5% of LV mass) had a higher
event rate than those with minimal-or-no scarring (<5%) for both the primary (panel a) and
the two secondary endpoints (panels b, ). Those with LVEF >30% and significant scarring
had similar event rate to the entire group of patients with LVEF <30%. * For the secondary
endpoint of death alone, the hazard ratio between scar >5%, LVEF >30% and scar <5%,
LVEF >30% cannot be calculated because there were no deaths in the latter group.
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Figure 3. Kaplan-Meier Estimates of Adverse Events in Patients With LVEF <30%

In patients with LVEF <30%, those with significant scarring (>5% of LV mass) had a higher
event rate than those with minimal-or-no scarring (<5%) for both the primary (panel a) and
the two secondary endpoints (panels b, c). Those with LVEF <30% and minimal-or-no
scarring had similar event rate to the entire group of patients with LVEF >30%.
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Figure 4. Typical CMR Images In Patients With Various Levels Of Myocardial Scarring And
Left Ventricular Function

Example CMR images are shown in patients with concordance (Patient A) and discordance
(Patient B, C, and D) in the assessment of risk as determined by LVEF and myocardial
scarring (yellow arrows). The last column reports findings during follow-up including the
ICD electrograms when available. Patient A had poor LVEF and substantial scarring. This
patient, who had both parameters concordant for high risk, had an 1CD discharge for
ventricular tachycardia during the first month of follow-up. Conversely, Patient B had poor
LVEF but no myocardial scar, representing discordance in risk between these two
parameters. This patient received an ICD based on LVEF criteria, however had no adverse
events during follow-up (29 months). Patients C and D represent examples of those with
significantly higher LVEF (46% and 49%, respectively) in whom there was discordance in
risk in that substantial scarring was found. Patient C had CAD-type scarring (involves LV
subendocardium), whereas patient D had non-CAD-type scarring (spares the LV
subendocardium). Both patients had events during follow-up (patient C: sudden cardiac
death 18 months after study enrollment; patient D: appropriate ICD discharge to terminate
VT at one month and again at 10 months of follow-up).

JAm Coll Cardiol. Author manuscript; available in PMC 2013 July 31.



Page 19

ST0 (%Sv) 62 (%83) 2 ST0 (%8Y) Lv (%29) ve (%29) T2 sonaInIa
87’0 (%ee) 5T (%62) 12 G0 (%92) 52 (%82) 1T (%92) 9¢ sienbig
#0810 %LT) TT won 2 #50 (960T) 1 (%01) ¥ (%eT) 8T Jo5/00] [2ULIRL-WNIOJD
7000 (%56) G¢ (%82) 15 €500 (%29) 19 (%6L) 1€ (%£9) 26 130]g-e19g
1000°0> (%28) €€ (%98) €9 120 (%29) 99 (%L2) 0g (%02) 96 1jare|dnuy
#5840 (%eT) 8 (%T1) 8 #8340 (%zT) 2T (%071) ¥ (%zT) 9T 111 Sse|D dAlwAyrenuy
#eT0 (%e) 2 (%0) 0 #5870 (%) T (%e) T (%1) 2 1 sse|D olwylAyenuY
85°0 (%6) 9 (%eT) 6 v2°0 (%6) 6 (%ST1) 9 (%T71) ST v
910 (%8v) 1€ (%699) v 080 (%V9) €5 (%9%) 2¢ (%59) 52 Jonqyul-30v
SUOIIeJIP3IA
(%e) ¢ (%) S (%e) ¢ (%€T) § (%9) 2 Al
(%.2) 61 (%9¢) 92 (%672) 82 (%bv) LT (%€¢) S i
(%02) €T (%62) T2 (%t2) vz (%92) 0T (%52) ve 1l
(%L¥) 0g (%62) 12 (%S) v (%8T1) L (%2€) 1S I
10 €000 /SSEIP [euonaUNy VHAN
09'0 (9ve) €€ (%8¢) ST (%58) 8y . UOBOIIUI [eIPIR0AN JoLid
6.0 (%62) TT (%T€) & (%0¢) 9T 12d
760 (%12) L2 (%69) TT (%02) 8¢ 24v0
180 (%6€) 8¢ (%1v) 9T (%6€) v§ UOIJRZIIBINISEARY JOLId
v0'0 (%Lv) Ly (%29) 9¢ (%€3) €2 aseasi 1eaH d1Wayos|
7000°0> (%6T) 2T (%62) &5 Lv0 (%Lv) 9v (%¥S) T2 (%6Y) 29 1Wa|013)s3]0ydI1adAH
vZ'0 (%vT) 6 (%ez) 91 9g°0 (%971) 91 (%e2) 6 (%87) 52 19jows anasedly
S000°0 (%8¢) v2 (%.9) 67 or'0o (%18) 05 (%65) €2 (%€3) €2 uosusuadAH
7000°0> (%8) g (%) L2 800 (%6T) 6T (%ee) €1 (%€2) 2¢ snjjow sejegeld
7000 (%08) z¢ (%vL) vs G50 (%719) 09 (%29) 9¢ (%€9) 98 13pual sjeN
7000°0> T9TFETS 6'0TF£'59 €20 6'7T¥2'8S 6'STF9'T9 T'ST¥2'65 (1K) 2By
d (#9=u) avooN  (g/=u) Avd d  (s6=u) abueyosip @Ol 40 yreag oN  (ge=u) abreyosip @Ol 4o yread  (L€T=U) syusned v ansRloRIRYD

Klem et al.

SoNs1IBI0RIBYD JUBIEd auljaseq

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

JAm Coll Cardiol. Author manuscript; available in PMC 2013 July 31.



Page 20

Klem et al.

‘paonpul sem eipIeaAyoR) AUs-8l YOUEIQ 8puUNg WOYM Ul 8SBaSIp 1Jesy [2Jmonils INoyim siuaized g sspnjou|

"BIPJRIALIE) JRINOLIUSA = | A ‘UOIIR|[1IG JBINDLIIUBA = 4A ‘UOIUSAIBIUI A1BU0I0D SnosueIndiad = |Dd ‘UOIRI0SSY

+

'syuaied goT Ul quStwa%

“(pa|re}-oMmy) 158) 19EXd BYsid,

'$se|9 WHAN 01 Buipiodoe sjuaired
10 UONNQLISIP Y1 Ul QWD INOYIM PUE LM PUE ‘SIUBAS INOYIM pue yim sdnoib sy ussmiag uostiedwod sy 03 sureuad anjeA d uoissiwpe [e)dsoy Jo sl Je pajusLiniop Sem SSejo [euoiouny YHAN

]

“(Apmis YIND 40 SAep 0E£>) uondIeUI 3INJBANS YIIM Sjusiled 0T
v

1eaH YI0A MAN = WYHAN ‘Uonoel) uonoala JejnolusA 14a] = 437 ‘BWNJOA J1|0ISASPUS = AST ‘BUWINJOA J1]0ISRIPPUS = AQT ‘HIAID JuaWwadueyua pakelap = HIND-IQ ‘Buibewi aouruosal dnaubew

Je[nasenoipled = YND ‘A1abins yeuh ssedAq Alape Aleuolod = 9gy) ‘aseasip Alaue Aleuolod = gy ‘JoNgiyul swAzus-Buiianuod-uisualolbue = 101qiyuj-3IV ‘18x20]q 103dadas uisusiolbue = gyv

7000°0> (58-0)6'T (€'6T-2°9) 6'€T 2000 (Lv1'00) 2 (z61'€9) 62T (8sT'TT) 8L (ssew AT J0 %) azIs Jeds
7000°0> (%89) L€ (%96) 02 €000 (%12) 0L (%56) L€ (%82) 20T HIND-3Q uo sess Auy
€00 (%e) ¢ (%vT) 0T 100 (%9) 9 (%12) 9 (%6) ¢T wsAinaue A7
10 '9/78'98T TEOFr¥0Z  ¥90 v'0.F6' 76T 1'€/¥¢'10C 0'TL¥8'96T (6) ssew A7
100 Y6FTZLT 8'96¥FT'S9T €00 T'V8¥6'0ET Z'ZSTF0'06T 90TTFL LT (Iw) AS3 AT
€10 9'06¥0°€8T 6'86¥0%2C  8¥00 G'E8TY'Z6T G'GSTF09VC O'TTTFL'L0Z (lw) A3 AT
8000°0 9'02¥6 0 O'PIFS0E 2000 8'81FE'8e SYIF6'L2 T'8TFE'SE (%)43A7
HND
680 (%S) vz (%v) €€ 4] (%25) ev (%8Y) ¥T (%vS) 28 Fo1arneuruoN
vT0 (%sT1) 8 (%.2) vT 950 (%22) LT (%L1) S (%712) 22 4A 10 1A d1lydiowAjod
200 (%T11) 9 (%82) 5T 200 (%vT) 1T (%ve) 0T (%02) 12 LA d1ydiowouon
§ Apms a160joisAydoanos|3
80 (%eT) 8 (%¥T) 0T 160 (%eT) €T (%€eT) § (%eT) 8T ¥90]q Yauelq ajpung ybry
260 (%91) 0T (%sT) TT 150 (%v1) vT (%871) L (%971) T2 90| youeiq 3|pung Yo
120 Z'e£¥E'80T €0EFTSIT  €€0 v'ZEFE0TT 6'62F2'9TT 8TEFETTT (sw) sHO
810 0'9T¥8'SL VETFY L 100 eYIF9TL £GTFLL 8YTF0vL (wdaq) syel pesH
weld mo_ULmoobom_m
7000°0> (%e2) 5T (%02) 1S 760 (%s8v) Ly (%6v) 6T (%81) 99 unels
¥S0 (%02) €T (%52) 8T 090 (%712) 12 (%92) 0T (%€2) 1€ auooejouollds
d (#9=u) avOOoN  (g/=u) AvD d (86=u) abaeyasip @1 4o Yy1eda@ oN  (6e=U) abaeyosip @Ol 40 yread  (LgT=u) spuaned ||V ansRloRIRYD

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

JAm Coll Cardiol. Author manuscript; available in PMC 2013 July 31.



Page 21

Klem et al.

(928-66°0) ¥6'C

(66°€T-90'T) G8°€

800

(9v'5-16°0) €2°C

¥0°0

(eL-20T) 022

sn|jaw saleqelq
Jaxows anateby
aseasi MesH d1Wayos|

[eaulo

(G0T=U) dnoJbgns (Sd3) Apnis AbojoisAydoios|3

9000 (0TY-68'T)G.'8 200 (5'g2-9€'1)68'S  v000 (L'€T-99T)9L¥ 000  (L'€T-G9T)9Lv 2000 (8'TI-6L'T)6SY 90000  (€'€T-20°2) 8T'S %S < 9IS JedS
€00  (¥20'T-€00°T) 8€0'T 100  (690'T-800°T) 8E0'T  (SSew AT %) 8z1s Jeds
#VN #N ¥0'0 (6'8T-20'T) 0S¥ 100 (§'G2-8¥'T) ST'9 HIND-3Q uo Jedss Auy
€00 (15'9-80'T) 59°C wsAInaue A7
600  (0TO'T-6660) S00'T (B) ssew A7
20000  (600°T-£00°T) 900°T v0'0  (900'T-T00'T) £00'T 100  (900'T-T00'T) £00'T (lw) AST AT
¥000'0  (600°T-€00°T) 900°T 90'0  (900'T-000'T) £00'T €00 (900'T-T00'T) £00'T (lw) A3 AT
200 (8zv1-12T) 9T'Y L0°0 (8L'7-€6°0) TT'C 100 (09'6-92'1) S9°C %GES 43N
900 (€L'9-26'0) 95°C ST0 (€9°€-€8°0) €T 200 UTy-€TT)LTC %0€S 43N
6000  (686°0-126'0) LG6'0 v0'0  (666'0-G56'0) LL6°0 G000  (T66°0-256°0) TL6°0 (%) 43A7
HND
600 (z0'1-00T) T0°T (sw) s4O
2000 (80'T-20'T)GO'T  ¥0000  (80'T-20'T)SGO'T 0T'0  (8€0°T-266°0) LTO'T (wdq) ayes yeaH
900 (zov-L6°0) eTC 193400]0-2189
v000 (0L'€-62T)6TC 20000  (96'7-G9'T) 98'C zv00  (Tze-10T)0ST €000 (TYe-6TT)OLT 20000  (952-62°T)T8T  SSEID [eUOHOUN) VHAN
9000 (99'8-€v'T) 1S°€ 800 (e5'€-€6'0) T8'T snjjsw sejeqeld
200 (ee'T1-62T) 92°€ 500 (98'€-TO'T) 86'T  2se3SIQ HEdH JIWdYds|
500 (08'TT-00'T) €£V'€ 13puab s
[eatul|o
(LeT=U) W
uMous a.Je syulodpua
d (10 9%56) ¥H d (1D %56) ¥H d d (1D 9%656) ¥H d (1D 9%56) ¥H d (1D 9%656) ¥H 8Jow J08uo 10} OT0 >
alqeLreAnINI a[qetreAlun alqelreAnINI aiqeLreAIUN a[qeLreAnINI aiqeLreAln dymsepuerd O

ureaq

abaeydsip @dI 10 ads

abaeyosip @1 40 yreaq

J9lsweded

NIH-PA Author Manuscript

¢ ?olqel

NIH-PA Author Manuscript

1UBAT 0} BWI | JO SI0101PaId HIND PUe [edlulld

NIH-PA Author Manuscript

JAm Coll Cardiol. Author manuscript; available in PMC 2013 July 31.



Page 22

"aNnss1) Jeas pey paip oym sjusiied ||e asneaaq ajge|iene Hoz%

‘wsAInaue AT ue pey paip oym dnoiBans Sd3 ayy Ui Juaiyed ou asneaaq a|qe|rene HozqN

‘|opOW B|RLIBAINW BY) Ul UOISN|OUI 10} PAISPISUOD 818M SIsAjeue ajgerieAlun Aq 0T°0>d ylm sajgerten Aluo
¥

200 (89z-92T)18S €00 (8'€z-.T'T) 82  v000 (€¥1-€9T)€8% 000  (E¥T-€9T)€8Y €000 (9TI-S9'T)9EY 60000 (9°€T-26'T)9T'S %S < 9IS JedS
800 (T/0'T-966'0) €€0'T ™ v0'0  (L90°T-T00'T) ¥EO'T  (SSew ATl %) IS Jeds
#VN #N p00  (BTOzOTT LY ¢ 100 (89215T)/€9  ¥NO-3Q o Jeds Auy
k<z x<z wsAinaue A7
100  (800'T-TO0'T) 00T ™ 800  (900'T-000'T) £00'T (lw) AST AT
100  (800'T-TOO'T) ¥0OT (lw) A3 AT
170 (T¥'01-6L°0) 98'C 9T'0 (99'%-22°0) 06'T v0'0 (zz's-eom) 1EC %GES 43N
120 (92'9-29'0) 90°C 110 (69'7-98'0) 002 €00 (8L7-90'T) G2'C %0€S 43A7T
G00  (000'T-0£6°0) 5960 L00 (c00'T-0S6°0) LL60 T 100  (¥66'0-0S60) 2.6°0 (%)43AT
HND
1000  (€9',-6€T)9C€ 200 (0€'6-ST'T) L¥'C LA d1ydiowouon
Sd3
900 (¥2'01-96°0) ¥T°€ agq1
200  (€€0°T-€00°T) 8TO'T 600  (T20°T-000'T) TTO'T (sw) s
90000 (0T'T-€0T)90°T 90000  (60°'T-20°T) SO'T 500 (v0'T-00T) 20'T (wda) 8181 1EOH
6000 (evv-ezT) 2€ G500 (€€200T)EST  T00 (0S2-TTT) 99T SS9 [euonouny YHAN

Klem et al.

umous aJe sjulodpue

d (12 %56) ¥H d (10 9%%56) ¥H d (12 %56) ¥H d (12 %56) ¥H d (10 %56) ¥H d (12 %56) ¥H 8.I0W 08O 10} T'0 >
d yimsiepwered Aluo

a|qelreAnni a|qelreAlun a|qelreAnnin a|qelrenlun a|qelreAnIniA a|qelrenlun *

yreag abaeyosip gd|1 40 ads abaeyosip @)1 40 yreaq Jg1aweaed

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

JAm Coll Cardiol. Author manuscript; available in PMC 2013 July 31.



Page 23

Klem et al.

"anss1} Jeas pey paip oym susiied ||e asneaaq ajge|rene SZ%

‘1e2s adA) QD yum syusied Buipnjoxa parejnofed a1om solel prezeH "adA1 QyD-UON PaJapisuod sem Ieds [eipsealda Jo [fempiw u&m_%c

*1e0s adA1 @yD-uou yym syusired Buipnjoxs payenafed a4am Soliel pIezeH "WNIPIeIopuagns ay JO JUSWSA|0AUI palinbal Jeds adA1-avD
¥

2500  (6€0°T-000'T) 6TOT 180  (920'T-086'0) €00T 020  (L20°T-¥66°0) TTO'T (ssew A7 40 %) suoz A819
G0 (62'1-68°0) L0'T 200 (P€'1-20T) LT'T 100 (TET-YOT) LTT  (%GL-92) 4eds [eAnwsUR.L-UOU UM SuaLlBas
1000 (ze'1-50T) 8T'T S0'0 (zz'1-00T) OT'T 5000 (czT-v0T) ET'T (%60G-T) fe3s [eInwsuBL-UOU YIM sjudwBas
70 (LT'1-69'0) 06°0 €0 (62'1-€6°0) OT'T 7’0 (Sz'1-€6'0) L0'T (%0G<) 189S [enwisuel) yum sjuswBas
€0 (92'1-15°0) 080 7’0 (Tr'1-28'0) TT'T 90 (c€'1-98'0) 90'T (%G.<) Je9s [enwisuel) yum sjuswBag
v'0 (600'T-266'0) €00'T 900  (600°T-000'T) SO0T 900  (800°T-000°T) ¥00'T (zWwo) eale adeyIns aneedas 1safie]
L0 (90'1-96'0) T0'T 800 (L0'1-00T) €0°T 600 (90'1-00'T) €0°T (ssew AT 40 %) azIs Jeds ajeledas 1sabire
70000>  (82°G-€8T)TT'E 2000  (/82-82T)T6T  T0000>  (¥6'2-9V'T) L0C S1e9s ajesedss Jo JaquinN
€00  (TTOT-TOOT)900T €00  (600°'T-TOO'T) SO0'T 8000  (BOO'T-TOO'T) SOO'T (zWwo) ease 9ens Jeds
200 (8r'Gz-9e1)68'S  ¥000  (B9ET-99T)9L¥ 90000  (GZ'€T-20°2) 8T'S %G< 9ZIS JedS
20 (80'1-66'0) €0'T €00 (L0'T-00T) ¥O'T 100 (LOT-T0T) ¥0'T (ssew A7 40 %) dz1s Jeas
#N #N GT0  (c0'9T-69°0) €2°€ 500 (28'Tz-20T) TLY %Qb AvO-LoN
#IN #N 100 (902T160020% 200  (6EWZ-€ET) 69° Ldkavo
#VN #N v00  (68'8T-L0'T) 0S¥ 100 (€5'G2-8¥'T) ST'9 Teds Auy
d (1D %656) ¥H d (10 9%656) ¥H d (1D 9%56) ¥H
a(gelfenlun a|gelfealun a|gelreAlun
yreag wm‘_c:um__u dalol 1ogos wm.hmr_um_u dodl 10 yread Jalswielded

1USAT 0] swil YUAA Sajqelre ABojoydioy Jeas Jo diysuone|ay
€9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

JAm Coll Cardiol. Author manuscript; available in PMC 2013 July 31.



