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Abstract
Background—The Occluded Artery Trial (OAT) showed no difference in outcomes between
percutaneous coronary intervention (PCI) vs. optimal medical therapy (MED) in patients with
persistent total occlusion of the infarct related artery (IRA) 3–28 days post-MI. Whether PCI may
benefit a subset of patients with preservation of infarct zone (IZ) viability is unknown.

Methods and Results—The OAT nuclear ancillary study hypothesized that; 1) IZ viability
influences left ventricular (LV) remodeling, and that 2) PCI as compared to MED attenuates
adverse remodeling in post-MI patients with preserved viability. Enrolled were 124 OAT patients,
who underwent resting nitroglycerin-enhanced 99mTc sestamibi SPECT prior to OAT
randomization, with repeat imaging at 1 year. All images were quantitatively analyzed for infarct
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size, IZ viability, LV volumes and function in a core lab. At baseline, mean infarct size was 26%
±18 of the LV, mean IZ viability was 43%±8 of peak uptake, and the majority (70%) of patients
had at least moderately retained IZ viability. There were no significant differences in 1-year EDV
or ESV change between those with severely reduced vs. moderately retained IZ viability, or when
compared by treatment assignment PCI vs. MED. In multivariable models, increasing baseline
viability independently predicted improvement in EF (p=0.005). There was no interaction between
IZ viability and treatment assignment for any measure of LV remodeling.

Conclusions—In the contemporary era of optimal medical therapy, PCI of the IRA compared to
medical therapy alone does not impact LV remodeling irrespective of IZ viability.
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Acute Coronary Syndrome; Total Occlusions; Percutaneous Coronary Intervention; Coronary
Flow; Viability; Remodeling

The Occluded Artery Trial (OAT) demonstrated no difference in clinical outcomes over five
years between patients randomized to percutaneous coronary intervention (PCI) versus
optimal medical therapy alone (MED) in stable patients with an occluded infarct related
artery (IRA) 3–28 days post-MI 1. Data from previous observational and small
nonrandomized studies have suggested that preservation of myocardial viability within the
infarct zone (IZ) is associated with attenuation of adverse left ventricular (LV) remodeling
months after MI 2–5.However, they have been limited by variable testing protocols, small
sample sizes, short follow up durations and nonrandomized treatment designs. The
potentially interactive effect of revascularization and IZ viability and whether PCI may
benefit a subset of OAT patients with relative preservation of IZ viability, is unknown.

The aims of the OAT Nuclear Viability ancillary study (OAT-NUC) were to 1) examine the
influence of retained IZ viability on extent of LV remodeling in post MI pts with occluded
IRAs; 2) evaluate the influence of revascularization with PCI versus MED on the extent of
subsequent LV remodeling, and 3) assess whether OAT patients assigned to PCI with more
preserved viability would have less adverse remodeling than similar patients assigned to
MED alone.

METHODS
Study Population

Patients in OAT-NUC had identical screening procedures, eligibility criteria, and clinical
follow-up as the main OAT protocol previously described6. Briefly, patients had to have a
confirmed index MI (2 out of 3 criteria: ischemic symptoms, elevated cardiac markers,
typical MI ECG changes), total occlusion (TIMI 0 or 1 flow) of the IRA on angiography on
calendar days 3–28 (minimum 24 hours) post MI; and increased risk (EF < 50% and/or
proximal occlusion of a major vessel with a large LV risk region). Major exclusion criteria
were as in OAT. Each participating center had Institutional Review Board approval, and
patients were provided separate additional written informed consent for the OAT-NUC
study protocol. The trial is registered as Clinical trials.gov identifier NCT00119847.

SPECT Imaging and Outcome Measures
Patients were administered 0.4mg sublingual nitroglycerin followed by 25–30mCi of 99mTc-
sestamibi 5–10 minutes later, and then imaged at rest 1 hour later using standard algorithms
optimized for each camera and computer system. All images were analyzed centrally at the
Cardiac Imaging Core Laboratory at Tufts Medical Center, blinded both to OAT treatment
assignment and to SPECT study timing (baseline vs. 1-year), using standard quantitative
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techniques from validated commercially available software (4DM SPECT)7, 8. The IZ was
identified by areas falling below 60% of peak myocardial uptake in the OAT IRA territory
confirmed by the OAT Angiographic Core Laboratory. Infarct size was the percent of the
total LV profile falling <60% peak uptake, a measure previously correlated with other
clinically relevant measures9–12. For IZ viability, a severity index was calculated by the
software based on the counts within the IZ and prospectively classified as “moderately-
retained” for areas with average IZ uptake ≥40% of peak uptake, and “severely reduced” for
areas <40% (Figure 1). Patients with no identifiable IZ region (i.e. no regions with <60%
peak uptake) were included as having moderately-retained viability. LV ejection fraction
(EF)(%), LV end-diastolic (EDV) and end-systolic volumes (ESV)(ml) were calculated with
an automated software program8. The use of gated SPECT for the determination of LV EF
and volumes has been extensively validated13–15. Wall motion was scored by one observer
blinded to randomization group, using the standard 17 segment model, assigning scores
ranging from 0 – 4 for wall motion ranging from normal to akinetic.

Statistical Analysis
Data management and statistical analyses were performed by an independent data
coordinating center. Baseline clinical and index MI characteristics including medication use
at baseline hospital discharge and 1-year were assessed as frequencies/proportions or mean
±SD, and compared to the remaining main OAT patients and by treatment group PCI vs.
MED using Chi-Square or Fisher tests. The primary endpoint of LV remodeling was
assessed by change in LV end-diastolic volume from baseline to 1 year. To evaluate the
influence of retained IZ viability on extent of LV remodeling, change in LV volumes and EF
were compared by baseline viability. To evaluate the influence of treatment on LV
remodeling, changes in LV volumes were compared by treatment assignment PCI vs. MED.
To examine the interaction between baseline IZ viability and treatment on extent of
remodeling, the effect of PCI vs. MED on change in LV volumes was compared among
those with moderately-retained versus severely-reduced viability. Post-hoc analyses were
also performed with viability as a continuous function. Intention-to-treat principle was used
for all treatment related analyses except for an as-treated sensitivity analysis. Two-sided
two-group t-tests at alpha=0.05 were done for comparisons of changes from baseline to 1-
year. Student's t-test to determine if the change from baseline to 1 year was different from 0
within each treatment and/or viability group. It was estimated that with a targeted total
sample size of 200 pts and a 25ml predicted standard deviation for 1-year EDV change there
would be 80% power to detect a 14ml difference in EDV change between viability groups
and between treatment groups with up to a 25% crossover and a 15% drop-out rate. As
described below, this sample size target was not reached, and with the observed SD of
26.9ml and final achieved sample size of 124, post-hoc analysis estimated that there was
80% power to detect a difference of −15.0ml for the primary outcome of change in LV EDV
from baseline to 1 year. Reasons for not achieving the projected sample size included: a)
OAT NUC ancillary study began recruitment well after the parent OAT study, b) study start-
up at many sites was more prolonged than anticipated, c) recruitment was slower than
anticipated, and d) the main OAT recruitment ended before the final OAT-NUC sample size
was achieved, thus recruitment in OAT-NUC was required to stop as well.

In OAT and the OAT ancillary studies, a p < 0.01 was pre-specified for significance for all
secondary analyses to limit Type I error. Separate multivariable models were constructed for
analysis of the change between baseline and 1 year in LV volumes, and EF. The baseline
values of ES Volume and EF were included in the first step of each corresponding stepwise
model and treatment group (PCI vs. MED) was included in each step of the process. For ED
volume, the baseline measure was also included in each step. Baseline clinical and
angiographic characteristics that were associated in univariate analysis for each outcome
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measure (i.e. p-value <0.10) were included in the corresponding multivariable model. For
multivariable models, stepwise linear regression with backward elimination was conducted,
with a p value of 0.01 required for a variable to be retained. Baseline infarct size and
viability tested for possible inclusion in the models as both categorical and continuous
functions. Because the models for 1-year change in LV volumes, and EF had normally
distributed residuals, these measures were suitable for analysis with linear regression.

Changes in ED volume, ES volume, WM index and WM score were not normally
distributed and were winsorized then analyzed with the t-test. Winsorization is a method to
control the variability introduced by extreme values. This method typically identifies the top
and bottom 5% and reduces them to the next highest (or lowest) value. This method permits
the use of procedures that require a normal distribution (i.e. multiple regression), while
controlling the influence of these extreme values.16

RESULTS
Baseline Characteristics

Between May 2004 and June 2006, there were 124 patients enrolled in OAT-NUC at 20
sites in Australia, Austria, Brazil, Canada, Poland, and the United States (Figure 2). The
patients in OAT-NUC were similar in clinical history to the rest of the main OAT study
population at baseline except for a higher proportion of cerebrovascular disease (Table 1).

Among the OAT-NUC patients, those randomized to PCI versus MED were also similar
except for a trend toward more Killip Class II–IV in the PCI group (Table 2), more
thienopyridine use among PCI patients and more beta blockers use in the MED group at 1
year (Table 2).

At baseline, mean infarct size was 26±18% of the LV. Mean IZ viability was 43 ± 8% of
peak uptake, and the majority (70%) of patients (N=87), had at least moderately-retained
viability with peak uptake ≥40%. Mean EF was 48±11%.

Paired baseline and 1-year data was available for infarct size and viability in 90% of the
OAT-NUC study cohort, and in 85% for LV volumes, EF, and wall motion. Those with
paired data were generally similar in clinical characteristics compared to those without
paired data, though with less prior stroke (5% vs. 31%, p=0.007) and cerebrovascular
disease (5% vs. 38%, p=0.002), and a trend toward fewer LCX infarcts (p=0.05).

Influence of Baseline Infarct Zone Viability on Remodeling Over 1 Year
Those with severely-reduced IZ viability had significantly larger mean EDV and ESV and
lower EF at baseline and 1 year, compared to those with moderately-retained viability
(Figure 3 and Table 3). There were no significant changes in EDV or ESV for either group.
There was a trend toward greater improvement in EF among those with moderately-retained
viability compared to those with severely reduced viability (between-group difference
p=0.05) (Figure 3). Increasing baseline viability as a continuous variable tended to predict
improvement in EF (p=0.05), but was not associated with 1-year EDV or ESV change.

Influence of Treatment PCI vs. MED on Remodeling Over 1 Year
There were no significant differences in 1-year change in EDV, ESV, or EF when compared
by treatment group PCI vs. MED (Figure 4 and Table 4). There was similar improvement in
EF in both treatment groups (within-group changes both p<0.01). As-treated analysis
accounting for 12 failed PCIs, 1 PCI not done, and 2 MED crossovers to PCI of IRA <30
days did not change these estimates.

Udelson et al. Page 4

Am Heart J. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Interaction of Treatment and Baseline Viability on Remodeling Over 1 Year
No significant interactions were found for any of the measured remodeling changes, i.e.
treatment effect for PCI vs. MED did not differ by baseline viability (Table 5). There was
more improvement in EF among those with moderate compared to severely reduced
viability in both PCI and MED groups. As-treated analyses did not change these estimates,
and there were no interactions found with baseline viability analyzed as a continuous
function.

Multivariable Analyses
In multivariable regression models predicting 1 year change in ESV, EDV, and EF
separately, treatment assignment and baseline infarct size were not predictors after adjusting
for all variables attaining significance levels for univariate association with the
corresponding changes in outcome. However, increasing baseline viability as a continuous
variable was a significant predictor for increasing change in EF following adjustment for
clinical and angiographic characteristics, but not for change in EDV or ESV. Treatment with
PCI was not a significant predictor in any of the multivariable models for remodeling
changes in ESV, EDV, or EF (Table 6).

DISCUSSION
The results of this study suggest that in stable patients studied in the subacute phase post-MI
with a totally occluded IRA, there is no influence of baseline IZ viability on the extent of
LV remodeling at one year. However, there was an improvement in EF over one year in
patients with moderately-retained viability. There was no benefit of PCI on 1-year change in
EF or volumes, and no interaction between the degree of retained viability and the extent of
remodeling in patients randomized to PCI vs. optimal medical therapy alone. Thus, we did
not find an important influence of IZ viability on remodeling, with or without
revascularization, in the setting of contemporary background therapy.

The Open Artery Trial (TOAT) randomized 66 asymptomatic, stable patients with an
anterior MI and proximal occlusion of the LAD to medical therapy or late stenting-
approximately 1 month post-MI. The results documented greater ESV and EDV at 1-year
follow-up in the PCI group when compared to medically treated patients17. In contrast to the
main study findings, in a substudy of TOAT where viability was assessed utilizing cardiac
magnetic resonance imaging, a significant relationship between viability and improvement
in ESV and EF was seen in patients undergoing PCI, but not in medically-treated patients18.

At baseline, patients in OAT-NUC had a high rate of prescription of therapies documented
to mitigate post-MI LV remodeling when compared to prior trials19. Importantly, OAT-
NUC was a substudy of a randomized trial, with protocol-driven patient follow-up and
optimization of medical care. This approach likely led to a reduction in the ability of non-
pharmacologic factors to alter remodeling – a phenomenon previously reported20. Factors
other than infarct zone viability that may contribute to post-MI remodeling, such as
enhanced sympathetic drive and beta-adrenergic receptor down-regulation21, could not be
readily assessed in this study. In addition, prior studies and meta-analyses have shown a
more profound impact of retained viability and revascularization on remodeling and clinical
outcomes in those patients with the greatest degree of LV functional impairment5,22,23. It is
plausible that the patient population in OAT-NUC with relatively preserved baseline LV
systolic function may have differed significantly from those in prior studies. The possibility
also exists that the inability to detect an effect of IZ viability or PCI on subsequent EDV and
ESV could have been due to the relatively brief duration of follow-up in OAT-NUC. The
time course of recovery of viable myocardium can extend beyond 1 year20, with some
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clinical trials documenting improvement in LV systolic function or clinical outcomes after >
4 years 19,24–26.

Several authors have suggested that IZ viability and delayed revascularization have their
greatest impact in those patients with the most severe or extensive ischemia 19,27. As OAT
excluded patients with rest angina and /or severe inducible ischemia, the patient population
in OAT-NUC differed from patients in prior studies in this regard. In addition, it is not clear
from prior studies what proportion of patients actually had total occlusion of the IRA, which
was a critical inclusion criterion of OAT 5,20, 22,23,28.

The Total Occlusion Study of Canada (TOSCA)-2 was a mechanistic substudy of OAT
which documented that coronary stenting resulted in significantly higher rates of IRA
patency at 1-year when compared to those patients solely treated medically29. Similar to
OAT-NUC, both stented and medically-treated patients improved EF at 1-year follow-up
LV angiography with no between-group difference. In a subset of 42% of TOSCA 2 patients
with paired volumes measured one year apart, there was an apparent modest benefit of PCI
on EDV index 29, although there was no significant between-group difference when
compared with the medically-treated group. Multivariable analyses controlling for baseline
LV volumes suggested that randomization to PCI therapy was an independent predictor of a
small absolute increase in EDV index. Whether this finding would have been verified in the
whole OAT cohort is unknown. This latter finding was not observed in the OAT NUC data.
Several variables were found to be independently related to measures of remodeling in
multivariable analyses (Table 6). Potential mechanisms underlying these noted associations
are speculative, but would be of interest for generating testable hypotheses if confirmed in
independent data sets.

Strengths of OAT-NUC include a central core lab, which performed systematic,
standardized, blinded readings. The population represents an important subset of survivors
of MI with the presented data providing the mechanistic underpinnings to explain the
outcome in the main trial 1. There are also important limitations to the present data set. The
population sample represents a nonconsecutive series of patients enrolled in the main OAT
study who consented to participate in this substudy. Due to the limited number of enrolled
patients in OAT-NUC (as well as the insufficient recruitment relative to initial projections)
there was not enough power to detect small differences in remodeling between the
comparison groups if indeed the study hypothesis is correct. Finally, it is conceivable that
between-group differences may have become apparent had the patients been followed for a
longer period of time. However, there was no signal of an apparent effect on remodeling in
this population sample. The findings presented here are consistent with the absence of effect
of PCI on clinical outcomes including heart failure hospitalization over 3.2 years average
follow-up in the main OAT population1.

Hence, the data from the OAT-NUC study suggest that in the contemporary era of
comprehensive post-infarction medical therapy, IZ viability does not influence LV
remodeling nor the remodeling response to PCI, as opposed to medical therapy alone. The
data also suggest that residual IZ viability fails to identify a subgroup of clinically stable
post-MI patients with total occlusion of the IRA who will accrue a remodeling benefit over a
one year observation as a consequence of revascularization during the subacute phase of MI.
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Figure 1.
Examples of horizontal long-axis view of resting SPECT images from two patients in the
OAT-NUC trial illustrating the viability classification.
LEFT- A lateral wall infarct, but with some preservation of uptake in the lateral wall (yellow
dotted line and arrow), classified as moderately-retained infarct zone viability.
RIGHT - A lateral wall infarct, but a very severe reduction in uptake in the lateral wall
(white dotted line and arrow) consistent with severely reduced infarct zone viability.
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Figure 2.
OAT-NUC Study Enrollment and Patient Flow
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Figure 3.
One year changes in end-diastolic (ED) and end-systolic (ES) volumes and ejection fraction,
in patients with severe reduction in viability in the infarct zone (“ <40%” of peak tracer
uptake), compared to those patients with moderately preserved viability in the infarct zone
(“ ≥40%” of peak tracer uptake). There were no significant between-group changes in ED or
ES volumes. Ejection fraction increased nominally more in the patients with moderately
preserved viability.
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Figure 4.
One year changes in end-diastolic (ED) and end-systolic (ES) volumes and ejection fraction,
in patients who were randomized to the OAT PCI strategy compared to those randomized to
optimal medical therapy (MED). There were no significant between-group changes in any of
the parameters.
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TABLE 6

Univariate and Multivariable predictors of Remodeling Changes (1 yr-BL*)

LV ED†VOLUME N Parameter Estimate p

Univariate Predictors

PCI‡ Treatment 105 2.02 0.70

BL ED Volume (continuous) 105 −0.19 0.002

BL Viability (continuous) 105 0.44 0.22

BL Infarct Size (continuous) 105 −0.15 0.35

Prior CHF§ 105 40.49 0.03

Current Smoker 105 −12.62 0.02

Systolic BP‖< 140 mmHg 105 −15.75 0.05

Killip Class II–IV Index MI 105 −18.21 0.004

Mitral Regurgitation 1–4 66 12.39 0.02

IRA LAD# 105 −17.99 0.001

Fasting Glucose / 10 102 1.31 0.04

Multivariable Model* N Parameter Estimate p

PCI Treatment 102 −4.98 0.28

BL ED Volume (continuous) 102 −0.15 0.01

Current Smoker 102 −14.95 0.002

Fasting Glucose / 10 102 1.76 0.002

IRA LAD 102 −14.81 0.006

LV ES** VOLUME N Parameter Estimate p

Univariate Predictors

PCI Treatment 105 −0.80 0.84

BL ES Volume (continuous) 105 −0.18 0.001

BL Viability (continuous) 105 0.21 0.44

BL Infarct Size (continuous) 105 −0.13 0.27

Killip Class II–IV Index MI 105 −11.39 0.02

IRA LAD 105 −13.06 0.002

Multivariable Model* N Parameter Estimate p

PCI Treatment 105 −1.25 0.75

BL ES Volume (continuous) 105 −0.18 0.001

EJECTION FRACTION N Parameter Estimate p

Univariate Predictors

PCI Treatment 105 0.96 0.49

BL EF†† (continuous) 105 −0.08 0.19

BL Viability (continuous) 105 0.18 0.05

BL Infarct Size (continuous) 105 −0.03 0.54

Female 105 4.52 0.008
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LV ED†VOLUME N Parameter Estimate p

Multivariable Model* N Parameter Estimate p

PCI Treatment 105 −1.20 0.36

BL EF (continuous) 105 −0.20 0.004

BL Viability (continuous) 105 0.29 0.005

Female 105 5.06 0.003

Univariate predictors include those with p<0.10 and forced BL variables. ALL MV models: p=0.01 to remain. Mitral Regurgitation NOT in
initial MV models. With Mitral Regurgitation in model, no significant predictors found. EDV At p=.05 to remain in model, predictors also
included Prior CHF.ESV: At p=.05 to remain in model, predictors also included current smoking, fasting glucose, LAD IRA, and diastolic BP. EF:
Same results with p=.05.

*
BL=baseline,

†
LV ED=left ventricular end-diastolic dimension,

‡
PCI=percutaneous coronary intervention,

§
CHF=congestive heart failure,

‖
BP=blood pressure,

#
IRA LAD=infarct-related artery left anterior descending coronary artery,

**
LV ES=ventricular end-systolic dimension,

††
EF=ejection fraction
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