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ABSTRACT (241/350 words)

Shape index and eccentricity index are measures of left ventricular morphology. Although both
measures can be quantified with any stress imaging modality, they are not routinely evaluated
during clinical interpretation. We assessed their independent associations with major adverse
cardiovascular events (MACE), including measures of post-stress change in shape index and
eccentricity index.

Methods:

Patients undergoing single photon emission computed tomography (SPECT) myocardial
perfusion imaging (MPI) between 2009 and 2014 from the REFINE SPECT registry were
studied. Shape index (ratio between the maximum LV diameter in short axis and ventricular
length) and eccentricity index (calculated from orthogonal diameters in short axis and length)
were calculated in end-diastole at stress and rest. Multivariable analysis was performed to assess
independent associations with MACE (death, non-fatal myocardial infarction, unstable angina, or
late revascularization).

Results:

In total, 14,016 patients, mean age 64.3 + 12.2 and 8469 (60.4%) male, were included. MACE
occurred in 2120 patients during a median follow-up of 4.3 years (interquartile range 3.4 — 5.7).
Rest, stress, and post-stress change in shape and eccentricity indices were associated with MACE
in unadjusted analyses (all p<0.001). However, in multivariable models only post-stress change
in shape index (adjusted HR 1.38, p<0.001) and eccentricity index (adjusted HR 0.80, p=0.033)
remained associated with MACE.

Conclusions:



Two novel measures, post-stress change in shape index and eccentricity index, were
independently associated with MACE and improved risk estimation. Changes in ventricular
morphology have important prognostic utility and should be included in patient risk estimation

following SPECT MPI.

KEYWORDS: SPECT; myocardial perfusion; ventricular morphology; shape index; eccentricity

index



INTRODUCTION

Stress myocardial perfusion imaging (MPI) with single photon emission computed
tomography (SPECT), echocardiography or cardiovascular magnetic resonance imaging can
provide full three-dimensional analysis of the left ventricle, providing information regarding
ventricular remodeling in addition to assessing perfusion. Shape index, defined as the ratio of
the maximum left ventricular (LV) dimension in short axis to the LV length, has been associated
with increased risk of heart failure hospitalization(/). Eccentricity index is an additional marker
of LV remodeling which is highly correlated with ventricular function(2). Sphericity index is a
related concept which has been described for echocardiography(3) and cardiovascular magnetic
resonance(4). While there is strong evidence regarding the prognostic significance of left
ventricular remodeling pattern(5), the additive prognostic value of shape index and eccentricity
index have not been tested in a large population with adjustment for important confounders.
Additionally, the prognostic utility of change in these variables between stress and rest has not
been described.

In the largest study to date, we assessed the independent prognostic significance of shape

index and eccentricity index including measures of change in these parameters.

MATERIALS AND METHODS
Study Population

The multi-center, international REgistry of Fast Myocardial Perfusion Imaging with NExt
generation SPECT (REFINE SPECT) includes patients who have undergone SPECT MPI with
solid-state camera systems. The full details of the structure of the registry, image acquisition and
analysis, and quality control have been previously described(6). We analyzed 20,418

consecutive patients enrolled in the REFINE SPECT registry between 2008 and 2014. Patients



without stress and rest *™Tc gated supine acquisitions were excluded (n=5803). Patients who
underwent early revascularization, defined as percutaneous coronary intervention or coronary
artery bypass grafting within 90 days of SPECT (n=599), were also excluded since this may have
impacted long-term clinical outcomes(7). In total, 14,016 patients were included in the analysis.
The study was approved by the institutional review boards at each participating institution and
the overall study was approved by the institutional review board at Cedars-Sinai Medical Center.
All data were collected under the NIH sponsored REFINE SPECT registry.
Clinical Data

Demographic information included: age, gender, body mass index, family history of
coronary artery disease (CAD), smoking status, history of previous myocardial infarction (MI),
previous revascularization, hypertension, diabetes, and dyslipidemia. Patients underwent exercise
stress (n=5744), pharmacologic stress (n=7526 including: n=1304 adenosine, n=1381
regadenoson, n=40 dobutamine, and n=4801 dipyridamole) or pharmacologic stress with low-
level exercise (n=746 total, n=38 dipyridamole walk and n=708 regadenoson walk).
Image Acquisition and Interpretation

Five centers participated in the prognostic arm of the REFINE SPECT registry. Three
sites used a D-SPECT camera (Spectrum-Dynamics, Caesarea, Israel) while the other sites used
Discovery NM 530c or NM/CT570c¢ systems (GE Healthcare, Haifa, Israel). Imaging protocols
included one day rest-stress (n=8729, 62.3%), one day stress-rest (n=5135, 36.5%), two day
stress-rest (n=168, 1.2%) using site-specific protocols. Sites used either *™Tc-tetrofosmin or
99mTc-sestamibi radiotracers. Weight-adjusted mean doses were used: one day rest-stress (rest
dose 260+94 MBq [7.0£2.5mCi], stress dose 966 + 419 MBq [26.1£11.3mCi]), one day stress-

rest (rest dose 821 £+ 182 MBq [22.2+4.9mCi], stress dose 293 + 78 MBq [7.9+2.1mCi]) and two



day stress-rest (rest dose 596 + 556 MBq [16.1+15.0mCi], stress dose 814 =431 MBq
[22.0£11.6mCi]). The cohort mean effective dose was 7.9 mSv. Upright (D-SPECT) and supine
(Discovery NM 530¢/570c) stress images were acquired 15-30 minutes after exercise stress and
30-60 minutes after pharmacologic stress over a total of 4-6 minutes(6). Additional stress
imaging in either supine (D-SPECT) or prone (Discovery scanners) position was performed
immediately afterwards. Resting image acquisition was performed with 6 to 10-minute
acquisition times.

De-identified image datasets were transferred to the core laboratory (Cedars-Sinai
Medical Center) where automated quantitation was performed by experienced technologists(6).
Myocardial contours were generated automatically with Quantitative Perfusion
SPECT/Quantitative Gated SPECT software (Cedars-Sinai Medical Center, Los Angeles, CA).
Myocardial perfusion was quantified by total perfusion deficit (TPD) which incorporates severity
and extent of perfusion abnormalities and is more reproducible compared to visual ischemia
scoring(8,9). Left ventricular ejection fraction (LVEF) was assessed on the supine resting study
with reduced defined as <40%. Phase SD, a measure of ventricular dyssynchrony, was calculated
automatically at rest and stress. TID was calculated as the ratio between left ventricular volume
at stress compared to rest on ungated acquisitions, using previously established thresholds for
abnormal(/0).

Left bundle branch block was present in 679 (4.8%) patients but would not be expected to
influence measurement of eccentricity index or shape index. There was no interaction between
the presence of left bundle branch block and the associations between post-stress change in shape

index (interaction p=0.377) or post-stress change in eccentricity (interaction p=0.632) with major



adverse cardiovascular events (MACE). Shape index and eccentricity index have previously been
demonstrated to have excellent repeatability (>=0.85 and 0.99, respectively)(1,2).

For the calculation of shape index, first the maximum diameter of the LV is found across
all short-axis slices from the endocardial surface of the 3-dimensional contours. Next, the
maximal length is determined as the distance between the most apical point on the endocardial
surface to the center of the valve plane. Shape index was calculated as the ratio of the maximum
LV diameter in short axis, across all short axis slices, to the ventricular length from the
endocardial surface at end-diastole(/). Shape index was quantified on stress and rest scans and
expressed as a percentage. Thus, a shape index value of 100% represents a maximum short axis
diameter for the LV which is equal the long axis LV diameter. Post-stress change in shape index
was calculated as stress minus rest shape index. Eccentricity index was measured from the mid-
myocardial surface from a fitted ellipsoid using the diameters in short axis (x and y) and length
(z). End-diastolic eccentricity index, calculated as (1- (xy/z?))*°, was quantified automatically
during image processing for rest and stress acquisitions and expressed as a percent(2). Thus for
eccentricity index a value 0% represents a perfect sphere. Post-stress change in eccentricity
index was calculated as stress minus rest eccentricity index. Importantly, eccentricity index is
calculated from a 3-dimensional ellipsoid fitted to the entire LV, while shape index represents
the most abnormal short axis dimension for the LV without any geometric assumptions (by
assessing all possible short-axis slices). Graphical comparison of the concepts of shape index
and eccentricity index, with two patient examples, are shown in Figure 1. All measures were
attained automatically at the core laboratory and are calculated from gated images at end-
diastole.

Outcomes



Patients were followed for development of MACE which includes all-cause mortality,
non-fatal MI, hospitalization for unstable angina, and late revascularization. Unstable angina was
defined as recent onset or escalating cardiac chest pain with negative cardiac biomarkers. All
outcomes were adjudicated by cardiologists after considering all available investigations. In a
secondary analysis, we considered only all-cause mortality. Additional details regarding event
definitions and ascertainment have been previously reported(6).

Statistical Analysis

Univariable and multivariable Cox proportional hazards analysis was performed to assess
associations with MACE using a multivariable model based on previous work(//). Stress shape
index and stress eccentricity index were not included in the multivariable model due to the
inclusion of both rest and post-stress change in values. Rest and post-stress change in shape
index and eccentricity index were used to be consistent with the typical clinical framework of
reporting fixed and ischemic perfusion defects. The analysis was repeated with a non-
parsimonious model. The proportional hazard assumption was assessed with Schoenfeld
residuals and was valid in all models. Collinearity in the model was assessed with a correlation
matrix, with significant correlation identified between rest eccentricity index and rest shape
index (r=0.830). No other significant correlation was identified. Interactions were assessed
between shape index and eccentricity index with all other variables in the model, with
significance assessed after a Bonferroni correction. There was no interaction between stress
LVEEF, rest LVEF, change in LVEF, reduced LVEF, or LV volume and rest shape index, post-
stress change in shape index, rest eccentricity index or post-stress change in eccentricity index.

Additionally, in patients undergoing pharmacologic stress there were no significant interactions



between pharmacologic stress agent or the use of adjunctive low-level exercise and rest or post-

stress change in shape index or eccentricity index (all p>0.1).

When evaluating the independent prognostic utility of shape index and eccentricity index
variables, each variable was assessed separately with the remaining variables (not shape index or
eccentricity index) from the multivariable model. Net re-classification index (NRI) was used to
assess the additive prognostic utility of shape index and eccentricity index variables.

Receiver operating characteristic (ROC) curves for discrimination of MACE during the
entire follow-up period were also generated for each variable and areas under the curve (AUC)
was compared using the method of Delong et al(/2). Cut-off values were established using the
Youden index for the overall population. To further assess post-stress change in shape index, a
one-site-left-out approach was also performed in which each site was sequentially held out from
ROC construction in order to assess variability in the optimal cut-off and provide repeated
external validation of the optimal cut-off.

All statistical tests were two-sided, with a p-value < 0.05 considered significant. All
analyses were performed using Stata version 13 (StataCorp, College Station, Texas). The study
was approved by the institutional review boards at each participating institution and the overall
study was approved by the institutional review board at Cedars-Sinai Medical Center. All data
were collected under the NIH sponsored REFINE SPECT registry.

Subgroup Analyses

Unadjusted and adjusted associations between shape index and eccentricity index were
assessed in patients undergoing exercise and pharmacologic stress separately. Similarly,
associations were assessed in patients with and without reduced LVEF (defined as LVEF <40%)).

Lastly, we assessed the associations between stress shape index and stress eccentricity index in



an expanded population including those undergoing stress-only imaging, with results in the

supplement.

RESULTS
Population Characteristics

In total 14,016 patients with mean age 64.3 + 12.2 years and 8,469 (60.4%) males were
included. Baseline population characteristics are outlined in Table 1. Patients who experienced
MACE were older (mean age 69.4 vs 63.3 years, p<0.001) and more likely to have diabetes
(38.2% vs. 23.3%, p<0.001) and undergo pharmacologic stress (75.3% vs. 56.1%, p<0.001).

Imaging characteristics are shown in Table 2. Rest, stress, and post-stress change in
shape index were all significantly higher in patients who experienced MACE (p<0.001 for all).
Rest, stress, and post-stress change in eccentricity index were all lower in patients who
experienced MACE (p<0.001 for all). Stress TPD (mean 8.2 vs. 4.3, p<0.001) and the prevalence
of reduced LVEF (11.8% vs. 4.1%, p<0.001) were also higher in patients who experienced
MACE. Imaging characteristics stratified by mode of stress as shown in Supplemental Table 1.
There were significant differences in all shape index and eccentricity index variables between
exercise and pharmacologic stress.
Outcomes

MACE occurred in 2,120 patients during a median follow-up of 4.3 years (interquartile
range 3.4 — 5.7). MACE included 1,098 (7.8%) deaths, 966 (6.9%) revascularizations, 287
(2.1%) MI, and 180 (2.0%) admissions for unstable angina.

Event rates across deciles of post-stress change in shape index are shown in Figure 2.

There was an increase in annualized MACE rates with increasing decile of post-stress change in



shape index, ranging from 1.6% in the lowest decile to 5.2% in the highest decile. Event rates
across deciles of delta eccentricity index are shown in Figure 3. Increasing post-stress change in
eccentricity index was associated with a decrease in annualized MACE rates, ranging from 5.0%
in the lowest decile to 2.1% in the highest decile. Figure 4 shows Kaplan-Meier survival curves
for shape index and eccentricity index.
Associations with MACE

The results of univariable and multivariable analyses are outlined in Table 3. Rest, stress,
and post-stress change in shape index and eccentricity index were all significantly associated
with MACE in unadjusted analyses (all p<0.001). However, in multivariable models only delta
shape index (adjusted HR 1.38 per 10% change, 95% CI 1.20 — 1.58, p<0.001) and post-stress
change in eccentricity index (adjusted HR 0.80 per 10% change, 95% CI 0.0.66 — 0.98, p=0.033)
remained associated with MACE. Although stress shape index and stress eccentricity index were
not included in the multivariable model, both were significant when used in place of post-stress
change in values (adjusted HR 1.38, 95% CI 1.17 — 1.54, p<0.001 and adjusted HR 0.80, 95% CI
0.66 — 0.98, p=0.035 respectively). Results were similar in the non-parsimonious multivariable
analysis (Supplemental Table 2).
Variable Correlation

Correlation between shape index and eccentricity index variables with each other as well
as with LVEF, TID, and phase SD are shown in Supplemental Figures 1 to 4. There was
significant, but poor, correlation between ischemic TPD and post-stress change in shape index
(r?=0.133, p<0.001) and eccentricity index (r=-0.100, p<0.001). There was poor correlation
between stress and post-stress change in eccentricity index and shape index with peak stress BP

or peak stress HR (all 12 <0.100).



Test Characteristics

Summary of NRI for MACE with the addition of shape index and eccentricity index
variables to the remainder of the multivariable model are outlined in Supplemental Table 3. Post-
stress change in shape index and post-stress change in eccentricity index were associated with
the highest continuous NRI.

AUC for shape index and eccentricity index as single parameters are shown in
Supplemental Figure 5. Of the shape index and eccentricity index variables, post-stress change in
shape index had the highest discrimination of MACE during follow-up (AUC 0.597, 95%CI
0.584 — 0.610), followed by stress shape index (AUC 0.580) and post-stress change in
eccentricity index (AUC 0.571). In comparison, the AUC for ischemic TPD was 0.643 (95% CI
0.630 — 0.655) and for resting LVEF was 0.579 (95% CI 0.565 - 0.593).

Cut-off values, with associated annualized MACE rates, positive predictive value, and
negative predictive values, derived in the overall population are shown in Supplemental Table 4.
Summary of the cut-off values for post-stress change in shape index generated in the leave-one-
site-out analysis are shown in Supplemental Table 5.

Sensitivity Analyses

The results of univariable and multivariable analysis of associations with all-cause
mortality are in Supplemental Table 6. Associations stratified by mode of stress, presence of
reduced LVEF (defined as LVEF <40%), and camera type are in Supplemental Table 7 to 9.

Expanded Stress Imaging Population

In order to more fully assess the potential clinical utility of measuring stress eccentricity
index and stress shape index, we included a population of patients who underwent stress only

imaging, with supine gated acquisitions and who did not undergo revascularization with



percutaneous coronary intervention or coronary artery bypass grafting within 90 days of SPECT

MPI. In total, 2,731 patients were added bringing the total population to 16,747 patients.

MACE occurred in 2,300 (13.7%) patients during median follow-up of 4.2 years (IQR
3.5 — 5.2 years). After adjusting for the same variables as outlined in Table 3 (with the exception
of stress TPD substituted for rest and ischemic TPD and stress LVEF substituted for rest LVEF),
stress shape index was associated with MACE (adjusted HR 1.16, 95% CI 1.04 — 1.28, p=0.006)
but stress eccentricity index was not (adjusted HR 0.98, 95% CI 0.83 — 1.17, p=0.856). Stress
eccentricity was also not associated with MACE in the original patient population using the
multivariable model with only stress imaging variables (adjusted HR 0.99, 95% CI 0.83 — 1.18,

p=0.888).

DISCUSSION

We assessed the independent prognostic significance of shape index and eccentricity
index after correcting for important confounding factors including LVEF and LV volumes. To
our knowledge, this is the first study to describe post-stress change in shape index and post-stress
change in eccentricity index as risk markers following stress MPI. We identified a graded change
in MACE rates across deciles of shape index and eccentricity index. Additionally, after
multivariable adjustment we found that post-stress change in shape index and post-stress change
in eccentricity index were independently associated with increased MACE and significantly
improved patient risk classification. Changes in ventricular morphology have important
prognostic utility and should be included in patient risk estimation following SPECT MPI.

Our findings are consistent with previous studies outlining the prognostic significance of

LV morphology and remodeling patterns. Abidov et al. demonstrated that higher stress shape
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index was associated with an increased incidence of heart failure hospitalizations in 297
patients(/). In the Multi-Ethnic Study of Atherosclerosis, increased sphericity on cardiac
magnetic resonance imaging was associated with incident heart failure and atrial fibrillation(/3).
Gimelli et al. demonstrated that eccentricity index is correlated with LVEF and LV volume in
456 patients(2), and was associated with significant CAD(/4). We have expanded on this data by
demonstrating that post-stress change in shape index and eccentricity index, quantified
automatically, were associated with MACE in a substantially larger, multicenter, international
population. Importantly, the associations between post-stress change in shape index and
eccentricity index with MACE remained after adjusting for important confounders. Both
measures also demonstrated significant improvements by NRI, suggesting that incorporation of
post-stress change in ventricular morphology can improve risk stratification.

An important novel aspect of our work was assessment of rest, stress and change in
ventricular morphology. In the multivariable model, post-stress change in shape index and
eccentricity were more strongly associated with MACE than rest or stress values. Since all
values were quantified automatically in our study, assessing changes in shape index and
eccentricity could potentially improve risk stratification without increasing interpretation time.
The correlation between post-stress change in shape index and eccentricity index was relatively
poor. Therefore, it seems reasonable to consider changes in both parameters within the same risk
model. All of these parameters could be efficiently combined using machine-learning based
models(/5). Alternatively, abnormal cut-offs could be employed by physicians similar to the
current clinical approach to integrating TID. For example, patients in the 95" percentile for post-

stress change in shape index and eccentricity index had a 50% increased risk of MACE.
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Importantly, the thresholds for abnormal post-stress change in shape index demonstrated
minimal variation using a one-site-left-out approach, suggesting broad generalizability.

While there is robust data supporting the prognostic utility of myocardial perfusion(/6),
non-perfusion markers can help identify patients with high-risk CAD including transient
ischemic dilation (TID)(/7), post-stress wall motion abnormalities(/8), and reduced LVEF(79).
These parameters are particularly important since a significant proportion of patients with multi-
vessel CAD have normal relative, regional perfusion(20). Post-stress change in shape index and
eccentricity index are additional markers which help identify these high-risk patients. Notably,
stress shape index and stress eccentricity index were associated with MACE in the overall
population, but only stress shape index remained associated in an expanded population including
patients undergoing stress-only imaging and when considering only stress imaging variables.

The terminology used to describe findings of ventricular morphology has been variable.
We used the term shape index to be consistent with existing SPECT MPI literature (//), but
sphericity has been used to refer to the same ratio(4,27). However, other studies use the term
sphericity to describe a volume/length ratio(/3,22). Eccentricity index and shape index are
related concepts to sphericity. Eccentricity index represents a 3-dimensional structure, while
shape index represents a worst-case scenario 2-dimensional structure. Our study does not clarify
the underlying pathophysiology behind these changes; however, the correlation with LVEF, TID
ratio, phase SD, and TPD were all poor. The mechanism may relate to diffuse myocardial
ischemia or cavity dilation similar to TID(/7). Previous studies have shown that LVEF improves
with exercise in patients without significant CAD, but may decrease in patients with significant
CAD presumably related to ischemia(23). Similarly, myocardial hyperemia caused by

pharmacologic stress can increase myocardial contractility(24). This effect, combined with

12



reduced systemic vascular resistance, leads to increased LVEF(25). While dipyridamole-induced
myocardial dysfunction is associated with reduced subendocardial flow reserve(26). Global or
regional ventricular dysfunction could lead to changes in ventricular loading conditions, leading
to changes in shape index or eccentricity index. Differences in stress shape index and
eccentricity variables between patients undergoing exercise and pharmacologic stress may reflect
differences in these mechanisms. However, differences in resting values suggest that population
characteristics also contribute to differences in these parameters. Additionally, differences in the
prognostic significance of shape index and eccentricity index in exercise and pharmacologic
stress populations should be interpreted cautiously since interaction testing was not significant,
suggesting that the associated risks do not differ significantly. Dedicated studies are warranted to
better define the mechanisms of these changes in ventricular morphology.

Our study has a few limitations. Imaging was performed in accordance with American
Society of Nuclear Cardiology guidelines, with post-stress imaging occurring with a delay of 15-
60 minutes(27). Earlier post-stress imaging may identify more substantial changes in shape index
or eccentricity index. For example, early post-stress LVEF reserve can be used to identify
patients with extensive CAD on positron emission tomography(25), and significant associations
with MACE have been demonstrated with early, but not late, LVEF reserve on SPECT(28). We
included several combinations of camera system and stress protocol which impact calculation of
shape index and eccentricity index. However, thresholds for abnormal post-stress change in
shape index were similar across sites suggesting that our results are generalizable. All images
were acquired with solid-state cameras, so it is unclear to what extent our observations extend to
conventional camera systems. However, Abidov et al. previously demonstrated that stress shape index
was associated with heart failure hospitalizations in patients imaged with an Anger camera system in a

smaller cohort(/). Additionally, all-cause mortality was collected in this large multi-center registry
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and different associations may be present with cardiac mortality. Lastly, prospective studies are
required to determine whether incorporating shape index or eccentricity index during risk

estimation improves patient outcomes.

CONCLUSIONS

This is the first study to describe post-stress change in shape index and post-stress change
in eccentricity index as automated, quantitative measures of change in ventricular morphology.
Post-stress change in shape index and eccentricity index were independently associated with
MACE and improved risk estimation. Changes in ventricular morphology have important

prognostic utility and should be included in patient risk estimation following SPECT MPI.
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KEY POINTS

Question: What is the independent prognostic significance of shape index and eccentricity index,

measures of ventricular morphology, in patients undergoing SPECT MPI.

Pertinent Findings: In this retrospective analysis of a large, multicenter, international registry,

post-stress change in shape index and eccentricity index were independently associated with

MACE and improved risk estimation.

Implications for Patient Care: Changes in ventricular morphology have important prognostic

utility and should be included in patient risk estimation following SPECT MPI.
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TABLES

Table 1: Baseline Population Characteristics

MACE occurred No MACE P-value
(n=2,120) (n=11,896)
Age (years), mean+SD 69.4+11.8 63.3+12.1 <0.001
Male, n(%) 1,471(69.4) 6,998(58.8) <0.001
Body mass index(kg/m?), mean+SD 28.1+£5.7 28.4+6.3 0.263
Past medical history
Hypertension, n(%) 1,593(75.1) 7,243(60.9) <0.001
Diabetes, n(%) 810(38.2) 2,772(23.3) <0.001
Dyslipidemia, n(%) 1,534(72.4) 7,219(60.7) <0.001
Current smoker, n(%) 421(19.9) 2,712(22.8) 0.003
PVD, n(%) 462(21.8) 1,637(13.8) <0.001
Prior ML, n(%) 549(25.9) 1,532(12.9) <0.001
Prior revascularization, n(%) 1,088(47.6) 2,839(23.9) <0.001
Family history of CAD, n(%) 451(21.3) 3,274(27.5) <0.001
Typical angina, n(%) 159(7.5) 621(5.2) <0.001
Resting vital signs, mean+SD
Systolic BP (mmhg) 136.0+21.2 134.2+19.7 0.001
Diastolic BP (mmhg) 77.849.8 79.6£9.3 <0.001
Heart rate (bpm) 71.4+13.6 69.6+13.3 <0.001
Exercise stress, n(%) 523(24.7) 5,221(43.9) <0.001

Table 1: Baseline population characteristics. BP — blood pressure, bpm — beats per minute,

CAD - coronary artery disease, MACE — major adverse cardiovascular event, MI — myocardial

infarction, PVD — peripheral vascular disease, SD — standard deviation.
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Table 2: Imaging characteristics

MACE Occurred No MACE P-value
(n=2,120) (n=11,896)

Rest shape index(%), mean+SD 64.9+8.3 63.9+£7.5 <0.001
Stress shape index(%), mean+SD 65.5+8.4 63.1+7.1 <0.001
Post-stress change in Shape index(%), mean+SD 0.6+4.0 -0.8+4.1 <0.001
Rest eccentricity index(%), mean+SD 80.6+4.7 81.1+4.6 <0.001
Stress eccentricity index(%), mean+SD 80.2+5.0 81.3+4.5 <0.001
Post-stress change in eccentricity index(%), mean+SD -0.4£3.0 0.3+2.8 <0.001
Resting TPD, mean+SD 3.8£7.7 1.6+4.9 <0.001
Stress TPD, mean+SD 8.249.6 4.34+6.6 <0.001
Ischemic TPD, meantSD 4.444.0 2.7£3.0 <0.001
Resting LVEF, mean+SD 58.6£14.8 62.8+12.3 <0.001
Reduced LVEF (<40%), n(%) 251(11.8) 482(4.1) <0.001
Stress LVEF, mean+SD 56.6+14.3 62.3+£11.9 <0.001
Delta LVEF, mean£SD -1.9+£7.1 -0.5+7.2 <0.001
Resting LVEDV, mean+SD 82.4+45.5 70.7+33.7 <0.001
Stress LVEDV, mean+SD 84.0+46.4 70.2+34.5 <0.001
Delta LVEDV, mean+SD 1.6+12.6 -0.57+9.1 <0.001

Transient ischemic dilation, n(%) 101(4.8) 454(3.8) 0.046

Table 2: Imaging Characteristics. LVEDYV - left ventricular end diastolic volume, LVEF — left

ventricular ejection fraction, MACE — major adverse cardiovascular event, SD — standard

deviation, TPD — total perfusion deficit.
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Table 3: Univariable and Multivariable Associations with MACE

Variable Adjusted HR P-value
(95% CI)
Rest shape index (per 10%) 1.05(0.94 -1.17) 0.370
Post-stress change in shape index (per 10%) 1.38(1.20 — 1.58) <0.001
Rest eccentricity index (per 10%) 0.97(0.81 - 1.17) 0.763
Post-stress change in eccentricity index (per 10%) 0.80(0.66 — 0.98) 0.033
Age 1.02(1.02 - 1.03) <0.001
Male 1.23(1.11 - 1.36) <0.001
Prior MI 1.19(1.06 — 1.34) 0.004
Prior PCI 1.69(1.53 — 1.87) <0.001
Prior CABG 1.14(1.01 — 1.28) 0.037
Hypertension 1.15(1.05 - 1.26) 0.002
Diabetes 1.35(1.25 - 1.47) <0.001
Pharmacologic stress 1.40(1.27 - 1.54) <0.001
Typical angina 1.52(1.34 - 1.72) <0.001
Ischemic ECG response 1.43(1.29 - 1.58) <0.001
Resting TPD 1.01(1.00 - 1.01) 0.065
Ischemic TPD 1.12(1.11 - 1.13) <0.001
Resting LVEF 0.99(0.99 - 0.99) <0.001

Table 3. Adjusted Associations with major adverse cardiovascular events (MACE). Stress shape

index and stress eccentricity index were not included in the multivariable model due to the

inclusion of both rest and post-stress change in values. CABG — coronary artery bypass grafting,

CAD — coronary artery disease, HR — hazard ratio, LVEF — left ventricular ejection fraction, MI

— myocardial infarction, PCI — percutaneous coronary intervention, TPD — total perfusion deficit.
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FIGURE LEGENDS

Figure 1

A Shape index Stress

(

Stress 88.3 Rest 73.8

Y =Dpao Sl=y/z Post-stress change in shape index: 14.5

C Eccentricity index Stress

- Stress 48.9 Rest 63.6
Ecc= 1-(xy/z% Post-stress change in eccentricity index: - 14.6

A) Shape index is calculated as the ratio of maximal short-axis diameter across all short-axis
slices to the long-axis length, from apex to the mitral valve, using the endocardial surface. B)
Patient with abnormal post-stress change in shape index, but normal post-stress change in
eccentricity (0.3) who was admitted for unstable angina and underwent revascularization 231
days after SPECT MPI. C) Eccentricity index is calculated from the mid-myocardial surface of
the fitted ellipsoid and does not account for regional anatomy. D) Patient with abnormal post-
stress change in eccentricity index and mildly abnormal post-stress change in shape index (0.5),

who died 290 days after SPECT MPI.
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Figure 2
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<
1.0
0.0
Decile 1st 2nd 3rd 4th 5th 6th 7th 8th Sth 10th
Mean -7.99% -4.31% -2.88% -1.79% -0.85% 0.06% 0.97% 2.00% 3.31% 6.62%
N (MACE / total) 115/ 1402 149/ 1402 | 15371401 | 200/ 1402 | 202/ 1401 | 204 / 1402 | 232 / 1402 | 254 / 1401 | 287 / 1402 | 324 / 1401

Annualized incidence of major adverse cardiovascular events (MACE) for deciles of post-stress

change in shape index. The blue bars (with error bars showing 95% confidence interval) show

annualized MACE rates. The values in the table reflect the total number of events during follow-

up. The red line shows mean post-stress change in shape index for each decile, which the mean

value also shown in the table.
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Figure 3
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Decile 1st 2nd 3rd 4th 5th 6th 7th 8th Sth 10th
Mean -4.84% -2.16% -1.29% -0.69% -0.16% 0.36% 0.92% 1.55% 2.44% 5.33%
N (MACE / total)| 321 /1402 | 262 /1402 | 222 /1401 | 227 /1402 | 195/1401 | 193 /1402 | 198/ 1402 | 185/1401 | 168 /1402 | 149/ 1401

Annualized incidence of major adverse cardiovascular events (MACE) for deciles of change in

eccentricity index. The blue bars (with error bars showing 95% confidence interval) show

annualized MACE rates. The values in the table reflect the total number of events during follow-

up. The red line shows mean post-stress delta eccentricity index for each decile, which the mean

value also shown in the table.
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Figure 4
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Kaplan-Meier survival curves for quartiles of rest, stress, and post-stress change in shape index

(panels A, C, and E respectively) and eccentricity index (panels B, D, and F)
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Supplemental Table 1:

Pharmacologic stress Exercise stress P-value
(n=8,272) (n=5,744)

Rest shape index(%), mean+SD 64.9+8.0 63.1+6.9 <0.001
Stress shape index(%), mean+SD 64.9+78 61.4+6.3 <0.001
Post-stress change in shape index(%),
mean+SD 02+41 -1.7+39 <0.001
Rest eccentricity index(%), mean+SD 80.4+47 81.9+43 <0.001
Stress eccentricity index(%), mean+SD 80.3+4.8 82.4+39 <0.001
Post-stress change in eccentricity index(%),
mean+SD -0.1+3.0 05+26 <0.001
Resting TPD, mean+SD 24+6.2 12+42 <0.001
Stress TPD, mean+SD 57%8.0 3.7+58 <0.001
Ischemic TPD, mean+SD 3.2+34 25%+3.0 <0.001
Resting LVEF, mean+SD 61.9+140 62.5+10.8 <0.001
Stress LVEF, mean+SD 60.8 £ 13.6 62.4+104 0.003
Change in LVEF, mean+SD -1.1+7.3 -01+7.2 <0.001
Resting LVEDV, meanzSD 73.7+40.8 70.7+£275 <0.001
Stress LVEDV, mean+SD 755422 67.5+26.8 <0.001
Change in LVEDV, mean+SD 1.8+10.0 -3.2+86 <0.001
Transient ischemic dilation, n(%) 353 (4.3) 202 (3.5) 0.046

Imaging Characteristics stratified by mode of stress. LVEDV - left ventricular end diastolic

volume, LVEF — left ventricular ejection fraction, MACE — major adverse cardiovascular event,

SD — standard deviation, TPD — total perfusion deficit




Supplemental Table 2: Unadjusted and Adjusted Associations with major adverse cardiovascular

events (MACE) in a non-parsimonious model

Variable Unadjusted HR P-value Adjusted HR P-value
(95% Cl) (95% Cl)

Rest shape index (per 10%) 1.16(1.09 — 1.22) <0.001 | 1.06(0.95-1.18) 0.301
Stress shape index (per 10%) 1.40(1.33 —1.47) <0.001 * *
Post-stress change in shape index (per

2.01(1.82-222) | <0.001 & 1.31(1.13-1.53) <0.001
10%)
Rest eccentricity index (per 10%) 0.82(0.75 - 0.89) <0.001 | 1.02(0.85-1.23) 0.828
Stress eccentricity index (per 10%) 0.63(0.58 — 0.69) <0.001 * *
Post-stress change in eccentricity
_ 0.52(0.46 —0.59) | <0.001 | 0.81(0.66 — 0.99) 0.041
index (per 10%)
Age (per 10 years) 1.52(1.47 —~1.58) | <0.001 @ 1.31(1.26-1.37) <0.001
Male 1.62(1.48 -1.78) | <0.001 = 1.25(1.12 — 1.40) <0.001
Body mass index 0.98(0.97-0.99) | <0.001 & 0.98(0.97 —0.99) 0.002
Hypertension 1.82(1.65-2.01) | <0.001 | 1.20(1.07 —1.33) 0.001
Diabetes 1.87(1.72-2.04) | <0.001 | 1.37(1.25-1.51) <0.001
Dyslipidemia 164(1.49-181) | <0.001 | 1.02(0.92—1.13) 0.676
Current smoker 0.95(0.83-1.06) = 0.385 | 1.00(0.89 — 1.12) 0.975
PVD 1.82(1.63-2.01) | <0.001  1.05(0.94 - 1.18) 0.399
Prior M 240(218-2.65) | <0.001 | 1.20(1.07 —1.36) 0.002
Prior revascularization 287(2.63-3.12) | <0.001 @ 1.61(1.45-1.79) <0.001
Family history of CAD 0.73(0.66—0.82) | <0.001 | 0.90(0.81—1.00) 0.047
Typical angina 137(1.16-161) = <0.001 | 1.20(1.02 - 1.41) 0.031



Systolic BP (per 10 mmhg)

Diastolic BP (per 10 mmhg)

Heart Rate (per 10 bpm)

Exercise stress

Resting TPD

Stress TPD

Ischemic TPD

Resting LVEF

Stress LVEF

Change in LVEF

Resting LVEDV

Stress LVEDV

Change in LVEDVY

Transient ischemic dilation

1.04(1.02 - 1.07)

0.85(0.82 — 0.89)

1.07(1.04 - 1.10)

0.44(0.40 — 0.48)

1.05(1.04 — 1.05)

1.05(1.04 — 1.05)

1.12(1.11 - 1.13)

0.97(0.97 — 0.98)

0.97(0.96 — 0.97)

0.98(0.97 — 0.99)

1.01(1.01 - 1.01)

1.01(1.01 - 1.01)

1.02(1.02 - 1.02)

1.23(1.01 - 1.50)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.043

1.05(1.02 — 1.08)

0.84(0.80 — 0.89)

1.14(1.10 — 1.17)

0.66(0.60 — 0.74)

0.99(0.99 — 1.00)

1.05(1.03 - 1.06)

0.99(0.98 — 0.99)

0.98(0.98 — 0.99)

1.00(0.99 — 1.00)

1.00(1.00 — 1.00)

0.90(0.73 - 1.11)

<0.001

<0.001

<0.001

<0.001

0.086

<0.001

<0.001

<0.001

0.199

0.639

0.328

Unadjusted and Adjusted Associations with major adverse cardiovascular events (MACE) in a

non-parsimonious model. *- variable excluded due to inclusion of rest and change in variables.

+Multivariable results similar when considering left ventricular end-systolic volume in place of

left ventricular end-diastolic volume (LVEDV). CAD — coronary artery disease, HR — hazard

ratio, LVEDV - left ventricular end-diastolic volume, LVEF — left ventricular ejection fraction,

MI — myocardial infarction, PVVD — peripheral vascular disease, TID — transient ischemic

dilation.



Supplemental Table 3: Summary of Reclassification

Variable

Event reclassification

Non-event reclassification

Continuous net

reclassification

Rest shape index

Stress shape index
Post-stress change in Shape Index
Rest eccentricity index

Stress eccentricity index
Post-stress change in eccentricity

index

Summary of Reclassification for inclusion of shape index and eccentricity variables.

-0.057 (-0.085 — 0.081)
-0.014 (-0.044 — 0.021)
0.080 (0.051 — 0.118)
-0.056 (-0.082 — 0.094)
-0.066 (-0.093 to -0.024)

0.061 (0.028 — 0.098)

0.044 (-0.032 - 0.066)
0.093 (0.066 — 0.116)
0.074 (0.048 — 0.098)
0.037 (-0.089 — 0.116)
0.127 (0.104 — 0.150)

0.056 (0.027 — 0.087)

-0.013 (-0.065 — 0.061)
0.079 (0.028 — 0.130)
0.154 (0.108 — 0.209)

-0.018 (-0.069 — 0.076)
0.061 (0.016 — 0.116)

0.117 (0.069 — 0.174)

Multivariable models adjusted for all variables other than shape index and eccentricity outlined

in Table 3 including stress and ischemic TPD.



Supplemental Table 4. Comparison of Prognostic Accuracy

Variable Threshold Abnormal Annualized Annualized PPV NPV
method threshold MACE abnormal MACE normal
Rest shape index ROC >64.21 3.6% 3.2% 16.2% 85.8%
95" Percentile | >77.07 4.7% 3.3% 21.5% 85.2%
Stress shape index ROC >63.83 4.2% 2.71% 18.5% 87.5%
95" Percentile | >76.62 6.1% 3.2% 27.1% 85.5%
Post-stress change 4.5% 2.6% 19.5% 88.0%
ROC >0.236
in shape index
95t Percentile >5.65 5.0% 3.3% 23.3% 85.3%
Rest eccentricity 3.1% 3.7% 16.4% 86.1%
ROC <81.47
index
95" Percentile <72.63 3.8% 3.4% 18.1% 85.0%
Stress eccentricity 4.1% 2.8% 18.1% 87.4%
ROC <81.32
index
95t Percentile | <73.04 5.6% 3.3% 24.8% 85.4%
Post-stress change 4.1% 2.8% 18.1% 87.2%
ROC <-0.18
in eccentricity index
95Th Percentile < -3.97 4.7% 3.2% 22.5% 85.3%

Comparison of prognostic accuracy for abnormal thresholds derived using the Youden index

from receiver-operating characteristic (ROC) curves or as the 95" percentile. MACE — major

adverse cardiovascular events, NPV — negative predictive value, PPV — positive predictive value.



Supplemental Table 5: Thresholds for Abnormal Change in Shape Index

ROC AUC (95% CI) Abnormal Annualized Annualized
threshold MACE negative | MACE positive
Overall 0.597 (0.584 — 0.610) >0.236 2.6% 4.5%
Site held out
Assuta 0.620 (0.603 — 0.637) >0.263 4.4% 5.3%
BW 0.597 (0.584 —0.610) >0.236 0.6% 3.7%
CSMC 0.592 (0.577 — 0.607) >(.236 2.4% 4.1%
Oregon 0.587 (0.572 — 0.601) >0.236 1.8% 4.7%
Ottawa 0.587 (0.573 - 0.6010 >0.358 2.0% 3.3%

Thresholds for abnormal change in shape index in the overall population and in a leave one site

out approach. In the leave one site out approach, receiver-operating characteristic (ROC) curves

were generated from the remaining sites and the optimal ROC thresholds were then tested in the

held-out site. AUC — area under the curve, BW — Brigham and Women’s, CI — confidence

interval, CSMC — Cedars-Sinai Medical Center, MACE — major adverse cardiovascular event.




Supplemental Table 6:

eccentricity index

Unadjusted HR p-value Adjusted HR P-value
(95% CI) (95% CI)

Rest shape index 1.31(1.23-1.40) <0.001 1.27 (1.12 - 1.45) <0.001
Stress shape index 1.58 (1.49-1.67) <0.001 * *
Post-stress change in Shape 2.18 (1.93 - 2.46) <0.001 1.59 (1.34 - 1.88) <0.001
Index
Rest eccentricity index 0.65 (0.59-0.72) <0.001 1.09 (0.87 — 1.36) 0.455
Stress eccentricity index 0.52 (0.47 - 0.57) <0.001 * *
Post-stress change in 0.53 (0.45-0.62) <0.001 1.05 (0.82 - 1.34) 0.713

Associations with all-cause mortality. Multivariable model included the same variables outlined

in Table 3. *- variable excluded due to inclusion of rest and change in variables. HR — hazard

ratio




Supplemental Table 7:

Mean + SD Unadjusted HR | p-value Adjusted HR P-value

(95% CI) (95% ClI)
Exercise stress (n=5,744)
Rest shape index 63.1+6.9 | 0.90(0.80-1.02) | 0.095 | 0.74(0.55-0.98) | 0.036
Stress shape index 61.4+6.3 | 1.19(1.04-1.36) | 0.009 * *

Post-stress change in shape -1.7+39 | 231(1.85-2.90) | <0.001 | 1.14(0.80-1.63) | 0.477

index

Rest eccentricity index 81.9+4.3 | 1.07(0.88-1.30) | 0.520 | 0.57(0.36 -0.92) | 0.022
Stress eccentricity index 82.4+3.9 | 0.74 (0.60-0.90) | 0.003 * *
Post-stress change in 05+26 0.40 (0.29-0.56) | <0.001 | 0.44 (0.25-0.77) | 0.004

Eccentricity Index

Pharmacologic stress

(n=8,272)
Rest shape index 64.7+80 | 1.16(1.10-1.23) | <0.001 | 1.14(1.01-1.27) | 0.030
Stress shape index 649+78 | 1.29(1.22-1.36) | <0.001 * *

Post-stress change in shape 02+41 1.53(1.36-1.72) | <0.001 | 1.41(1.22-1.63) | <0.001

index

Rest eccentricity index 80.4+4.7 | 0.87(0.79-0.96) | 0.007 | 1.08 (0.89-1.31) | 0.437
Stress eccentricity index 80.3+4.8 | 0.74 (0.67-0.81) | <0.001 * *
Post-stress change in -0.1+3.0 | 0.65(0.56-0.75) | <0.001 | 0.90(0.73-1.11) | 0.329

eccentricity index

Associations between shape index and eccentricity index in patients undergoing exercise stress
and pharmacologic stress. Mean of all parameters was significantly different between exercise
and pharmacologic stress. Multivariable models are the same as outlined for Table 3. Formal
interaction testing was not significant for change in shape index (p=0.066) or change in
eccentricity index (p=0.119). *- variable excluded due to inclusion of rest and change in

variables.



Supplemental Table 8:

Mean £ Unadjusted HR | p-value Adjusted HR P-value
SD (95% CI) (95% CI)

Preserved LVEF (>40%)

(n=13,283)
Rest shape index 63.7+7.4 | 1.07 (1.01-1.14) | 0.019 1.01 (0.89 - 1.13) 0.928
Stress shape index 63.1+7.2 | 1.32 (1.25-1.40) | <0.001 * *
Post-stress change in -06+4.1 | 203(1.83-2.26) | <0.001 | 1.35(1.16-1.57) <0.001
shape index

Rest eccentricity index 81.2+45 | 0.89(0.81-0.98) | 0.015 0.90 (0.74 - 1.10) 0.322

Stress eccentricity index | 81.3+4.5 | 0.67 (0.61-0.73) | <0.001 * *

Post-stress change in 0.2+2.8 | 0.50(0.44-0.58) | <0.001 | 0.73(0.59 —0.90) 0.004

eccentricity index

Reduced LVEF (<40%)

(n=733)
Rest shape index 69.4+8.7 | 1.14 (0.99 - 1.31) | 0.065 1.39 (1.07 - 1.81) 0.014
Stress shape index 69.9+8.8 | 1.22 (1.07-1.40) | 0.003 * *
Post-stress change in 05+45 |1.35(1.05-1.73) | 0.020 | 1.66(1.18—2.34) | 0.004
shape index

Rest eccentricity index | 78.2+5.3 | 0.91(0.73—1.14) | 0.402 | 1.69(1.07—2.66) | 0.024

Stress eccentricity index | 78.1+5.1 | 0.86 (0.68-1.08) | 0.186 * *

Post-stress change in -0.2+3.3 | 0.86(0.59-1.25) | 0.436 1.61 (0.92 - 2.81) 0.093

eccentricity index

Associations between shape index and eccentricity index in patients with preserved or reduced
LVEF. Mean of all parameters was significantly different between reduced and preserved LVEF.
Multivariable models are the same as outlined for Table 3. Interaction testing was not significant
for post-stress change in shape index (p=0.279) or post-stress change in eccentricity index

(p=0.084). *- variable excluded due to inclusion of rest and post-stress change in variables.



Supplemental Table 9:

Mean £ Unadjusted HR | p-value Adjusted HR P-value
SD (95% CI) (95% CI)
DSPECT (n=5,660)
Rest shape index 64.7+8.6 | 1.23(1.14-1.34) | <0.001 | 1.20(1.05-1.37) 0.006
Stress shape index 63.9+8.3 | 1.41(1.32-1.50) | <0.001 * *
Post-stress change in -0.7+49 | 1.88(1.60-2.21) | <0.001 | 1.61(1.36-—1.91) <0.001

shape index

Rest eccentricity index 80.7+5.3 | 0.73(0.63-0.83) | <0.001 | 1.19(0.94 —1.50) 0.153

Stress eccentricity index | 81.0+5.1 | 0.59 (0.52 -0.67) | <0.001 * *

Post-stress change in 0.3+3.8 | 0.39(0.30-0.51) | <0.001 | 0.96 (0.76 — 1.22) 0.761

eccentricity index

GE530 (n=8,356)

Rest shape index 63.6+£6.9 | 1.13(1.05-1.22) | 0.001 | 0.95(0.80-1.12) 0.530
Stress shape index 63.2+6.7 | 1.43(1.33 -1.55) | <0.001 * *
Post-stress change in -0.4+35 | 2.11(1.86-2.40) | 0.020 1.24 (1.00 - 1.53) 0.049
shape index

Rest eccentricity index 81.2+4.1 | 0.86 (0.76 —0.96) | 0.009 0.74 (0.56 - 0.97) 0.031

Stress eccentricity index | 81.3+4.1 | 0.64 (0.57-0.71) | 0.186 * *

Post-stress change in 0.1+£2.0 | 0.55(0.47—-0.64) | 0.436 0.65 (0.46 — 0.93) 0.017

eccentricity index

Associations between shape index and eccentricity index in patients imaged with DSPECT or
GE530 cameras. Multivariable models are the same as outlined for Table 3. Interaction testing
was not significant for post-stress change in shape index (p=0.113) or post-stress change in
eccentricity index (p=0.687). *- variable excluded due to inclusion of rest and post-stress change

in variables.



Supplemental Figure 1: Correlation between shape index and eccentricity index
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Supplemental Figure 1: Correlation gradient plots between shape index and eccentricity index.
Rest (A), stress (B) and post-stress change in (C) values were all significantly correlated

(p<0.001).



Supplemental Figure 2 Correlation gradient plots between change in shape index and eccentricity

index with transient ischemic dilation ratio and change in left ventricular ejection fraction
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Correlation gradient plots between post-stress change in shape index and eccentricity index with
transient ischemic dilation (TID) ratio and post-stress change in left ventricular ejection fraction
(LVEF). There was no correlation between post-stress change in eccentricity index and TID (A)
or change in LVEF (B). There was poor correlation between post-stress change in shape index

and TID (C) and post-stress change in LVEF (D).



Supplemental Figure 3: Correlation between Shape Index and Eccentricity Index with Left

Ventricular Ejection Fraction.
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Correlation between shape index and eccentricity index with left ventricular ejection fraction
(LVEF). Correlation shown for rest LVEF and rest shape index (panel A), rest LVEF and rest
eccentricity index (panel B), stress LVEF and stress shape index (panel C), and stress LVEF and
stress eccentricity index (panel D).
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Correlation between Shape Index and Eccentricity Index with phase standard deviation (SD).
Correlation shown for rest phase SD and rest shape index (panel A), rest phase SD and rest

eccentricity index (panel B), stress phase SD and stress shape index (panel C), and stress phase

SD and stress eccentricity index (panel D).
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Supplemental Figure 5: Comparison of area under the curve for eccentricity index and shape
index variables
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Comparison of receiver operating characteristic (ROC) area under the curve (AUC) of

eccentricity index and shape index variables for MACE. Post-stress change in shape index had

significantly higher AUC compared to all other measures. There was no significant difference in

discrimination between stress eccentricity index and post-stress change in eccentricity index.

MACE — major adverse cardiovascular event.



