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Abstract

Objectives: To evaluate clinical effectiveness of pharmacologic stress myocardial perfusion
imaging (MPI) with Positron Emission Tomography (PET) compared to Single Photon Emission
Computed Tomography (SPECT) in patients with known CAD presenting with symptoms
suggestive of ischemia.

Background: Although PET MPI has been shown to have higher diagnostic accuracy in
detecting hemodynamically significant CAD compared to SPECT MPI, whether this impacts
downstream management has not been formally evaluated in randomized trials.

Methods: We conducted a single center trial where patients with known CAD and suspected
ischemia were randomized to undergo PET or attenuation-corrected SPECT MPI between 6/09
and 9/13. Post-test management was at the discretion of the referring physician, and patients were
followed for 12 months. The primary end-point was diagnostic failure, defined as unnecessary
angiography (absence of = 50% stenosis in =1 vessels) or additional non-invasive testing within 60
days of the MPI. Secondary endpoints were post-test escalation in anti-anginal therapy, referral to
angiography, coronary revascularization and health status at 3, 6 and 12 months.

Results: A total of 322 patients with an evaluable MPI were randomized (n=161 in each group).
At baseline, 88.8% patients were on aspirin, 76.7% on beta-blocker and 77.3% on statin.
Diagnostic failure within 60 days occurred in only 7 (2.2%) patients (3 [1.9%] in the PET and 4
[2.5%] in SPECT group; p=0.7). There were no significant differences between the 2 groups in
subsequent rates of coronary angiography, coronary revascularization or health status at 3, 6 and
12 months of follow-up (all p values =20.2), however when stratified by findings on MPI in a post-
hoc analysis, those with high-risk MPI on PET testing had higher rates of angiography and
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revascularization on follow up as compared with SPECT MPI whereas those with low-risk PET
studies had lower rates of both procedures as compared with SPECT (interaction of randomized
modality * high risk MPI for 12 month catheterization p=0.001, 12 month revascularization
p=0.09).

Conclusions: In this contemporary cohort of optimally medically managed but symptomatic
CAD patients, there was no discernible difference in rates of diagnostic failure at 60 days,
subsequent coronary angiography or revascularization, or patient health status at 1 year between
patients evaluated with PET compared to SPECT MPI. Downstream invasive testing rates with
PET MPI were more consistent with high-risk features as compared to SPECT MPI.

Clinical Trial Registration: NCT00976053

Keywords

myocardial perfusion imaging; positron emission tomography; single photon emission computed
tomography; effectiveness

INTRODUCTION

The use of stress myocardial perfusion imaging (MPI) for diagnosing coronary artery
disease (CAD) has been supported by guidelines.(1,2) Stress perfusion findings on MPI also
help in the identification of a higher-risk cohort, and refining the risk of future cardiac events
and death.(3,4) In addition to aiding diagnosis and providing prognostic information, the
utility of a test lies, in part, on its influence in guiding post-test management to most
efficiently manage patients while optimizing their outcomes. Traditionally, Single Photon
Emission Computed Tomography (SPECT) MPI has been used as a diagnostic and
prognostic tool for patients presenting with symptoms of possible coronary ischemia.
However, PET MPI offers superior image resolution, greater diagnostic accuracy, shorter
acquisition times with lower radiation exposure and improved prognostic value over SPECT
MPI.(3) Accordingly, it is increasingly being used in patients who are unable to exercise.(5)
In a recent study, PET MPI demonstrated the highest diagnostic accuracy in a prospective
head-to-head comparison of coronary computed tomography angiography, SPECT and PET
in patients with suspected CAD when compared with coronary angiography and fractional
flow reserve measurements.(6) However, whether this advantage in diagnostic accuracy with
PET MPI translates to change in post-test management and increased clinical effectiveness,
as compared with SPECT MPI, has not been studied in a randomized trial.(7)

Patients with known CAD presenting with new symptoms concerning for ischemia are both
likely to have worsening disease and are often unable to exercise.(8) Hence, pharmacologic
stress MPI testing is often indicated for diagnosis and risk-stratification. To date, there has
been no randomized comparison of the clinical effectiveness of SPECT and PET MPI in this
higher-risk group of patients. The goal of the current study is to examine post-test clinical
effectiveness in patients with a history of known CAD presenting with new symptoms
concerning for suspected ischemia where patients were randomized to SPECT vs. PET MPI
imaging.
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METHODS

Effectiveness Study of Single Photon Emission Computed Tomography (SPECT) Versus
Positron Emission Tomography (PET) Myocardial Perfusion Imaging (NCT00976053) is a
prospective randomized trial of patients with known stable CAD presenting with symptoms
of suspected ischemia referred for clinically indicated MPI testing.(9) The study was funded
by Blue Cross Blue Shield of Kansas City. The funding agencies had no involvement in the
conduct or reporting of the study.

Study population

The study enrolled 330 patients with history of CAD presenting with new or worsening
symptoms for whom an MPI test was ordered by the referring physicians, and who required
pharmacologic stress MPI from June 2009 to August 2013. History of CAD was defined as
presence of prior MI or prior coronary revascularization. All patients were enrolled at 4
nuclear laboratories within the Saint Luke’s Health System, which are located at 4 metro
hospitals in the greater Kansas City area. Enrollment criteria included men or non-pregnant
women between ages of 30-90 years with history of CAD presenting with chest pain and/or
dyspnea in either the office or hospital. Enrollment was stratified by presence of diabetes
and inpatient vs. outpatient status of the patient. Exclusion criteria included renal
dysfunction (serum creatinine greater than 2.5 mg/dl), myocardial infarction or coronary
revascularization within past 6 months, significant valvular disease, prior transplant, morbid
obesity (body mass index = 38 kg/m2), LV Ejection Fraction < 40%, pregnant patients and
patients who were unwilling to undergo angiography if indicated.

The study protocol was approved by the Institutional Review Board at Saint Luke’s Hospital
of Kansas City. All patients provided written informed consent prior to enrollment into the
study.

Study design

At the time of enrollment, patients were randomized to either SPECT or PET MPI. Post-test
management was left at the discretion of the ordering physician. All patients received both
SPECT and PET MPI tests as a part of the study protocol, however only the randomized
study was read and reported during the duration of the trial. All patients were followed for a
year and patients were queried on their medications, whether they underwent coronary
angiography, coronary revascularization or other testing, vital status, and health status at 1,
3, 6 and 12 months. Records of testing and coronary angiography and revascularization were
obtained, and adjudicated by members of the study team, blinded to randomized assignment.

Randomization

After patient eligibility was verified and informed consent was obtained, patients were
randomized in a 1:1 fashion using permuted blocks of 4, stratified by hospital status and
diabetes. Identical, tamper-evident, opaque and well-sealed envelopes containing
randomization group and trial identification number were used within each stratum.
Envelopes were opened sequentially and randomization information was transcribed onto a
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randomization form. The randomization determined the MPI test modality for which the
result would be made available to the ordering physician.

Stress MPI Study Protocol

All PET studies were performed using a Siemens ECAT ACCEL PET camera or Siemens
Biograph 16 or 64 PET/CT cameras. All SPECT studies were performed using a
conventional small field of view camera (CardioMD, Philips Medical Systems, Milpitas,
CA), a large field of view Anger SPECT cameras (Cardio60™; and CardioEPIC™) with CT
Attenuation correction or D-SPECT Solid State Detector-SPECT camera (Spectrum
Dynamics, Sarasota, FL). PET and SPECT studies were performed according to standard
ASNC protocol guidelines.

All patients had to be fasting for at least 6 hours, and were asked to withhold caffeine
containing beverages for 24 hours prior to the test. Beta-blockers, calcium channel blockers,
and nitrates were withheld on the morning of the test.

First, all patients received an intravenous injection of a weight-based dose of Tc-99m
sestamibi (7.8-11.0 mCi). ECG-gated rest SPECT image acquisition started approximately
60 minutes post-radioisotope injection. This was followed by PET MPI imaging
approximately 90 minutes later. For the PET MPI study, patients received an intravenous
injection of Rb-82 (mean rest dose=42.9 +/- 9.0 mCi (23.7-60.1 mCi)) followed by list
mode ECG-gated rest emission image acquisition for 7 minutes for the PET/CT systems and
a 5 minutes ECG gated perfusion study on the dedicated PET system. All patients then
underwent pharmacological stress testing using regadenoson (n=36; 0.4 mg rapid iv push) or
weight-based dose of dipyridamole (n=286; 0.56 mg/kg iv over 4 minutes). At peak stress,
another dose of Rb-82 (mean stress dose=42.4 +/- 9.1 mCi (21.1-64.9 mCi)) was injected,
and stress PET images were acquired in a similar manner to rest PET images. Stress dose of
iv Tc-99m sestamibi (19.2-38.1 mCi) was also injected at peak stress, prior to the stress dose
of Rb-82. Stress SPECT images were acquired approximately 60 minutes post-stress
Tc-99m injection in similar fashion to rest SPECT image acquisition. All SPECT systems
except D-SPECT employed line source or CT attenuation correction. Dedicated PET camera
employed line-source attenuation while PET-CT cameras employed CT attenuation
correction.

Post-acquisition, list mode PET studies were reconstructed by rebinning into an eight binned
ECG-gate perfusion study (90-330 seconds) using commercial software (Imagen Pro,
Kansas City, MO). Studies were all inspected for misregistration and corrected when
necessary.

SPECT studies from the line source SPECT system were processed using iterative
reconstruction and Astonish attenuation, scatter and distance dependent blur correction.
SPECT/CT studies were processed and corrected for misregistration and then reconstructed
using iterative reconstruction and Flash-3D attenuation, scatter and distance dependent blur
correction.
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Analysis of myocardial perfusion and LVEF

All studies for the trial were read by 2 experienced nuclear cardiologists (A.1.M and T.M.B).
Perfusion images were displayed using commercial software (Cedars Sinai Cardiac Suite,
QPS for SPECT, QPET for PET; Los Angeles, CA) and interpreted using a 17-segment
model and standard 5-point scoring system (O=normal, 1=mild reduction in counts; 2=
moderate reduction in counts, 3=severe reduction in counts and 4=absent counts).(10)
Global Summed Rest Score (SRS), Summed Stress Score (SSS) and Summed Difference
Score (SDS) were calculated from stress and rest SPECT and PET scintigraphic images.
Studies were classified into non-ischemic, mild, moderate or severe ischemia using SDS cut-
offs of 0, 1-2, 3-6, =7 respectively for both SPECT and PET MPI. Transient ischemic
dilation (TID) ratio was calculated using commercial software, and a TID ratio >1.2 was
considered abnormal.(11) Rest and stress LVEF were calculated from gated myocardial
perfusion images acquired with 8-frame gating using the Cedars Sinai QGS software and
verified visually for accuracy. LVEF reserve was calculated as the difference between Stress
LVEF and Rest LVEF, and a reserve <0% was considered abnormal. (12,13) High risk MPI
findings were defined as the presence of moderate or severe ischemia on MPI, a TID ratio of
>1.2, or a LVEF reserve of <0%. Of note, myocardial blood flow reserve information was
not available on the PET MPI patients during the study, and this was not included in the
definition of high-risk patients. Patients without any high risk MPI findings were classified
as having low risk MPI.

Study Endpoints

All patients with a complete evaluable MPI study at baseline were followed for a period of
one year. The primary end-point was the rate of diagnostic failure, defined as unnecessary
coronary angiography (i.e. absence of = 50% stenosis in 21 vessels should the patient have
undergone angiography) or additional confirmatory non-invasive testing such as repeat MPI,
stress echo, of CCTA within 60 days of the baseline MPI. Secondary endpoints included
post-MPI intensification of anti-anginal therapy at 3 months; and referral to coronary
angiography, presence of obstructive disease on angiography and coronary revascularization
(PCI/CABG) at 3, 6 and 12 months. Patient health status measured at 1, 3, 6 and 12 months
of follow-up was also assessed as a secondary end-points, to assess if the lower rates of
subsequent testing/treatment with PET vs. SPECT MPI if observed, would affect patients’
symptoms, function and quality of life.

Anti-anginal therapy was defined as receipt of medications within the following drug
classes: aspirin/other anti-platelets, beta-blockers, statins, calcium channel blockers, nitrates
and ranolazine. Escalation in anti-anginal therapy at 3 months was defined as addition of
another anti-anginal medication class or increase in dose or frequency of one or more of
existing anti-anginal medications within 3 months post baseline MPI. Obstructive CAD was
defined as stenosis of = 50% of the left main coronary artery or = 70% of a major epicardial
or branch vessel or = 70% of a graft vessel with occluded flow by native circulation for
patients with history of coronary bypass graft surgery.

Patient health status was measured using Seattle Angina Questionnaire (SAQ) and Rose
Dyspnea Score. The SAQ is a 19-item validated questionnaire with a 4-week recall period
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that measures health status in patients with coronary artery disease across the following 5
domains: Physical Limitation (PL), Anginal Stability, Angina Frequency (AF), Treatment
Satisfaction and Quality of Life (QOL).(14) The SAQ Summary Score (SAQ SS) is the
average of the PL, AF and QOL domains. The SAQ and its subscales are scored on a scale
of 0-100, with higher scores indicating less angina and better health status. A mean between-
group change of 5 points is commonly regarded as minimally clinically significant
difference in the SAQ. The RDS is a 4-item questionnaire with a 1-month recall period
which assesses the level of dyspnea with common activities for the patients, validated in
patients with coronary artery disease.(15,16) The RDS is scored from 0-4, with 0 indicating
no dyspnea and 4 indicating dyspnea with daily activities of washing and dressing; the score
indicates the greatest limitation in activity that results in dyspnea for the patient.

All follow-up was conducted by a trained clinical research coordinator through telephone
using a standardized form and verified against medical records for accuracy and
supplemental information.

Statistical Analysis

Given the lack of prior randomized data on clinical effectiveness of SPECT vs. PET MPI,
the study was powered at p <0.05 level for the primary endpoint of diagnostic failure based
on retrospective data published by Merhighe et al.(17) Based on assumption that SPECT
will have a diagnostic failure rate of 30%, and that PET will have a 50% lower failure rate
compared to SPECT, estimated sample size was 300. Enrollment was planned for a total of
330 patients, over-sampling by 10% to compensate for drop-outs and loss to follow-up.

Study end-points were compared according to intention-to-treat analysis. Baseline patient
demographic, clinical characteristics and medication data were compared between the 2
randomized groups (PET and SPECT) using t-test for continuous variables and chi-square or
Fisher-exact test for categorical variables. Study end-points were also compared between the
randomized groups using chi-square or Fisher-exact test. Health status measures including
SAQ domain scores and RDS were compared between MPI modalities at all follow-up time
points using linear repeated measures model. Follow-up was complete in 97.5%, 95.3% and
95% of all patients at 3, 6 and 12 months.

We conducted a post-hoc analysis to assess whether downstream testing rates by imaging
modality corresponded to whether a patient had a stress perfusion test result which was
high-risk or not high-risk. Specifically, we evaluated for differences in the rates of
catheterization and revascularization at 3, 6 and 12 months for PET vs. SPECT MPI groups,
stratified by low and high-risk findings on MPI studies using Fisher-exact or Chi-square
tests, and tested for an interaction between randomized test modality and high risk vs. low-
risk MPI on outcomes.

All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC). Two-sided p-values
<0.05 were considered to be statistically significant.
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Of the 330 patients that were randomized, 8 patients (4 in each of the PET and SPECT
groups) did not have an MPI test that could be evaluated (eg: technical issues in image
acquisition, incomplete test, etc.) at baseline. Therefore, 322 patients constituted the
analytical cohort, of which 161 were randomized to evaluation with a PET MPI and 161
with a SPECT MPI. The mean age of the cohort was 66.3 + 9.7 years, 64.9% were men and
27.3% had diabetes mellitus. At baseline, 251 patients (78.0%) were on 3 or more anti-
anginal medications, 286 (88.8%) were on aspirin, 247 (76.7%) on beta-blocker therapy, and
249 (77.3%) on a statin. Overall 39.8% of studies reported ischemia (7.8% with mild
ischemia, 16.8% with moderate ischemia and 15.2% with severe ischemia), 58.7% were
without ischemia and 1.6% were non-diagnostic. Baseline patient characteristics were well-
balanced between the PET and SPECT groups (Table 1). Rest and Stress LVEF were higher
in patients randomized to SPECT compared with those randomized to PET MPI. There were
numerically higher proportions of tests read as non-diagnostic and with moderate ischemia,
but fewer read as severe ischemia, in patients randomized to SPECT; however it did not
reach the level of clinical significance (p=0.09; Table 1). There was also no significant
difference between the 2 randomized groups in the territorial distribution of ischemia.

The primary endpoint of diagnostic failure within 60 days occurred in only 7 (2.2%) patients
and did not differ between the 2 imaging groups [3 (1.9%) in the PET and 4 (2.5%) in
SPECT group (p=0.7); Table 2]. Anti-anginal therapy was escalated in 78 (24.2%) patients
by 3 months but occurred with similar frequency in PET and SPECT evaluated patients
(25.5% for PET group and 23.0% for SPECT,; p=0.60). A total of 58 (18.0%) patients were
referred to coronary angiography within 3 months of MPI, with no significant difference
between the 2 groups [PET vs. SPECT; 20.5% vs. 15.5%, p=0.25]. Similarly, rates of
coronary revascularization within 3 months were similar between the 2 groups (11.2% for
PET vs. 9.9% for SPECT; p=0.72). Rates of coronary angiography or revascularization
remained similar at 6 and 12 months of follow-up (see Table 2). Of the 25 patients
undergoing revascularization within 12 months of follow-up in randomized PET MPI group,
16(64%) had ischemia in the left anterior descending artery territory, 8(32%) in the left
circumflex and 14(56%) had ischemia in the right coronary artery distribution. Similarly, of
the 24 patients undergoing revascularization within 12 months of follow up in the
randomized SPECT MPI group, 14(58%), 11(46%) and 12(50%) had ischemia in the left
anterior descending, left circumflex and right coronary artery territories.

Regarding health status outcomes, all SAQ domains for the entire study cohort increased
significantly from baseline with the largest change within the first 1 month after MPI (Figure
1). However, improvements in health status, as measured by different SAQ domains, and
RDS were similar between the 2 groups (SAQ angina frequency: p=0.70, SAQ physical
limitation: p=0.07, SAQ quality of life: p=0.20, RDS: p=0.53).

Rates of catheterization and revascularization on follow-up among patients randomized to
PET and SPECT MPI with low-risk and high-risk MPI (moderate-severe ischemia or TID or
LVEF reserve <0%) are shown in Table 3 and Supplemental Table 1. We found a significant
interaction in post-testing treatment by testing modality as a function of high risk findings
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on MPI (interaction of randomized modality * high risk MPI1 for 12 month catheterization
p=0.001, 12 month revascularization p=0.09). Among patients with low-risk findings on
MPI, a lower proportion of patients in the PET group underwent catheterization and
revascularization at 3, 6 and 12 months of follow-up compared to the SPECT group. Among
patients with high-risk findings on MPI, greater proportion of patients in the PET underwent
catheterization and revascularization at 3, 6 and 12 months of follow-up compared to SPECT
group (interaction of randomized modality * high risk MPI for 12 month catheterization
p=0.001, 12 month revascularization p=0.09).

DISCUSSION

Our study is the first randomized comparison of the clinical effectiveness of pharmacologic
stress PET or SPECT MPI in symptomatic patients undergoing risk stratification for CAD.
In this cohort of patients with known CAD, who were well managed medically prior to MPI
testing, there were no differences in the rates of change in medical management or
angiography and revascularization up to 12 months after MPI testing. Event rates for the
primary end-point of diagnostic failure were much lower than previously reported in the
medical literature and did not differ between the 2 strategies. Collectively, these findings
show similar post-test management and clinical outcomes with SPECT and PET stress MPI.

In addition to a lower radiation exposure and shorter time for acquisition, PET MPI offers
greater diagnostic accuracy over SPECT MPI.(6,18,19) Prior comparisons of the 2
modalities have been largely done in observational settings. Large meta-analyses have
demonstrated higher sensitivity(18) and greater diagnostic accuracy(19) of PET, compared
with SPECT. Recently, in a prospective head-to-head clinical comparative study in 208
patients with suspected CAD, PET had greater sensitivity, similar specificity, and increased
diagnostic accuracy (85%) compared to SPECT (77%) in detecting hemodynamically
significant coronary stenoses defined by fractional flow reserve < 0.80.(6) Whether the
improvement in diagnostic accuracy leads to better post-test management in patients with
PET MPI compared to SPECT MPI is not well-studied. In a case-control comparison, PET
MPI was associated with lower subsequent angiography and revascularization rates
compared with SPECT MPI.(17) The observational SPARC study found that the use of PET
was associated with higher 90-day angiography rates compared with SPECT in patients
without prior CAD, however rates of angiography and revascularization were similar
between mild, moderate or severely abnormal SPECT and PET MPI. Rates of 90-day aspirin
use was greater in patients undergoing PET MPI compared with SPECT MPI, but there was
no difference in 90-day beta-blocker or lipid lowering therapy use by test modality.(20) To
date, there has been no prospective randomized comparison of post-test patient management
and clinical decision making between PET and SPECT MPI.

Our study is the first to examine clinical decision making and clinical outcomes after PET
and SPECT MPI in a rigorous randomized controlled trial setting. In the current value-based
care landscape, there is an urgent need to look beyond the diagnostic and prognostic benefits
of an imaging modality, and study the impact of imaging on clinical decision making. While
PET MPI may offer better diagnostic accuracy over SPECT MPI, our study shows that it
might not be enough to change downstream patient management and resource utilization that
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would mediate outcomes. While there were very few cardiac events on our study follow-up,
we did not see a difference in health status outcomes between the 2 modalities through a
year of follow-up. However, when stratified by low and high risk findings on MPI in a post-
hoc analysis, downstream invasive testing rates among patients in the PET group was more
consistent with the results of their stress perfusion testing. We found that a higher proportion
of patients with high risk findings on PET MPI were referred to cardiac catheterization and
underwent coronary revascularization on follow-up compared to SPECT, and a lower
proportion of patients with low-risk findings on PET underwent follow-up catheterization
and revascularization compared to SPECT MPI. This suggests that PET MPI supports better
patient risk assessment than SPECT MPI, resulting in improved downstream utilization.
Improving communication of risk associated with the MPI result with the patient and the
referring physician, and providing recommendations for patient management with the MPI
report could potentially optimize downstream resource utilization with both modalities and
help identify a difference in outcomes, if one truly exists. Our trial was designed in a
pragmatic manner, to simulate real-world response by referring physicians to the MPI results
they receive, and no direction was provided in addition to the standard reporting for all MPI
studies that was employed at our laboratory at the time of the study. Our center routinely
employs attenuation correction with SPECT MPI, as such all the SPECT MPI studies were
corrected for attenuation using low-dose CT or done using newer generation CZT D-SPECT
cameras with supine and upright protocols which offer better diagnostic quality images with
SPECT. This might be a potential reason for low diagnostic failure rates in the SPECT
comparator group. Myocardial blood flow values on PET MPI were also not taken into
account while reading the PET MPI for the trial, as it was predominantly a research tool
during the study period, and the provision of these data should be tested in future studies.

Our study results should be viewed in the context of the following limitations. This was a
single-center randomized trial, conducted at a tertiary referral center with expertise in
nuclear cardiology. The quality of MPI studies as well as clinical decision making patterns
after MPI testing may be different in other settings. This was evidenced by how well the
patients were medically managed for their coronary artery disease at baseline. All patients
had known coronary artery disease prior to study enrollment, and future studies should
examine the impact of alternative MPI modalities in patients with no prior CAD presenting
with symptoms of suspected ischemia. We also were unable determine the appropriateness
of downstream testing ordered by the referring physicians. Finally, the study appears to be
under-powered for the primary endpoint of diagnostic failure as well as secondary endpoints
for follow-up catheterization and revascularization rates. With the rates for diagnostic failure
observed in the study, it only had 5.6% power to identify a significant difference between the
2 randomized groups in a post-hoc power calculation. Low event rates for diagnostic failure
and cardiac events preclude us from making any conclusions regarding those end-points for
the study. With the current sample size, it would require a 35% and a 45% relative difference
in rates of 12-month catheterization and revascularization between PET and SPECT groups
to detect a difference with adequate power. When stratified by high risk vs. low risk MPI
findings for the 12-month catheterization outcome, it would require 72 and 151 patients per
group respectively for patients with high risk and low risk MPI to identify a significant
difference in 12- month catheterization rates between PET vs. SPECT with adequate power.
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Similarly, a sample size of 171 and 793 per group respectively for patients with high risk and
low risk MPI is required to identify a difference in 12-month revascularization rates between
PET and SPECT with adequate power. Future randomized efforts at evaluating effectiveness
of PET vs. SPECT should be stratified by MPI findings.

In conclusion, among 322 patients with known CAD and new or worsening symptoms
suggestive of ischemia, there was no difference in medical or invasive clinical management
or health status over a period of 12 months after randomization to PET vs. SPECT MPI.
Similarly, rates for diagnostic failure were very low and similar between the 2 modalities.
However, when stratified by low and high risk MPI findings in a post-hoc analysis,
downstream resource utilization was more consistent with the risk classification by PET
compared to SPECT. Larger randomized studies involving multiple centers and including
diagnostic as well as risk-stratification populations to allow for greater power and
generalizability are needed to assess whether the PET compared with SPECT MPI testing
lead to more efficient utilization of downstream invasive procedures or improved patient
health status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PERSPECTIVES
Competency in Patient Care and Procedural Skills:

In a single-center randomized controlled trial of patients with known coronary artery
disease presenting with symptoms suggestive of ischemia who were well-managed
medically, there was no difference in post-test management or patient health status
outcomes between patients undergoing PET vs. attenuation corrected SPECT MPI over a
period of 12 months. Downstream testing was more proportional to risk assessed on MPI
with PET, as compared with SPECT in a post-hoc analysis.

Translational Outlook:

Larger randomized studies in a diagnostic cohort and in multiple centers are needed to
assess if improved diagnostic accuracy with PET MPI translates into benefit in post-test
clinical decision making compared to SPECT MPI, before its routine use is advocated.
Improving communication of risk associated with MPI may optimize downstream
resource utilization after MPI.
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Central lllustration: Effectiveness Study of Single Photon Emission Computed Tomography (AC
SPECT) Versus Positron Emission Tomography (PET) Myocar dial Perfusion Imaging: Study
design and main results.

AC= Attenuation Corrected
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Figure 1: Longitudinal health status outcomes for patientswith known coronary artery disease
and new or wor sening symptoms randomized to PET vs. SPECT myocardial perfusion imaging

over ayear of follow-up.

SAQ= Seattle Angina Questionnaire, RDS- Rose Dyspnea Score. Mean scores presented for
SAQ and median scores presented for RDS. P values are for differences between PET and
SPECT MPI over time, derived using t-test for SAQ physical limitation, angina frequency
and quality of life scores, and Wilcoxon signed-rank test for RDS.
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Table 1:

Baseline patient characteristics in the PET and SPECT MPI groups

PET MPI (N=161) | SPECT MPI (N=161) | p-value

Patient characteristics
Age, years 66.5+9.4 66.1 +10.0 0.75
Male gender 101 (62.7%) 108 (67.1%) 0.41
Body mass index, kg/m? 28.8+45 29252 0.50
Employment Status 0.77

Disabled 17 (10.6%) 17 (10.6%)

Retired 85 (53.1%) 92 (57.5%)

Full time employed 43 (26.9%) 41 (25.6%)

Part time employed 11 (6.9%) 6 (3.8%)

Unemployed 4 (2.5%) 4 (2.5%)
Hypertension 139 (86.34%) 150 (93.17%) 0.04
Diabetes 43 (26.7%) 46 (28.6%) 0.14
Hyperlipidemia 160 (99.38%) 160 (99.38%) 1.0
Smoker 27 (16.77%) 32 (19.88%) 0.47
Family history of CVD 66 (40.99%) 74 (45.96%) 0.37
Cerebrovascular Accident 24 (14.91%) 25 (15.53%) 0.88
Peripheral Vascular Disease 43 (26.71%) 43 (26.71%) 1.0
Atrial Fibrillation 32 (19.88%) 19 (11.80%) 0.05
Hospital Status at time of MPI 0.18

Inpatient 1 (0.62%) 4 (2.48%)

Outpatient 160 (99.38%) 157 (97.52%)
Abnormal Baseline EKG 72 (44.72%) 63 (39.13%) 0.31
Symptoms
Chest Pain 0.30

Typical 60 (44.1%) 45 (36.0%)

Atypical 40 (29.4%) 47 (37.6%)

Non-anginal 36 (26.5%) 33 (26.4%)
Dyspnea 106 (65.8%) 114 (70.8%) 0.34
Syncope 5 (3.1%) 5 (3.1%) 1.0
Baseline Medications
Aspirin 144 (89.4%) 142 (88.2%) 0.72
Other Antiplatelets 58 (36.0%) 54 (33.5%) 0.64
Beta-blockers 122 (75.8%) 125 (77.6%) 0.69
Calcium channel blockers 31 (19.3%) 30 (18.6%) 0.89
Nitrates 74 (46.0%) 86 (53.4%) 0.18
Statins 127 (78.9%) 122 (75.8%) 0.51
Ranolazine 1 (0.6%) 3 (1.9%) 0.31
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PET MPI (N=161) | SPECT MPI (N=161) | p-value

ACEI/ARB 98 (60.9%) 99 (61.5%) 0.91
No of anti-anginals at baseline 0.62

0 2 (1.2%) 0 (0.0%)

1 5 (3.1%) 7 (4.4%)

2 30 (18.6%) 27 (16.8%)

3 66 (41.0%) 65 (40.4%)

>4 58 (36.0%) 62 (38.5%)
Stresstesting characteristics
Rest Heart Rate, bpm 64.7 +11.3 64.9+11.3 0.90
Rest Systolic Blood Pressure, mmHg 131.9+20.0 130.5+20.5 0.52
Stress Heart Rate, bpm 85.8 +17.7 82.8+17.8 0.13
Stress Systolic Blood Pressure, mmHg 122.8+19.9 122.0+20.1 0.74
ECG Response 0.35

Non-ischemic 123 (76.4%) 117 (72.7%)

Ischemic 18 (11.2%) 14 (8.7%)

Equivocal 0 (0.0%) 1 (0.6%)

Non-diagnostic 20 (12.4%) 29 (18.0%)
MPI findings
Rest LVEF, % 59 £ 12 65+ 16 <.001
Stress LVEF, % 62+ 11 66 + 14 0.003
Summed Rest Score (median) 0(0, 0) 0(0,1) 0.06
No ischemia 94 (58.4%) 95 (59.0%) 0.09
Mild ischemia 11 (6.8%) 14 (8.7%)
Moderate ischemia 23 (14.3%) 31 (19.3%)
Severe ischemia 32 (19.9%) 17 (10.6%)
Non-diagnostic 1 (0.6%) 4 (2.5%)
LAD ischemia* 41 (25.5%) 43 (26.7%) 0.80
LCX ischemia™ 31 (19.3%) 32 (19.8%) 0.89
RCA ischemia ™ 32 (21.1%) 39 (24.2%) 051

Page 17

p-values obtained using chi-square test or Fisher-exact test for categorical variables and t-test or Wilcoxon Rank Sum (Summed Rest Score) for

continuous variables. PET= Positron Emission Tomography, SPECT= Single Photon Emission Computed Tomography, MPI= Myocardial

Perfusion Imaging, ACEI= Angiotensin Converting Enzyme Inhibitor, ARB= Angiotensin Receptor Blocker, LVEF= left ventricular ejection

fraction. LAD= left anterior descending, LCX= left circumflex, RCA= right coronary artery.

*
there may be overlap between different vascular territories
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Table 2:

Study outcomes for patients randomized to PET and SPECT MPI groups

PET MPI (N=161) | SPECT MPI (N=161) | p-value

Primary Endpoint

Diagnostic failure within 60 days 3 (1.9%) 4 (2.5%) 0.70
Secondary Endpoints

Escalation in anti-anginal therapy (3 months) 41 (25.5%) 37 (23.0%) 0.60
Referral to Catheterization (3 months) 33 (20.5%) 25 (15.5%) 0.25
Obstructive disease on angiography (3 months) 25 (15.5%) 17(10.6%) 0.19
Revascularization PCI/CABG (3 months) 18 (11.2%) 16 (9.9%) 0.72
Referral to Catheterization (6 months) 36 (22.4%) 30 (18.6%) 0.41
Revascularization PCI/CABG (6 months) 20 (12.4%) 19 (11.8%) 0.86
Referral to Catheterization (6 months) 46 (28.6%) 45 (28.0%) 0.90
Revascularization PCI/CABG (6 months) 25 (15.5%) 24 (14.9%) 0.88
Referral to Catheterization (12 months) 46 (28.6%) 45 (28.0%) 0.90
Revascularization PCI/CABG (12 months) 25 (15.5%) 24 (14.9%) 0.88
Late revascularization after 3 months 7 (4.3%) 8 (5.0%) 0.70
Myocardial Infarction 0 (0.0%) 2 (1.2%) 0.50
Death 1 (0.6%) 2 (1.2%) 1.00

Page 18

p-values obtained using chi-square test or Fisher-exact test. Diagnostic failure= unnecessary coronary angiography (absence of = 50% stenosis in =
1 vessels) or additional non-invasive testing; escalation = addition/increase in dose of anti-anginal therapy. ACEI/ARB=Angiotensin Converting

Enzyme Inhibitor/Angiotensin Receptor Blocker
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Table 3:

Rates of downstream resource utilization among patients with low and high risk MPI findings based on multi-
parametric assessment of ischemia, transient ischemic dilation and LVEF Reserve

PET MPI SPECT MPI p-value

Low-risk MPI

Referral to catheterization

3-month catheterization 2/96 (2.1%) 6/67 (9.0%) 007~
6-month catheterization 3/96 (3.1%) 7/67 (10.4%) 009~
12-month catheterization 8/96 (8.3%) 13/67 (19.4%) 004~

Rate of revascularization

3-month revascularization 0/96 (0%) 3/67 (4.5%) 007~

6-month revascularization 0/96 (0%) 4/67 (6.0%) 0.03%

12-month revascularization 4/96 (4.2%) 5/67 (7.5%) 001"

High-risk MPI

Referral to catheterization

3-month catheterization 31/65 (47.7%) | 19/94 (20.2%) <0.01

6-month catheterization 33/65 (50.8%) | 23/94 (24.5%) <0.01

12-month catheterization 37/65 (56.9%) | 32/94 (34.1%) <0.01

Rate of revascularization

3-month revascularization 18/65 (27.7%) | 13/94 (13.8%) 0.03

6-month revascularization 20/65 (30.8%) | 15/94 (16.0%) 0.03

12-month revascularization | 21/65 (32.3%) | 18/94 (19.1%) 0.06

High Risk MPI was defined as patients with moderate or severe ischemia or transient ischemic dilation (TID >1.20) or LVEF Reserve <0%.
Patients not meeting these criteria were considered having low-risk MPI in both PET and SPECT.

p-values calculated using chi-square or *Fisher Exact test
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