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Background. The prognostic value of single-photon emission computed tomography my-
ocardial perfusion imaging (MPI) is well established. There is a paucity of data on the
prognostic value of changes in perfusion defect size (PDS) on serial MPIs.

Methods. From the MPI database at the University of Alabama at Birmingham, consecutive
patients who underwent two regadenoson stress MPIs between July 2008 and March 2013 were
identified. The MPIs were analyzed side-by-side using an automated software program for presence
and change in PDS. Improvement in PDS was defined as a reduction =5 % of left ventricle. A drop in
left ventricular ejection fraction (LVEF) was defined as a decrease =5 %. The primary outcome was
a composite of death, myocardial infarction (MI), and coronary revascularization (CR).

Results. There were 698 patients (61 + 11 years, 53% male, 48% diabetes, 25% prior MI,
49% prior CR) who underwent two regadenoson MPIs within 16 + 9 months for clinical indi-
cations. The primary outcome occurred in 167 (24%) patients (8% death, 9% MI, 15% CR)
during 24 + 16 months of follow-up after the second MPI. The MPIs were normal in both studies
in 399 (57%, Group 1), showed improvement in 94 (14%, Group 2, PDS 15% + 16% vs
28% + 18%, P < .001) and no change or worsening in 205 patients (29 %, Group 3,28% =+ 17% vs
20% + 17%, P < .001). The best outcomes were seen in Group 1 and the worst in Group 3 (log-
rank P < .001). Similar trends were seen for the components of the primary outcome (P = .04 for
death, P < .001 for MI, P < .001 for CR). In a Cox-regression model that adjusted for baseline
factors including PDS and LVEF on initial MPI, the hazard ratios for primary outcome were 2.0
(P = .02)and 3.9 (P < .001) for Groups 2 and 3 compared to Group 1, respectively. In addition, an
LVEF drop =25% was independently associated with the primary outcome (HR 1.5, P = .01).

Conclusion. Changes in PDS and LVEF on serial MPIs provide incremental prognostic
information to initial and follow-up MPI findings. Lack of improvement or an increase in PDS and
a drop in LVEF identify high-risk patients. (J Nucl Cardiol 2016;23:101-12.)
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Abbreviations

CI Confidence intervals

CR Coronary revascularization

HR Hazard ratio

LVEF Left ventricular ejection fraction
MI Myocardial infarction

MPI Myocardial perfusion imaging

MT Medical therapy

PCI Percutaneous coronary intervention
PDS Perfusion defect size

See related editorial, pp. 113-116

INTRODUCTION

There is a large body of literature supporting the
prognostic value of stress single-photon emission com-
puted tomography myocardial perfusion imaging (MPI)
with data from various studies showing a low risk of
events in patients with normal scans and a progressive
increase in risk with progressively larger perfusion
abnormalities.' Follow-up stress MPI performed for
various indications in patients who had a prior study is
quite common in clinical practice. Multiple studies have
demonstrated that therapeutic interventions including
medical therapy (MT) and coronary revascularization
(CR) are associated with significant improvement in
myocardial perfusion by serial MPL*'® However, there is
a paucity of data on whether changes in perfusion defect
size (PDS) on serial MPIs track directional changes in
outcomes. Studies using serial MPIs pose unique chal-
lenges in the interpretation of the scans that have been
addressed in depth in a recent review.'' In this study, we
sought to assess whether changes in PDS on serial
regadenoson MPIs track cardiovascular endpoints.

METHODS

Patient Selection

From the MPI database maintained at the University of
Alabama at Birmingham (UAB), consecutive patients who
underwent at least two regadenoson stress MPIs between July
2008 and March 2013 for clinical indications were retrospec-
tively identified. Patients were excluded (n = 6) if the MPI
scans were not available for reanalysis. The study was
approved by the Institutional Review Board at UAB and was
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performed in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki and its later amendments.

Clinical Data

Baseline demographics, co-morbidities, and medications
(at MPI-1 and MPI-2) were retrieved from chart review.
Myocardial infarction (MI) was defined using the third
universal definition.'> Hypertension was defined as systolic
blood pressure >140 mm Hg, diastolic blood pressure
>90 mm Hg, or intake of anti-hypertensive medications.
Diabetes mellitus was defined as fasting blood glucose
>126 mg-dl™!, Alc >6.5% or intake of hypoglycemic agents
or insulin. Dyslipidemia was defined as elevated total
cholesterol or low-density lipoprotein levels beyond the
values set by ATP III guidelines.'® End-stage renal disease
was defined as patients with glomerular filtration rate
<15 mL-min~' 1.73 m™2, on hemodialysis or peritoneal
dialysis.

Myocardial Perfusion Imaging

Regadenoson stress MPI was performed using standard
protocols approved by the American Society of Nuclear
Cardiology.'* The specifics of stress testing, and image
acquisition and interpretation have been previously pub-
lished.>*'* Briefly, a single bolus of 0.4 mg of regadenoson
was administered via a peripheral venous access, followed by
saline flush.'® The tracer, technetium-99m-sestamibi, was
administered intravenously 10-20 seconds after the saline
flush. Gated images were acquired 1 hour after tracer injection
with a dual-head detector gamma camera with a low-energy,
high-resolution collimator with a 64 x 64 matrix. The cameras
operated in an elliptical 180° acquisition orbit with 32
projections and 30 seconds per projection. For image acqui-
sition, a 15% energy window focused on the 140-keV gamma
peak was utilized. Gating was performed with 8-16 frames/RR
cycle. Butterworth filtering and filtered back projection recon-
struction was done. Rest images were performed if the stress
images were abnormal or if there was uncertainty in the
interpretation of the stress images. The image interpretation
was performed in the absence of attenuation or scatter
correction. The presence and extent of perfusion abnormalities
were determined by a software program (Corridor4DM) with
visual supervision.'” Side-by-side interpretation was per-
formed when comparing and quantifying PDS of MPI-1 and
MPI-2."" The readers were blinded to subsequent events. Left
ventricular ejection fraction (LVEF) was determined from
gated images using previously described methods.'® Perfusion
defects were quantitated as % of LV myocardium and
expressed as PDS (total perfusion defect), ischemia (reversible
perfusion defect), and scar (fixed perfusion defect). Abnormal
perfusion was defined as PDS >5% LV mass. Although fixed
PDS does not necessarily imply scar with stress SPECT MPI,
the terms were used interchangeably for simplicity, and
similarly for ischemia and reversible defect.
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Patients were stratified into 3 groups: Group 1, included
patients with normal perfusion on MPI-1 and MPI-2; Group 2
included patients with abnormal perfusion on MPI-1 and with
improvement (>5% decrease in PDS) on MPI-2; Group 3
included patients with abnormal perfusion on MPI-1 and with
either no improvement (<5% change) or worsening (>5%
increase in PDS) on MPI-2 and patients with normal perfusion
on MPI-1 and abnormal perfusion on MPI-2.

Endpoints

The primary endpoint was a composite of all-cause death,
non-fatal MI or CR (percutaneous coronary intervention [PCI]
or coronary artery bypass grafting after the second MPI).
Secondary endpoints were the individual components of the
composite endpoint. All-cause death was identified from the
Social Security Death Index database. MI and CR were
ascertained by review of patients’ health records beginning
after the second MPI and were adjudicated by a blinded
reviewer. Scripted telephonic interviews were used for subjects
whose follow-up was less than 2 years.

Statistical Analysis

Continuous data were expressed as mean + standard
deviation or median (Q1, Q3) and compared using one-way
ANOVA. Categorical data were displayed as frequencies and
percentages and compared using Pearson Chi-square test.
Paired ¢ test was used to compare changes in PDS between
serial MPIs. For better graphical illustration, PDS was
stratified as <5% (normal), 5-19%, and >20% of LV.

Survival curves were constructed for the various Groups
using the Kaplan-Meier method, and differences among
survival curves were estimated by the log-rank test. Survival
analysis treated the time of MPI-2 as “‘time 0.”” Subgroup
analysis was also performed stratifying patients by whether or
not they underwent CR between MPIs (CR vs MT groups).

Cox proportional hazards models were used to estimate
the unadjusted and adjusted (multivariate) hazard ratios (HRs)
and 95% confidence intervals (CIs) comparing outcome events
in the different Groups (Groups were included as a covariate in
the model and the HRs for Group 2 and 3 assessed in reference
to Group 1). Models were constructed adjusting for demo-
graphics (age, gender, and race), co-morbidities (diabetes,
hypertension, dyslipidemia, end-stage renal disease, and MI),
behavioral characteristics (current smoking), prior CR, and
depressed LVEF and PDS on MPI-1 or MPI-2. Changes in
PDS on serial MPIs were also entered in the model and the
HRs for groups 2 and 3 were compared to group 1 (reference).
We performed further analysis by adjusting for worsening in
LVEF (defined as drop in LVEF >5%) and entering it in the
model. We also constructed a separate model that includes the
same covariates but replaces the change in total PDS with the
change in reversible PDS (ischemia) and replaced baseline
PDS with baseline extent of ischemia and extent of scar. To
determine the incremental value of change in PDS, nested Cox
modeling was performed: model 1 without change in PDS, and
model 2 including change in PDS. The models were compared
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on the basis of difference in likelihood ratio and the resulting
Chi squared value looked up at one degree of freedom as
previously published.'® In order to determine the predictors of
a lack of improvement on MPI between scans, a logistic
regression model was constructed using the same covariates as
dependent variables and limiting the cohort to patients with
abnormal perfusion on MPI-1 as previously described.”® All
tests were 2-tailed, and a P value < .05 (set a priori) was
considered statistically significant. All statistical analyses were
carried out with SPSS Statistics version 17 (SPSS, Inc.,
Chicago, Illinois).

RESULTS

There were 698 patients who underwent two
regadenoson MPIs within 16 + 9 months for various
indications (Table 1). Patients in groups 2 and 3 were
significantly older, had more co-morbidities, higher
prevalence of prior MI and CR, and were on more
cardiovascular medications (both at baseline and at MPI
2) as compared to group 1 (Tables 1, 2).

The MPIs were normal in both studies in 399 (57%,
Group 1), showed improvement in 94 (14%, Group 2,
PDS 15% + 16% vs 28% + 18%, P < .001) and no
change or worsening in 205 patients (29%, Group 3,
28% + 17% vs 20% + 17%, P < .001). The baseline
and changes in PDS among groups are summarized in
Table 1. The LVEF was significantly higher in group 1
as compared to groups 2 and 3. There were 193 (28%)
patients who had a drop in LVEF (>5%), and those were
proportionately distributed among the 3 Groups (26%
Group 1, 30% Group 2, 30% Group 3, P = .6).

The primary outcome occurred in 167 patients
(24%) during 24 + 16 months of follow-up after second
MPI (8% death, 9% MI, 15% CR). Patients who had an
event were older, more likely to have had prior MI or
CR, to be on cardiac medications, and had larger PDS
and lower LVEF on both scans (Table 3). The incidence
of composite endpoint increased among patients with
larger baseline PDS and those with worsening defect
size on follow-up imaging (Figure 1). The best out-
comes were seen in Group 1 and the worst in Group 3
(log-rank P < .001) (Figure 2). Similar trends were seen
for the components of the primary outcome (P = .04 for
death, P < .001 for MI, P < .001 for CR) (Figure 2). In
univariate analysis, age, history of MI and CR, PDS and
LVEF on MPI-1, the change in PDS between MPI-1 and
MPI-2, and LVEF worsening between the 2 scans were
significantly associated with the primary outcome
(Table 4). In an initial Cox-regression model that
included all the factors in Table 4 except for the change
in PDS and LVEF between MPIs, age (HR 1.22, 95% CI
1.07-1.37), diabetes (1.40, 1.02-1.94), dyslipidemia
(0.55, 0.38-0.80), prior CR (1.58, 1.09-2.29), and PDS
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Table 1. Patients characteristics stratified by change between serial myocardial perfusion imaging

Entire Not
cohort Normal Improved improved
Characteristic (N=698) (N=399) (N=94) (N = 205) P value

Age (years) 61 + 11 60 + 11 64 +13 63 + 11 <.001

Men 372 (53%) 190 (48%) 53 (56%) 129 (63%) .001

Race .045
Caucasian 408 (59%) 215 (54%) 67 (71%) 126 (61%)

African American 275 (39%) 176 (44%) 26 (28%) 73 (36%)
Other 14 (2%) 8 (2%) 1 (1%) 6 (3%)

Diabetes mellitus 335 (48%) 177 (44%) 48 (51%) 110 (54%) .08

Hypertension 603 (86%) 345 (87%) 76 (81%) 182 (89%) 2

Dyslipidemia 490 (70%) 251 (63%) 77 (82%) 162 (79%) <.001

End-stage renal disease 147 (21%) 93 (23%) 17 (18%) 37 (18%) 2

Smoker
Current 134 (19%) 74 (19%) 19 (20%) 41 (20%) .9
Prior 274 (39%) 161 (40%) 37 (39%) 76 (37%) Vi

Coronary revascularization 342 (49%) 132 (33%) 61 (65%) 149 (73%) <.001
Percutaneous intervention 267 (38%) 101 (25%) 45 (48%) 121 (59%) <.001
Coronary artery bypass graft 177 (25%) 60 (15%) 39 (42%) 78 (38%) <.001

Prior myocardial infarction 176 (25%) 54 (14%) 34 (36%) 88 (43%) <.001

Indication for MPI-1 .001
Chest pain and/or dyspnea 468 (67%) 269 (67%) 65 (69%) 134 (65%)
Transplant or pre-operative evaluation 139 (20%) 94 (24%) 12 (13%) 33 (16%)

Other o1 (13%) 36 (9%) 17(18%) 38 (19%)

Indication for MPI-2 <.001
Chest pain and/or dyspnea 471 (68%) 272 (68%) 61 (65%) 138 (67%)
Transplant or pre-operative evaluation 105 (15%) 77 (19%) 10 (11%) 18 (9%)

Other 122 (18%) 50 (13%) 2323 49 (24%)

MPI findings
PDS on MPI-1 (% LV) 0% 28 + 18% 20+ 17% <.001
Ischemia on MPI-1 (% LV) 0% 14 + 12% 8 + 9% <.001
Scar on MPI-1 (% LV) 0% 15 + 15% 12 £+ 13% <.001
LVEF on MPI-1 (%) 64 + 12% 54 + 15% 53 + 15% <.001
PSD on MPI-2 (% LV) 0% 15+ 16% 28 + 17% <.001
Ischemia on MPI-2 (% LV) 0% 7+11% 12 + 13% <.001
Scar on MPI-2 (% LV) 0% 10 + 13% 17 + 15% <.001
LVEF on MPI-2 (%) 64 + 12% 55 + 16% 52 + 16% <.001
APDS (% LV) (change in PDS 0% —13 + 9% +9 + 12% <.001

between MPI-1 & MPI-2)

LVEF left ventricular ejection fraction, MPI myocardial perfusion imaging, PDS perfusion defect size

on MPI-1 (1.012, 1.00-1.02) were independently asso-
ciated with the primary outcome.

In the final adjusted Cox-regression model, the HRs
for primary outcome were 2.0 (1.1-3.6, P = .02) and 3.9
(2.5-5.9, P < .001) for Groups 2 and 3 compared to
Group 1, respectively, and 1.52 (1.1-2.1, P = .01) for
the drop in LVEF (Table 4). Finally, adding changes in
PDS on serial MPI to the initial model was associated

with increase in Chi-square from 42 to 89 (P < .001)
and adding drop in LVEF resulted in further increase in
Chi-square to 95 (P = .01). If PDS and LVEF on the
first MPI were replaced with those on the second MPI,
the HRs for the primary outcome were 1.7 (1.0-2.9,
P = .049) and 3.1 (1.9-5.0, P < .001) for Groups 2 and
3 compared to Group 1, respectively, and 1.5 (1.1-2.1,
P = .01) for LVEF drop. The Chi-square increased from



Journal of Nuclear Cardiology®
Volume 23, Number 1;101-12

El-Hajj et al 105
Changes on serial MPI and outcomes

Table 2. Cardiac medication at baseline and follow-up stratified by change between serial myocardial

perfusion imaging

Entire cohort Normal Improved Not improved
Medication (N = 698) (N = 399) (N = 94) (N = 205) P value
Baseline medication: at MPI-1
Beta-blocker 476 (69%) 249 (63%) 68 (72%) 159 (78%) <.001
Aspirin 426 (61%) 209 (53%) 69 (73%) 148 (73%) <.001
Statin 436 (63%) 221 (56%) 65 (69%) 150 (74%) <.001
CCB 257 (37%) 158 (40%) 27 (29%) 72 (35%) 1
ACE-I/ARB 451 (65%) 240 (60%) 62 (66%) 149 (73%) .008
Nitrates 134 (19%) 65 (14%) 22 (23%) 57 (28%) <.001
Ranolazine 14 (2%) 2 (0.5%) 4 (4%) 8 (4%) .004
Insulin 144 (21%) 78 (20%) 21 (22%) 45 (22%) 7
Medication at follow-up: at MPI-2
Beta-blocker 517 (74%) 264 (66%) 83 (88%) 170 (84%) <.001
Aspirin 462 (67%) 227 (57%) 79 (84%) 156 (77%) <.001
Statin 474 (68%) 239 (60%) 70 (75%) 165 (82%) <.001
CCB 238 (34%) 149 (37%) 23 (25%) 66 (37%) .05
ACE-1/ARB 433 (62%) 229 (57%) 64 (68%) 140 (69%) .008
Nitrates 153 (22%) 55 (14%) 32 (34%) 66 (34%) <.001
Ranolazine 26 (4%) 6 (2%) 8 (9%) 12 (6%) .001
Insulin 160 (23%) 87 (22%) 23 (25%) 50 (25%) v

ACE-I/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; CCB, calcium channel blockers; MPI, my-

ocardial perfusion imaging

70 to 96 (P < .001) when changes in PDS and LVEF on
serial MPI were added to the model.

We used logistic regression analysis to determine
factors that are independently associated with a lack of
improvement on MPI since the outcomes were poorest
in this group. History of CR (1.89, 1.01-3.55), PDS
(0.949, 0.929-0.968), and LVEF (0.966, 0.944-0.989) on
MPI were independently associated with lack of im-
provement, and history of MI showed borderline
significance (1.81, 0.99-3.31).

Since change in ischemia burden is often used
clinically to guide management, we performed further
analysis by replacing the change in PDS with change in
extent of ischemia. No ischemia was present on both MPIs
in 66% of patients, while 17% had no change or a
worsening pattern of ischemia on follow-up imaging. In a
multivariate model that included the same variables shown
in Table 4 but replaces baseline PDS with baseline extent
of ischemia and extent of scar, similar results were obtained
(HR for no change or worsening ischemia burden 2.18, 1.4-
3.5, P = .001 and for LVEF drop 1.66, 1.2-2.3, P = .004).

In the period separating the 2 MPIs, 80 (12%)
patients underwent CR (CR group), while the remaining

ones received MT only (MT group). More CRs and MIs
occurred in the interim period in Groups 2 and 3
compared to Group 1 (Table 5). Patients in Group 3
(+10 £ 11% and 49 = 12% LV increase for the CR and
MT groups, respectively) had worse outcomes irrespec-
tive of whether they received CR or MT in the interim
period between scans (log-rank P < .001 for both)
(Figure 3). After adjusting for CR between serial MPI,
there was persistent increase in HRs for Groups 2 and 3
(HR 1.87, 1.0-3.5, P =.045; and 3.71, 2.4-5.7],
P < .001, respectively) as compared to Group 1 and
for LVEF drop (1.53, 1.1-2.1, P = .01).

Of the entire cohort, 37 patients (5%) with abnormal
perfusion on MPI-1 had normal perfusion on MPI-2
(normalization of perfusion), while 38 patients (5%)
with normal perfusion on MPI-1 had abnormal perfusion
on MPI-2 (new perfusion defect). Compared to patients
with normal perfusion on both scans, those with nor-
malization of perfusion (2.69, 1.3-5.4, P = .006),
persistence of the perfusion defect (3.30, 1.9-5.7,
P < .001), and new perfusion defect (3.45, 1.9-6.3,
P < .001) had significantly increased adjusted HR for
the primary outcome.
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Table 3. Baseline characteristics and MPI findings stratified by events

Characteristic No events (531) Events (167) P value
Age (years) 61 +11 64 +12 .001
Male 276 (52%) 96 (58%) .2
Race
Caucasian 316 (60%) 92 (55%) 3
African American 204 (38%) 71 (43%)
Other 11 (2%) 15 (2%)
Diabetes 245 (46%) 90 (54%) .09
Hypertension 459 (86%) 144 (86%) 1.0
Dyslipidemia 376 (71%) 114 (68%) .6
End-stage renal disease 113 (21%) 34 (20%) .8
Smoker
Current 104 (20%) 30 (18%) Vi
Prior 209 (39%) 65 (39%) 1.0
Coronary revascularization 239 (45%) 103 (62%) <.001
Percutaneous intervention 183 (35%) 84 (50%) <.001
Coronary artery bypass graft 119 (22%) 58 (35%) .002
Prior myocardial infarction 122 (23%) 54 (32%) .02
Medication prior to MPI-2
Beta-blocker 351 (66%) 125 (75%) .03
Aspirin 312 (59%) 114 (69%) .03
Statin 327 (62%) 109 (66%) 4
CCB 108 (36%) 69 (42%) .2
ACE-I/ARB 336 (63%) 116 (69%) .2
Nitrates 87 (16%) 47 (28%) .001
Ranolazine 8 (2%) 6 (4%) .1
Insulin 102 (19%) 42 (25%) .1
MPI findings
PDS 1 (%LV) 8 + 16% 14 + 16% <.001
Ischemia 1 (%LV) 3+8% 6+ 9% <.001
Scar 1 (%LV) 5+11% 8+ 11% <.001
LVEF 1 (%) 60 + 15% 57 + 14% .008
PDS 2 (%LV) 8+ 15% 17 £+ 19% <.001
Ischemia 2 (%LV) 3+7% 8 + 14% <.001
Scar 2 (%LV) 5+ 12% 12 £ 12% <.001
LVEF 2 (%) 60 + 15% 56 £ 16% .001

Abbreviations as in Tables 1 and 2

DISCUSSION

The main finding of our study is that the change in
PDS and LVEF on serial MPI add incremental prognostic
information to clinical and imaging variables from the first
or subsequent scan, and those patients who lack improve-
ment in PDS on follow-up imaging have the worse
prognosis. This prognostic information is relevant for
patient care and supports the use of serial imaging in
selected patients. It should be noted that our cohort
consisted of high-risk patients with high prevalence of end-
stage renal disease, diabetes, and prior MI and 1/2 had prior

CR. Also, the utilization of medical therapy for coronary
artery disease was high (Table 2). Nevertheless, a large
proportion of our cohort (57%) had normal perfusion on
both scans. This complements an earlier report by Rozan-
ski et al. who describes the declining frequency of
abnormal MPI over the last few decades.”'*?

The prognostic value of stress testing using MPI is
well established.! Regadenoson is a selective adenosine
A2A receptor agonist that was approved for use in the
United States as a stress agent for MPI in 2008. We have
recently demonstrated that regadenoson MPI provides
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Death, myocardial infarction, or coronary revascularization stratified by PDS on MPI 1 and change on MPI 2

Death, Ml or Coronary Revascuarlization (%)
8

Decrease
>20% Decrease 5-

19%
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Figure 1. Incidence of composite endpoints (death, myocardial infarction, or coronary revascular-
ization) stratified by total perfusion defect size (PDS) on regadenoson myocardial perfusion imaging at
baseline (MPI-1) and by the change in PDS between MPI-1 and MPI-2. Changes in PDS were stratified
as no change (<5% increase), increase in defect size 5%-19%, >20%, a decrease by 5%-19% or >20%.

strong prognostic data that can guide patient manage-
ment.>> A subsequent MPI is often performed in clinical
practice in patients who had a prior scan to evaluate for
the presence of abnormal perfusion in symptomatic
patients and to assess for residual perfusion abnor-
malities after CR. According to the current Appropriate
Use Criteria for the Detection and Risk Assessment of
Stable Ischemic Heart Disease, a follow-up MPI is
considered Appropriate (normal prior stress imaging
study) or May Be Appropriate (abnormal prior stress
imaging study) in patients with new or worsening
symptoms.”> An MPI is considered Appropriate in
patients with prior CR if revascularization was incom-
plete and additional revascularization is feasible, and
May Be Appropriate at >5 years after CABG and
>2 years after PCL* Indeed, the main indication for
both sets of scans in our study was the presence of
symptoms (67%-68%, Table 1) and almost half of the
patients had prior CR. The prognostic data provided by
serial MPIs have received much less attention."'
Studies using serial MPIs have demonstrated that
both MT and CR are effective at improving myocardial
perfusion.4'10 However, it is not clear if outcomes track
changes in perfusion abnormalities as a result of these
interventions. In our study, out of 698 consecutive
patients who underwent 2 regadenoson MPIs within
16 + 9 months, 29% had no improvement in their
perfusion abnormality on the second MPI. This group

of patients had a higher rate of death, MI, or CR during
24 + 16 months of follow-up after second MPI. These
results were robust and remained statistically significant
after multivariate adjustment for demographics, co-
morbidities, behavioral characteristics, prior CR, and
findings on the initial or the subsequent MPI. These
findings were unchanged when we analyzed for the
change in ischemia (reversible perfusion defect) instead
of the total PDS since this is often used in clinical
practice to guide management. Interestingly, patients
with an improvement in perfusion (Group 2) had
outcomes intermediate between those of Groups 1 and
3. A closer look at the Kaplan-Meier curves (Figure 2)
suggest that Group 2’s risk of all-cause death was
similar to Group 1 up to the end of follow-up and that
the risk of the non-death components of the primary
outcome of this group (MI and CR) tracked well with
those having normal perfusion on both scans (Group 1)
up to 1 year after MPI-2 before starting to diverge.
These findings indicate that the data derived from
comparing the serial MPIs adds prognostic information
to each scan interpreted in isolation.

A major strength of our paper is in the analysis of the
serial scans. First, we only included patients who under-
went MPIs using regadenoson. The inclusion of exercise
MPIs introduces the challenge of accounting for the
degree of stress on both scans.'' This is particularly
important if one of the scans is with submaximal exercise
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Figure 2. Kaplan-Meier curves illustrating freedom from composite and individual endpoints of
three groups of patients: group 1 (normal MPI-1 and MPI-2); group 2 (improvement on MPI-2);
group 3 (no change or worsening on MPI-2). CR, coronary revascularization; MI, myocardial

infarction; MPI, myocardial perfusion imaging.

and the other is with maximal exercise or with vasodilator
stress. Regadenoson reliably induces maximal hyperemia
that is maintained for a sufficient time to allow for
imaging.'® The use of a fixed dose bolus that is not
dependent on body weight also reduces the margin of
error in dosing. Second, the images for both reports were
retrieved and analyzed using quantitative software to
measure the size of the perfusion defect. This approach
has been shown to be superior to semi-quantitative visual
analysis, thus decreasing the variability in the measure-
ments.>* Third, the scans were analyzed side-by-side by a
reviewer blinded to the outcome data. This visual review
allowed for quality control and is a further assurance that
the change in PDS detected by the automated program
represents a real rather than an artifactual change.''

Fourth, all MPIs were performed in the same laboratory in
a relatively short period of time which minimized
technical variability. Fifth, we included all serial re-
gadenoson MPIs performed during the specified time
frame with the exception of 6 studies that were not
available for analysis. This decreases selection bias.
Finally, our study cohort was relatively large, was
followed for several years, and accumulated a sufficient
number of cardiovascular events to allow for analysis that
adjusts for relevant covariates.

In a sub-study of the COURAGE trial in which 314
patients underwent serial MPIs before treatment and at
6-18 months after randomization to PCI + MT vs MT
alone, Shaw et al’ showed that the reduction of ischemic
myocardium was greater in the PCI arm. Further,
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Table 4. Cox-regression analysis for the composite endpoint of death, coronary revascularization or

myocardial infarction

Unadjusted Adjusted
Variable hazard ratio* hazard ratio* P value#

Change in perfusion defect size

Normal MPI-1 and MPI-2 Ref Ref <.001

Improves at MPI-2 1.92 (1.19-3.09) 2.03 (1.13-3.65) .02

Does not improve/worsens 3.86 (2.76-5.40) 3.86 (2.53-5.88) <.001
LVEF drop (>5%) 1.53 (1.11-2.10) 1.52 (1.09-2.10) .01
Age (per 10 years increase) 1.20 (1.06-1.34) 1.17 (1.02-1.32) .03
Male gender 1.20 (0.88-1.63) 1.12 (0.79-1.58) .5
Caucasian race 0.87 (0.64-1.18) 0.79 (0.56-1.12) 2
Diabetes mellitus 1.31 (0.97-1.78) 1.36 (0.98-1.89) .06
Hypertension 0.91 (0.59-1.42) 0.89 (0.56-1.42) .6
Dyslipidemia 0.82 (0.59-1.13) 0.57 (0.40-0.83) .003
Myocardial infarction 1.46 (1.05-2.01) 1.08 (0.75-1.56) v
Coronary revascularization 1.66 (1.21-2.206) 1.15 (0.79-1.67) .5

prior to MPI-1
Perfusion defect size, MPI-1 (% LV) 1.015 (1.007-1.023) 0.996 (0.98-1.01) .6
LVEF, MPI-1 (%) 0.988 (0.979-0.998) 0.998 (0.98-1.01) .8

EF, ejection fraction; LV, left ventricle; MPI, myocardial perfusion imaging.
* The 95% confidence interval is shown in parentheses, hazard ratios that are statistically significant are shown in bold.

# The P value is for the adjusted hazard ratio.

Table 5. Incidence of coronary revascularization and myocardial infarction between MPI studies

Between MPI-1

Entire cohort Normal Improved Not improved

and MPI-2 (N=698) (N=399) (N=94) (N=205) P value
Coronary revascularization 80 (12%) 10 (3%) 34 (36%) 36 (18%) <.001
Percutaneous coronary intervention 60 (9%) 8 (2%) 26 (28%) 26 (13%) <.001
Coronary artery bypass 22 (3%) 2 (0.5%) 8 (9%) 12 (6%) <.001
Myocardial infarction 61 (9%) 15 (4%) 10 (11%) 36 (18%) <.001

patients who experienced ischemia reduction (irrespec-
tive of randomization arm) had a lower rate of death or
MI on follow-up than those who did not (13.4% vs
21.7%, P = .037), but this difference was no longer
significant after multivariate adjustment. Importantly,
the COURAGE sub-study was not powered to detect a
difference in outcomes. Farzaneh-Far et al*> used the
Duke Cardiovascular Disease and Nuclear Cardiology
Databanks to examine the outcome of patients who
underwent serial MPIs at their institution. The propor-
tion of patients who had worsening ischemia (using the
same threshold of 5% change used in the COURAGE
sub-study and our analysis) was lower in patients who
underwent CR within 60 days of first MPI than those
who did not. Worsening ischemia was associated with a
higher rate of death or MI during a 5-year follow-up
(43% vs 26%, P < .0001) that remained significant after

multivariate adjustment. Unlike our study, Farzaneh-Far
et al* did not account for the stress modality, depended
on the analysis performed at the time of the stress test
and did not retrieve the studies for reanalysis, utilized
semi-quantitative visual analysis rather than quantitative
analysis, excluded patients who did not have coronary
angiography within 6 months of MPI, and their study
extended over several years (1993-2009) that for the
most part was prior to the launching of regadenoson in
the United States which is currently the most widely
used stress agent for MPL

Prior reports have suggested the superiority of CR
over MT in the improvement of myocardial perfusion by
MPL>*% Our study is consistent with these data; patients
who underwent CR between MPIs were more likely than
those who did not to have an improvement in their
perfusion. Our data also demonstrate that patients who



110 El-Hajj et al
Changes on serial MPI and outcomes

Journal of Nuclear Cardiology®
January/February 2016

Freedom from Death, Ml and CR

MT Group

Normal MPI 1 &2

.

-
(=3
——i.

4
L]
1

ent on MPI 2

o
o
1

No improvement on MPI 2

Cum Survival

o
P
1

oo Log-Rank p<0.001

T T T

0 10 20 30
Follow-up (months)

CR Group

Normal MPI 1 &2

—

Improvement on MPI 2|

1.0

0.8

Cum Survival
o
[+
1

o
b
1

No improvement on MPI 2

ood Log-Rank p=0.001

0 10 20 30
Follow-up (months)

Figure 3. Freedom from death, myocardial infarction, or coronary revascularization after MPI-2
stratified by changes on MPI for two subgroups: subgroup 1 included patients who did not have
revascularization between studies (left panel); subgroup 2 included patients who underwent
coronary revascularization between studies. Abbreviations as in Figure 2.

did not experience an improvement in myocardial perfu-
sion (had no change or worsening of their perfusion
abnormality) on the subsequent MPI had worse outcomes
irrespective of whether they received CR or MT in the
interim. These data suggest that serial MPI may have a
role in monitoring the effectiveness of therapy although
further studies need to be performed to clarify how this
information can be used to change management. Finally,
previous studies have shown that the presence of residual
perfusion abnormalities on stress MPI following CR is
associated with worse outcomes.”*®" In our study, the
change in perfusion was a more powerful predictor of
outcomes than residual abnormalities. This finding is in
agreement with the report by Farzaneh-Far et al.*

We acknowledge several limitations of the study.
First, this is a retrospective single-center study with
referral and selection bias. Second, patients who had
follow-up stress MPI outside the institution were not
included. Third, outcomes such as CR and MI after the
second MPI could be underestimated since patients who
were lost to follow-up or were hospitalized at other
institutions may have been missed although most were
captured by the telephone interviews. Fourth, some of
the CR procedures included in the primary outcome
could have been driven by the findings on MPI-2.
However, a significant number of CR procedures were
performed late after MPI-2, and the Kaplan-Meier
curves continued to diverge throughout follow-up
(Figure 2). Also of interest is the increased risk of all-
cause death and MI in patients with no improvement on

MPI-2. Fifth, the doses of cardiac medications and
patient compliance were not accounted for. Sixth, only
patients who underwent vasodilator stress testing with
regadenoson were included, while those who underwent
exercise stress testing were not represented in the study.
Although this limits the generalizability of the findings it
strengthens the analysis as discussed above. Despite
these limitations, this is one of the larger studies
evaluating the prognostic value of serial MPI. Interpre-
tation of PDS was performed using quantitative analysis
side-by-side with visual oversight to ensure similar
orientation and processing and minimize interpretation
errors.'! The readers were blinded to the outcomes, and
the outcomes were adjudicated by independent review-
ers who were blinded to the MPI findings.

NEW KNOWLEDGE GAINED

Among patients undergoing serial regadenoson
MPIs, normal perfusion on both sets of scans was
associated with the best outcomes, while lack of
improvement in PDS was associated with the worst
outcomes. A drop in LVEF was independently associ-
ated with worse outcomes. Serial MPIs provide
prognostic information with incremental value even
after adjustment for CR at baseline and between studies
and for the MPI findings on the initial or the subsequent
scan. Serial MPIs can be used to monitor the effective-
ness of therapy and to guide patient management.
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