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Background—Positron emission tomography (PET) myocardial perfusion imaging (MPI) offers technical benefits compared
with single photon emission computed tomography (SPECT) MPI, but there has been no systematic comparison of their
diagnostic accuracy for coronary artery disease. We performed a bivariate meta-analysis of the published literature to
compare the sensitivity and specificity of PET versus SPECT stress MPI for 250% stenosis of any epicardial coronary
artery in patients with known or suspected coronary artery disease.

Methods and Results—We searched MEDLINE and EMBASE from inception through January 2012 and the references of
identified studies for prospective, English language studies that evaluated the sensitivity and specificity of PET and/or
SPECT MPI with coronary angiography as the reference standard and reported sufficient data to calculate patient-level
true and false positives and negatives. Two investigators independently extracted patient and study characteristics; a third
investigator resolved any disagreements. We identified 117 studies, including 108 evaluating SPECT MPI, 4 evaluating
PET MPI, and 5 evaluating both modalities. Bivariate meta-analysis demonstrated a significantly higher pooled mean
sensitivity with PET (92.6% [95% Confidence Interval, 88.3% to 95.5%]) compared with SPECT (88.3% [95% confidence
interval, 86.4% to 90.0%]) (P=0.035). No significant difference in specificity was observed between PET (81.3% [95%
confidence interval, 66.6% to 90.4%]) and SPECT (75.8% [95% confidence interval, 72.1% to 79.1%]) (P=0.39). Few
studies investigated coronary angiography with PET. Only 5 studies directly compared SPECT and PET.

Conclusions—In a meta-analysis of 11,862 patients, PET MPI demonstrated a higher sensitivity for coronary artery disease
than SPECT MPI. No difference in specificity was detected in the pooled analysis of PET and SPECT MPI. (Circ
Cardiovasc Imaging. 2012;5:700-707.)
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oronary angiography (CAG) is the standard technique for accurate referrals and lower downstream costs,” but SPECT
diagnosing coronary stenosis but carries well-documented remains the dominant technique, partly because of the large
risks for patients.' Stress myocardial perfusion imaging (MPI) installed base of cameras.®

may aid in the noninvasive assessment of coronary artery
disease (CAD) such that only patients likely to benefit from
revascularization can be referred for invasive CAG. An esti-
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Given recent concerns about the accuracy of noninvasive

mated 9 million MPI procedures are performed annually in the testing before CAG,” a comprehensive understanding of the
United States for this purpose.” Two mature nuclear imaging diagnostic value and limitations of these 2 techniques is critical.
techniques are available for stress MPI: single photon emis- Multiple diagnostic accuracy studies have been published for
sion computed tomography (SPECT) and positron emission both PET and SPECT MPI, but previous reviews of these
tomography (PET). PET radiotracers and instrumentation offer data®" have included studies that used reference standards

technical advantages in image quality** that may lead to more other than CAG or retrospective designs. Additionally,
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these reports pooled sensitivity and specificity derived from
weighted averages of the individual studies rather than
statistical modeling to adjust for the negative correlation of
sensitivity and specificity of a diagnostic test within individual
studies.'*!* Therefore, we performed a systematic review and
bivariate meta-analysis to compare the diagnostic accuracy
of cardiac PET and SPECT for the evaluation of patients
with known or suspected CAD in prospective studies using
coronary angiography as the reference standard.

Methods

We followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines'> and also included items unique to
diagnostic accuracy studies.

Data Sources and Searches

Two investigators independently searched MEDLINE using PubMed
and EMBASE using the proprietary Web interface from the earli-
est possible date through January 30, 2012. We combined Medical
Subject Heading terms and key words describing imaging techniques
(SPECT or PET) and the disease state of interest (CAD) with pre-
viously validated search filters for diagnostic accuracy studies'® in
our search (available in the online-only Data Supplement). We also
manually reviewed the references of included studies and relevant
chapters of cardiology textbooks'’™" and identified review articles
and meta-analyses on the topic.

Study Selection

We included prospectively conducted studies that evaluated SPECT
or PET stress MPI, or both, with CAG as the reference standard,
used an arterial stenosis of 50% as the criterion for clinically sig-
nificant CAD, and provided patient-level true and false positives and
negatives. We excluded non-English studies and studies explicitly de-
scribed as retrospective. In cases of studies that reported data from the
same or overlapping cohorts of patients, we only included the largest
report from the cohort and multiple reports from the same institutions
or investigators were only included if the individual study inclusion
criteria were mutually exclusive.

Upon completion of the search, 2 investigators independently
scanned titles and abstracts for initial inclusions with disagreements
resolved by a third investigator. Potentially eligible articles were then
reviewed in depth by 2 investigators for inclusion, with disagree-
ments resolved by a third investigator. If a published study did not
report true and false positives and negatives, we attempted to contact
its corresponding author to obtain these data.

Data Extraction and Quality Assessment

Two investigators independently extracted data from included stud-
ies, with discrepancies resolved by a third investigator. Relevant
study, setting, and population characteristics were extracted using
a standardized worksheet, along with details of the nuclear imag-
ing and reference standard techniques (Tables I to IV in the on-
line-only Data Supplement for SPECT and Tables V to VIII in the
online-only Data Supplement for PET study data). Methodological
quality was assessed using a Quality Assessment of Diagnostic
Accuracy Studies (QUADAS) tool® provided in the online-only
Data Supplement.

Data Synthesis and Analysis

For this meta-analysis, we adapted a bivariate statistical model provid-
ed in the Cochrane Handbook for Systematic Reviews of Diagnostic
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Test Accuracy.' This type of model does not convert sensitivity and
specificity pairs from individual studies into a single marker of diag-
nostic accuracy, but rather, preserves the 2-dimensional nature of the
data while taking any correlation between sensitivity and specificity
into account.

We used parameter estimates of logit sensitivity and specificity
with SEs, random-effects variances in logit sensitivity and specific-
ity, and the covariance between them. Summary estimates of sen-
sitivity and specificity were computed by inverse transformation
of logit estimates to the original receiver-operating characteristic
(ROC) scale. A bivariate summary ROC curve for SPECT and PET
with summary operating points and 95% confidence regions was
built using logit sensitivity and specificity estimates and their re-
spective variances.

We prespecified sensitivity analyses to evaluate the effects of stress
(exercise or pharmacologic) and radiotracer (technetium-99m or thal-
lium-201), as well as the combined effect of electrocardiographic
gating and attenuation correction on our SPECT results and the use
of line source (PET only) or PET-computed tomography attenuation
correction within the PET results.

We addressed potential heterogeneity coming from studies with
poorer quality by repeating the meta-analysis after separating the
studies according to QUADAS score (studies scoring greater than the
median of all studies were defined as good). We tested for significant
differences using the 2-tailed ¢ test for independent samples, with sta-
tistical significance defined at the 5% level. To assess the presence of
publication bias, we tested funnel plots with SE on the vertical axis
and the log of diagnostic odds ratio on the horizontal axis for asym-
metry using Egger test. Heterogeneity was also assessed by calculat-
ing Cochran Q and I? statistics for included PET and SPECT studies.

We used PROC NLMIXED in SAS, version 9.3 (SAS Institute,
Cary, NC), to perform the bivariate summary ROC curve analy-
sis, Review Manager, version 5.1.2 (The Cochrane Collaboration,
Copenhagen, Denmark) to produce the summary ROC curves,
and StatsDirect, version 2.7.8 (StatsDirect Ltd, Cheshire, United
Kingdom) to build funnel plots.

Results

Our initial database search yielded 6660 citations for review
with an additional 212 citations identified by manual review
of bibliographic material from textbooks, review articles,
and included articles (Figure 1). After removing duplicates,
we screened the remaining 2828 unique articles for inclu-
sion. Among these, we excluded 2344 upon title and abstract
review. We then reviewed the full text of 486 articles. Ulti-
mately, 117 articles met all criteria for inclusion: 108 evalu-
ated SPECT MPI, 4 evaluated PET MPI, and 5 evaluated both
modalities.

One hundred thirteen studies used SPECT MPI to examine
a total of 11 212 patients (Tables I to III in the online-only
Data Supplement). Two of the 113 studies compared 2
different radiotracers in separate study arms,?'?? resulting in
115 SPECT cohorts for inclusion in our meta-analysis. Study
sample sizes ranged from 18 to 443 patients. Most included
stable patients with known or suspected CAD; a few studies
examined specific cohorts, such as subjects undergoing
surveillance CAG after coronary revascularization, lung
transplant candidates, or cardiac transplant recipients.
The mean patient ages of the included studies ranged
from 45 to 72 years. The majority of SPECT studies were
performed in the United States (38%) and Europe (36%),
and predominantly at university hospitals (81%). SPECT
MPI was more commonly performed after pharmacologic
stress (52 studies) than exercise stress (42 studies). Seventeen
studies reported patients undergoing either exercise or
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Table. Results of SPECT and PET Subgroup Analyses
Sensitivity Specificity
(95% ClI) (95% Cl)
Base case

SPECT (n=115)
PET/PET-CT (n=9)

88.3 (86.5-90.0)
92.6 (88.3-95.5)*

76.0 (72.4-79.4)
81.3 (66.6-90.4)

Subgroup analyses SPECT
Exercise stress (n=41) 89.4 (85.9-92.1) 74.7 (67.9-80.4)
Pharmacologic stress (n=52) 88.4 (85.4-90.8) 79.7 (74.6-84.0)
Technetium-99m (n=60) 90.1 (87.5-92.1) 75.0 (69.6-79.7)

Thalium-201 (n=42) 87.0

Good SPECT studies™ (n=54)

Poor SPECT studies (n=61)
Subgroup analyses PET

PET only (n=7) 92.9 (85.9-96.6)  85.6 (75.5-92.0)

Good PET/PET-CT studies’ (n=7) 95.2 (91.8-97.2)% 80.8 (77.2-84.0)

SPECT indicates single photon emission computed tomography; PET,
positron emission tomography; Cl, confidence interval; and CT, computed
tomography.

*P<0.04 compared with SPECT; $Good defined as QUADAS score >8;
1P<0.04 compared with Good SPECT; §P<0.001 compared with Good
SPECT.

87.7 (84.4-90.6
88.9 (86.5-90.9

79.5 (74.9-83.5)
72.1(66.4-77.2)*

( (
( (
( (
(83.6-89.8) 782 (72.0-83.3)
( (
( (

pharmacologic stress and 4 studies did not report the type
of stress. Fifty-eight studies used technetium-99m-based
radiopharmaceuticals (sestamibi in 47, tetrofosmin in 11, and
bis (N-ethoxy, N-ethyl, dithiocarbamato) nitrido technetium-
99m in 1) and 41 used thallium-201 as the radiotracer. Seven
studies reported a dual-isotope protocol (thallium at rest and

technetium sestamibi at stress), 6 studies combined data from
thallium and technetium-based agents, and 1 study did not
specify the radiotracer.

We identified 9 PET MPI studies; 2 used computed
tomography for attenuation correction and the remaining 7
used PET cameras with radionuclide attenuation correction
(Tables V to VII in the online-only Data Supplement). Sample
sizes of the PET studies ranged from 19 to 209 patients, for
a total enrollment of 650 patients. Similar to SPECT studies,
PET studies primarily included stable patients with suspected
or known CAD. Mean patient ages in the PET studies ranged
from 56 to 66 years. Seven of the 9 studies were conducted in
North America (5 studies in the United States and 2 in Canada)
and all were performed within university hospitals. One study
used exercise stress and another used either pharmacological
stress or exercise stress. The remaining 7 used pharmacological
stress. Rubidium-82 was the most frequently used tracer (6 of
9 studies). Other studies used O-15-water, N-13—ammonia, or
F-18—-fluorodeoxyglucose.

Individual reviewers’ assessments of SPECT and PET
study quality using the QUADAS tool agreed on 97.7% of
items (1601 of 1638) (Tables IX and X in the online-only
Data Supplement for SPECT and Tables XI and XII in the
online-only Data Supplement for PET). The median number
of QUADAS criteria met across all SPECT and PET stud-
ies was 8 of 14. Fewer than half (54) of SPECT studies ful-
filled =8 of 14 QUADAS criteria and no SPECT study met
all criteria (Figure 2). The prevalence of CAD in the included
study cohorts was <70% in 36 studies (32%); most studies
combined patients with known CAD and patients without any
history of CAD. Detailed reporting of uninterpretable results

Figure 1. Results of the literature search and
disposition of articles screened for inclusion.
SPECT indicates single photon emission

computed tomography; PET, positron emis-
sion tomography, CAG, coronary angiogra-
phy; and CAD, coronary artery disease.

Full-text articles excluded (n=369)

Overlapping/Incomplete Patient Data

CAD Not Defined As 50% Stenosis

_s Records identified through Additional records identified
® database searching through other sources
ig MEDLINE/EMBASE (n=6660) (n=212)
=
o
L/
A A
PR Records after duplicates removed
(n=2828)
o
=
c
7}
[ A 4
i Record d Records excluded (n=2342)
L ecor _S screene |—»| Did not compare SPECT/PET to
(n=2828) CAG (n=2304)
- Not Prospective (n=38)
A 4
E Full-text articles
2 assessed for eligibility )
= (n=486) Not Prospective (n=51)
w Incomplete Reference Standard
(n=141)
h— (n=121)
i (n=31)
Proven CAD vs Controls (n=24)
g Studies included in Not In English (n=1)
° quantitative synthesis
% (meta-analysis)
£ (n=117)
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and disposition of all screened patients within a study were
common sources of potential bias in included studies. Only 1
study stated explicitly that clinical data were available to the
SPECT readers during image interpretation.

Seven of the 9 PET studies (77.8%) were of good qual-
ity. All of the PET studies met at least 4 of the QUADAS
criteria, although no study met all 14 criteria (Figure 3). The
prevalence of CAD was <70% in 3 PET studies. Nearly half
of PET studies reported results of MPI and CAG that were
performed >30 days apart. No PET study stated explicitly
that physicians interpreting the PET images had access to
patients’ clinical data.

Initial reviewers’ data extraction for diagnostic accuracy
data agreed on 96.4% (109 of 113) of the SPECT studies and
100% (9 of 9) of the PET studies. Heterogeneity was mea-
sured by calculating Cochran Q and I? statistics and bias
was assessed with Egger tests using diagnostic odds ratios
of included PET and SPECT studies. Both Cochran Q and I?
statistics for included SPECT studies suggested an important
level of statistical heterogeneity (Cochran Q =290.95 with
114 degrees of freedom, P<0.01; and I> =60.7%), whereas sta-
tistical heterogeneity was low for the included PET studies
(Cochran Q =9.26 with 8 degrees of freedom, P=0.32; and I
=13.7%). Estimation of bias was performed through the use
of funnel plots along with Egger tests. Funnel plots of the
SE of individual SPECT studies plotted against the diagnos-
tic odds ratio of the study indicated that smaller studies with
low diagnostic odds ratios may not have been identified in the

Withdrawals

Uninterpretable Results
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literature review (Figure 4). Egger test supported this finding,
suggesting a statistically significant level of bias (P<0.001)
for included SPECT studies. Similar funnel plots of the PET
studies did not suggest the presence of publication bias (Egger
P value=0.44) (Figure 5).

Bivariate meta-analysis demonstrated a higher pooled mean
sensitivity with PET (92.6%; 95% confidence interval, 88.3%
to 95.5%; and variance 0.07) compared with SPECT (88.3%;
95% confidence interval, 86.5% to 90.0%; and variance 0.60)
(P=0.035). No statistically significant difference in specificity
was observed between PET (81.3%; 95% confidence interval,
66.6% to 90.4%; and variance 0.41) and SPECT (76.0%;
95% confidence interval, 72.4% to 79.4%; and variance
0.69) (P=0.38). Covariance of sensitivity and specificity was
0.04 for PET and —0.18 for SPECT. Figure 6 illustrates the
calculated summary ROC curves, including the summary
operating points for sensitivity and specificity and 95%
confidence ellipsoids.

The Table summarizes the results of subgroup and sensitivity
analyses. Regardless of type of stressor (pharmacologic
versus exercise) and tracer (thallium versus technetium) used,
comparison of the studies yielded results consistent with the
overall result for SPECT, without meaningful changes in
observed sensitivity and specificity. The subgroup of SPECT
(n=54) and PET (n=7) studies with good quality based on the
QUADAS results SPECT demonstrated higher sensitivity for
PET compared with SPECT (95.2 versus 87.7%, P<0.001), but

Clinical Data

Diagnostic Review Bias
Test Review Bias
Reference Standard Details

Test Details

Reference Standard
Independence

Differential Verification

Partial Verification Bias

Disease Progression Bias

Selection Criteria

Patient Spectrum

BYes
O Indeterminate
B No

40% 50% 60% 70% B80% 90% 100%

Quality Score

Figure 2. Reviewer judgments of methodological quality of included single photon emission computed tomography myocardial perfu-
sion imaging (SPECT MPI) studies, according to the Quality Assessment of Diagnostic Accuracy Studies tool. “Yes” answers indicate that

measures to reduce the indicated bias were reported in the study.
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Withdrawals

Uninterpretable Results

Clinical Data

Diagnostic Review Bias
Test Review Bias
Reference Standard Details

Test Details

Reference Standard
Independence

Differential Verification

Partial Verification Bias

Disease Progression Bias

Selection Criteria

Patient Spectrum

BYes
Oindeterminate
B No

Quality Score

Figure 3. Reviewer judgments of methodological quality of included positron emission tomography myocardial perfusion imaging (PET
MPI) studies, according to the Quality Assessment of Diagnostic Accuracy Studies tool. “Yes” answers indicate that measures to reduce

the indicated bias were reported in the study.

no statistically significant difference in specificity (80.8 versus
79.5%, P=0.64), similar to the overall meta-analysis findings.

Discussion
Our meta-analysis of 117 studies comparing either PET or
SPECT stress MPI, or both, with coronary angiography, dem-
onstrates that PET MPI has higher sensitivity than SPECT
MPI with similar specificity and is, therefore, superior for
detecting clinically significant CAD. Exercise and pharma-
cologic stress both result in similar sensitivity and specificity

.09

0.5

Standard Error
5
L

@

Diagnostic Odds Ratio

Figure 4. Funnel plot for included single photon emission computed
tomography myocardial perfusion imaging (SPECT MPI) studies.

when used for SPECT MPI. Few diagnostic accuracy studies
of PET MPI have been performed to date.

We are aware of 2 recent systematic reviews of PET MPI.
Al Moudi et al'? identified 25 studies of the diagnostic accu-
racy of SPECT and PET MPI published between 1984 and
2009. Nandalur et al'' performed a meta-analysis of 19 stud-
ies that evaluated the diagnostic accuracy of PET MPI. Both
demonstrated sensitivity for PET MPI similar to our findings,
but higher specificity than we observed. We are also aware of
2 older reviews of SPECT MPI®’; both identified sensitivities
for SPECT MPI similar to our meta-analysis but qualitatively

04

Standard Error

B T

T
Diagnostic Odds Ratio

o

1
a

Figure 5. Funnel plot for included positron emission tomography
myocardial perfusion imaging (PET MPI) studies.
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Sensitivity
0.8 P
0.6
0.41 P
| B Sensitivitiy (95%CI) Specificity (95%CI)
I — — — —_ SPECT 88.4 (86.5 - 90.0) 76.0 (72.4 - 79.4)
0.2
’ — PET 92.6 (88.3 - 95.5) 81.3 (66.6 - 90.4)
0 X
1 0.8 0.6 0.4 0.2 o
Specificity

Figure 6. Summary ROC curves for SPECT and PET MPI. Curves include a summary operating point for sensitivity and specificity on
the curve and a 95% confidence ellipsoid. ROC indicates receiver-operating characteristic; SPECT, single photon emission computed
tomography; PET, positron emission tomography; MPI, myocardial perfusion imaging; and Cl, confidence interval.

lower specificity. These reviews combined data from both pro-
spective and retrospective study designs without a systematic
evaluation of study quality and pooled data from diagnostic
accuracy studies that used reference standards, such as coro-
nary flow reserve,” with studies that used coronary angiogra-
phy as the reference standard for diagnosis.

Most of these reviews pooled the sensitivity and specificity
of included studies separately. This approach is common in the
literature, including the 2003 American College of Cardiology
Foundation/American Heart Association/American Society of
Nuclear Cardiology Guidelines,'* but fails to account for the
2-dimensional relationship of sensitivity and specificity and
may underestimate the accuracy of a diagnostic test.'* Simple
pooled estimates fail to account for variability across differ-
ent studies, which may be because of unbalanced ratios of
diseased and non-diseased patients or other, unmeasured dif-
ferences in studies.?* Pooled estimates also cannot be directly
compared between modalities.

Technical advances have improved both techniques since
their introduction. Electrocardiographic gating provides myo-
cardial function data to be integrated with perfusion data,
increasing the specificity of noninvasive assessment, and can
be performed with both PET* and SPECT?® MPI. Attenuation
correction also improves specificity and although it has been
used successfully with SPECT, attenuation correction is
universally applied during PET image processing. Recent
advances in data acquisition and processing may also lead to
improved image quality and possibly diagnostic accuracy with
both techniques.

We attempted to investigate the possible interactions of
these adjunctive technologies in a sensitivity analysis using
the subgroup of SPECT studies that used both attenuation cor-
rection and electrocardiographic gating. However, the small
number of SPECT diagnostic accuracy studies using both of

these adjuncts led to a large variance in the observed sensitiv-
ity and specificity that precluded meaningful inferences.

PET MPI has several theoretical advantages compared with
SPECT MPI that may explain the higher sensitivity observed
in our overall meta-analysis. PET cameras do not require phys-
ical collimation, resulting in better detector efficiency (count
sensitivity) and improved spatial resolution. The higher energy
of PET radiotracers compared with SPECT radiotracers also
contributes to higher spatial resolution. The short half-life of
PET radiotracers results in higher signal-to-noise ratios and
consequently better image quality compared with SPECT.*

PET MPI may also have an advantage with respect to
radiation exposure that we only indirectly investigated.
Radiation exposure from radionuclide imaging procedures
is not routinely reported in clinical studies and our literature
review, therefore, extracted radiotracer dose rather than
exposure. Even with the higher doses of radioactivity used for
PET MPI, however, the very short half-life of PET radiotracers
may result in lower patient radiation exposure.* Previous
reviews have estimated exposures of up to 22 millisieverts
(mSv) for standard doses (2.5 millicuries [mCi]) of TI1-201
and 6.6 to 7.1 mSy for single doses (25 mCi) of Tc-99m,?”’ the
2 most commonly used SPECT radiotracers in our literature
review. In comparison, recent in vivo experiments using
Rb-82, the most commonly encountered positron emitter in
our analysis, estimated total exposure of only 3.7 mSv for a
rest-stress protocol consisting of two 40 mCi doses of Rb-82
for cardiac PET.?

Our meta-analysis used a bivariate random-effects model to
account for the correlation between sensitivity and specificity
observed across studies that is because of the functional rela-
tionship between the 2 at a given threshold within each study.
The model assumes 2 levels of statistical distribution of vari-
ance. First, a binomial distribution and logistic transformation
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of proportions preserves the shared characteristics within each
study that link sensitivity and specificity, capturing the corre-
lation between the 2, as well as the absolute values observed in
each study. The second level reflects the heterogeneity (vari-
ance) between studies beyond that accounted for by sampling
variability at the first level; the model assumes this heteroge-
neity is because of random study effects.'?

Our meta-analysis has several important limitations. There
were more studies using SPECT MPI than PET MPI in the lit-
erature. This likely reflects the large installed base of SPECT
camera systems and more common use of this technology.®
The small number of PET studies raises the possibility that
the difference in sensitivity observed in the meta-analysis was
because of chance alone. However, technical advantages with
PET MPI, discussed above, suggest a mechanistic explanation
for the higher diagnostic sensitivity. The small number of PET
studies also precluded subgroup analyses of specific patient
groups, such as women or sensitivity analysis of recent stud-
ies, to investigate changes in diagnostic accuracy over time.

Only 5 studies included in the meta-analysis directly com-
pared SPECT and PET. Bateman et al® published a large
study comparing the sensitivity and specificity of PET with
SPECT that was not included in this meta-analysis because
of its retrospective, case-control design. Their series dem-
onstrated similar sensitivity and higher specificity with PET
MPI compared with SPECT MPI, but the absolute sensitiv-
ity and specificity were similar to the point estimates in our
meta-analysis. Husmann et al* also performed an analysis of
PET and SPECT in parallel patient cohorts in 2008 that did
not meet our inclusion criteria because patient-level true and
false positives and negatives were not provided. They reported
higher sensitivity with PET MPI (96%) versus SPECT (85%),
similar to our overall finding, but could not calculate specific-
ity because all patients had angiographic coronary disease.

We planned to include only prospectively performed studies
but many study designs were ambiguous. To include as many
prospective studies as possible without introducing additional
bias, we only excluded studies that explicitly described them-
selves as retrospective. Some retrospective studies may have
been included, leading to referral bias. Referral, or partial ver-
ification, bias occurs when patients with positive noninvasive
findings are preferentially referred for confirmatory testing.
Although clinically appropriate, this leads to a lower observed
specificity than truly exists, because false positives will be
recognized more often than false negatives. Adjustments for
referral bias in meta-analyses of diagnostic tests have been
proposed,’! but require patient-level index test results on a
continuous scale as well as clear delineation of biased and
unbiased studies. Therefore, our summary point estimates of
sensitivity and specificity are unadjusted for referral bias.

The QUADAS tool was designed to address potential
sources of bias including referral bias.”® The designation of
good quality studies with scoring tools is problematic because
of difficulties in weighting measures that may be taken to
reduce potential sources of bias and their relative importance.
In the interpretation of individual study results, clear state-
ments regarding potential sources of bias may be more helpful
to the reader than ambiguity, so that even studies scoring no to

specific QUADAS items may be valuable but excluded from a
score-based subgroup analysis.

Our inclusion criteria stipulated comparison of PET or
SPECT MPI with coronary angiography in all patients,
regardless of PET or SPECT findings, which represents a
key component of a rigorous diagnostic accuracy study. Most
studies either used blinded readers to interpret MPI results or
did not specify whether readers were blinded to clinical data.
Many researchers consider this part of rigorous study design,
but it does not reflect clinical practice, demonstrating another
limitation of scoring tools, such as QUADAS. A revision to
the QUADAS document was recently published®? but was not
available at the time of our data collection and analysis.

We included only studies that compared PET or SPECT
MPI with invasive CAG. CAG has been the accepted clini-
cal standard for the diagnosis of CAD, and remains the basis
for clinical decisions regarding revascularization in many
patients. However, MPI is fundamentally a functional test and
an anatomical standard such as CAG may not be the appropri-
ate reference; functional tests such as fractional flow reserve
have been proposed as alternate reference standards.** Few
studies comparing MPI with coronary hemodynamics are
available and these have used a variety of techniques alone or
in combination with CAG; this heterogeneity precludes meta-
analysis of the findings at this time.

Our literature review was limited to the English language.
With the large number of studies included; however, we do
not expect that meaningful differences would be seen if stud-
ies published in other languages were included. We could not
rule out the possibility of publication bias, particularly among
reports of SPECT MPI.

Perhaps the greatest disadvantage is the lack of random-
ized data comparing these and other methods of noninvasive
assessment. Diagnostic accuracy for detecting coronary ste-
nosis is only 1 aspect of patient care. A complete patient-ori-
ented assessment of a diagnostic test would include patient
outcomes after diagnosis, that is, whether the results of the
test lead to clinical decisions that positively impact patient
survival and quality of life.

Our meta-analysis demonstrates that PET MPI has a higher
sensitivity for the diagnosis of CAD than does SPECT MPI,
although there was no detectable difference in specificity
when comparing the 2 modalities. Further investigations are
necessary to identify which subgroups of patients are more
likely to benefit from PET MPI as opposed to SPECT MPI.
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CLINICAL PERSPECTIVE

Positron emission tomography (PET) and single photon emission computed tomography (SPECT) myocardial perfusion imag-
ing (MPI) are both established techniques for noninvasively diagnosing coronary artery disease. PET MPI has technical benefits
in detecting sensitivity and spatial resolution compared with SPECT MPI and may also allow diagnostic imaging with lower
radiation exposure. Clinical differences in diagnostic accuracy remain under investigation. A literature search of English-language
studies yielded 117 diagnostic accuracy studies of MPI for detecting 50% angiographic coronary stenosis but only 5 direct com-
parisons of PET and SPECT. These were systematically reviewed and scored for methodological quality before meta-analysis
using techniques designed for analyzing the relationship between sensitivity and specificity. Both PET and SPECT MPI were more
commonly performed after pharmacological, as opposed to exercise, stress. Pooled sensitivity was higher for PET MPI at 92.6%
compared with 88.3% for SPECT MPI. Pooled specificity was lower, without a clear difference between PET and SPECT MPL
Type of stress (exercise or pharmacological) and differences in radiotracer used did not seem to affect diagnostic accuracy. More
research, especially in head-to-head comparisons, will be needed to identify patient groups most likely to benefit from PET MPL




