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Abstract

Coronary artery disease (CAD) is the leading cause of cardiovascular mortality (CVD), accounting for 1 in 5 CVD-related
deaths. The advent of non-invasive imaging modalities has driven the use of myocardial perfusion imaging (MPI) to
enhance diagnostic accuracy and improve clinical outcomes in CAD. Building on the role of myocardial perfusion imaging
(MPI), this meta-analysis assesses the diagnostic accuracy of the Discovery NM 530c CZT SPECT for CAD compared
with invasive coronary angiography (ICA+FFR) and noninvasive modalities, including PET, MRI, and coronary CT
angiography. A systematic search of six databases was conducted to identify studies evaluating the diagnostic accuracy of
the NM 530c CZT-SPECT for detecting CAD. Comparator modalities included ICA+FFR, PET, MRI, or coronary CTA
performed within 90 days. Diagnostic performance was assessed using pooled sensitivity, specificity, summary receiver
operating characteristic (SROC) curves, and diagnostic odds ratio (DOR), using R (v2024.12.0+467) with the “meta” and
“mada” packages. A bivariate meta-analysis of 11 studies showed a pooled sensitivity of 83.5% (95% CI: 77.3-88.3%) and
specificity of 75.8% (95% CI: 67.8-82.3%), with an AUC of 0.858 and diagnostic odds ratio (DOR) of 15.9. Likelihood
ratios were 3.45 (positive) and 0.22 (negative). The SSS>4 subgroup showed the highest sensitivity (0.881) and DOR
(19.21). The univariate random-effects model yielded a pooled sensitivity of 83% and specificity of 77%. Heterogeneity
was moderate, and Deeks’ test showed no publication bias (p=0.83). This meta-analysis establishes the Discovery NM
530c CZT SPECT as a reliable and clinically effective non-invasive modality for detecting coronary artery disease (CAD),
with a pooled sensitivity of 0.835, specificity of 0.758, and AUC of 0.858, supporting its diagnostic utility across diverse
clinical settings.

Keywords Coronary Artery Disease - Single Photon Emission Computed Tomography Computed Tomography -
Myocardial Perfusion Imaging

Introduction

Myocardial Perfusion Imaging (MPI) is a non-invasive diag-
nostic procedure used to assess myocardial blood flow and
detect areas of ischemia. The technique involves injecting
a small dose of radioactive contrast into the bloodstream,
which is absorbed by the cardiac myocytes, allowing the
identification of regions that may not be adequately perfused
[1]. Among various imaging modalities available for MPI,
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Single Positron Emission Computed Tomography (SPECT)
and Positron Emission Tomography (PET) are used most
commonly. While PET offers higher accuracy in measur-
ing myocardial blood flow, its application is limited by
high costs, reliance on volatile radiotracers, and availability
issues [2]. This makes SPECT a preferred option due to its
lower operational cost and broader accessibility despite its
historically lower sensitivity and relatively longer imaging
times [3].
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Before non-invasive imaging became widely available,
Invasive Coronary Angiography (ICA) was the gold stan-
dard for detecting CAD. Although ICA allows direct visu-
alization of coronary vessels, it is limited in its ability to
assess the functional impact of blockages or detect micro-
vascular disease [4, 5]. Non-invasive methods, such as MPI,
offer functional insights into myocardial ischemia without
the risks associated with invasive procedures. Fractional
Flow Reserve (FFR), frequently used in conjunction with
ICA, provides additional functional assessment by evaluat-
ing the significance of coronary stenosis [6].

Recent advancements in SPECT technology, including
the Discovery NM 530c CZT, which utilizes cadmium-
zinc-telluride (CZT) detectors, have overcome some of the
limitations of earlier SPECT systems. These advancements
enhance sensitivity, facilitate faster imaging, and minimize
radiation exposure [7, 8]. However, while the Discovery NM
530c CZT system shows promise, its diagnostic accuracy
compared to established standards, such as ICA and PET,
remains underexplored. Previous meta-analyses, including
the parent study, primarily focused on earlier versions of
SPECT and did not include data on the NM 530c [9]. This
gap in the literature provides the rationale for our current
study, which aims to evaluate the diagnostic accuracy of the
Discovery NM 530c CZT SPECT system.

We hypothesize that the Discovery NM 530c CZT SPECT
system will demonstrate diagnostic accuracy comparable to
or superior to that of ICA and PET, offering a valuable non-
invasive tool for diagnosing CAD. This meta-analysis aims
to address this evidence gap and support the broader clinical
implementation of this evidence. By strengthening the case
for non-invasive diagnostic approaches, we aim to enhance
patient outcomes and increase access to high-quality care
[10, 11].

Methodology
Study design and reporting standards

This meta-analysis followed the PRISMA-DTA (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses of Diagnostic Test Accuracy Studies) guidelines [12].
The study protocol was registered with the International
Prospective Register of Systematic Reviews (PROSPERO)
under the ID CRD420251089623.

Search strategy
A systematic literature search was conducted across six

databases, PubMed, Embase, Scopus, Google Scholar, Web
of Science, and the Cochrane Library, from inception to
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January 2025, with no restrictions on language or publi-
cation year. The search strategy, including relevant MeSH
terms, is detailed in the supplementary material Tables 1-2.
The reference lists of all included studies were manually
screened (using backward snowballing) to identify addi-
tional eligible studies. Citation clustering and mapping
using LitMap facilitated the exploration of co-cited net-
works and the identification of potential studies missed in
the initial search.

Eligibility criteria

Studies were eligible for inclusion if they utilized NM 530c
CZT-SPECT for myocardial perfusion imaging (MPI) and
compared the findings with a reference standard, including
invasive coronary angiography (ICA) with or without frac-
tional flow reserve (FFR), PET, MRI, or coronary CT angi-
ography. The imaging had to be performed within 90 days
of the reference test and included adult patients (> 18 years)
with known or suspected coronary artery disease (CAD).
Furthermore, studies required sufficient data to derive true
positives (TP), false positives (FP), true negatives (TN), and
false negatives (FN). Our eligibility criteria mirror those of
a recent meta-analysis in a similar context, ensuring com-
parability [10]. Studies were excluded if they were non-
human trials, reviews, editorials, case reports, had a sample
size of less than ten, or lacked full-text availability. Addi-
tional exclusions included patients with acute myocardial
infarction, unstable angina, non-ischemic cardiomyopathy,
significant valvular disease, recent revascularization within
90 days, poor-quality imaging, or substantial changes in
medication between imaging modalities.

Risk of bias assessment

Two reviewers (AD and FH) independently assessed
the risk of bias for each included study. Risk of bias was
assessed using the QUADAS-2 tool (Quality Assessment
of Diagnostic Accuracy Studies—2). Discrepancies between
reviewers were resolved through discussion or, if necessary,
adjudicated by a third reviewer (MA).

Data extraction

Extracted variables included information such as the author,
year, country, design, sample size, eligibility criteria, full-
text availability, and assessed risk of bias. Patient demo-
graphic information included age, sex, body mass index
(BMI), and comorbidities, including diabetes, hypertension,
dyslipidemia, smoking status, and family history of CAD.
Imaging protocol details encompassed the type of stress
protocol used, injection specifics, radiation dose, and key
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CZT imaging parameters such as myocardial blood flow
(MBF) and myocardial flow reserve (MFR) cut-off values.
Diagnostic performance data were extracted, including TP,
TN, FP, FN, sensitivity (SN), specificity(SP), and diagnostic
metrics. For studies reporting multiple thresholds, only one
was included to preserve statistical independence. The pri-
mary endpoint was selected when available; otherwise, the
threshold with the highest diagnostic performance was used.

Meta-Analysis

All statistical analyses were performed using R (Version
2024.12.0+467) with relevant packages, including “mada,”
“meta,” “metafor,” “mvmeta,” and additional visualization
libraries. Diagnostic accuracy was analyzed using a bivari-
ate random-effects model to jointly estimate sensitivity and
specificity, preserving the two-dimensional structure of test
accuracy data [13]. Summary receiver operating character-
istic (SROC) curves with 95% confidence intervals were
generated. A univariate meta-analysis was constructed to
facilitate visualization through forest plots, leave-one-out
sensitivity analysis, and subgroup analyses. Diagnostic
proportions, including SN and SP, were logit-transformed
to satisfy statistical model assumptions [14, 15]. The study
employed a DerSimonian-Laird random-effects model with
Clopper-Pearson confidence intervals, and 1> was estimated
according to the guidelines in the Cochrane Handbook [16].
Subgroup analyses were performed based on comparator
type (invasive vs. non-invasive), myocardial flow reserve
(MFR) cut-offs (standard<2.0 vs. non-standard), and
summed stress scores (SSS) (standard>4 vs. non-standard).
This subgrouping aimed to provide more interpretable and
clinically meaningful accuracy estimates [17, 18].

9% <

Bivariate heterogeneity testing and publication bias

Between-study heterogeneity was evaluated using both
Bayesian and frequentist bivariate models. The Bayesian
framework estimated I? for sensitivity, specificity, and the
joint bivariate model, with 95% credible intervals. In the
standard bivariate approach, heterogeneity was assessed by
examining the variances of logit-transformed sensitivity and
specificity, as well as the area of the joint confidence ellipse
in ROC space [19-21]. Publication bias was evaluated using
Deeks’ funnel plot asymmetry test, regressing log diagnos-
tic odds ratios (log DOR) against the inverse square root of
the effective sample size [22]. A p-value<0.10 was consid-
ered indicative of significant small-study effects.

Results
Study characteristics

A total of 1222 records were identified through systematic
database searches, comprising 118 records from PubMed,
210 records from EMBASE, 150 records from Scopus, 118
records from Cochrane CENTRAL, 616 records from Sci-
ence Direct, and 10 records from ClinicalTrials.com. After
removing 425 duplicates, 910 records were screened, of
which 747 were excluded. Following full-text assessment,
163 reports were reviewed for eligibility, with 152 excluded
due to unmet inclusion criteria (n=147), insufficient data
quality (n=4), and overlapping datasets (n=1). Ultimately,
eleven studies were included in this meta-analysis (Fig. 1).

The eleven studies included in this meta-analysis were
all prospective cohort designs, enrolling 716 adult patients
(18 years or older) with known or suspected coronary artery
disease (CAD). Studies spanned multiple regions, includ-
ing Asia and Europe. They evaluated patients with varying
cardiovascular risk profiles, with a pooled mean age ranging
from 60 to 75 years and a body mass index (BMI) of 24 to
28 kg/m?. The majority of participants were male, reflect-
ing the typical demographics of CAD. Across studies, the
Discovery NM 530c CZT SPECT was used for myocardial
perfusion imaging (MPI) and compared with reference stan-
dards, including invasive coronary angiography (ICA+frac-
tional flow reserve, FFR), PET, or other non-invasive
modalities. CAD severity was assessed using vessel-level
characterization (1-3 vessel disease), MFR, and perfusion
metrics, including total perfusion deficit (TPD) and SSS.
The quality assessment of the included studies, based on the
QUADAS-2 tool, indicated a low risk of bias for each study
(Supplementary File Fig. 1), supporting the reliability of the
findings. Baseline Study and Patient Characteristics are pre-
sented in Table 1.

Table 2 presents a comprehensive summary of stress pro-
tocols and myocardial flow parameters from various studies
evaluating the diagnostic performance of CZT SPECT for
myocardial perfusion imaging in coronary artery disease. It
highlights methodological variability across studies in tracer
dosage, stress agents, imaging protocols, and comparative
modalities such as PET and coronary angiography. Notably,
cut-off values for myocardial flow reserve (MFR) and myo-
cardial blood flow (MBF) differ across centers, reflecting
heterogeneity in defining functionally significant coronary
artery disease. The inclusion of diverse stress agents (e.g.,
adenosine, regadenoson, ATP) and quantitative tools under-
scores the complex landscape of standardization in dynamic
SPECT imaging.
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Fig. 1 PRISMA flow diagram
of study selection, detailing the
identification, screening, eligibil-
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Bivariate analysis

The bivariate meta-analysis of 11 studies showed a pooled
sensitivity of 83.5% (95% CI: 77.3—88.3%) and specificity
of 75.8% (95% CI: 67.8-82.3%). The pooled diagnostic
odds ratio (DOR) was 15.9 (95% CI: 7.8-24.0). The posi-
tive likelihood ratio (LR+) was 3.45 (95% CI: 2.43—4.48),
and the negative likelihood ratio (LR-) was 0.22 (95% CI:
0.15-0.29). Heterogeneity was assessed using both standard
and Bayesian bivariate models. In the standard model, the
between-study variance was 0.168 for logit-transformed
sensitivity and 0.128 for logit-transformed specificity, with
the area of the joint confidence ellipse estimated at 0.123.
In the Bayesian framework, estimated I> values were 46%
(95% Crl: 33-60%) for sensitivity, 56% (95% Crl: 44-68%)
for specificity, and 45% (95% Crl: 36-54%) for the bivari-
ate model. The bivariate model yielded an AUC of 0.858.
The SROC curve is shown in the Supplementary Fig. 2.
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Diagnostic Test Performance Metrics for individual studies
are presented in Table 3..

Among all subgroups, the Standard Summed Stress
Score (SSS) group demonstrated the highest sensitivity
(0.881) and lowest negative likelihood ratio (0.165), indi-
cating superior diagnostic performance. This subgroup also
showed the highest diagnostic odds ratio (DOR: 19.21),
supporting its enhanced accuracy in identifying disease
presence. Diagnostic Test Performance Metrics for individ-
ual studies are presented in Table 4.

Univariate analysis

The random-effects model yielded a pooled sensitivity of
0.83 [95% CI: 0.75-0.88], with moderate heterogeneity (I
=44.7%). Omitting Rene N et al., 2016 increased the pooled
sensitivity slightly to 0.84 [95% CI: 0.79-0.88] and reduced
heterogeneity to I> = 17.1%. Subgroup analyses based on
MFR cut-off, SSS cut-off, and comparator type revealed no
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Study TP TP+FN Weight Sensitivity 95%-Cl 1V, Fixed + Random, 95% ClI
Raffaele G et al., 2021 21 24 7.0% 0.88 [0.68; 0.97] ——l—
Yoshiko G et al., 2014 46 54  12.2% 0.85 [0.73; 0.93] ——
Jiao W et al., 2021 28 33 9.5% 0.85 [0.68; 0.95] ——
Bouallegue FB et al., 2015 9 10 3.0% 0.90 [0.55; 1.00] —-—
Sangwon H et al., 2018 16 23 10.3% 0.70 [0.47; 0.87] —a—
Rene N et al., 2016 1 5 2.7% 0.20 [0.01;0.72]
Shinya S et al., 2015 12 14 5.1% 0.86 [0.57; 0.98] ——
Shinya S et al., 2020 62 78 15.5% 0.79 [0.69; 0.88] 1
Masao M et al., 2017 10 14 7.4% 0.71 [0.42; 0.92] —_—
Alessi G et al., 2012 77 90 14.8% 0.86 [0.77; 0.92] —.—
Alessi G et al.,, 2012 88 96 12.6% 0.92 [0.84; 0.96] —
Total (common effect, 95% Cl) 370 411 . 0.83 [0.79; 0.87] 0
Total (random effect, 95% Cl) 100.0% 0.83 [0.75; 0.88] -
Heterogeneity: Tau® = 0.1684; Chi” = 18.09, df = 10 (P = 0.0535); I” = 44.7% ' ' I '
02 04 06 038

Fig. 2 Forest Plot for Sensitivity
Table 3. Diagnostic test performance metrics for individual studies

Diagnostic Test Performance Metrics for Individual Studies

Author TP FP TN FN TP+EN FP+IN TP+FP TN+FN SN SP

Raffaele G et al., 2021 21 10 20 3 24 30 31 23 0.875 0.667

Yoshiko G et al., 2014 46 4 18 8 54 22 50 26 0.852 0.818

Jiao W et al,, 2021 28 2 14 5 33 16 30 19 0.848 0.875

Bouallegue FBetal, 2015 9 3 13 1 10 16 12 14 09 0.812

Sangwon Het al,, 2018 16 ] 43 7 23 53 24 52 0.696 0.849

Rene N et al, 2016 1 2 14 4 5 16 3 18 0.2 0.875

Shinya Setal, 2015 12 9 32 2 14 41 21 34 0.857 0.78

Shinya S et al, 2020 62 16 31 16 78 47 78 47 0.795 0.66

Masao M et al,, 2017 10 1 13 4 14 14 11 17 0.714 0.929

Alessi Getal, 2012 77 4 4 13 90 8 81 17 0.856 0.5

Alessi Getal, 2012 88 3 6 ] 96 9 91 14 0917 0.667

Abbreviations: TP — True Positive; FP - False Positive; TN - True Negative; FN — False Negative; SP — Specificity; SN — Sensitivity

statistically significant differences. The forest plot is shown
in Fig. 2.

The pooled specificity was 0.77 [95% CI: 0.68-0.83],
with low-to-moderate heterogeneity (I*> = 28.9%). After
excluding Shinya S et al., 2020, specificity increased slightly
t0 0.78 [95% CI: 0.70-0.85], and heterogeneity decreased to
I = 17.8%. Subgroup analyses based on MFR cut-off, SSS
cut-off, and comparator type showed no statistically signifi-
cant differences. The forest plot is presented in Fig. 3.

Publication bias was assessed using Deeks’ funnel plot
asymmetry test for the diagnostic odds ratio (DOR). Visual
inspection of the Deeks plot revealed no evident asymmetry.
The regression analysis showed a non-significant slope (
= —1.605, p=0.83), indicating no substantial evidence of
publication bias (Fig. 4).

Discussion
The findings of the present meta-analysis, based on a bivari-

ate random-effects model of 11 studies, demonstrated a
pooled sensitivity of 83.5% (95% CI: 77.3-88.3%) and

@ Springer

specificity of 75.8% (95% CI: 67.8-82.3%), with an area
under the curve (AUC) of 0.858. The pooled diagnostic
odds ratio (DOR) was 15.9 (95% CI: 7.8-24.0), with the
highest value observed in the subgroup using an SSS cut-off
>4 (DOR: 19.21). These results support the diagnostic reli-
ability of the Discovery NM 530c CZT SPECT for evaluat-
ing coronary artery disease (CAD).

The area under the curve (AUC) of 0.86 observed for
the Discovery NM 530c CZT SPECT system demon-
strates competitive diagnostic performance with established
modalities. In a comprehensive meta-analysis, the AUCs
reported for cardiac magnetic resonance (CMR) and con-
ventional SPECT in patients with suspected or known coro-
nary artery disease (CAD) were 0.92 (95% CI: 0.89-0.94)
and 0.87 (95% CI: 0.84-0.90), respectively [23]. Notably,
the diagnostic performance of CZT SPECT slightly exceeds
that of PET (AUC 0.84 in comparable cohorts), while offer-
ing advantages in terms of accessibility and operational cost
[24].

In patients with moderate to severe ischemia, SPECT
imaging has been associated with improved outcomes fol-
lowing early coronary revascularization [24]. Similarly, the
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Table 4 Diagnostic test accuracy metrics based on subgrouping

Sensitivity ~ Specificity Diag- Likeli-  Likeli-
nostics hood hood
odds ratio ratio+ve ratio
(DOR) -ve

Com-

parator

Group

Invasive 0.833 0.765 16.202 3.543 0.219

Com- (0.77- (0.679— (7.435-  (2.388- (0.146—

parator  0.881) 0.833) 24.97) 4.689)  0.291)

Group

Non 0.741 0.797 11.234 3.654 0.325

Invasive (0.365— (0.624— (—4.432- (1.455- (-0.036-

Com- 0.934) 0.903) 26.9) 5.852)  0.687)

parator

Group

Summed

Stress

Score

(SSS)

Stan- 0.881 0.721 19.21 3.162 0.165

dard* (0.831— (0.507— (-0.219-  (1.047— (0.092—
0.918) 0.867) 39.638) 5.277)  0.238)

Non- 0.822 0.789 17.245 3.895 0.266

Stan- (0.735- (0.683— (4.267-  (2.157- (0.128-

dard 0.885) 0.867) 30.222)  5.633) 0.324)

Myo-

cardial

Frac-

tional

Reserve

(MFR)

Stan- 0.816 0.781 15.772 3.72 0.236

dard**  (0.655— (0.655- (2.343—  (2.022— (0.082—
0.912) 0.869) 29.202) 5.417)  0.39)

Non- 0.714 0.801 10.041 3.589 0.357

Stan- (0.536— (0.655— (1.887—  (1.628— (0.178—

dard 0.843) 0.895) 18.195)  5.549)  0.537)

*SSS cut-offs: standard defined as >4; non-standard other than >4

**MFR cut-offs: standard defined as <2.0; non-standard other than
<2.0

2023 ACC/AHA Task Force guidelines support the use of
stress PET or SPECT MPI in patients with chronic coro-
nary disease (CCD) who experience persistent changes in
symptoms or functional capacity despite guideline-directed
medical therapy (GDMT). These imaging strategies are
endorsed for detecting the presence and extent of myocar-
dial ischemia, estimating the risk of major adverse cardio-
vascular events (MACE), and guiding therapeutic decisions
[25]. However, it is noteworthy that current guidelines
do not yet distinguish between conventional SPECT and
advanced CZT-based systems. Emerging data suggest CZT
SPECT offers superior per-patient and per-vessel accuracy
compared to traditional SPECT/CT, while avoiding addi-
tional radiation from CT and maintaining diagnostic integ-
rity despite the absence of attenuation correction [26]. This
positions CZT SPECT as a viable, efficient alternative for

CAD evaluation. While invasive FFR remains the refer-
ence standard, FFRCT achieves AUCs ranging from 0.81
to 0.92 in patients with calcified coronary disease [27-31].
The comparable AUC of CZT SPECT highlights its promise
as a pragmatic, non-invasive option in contemporary CAD
diagnostics.

The prevalence of CAD is increasing globally, necessi-
tating the development of cutting-edge, non-invasive tech-
nologies to improve patient outcomes. MPI is one of these
techniques adapted to detect disease, guide therapy, and
predict the prognosis [32]. When comparing our findings to
those of previous meta-analyses, such as Panjer et al., it was
observed that the sensitivity calculated in our study is 1.4%
higher than that reported by Panjer et al. [10]. Similarly, the
reported DOR of this study is modestly lower than that of
a previous meta-analysis. These findings suggest a margin-
ally reduced overall diagnostic performance in our analysis.
However, it is worth considering that Panjer’s analysis indi-
cated higher heterogeneity and lower sample size (421 in
9 studies and 334 in 6 studies based on NM 530c SPECT),
which may have been potential factors that shaped their find-
ings compared to ours. In contrast, the lower heterogeneity
observed for sensitivity and specificity in our meta-analysis
suggests consistency in diagnostic performance across the
included studies.

Another study by Parker et al. included data from 117
studies comprising more than 11,000 patients [33]. Out of
these, nearly one-tenth of patients underwent PET imag-
ing, while the others underwent SPECT imaging. The study
highlighted that PET had a higher sensitivity of 0.92 and
specificity of 0.85 compared to SPECT’s sensitivity of 0.88
and specificity of 0.70. Moreover, there was a stark differ-
ence in DOR of PET at 48.5 and SPECT at 16.0. However,
it is worth mentioning that the findings in the study con-
ducted by Parker et al. are contrary to our observations, as
our research also included an assessment of the advanced
CZT modality of SPECT, which has higher photon sensitiv-
ity and spatial resolution than traditional SPECT [34]. This
modality had not been developed when the studies above
were conducted. Therefore, technological advancements
account for the improved diagnostic accuracy observed in
our study.

PET techniques use radiotracers with a high cost burden,
significantly hindering their widespread adoption. Accord-
ing to the SPARC study, the two-year costs were highest for
PET, at $6,647 per patient, compared to $3,965 for SPECT.
After multivariable adjustment, PET costs were 22% sig-
nificantly higher than those of SPECT [35]. Additionally,
most radioisotopes utilized in PET have short half-lives
and require in-house cyclotron production, thus limiting
the availability of PET. Here lies the main advantage of
SPECT. The radiotracers used for SPECT imaging are less

@ Springer
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Study TN TN+FP Weight Specificity 95%-Cl IV, Fixed + Random, 95% ClI
Raffaele G et al., 2021 20 30 13.8% 0.67 [0.47;0.83] ———
Yoshiko G et al., 2014 18 22 8.6% 0.82  [0.60; 0.95] —
Jiao W et al., 2021 14 16 5.2% 0.88 [0.62; 0.98] —a—
Bouallegue FB et al., 2015 13 16 6.8% 0.81 [0.54; 0.96] B S
Sangwon H et al., 2018 45 53 14.0% 0.85 [0.72; 0.93] —'—.—
Rene N et al., 2016 14 16 5.2% 0.88 [0.62; 0.98] —
Shinya S et al., 2015 32 41 14.2% 0.78 [0.62; 0.89] ——
Shinya S et al., 2020 31 47 17.6% 0.66 [0.51;0.79] ——
Masao M et al., 2017 13 14 3.0% 0.93 [0.66; 1.00] —-—
Alessi G et al., 2012 4 8 5.8% 0.50 [0.16; 0.84] @

Alessi G et al., 2012 6 9 5.8% 0.67 [0.30; 0.93] -

Total (common effect, 95% Cl) 210 272 . 0.76 [0.70; 0.81] 0

Total (random effect, 95% CI) 100.0% 0.77 [0.68; 0.83] ’|

Heterogeneity: Tau® = 0.1042; Chi® = 14.06, df = 10 (P = 0.1704); I° = 28.9% ' ' '

Fig. 3 Forest Plot for Specificity
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expensive and, under certain conditions, exhibit more spe-
cific targeting abilities for biologically active molecules due
to their longer half-lives, which can range from a few hours
to several days [36]. The limited utility of PET in the USA
is also evident from 2022 data, where Medicare billed for
212,106 PET scans, while SPECT was billed six times more
frequently, with 1,343,519 scans. This significant disparity
highlights the limited utilization of PET scans compared to
other imaging modalities for CAD assessment [37].

Our results align with the ESC 2024 guidelines, which
recommend myocardial perfusion SPECT for patients
with suspected chronic coronary syndrome (CCS) and a

@ Springer

moderate to high pre-test likelihood of CAD (15-85%) [38].
The strong diagnostic performance of CZT SPECT confirms
its value as a non-invasive and widely accessible alterna-
tive to PET, especially in settings where PET is not avail-
able. PET-CT is preferred in specific populations, such as
obese, younger patients, or those with multivessel disease or
microvascular dysfunction [39]. CZT SPECT demonstrates
excellent accuracy and practical utility in broader clini-
cal practice. According to the ACC/AHA 2021 Chest Pain
Guidelines, PET is preferred over SPECT for diagnosing
suspected CAD due to its higher diagnostic performance.
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However, the guidelines also acknowledge the limited
availability of PET as a significant constraint [40].

The clinical implications of our study are substantial,
as these findings not only enhance the diagnostic accuracy
of CZT SPECT but also provide benefits that can improve
patient compliance and streamline the clinical workflow,
ultimately enhancing the overall patient experience. From a
research perspective, our results suggest that further studies
are needed to investigate the application of CZT SPECT in
various clinical settings and its integration with other imag-
ing modalities in CAD diagnosis and management.

Conclusion

In conclusion, our meta-analysis establishes the Discovery
NM 530c CZT SPECT as a reliable and clinically effec-
tive non-invasive modality for the detection of coronary
artery disease (CAD), demonstrating a pooled sensitivity
of 0.835 (95% CI: 0.773-0.883) and specificity of 0.758
(95% CI: 0.678-0.823). The diagnostic odds ratio of 15.9
(95% CI: 7.8-24.0) and an AUC of 0.858 indicate excellent
discriminatory capacity. Although current guidelines do not
distinguish between conventional and CZT-based systems,
accumulating evidence suggests that CZT SPECT offers
superior accuracy without the need for CT-based attenuation
correction. These characteristics support its utility for ruling
in and out CAD, potentially reducing reliance on invasive
angiography. Future research should emphasize prospective
validation in diverse clinical settings, direct comparisons
with other modalities, and cost-effectiveness analyses to
inform guideline-directed implementation.
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