Original Article
Mol Imaging Radionucl Ther 2021,30:169-176 ~ DOI:10.4274/mirt.galenos.2021.26056

The Comparison of Quantitative Evaluation Results of the MPS
SPECT/CT and Coronary Angiography: Determining the Most
Valuable Quantitative Evaluation Score

MPS SPECT/BT Kantitatif Degerlendirme Sonuglarinin Koroner Anjiyografi Sonuglari ile
Karsilagtinlmasi: En Degerli Kantitatif Degerlendirme Skorunun Belilenmesi
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Abstract

Obijectives: This study aimed to determine the most important perfusion score in patient selection for coronary angiography (CA) by quantitatively
evaluating myocardial perfusion scintigraphy (MPS).

Methods: Patients who underwent MPS single-photon emission computerized tomography/computed tomograph imaging in our clinic between
December 2017 and January 2019, without coronary artery disease (CAD) history, followed by CA were included in the study. CA was considered
positive when there is a stenosis of 70% or more in at least one coronary vessel. The summed stress score, rest score, and differential score;
total perfusion deficit (TPD); and the defect’s extent obtained from non-attenuation-corrected (NC) and attenuation-corrected (AC) images of 80
patients were evaluated using the Mann-Whitney U test. A p value of <0.05 was considered significant. Receiver operating characteristic (ROC)
analysis was performed.

Results: The scores obtained from NC and AC images showed a significant difference between the two groups for all scores except for the
extent and TPD scores at rest from AC images. The applied ROC curves’ highest diagnostic value was determined as the TPD score at stress (TPDS)
obtained from NC images (area under the curve: 0.880, 95% confidence interval, 0.807-0.952, p<0.001). The cut-off value obtained for the TPDS
from the ROC curve was found to be 5.5.

Conclusion: The scores obtained from NC images have more power to detect CAD than those obtained from AC images. Patients with no prior
CAD history with TPDS score higher than 5 in MPS should be referred for CA with priority.
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Oz

Amagc: Bu calismada miyokard perflizyon sintigrafisinin (MPS) kantitatif degerlendirilmesiyle koroner anjiyografi (KAG) yapilacak hastalarinin
seciminde en énemli perflizyon skorunun belirlenmesi amaglandi.

Yontem: Aralik 2017-Ocak 2019 tarihleri arasinda klinigimizde MPS tek foton emisyon tomografisi/bilgisayarl tomografi (SPECT/BT) gorintileme
uygulanan ve daha 6nce koroner arter hastaligi (KAH) tanisi bulunmayan ve MPS sonrasi KAG yapilan hastalar calismaya dahil edildi. KAG
sonucunda en az bir koroner damarda %70 veya daha fazla darlik izlenen hastalar koroner arter darligi (KAD) agisindan pozitif kabul edildi. Seksen
hastanin atentasyon dizeltiimemis (NC) ve SPECT/BT ile atentasyon dizeltilmis (AC) gorintllerden elde edilen toplam stres skoru, toplam rest
skoru, toplam perflizyon bozuklugu ve extent puanlar Mann-Whitney U testi ile degerlendirildi. P<0,05 degeri anlamli kabul edildi. Alici islem
karakteristikleri (ROC) analizi yapildi.
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Bulgular: NC ve AC gorintilerinden elde edilen skorlar, ExtentRac ve TPDRac disindaki tiim skorlar icin iki grup arasinda anlamli fark gértldi. ROC
egrilerindeki en yiksek tani degeri NC gérintulerinden elde edilen TPDS degeri olarak belirlendi (egrinin altinda kalan alan: 0,880, %95 giiven
araligi, 0,807-0,952, p<0,001). TPDS icin ROC egrisinden elde edilen kesim degeri 5,5 olarak bulundu.

Sonug: NC gorinttilerden elde edilen skorlarin AC gériintilerden elde edilen skorlara gore daha fazla KAD saptama gicli vardir. Daha 6nceden
bilinen KAH olmayan ve MPS'de TPDS skoru 5'in Uizerinde olan hastalar KAG'ye dncelikli olarak yénlendirilmelidir.

Anahtar kelimeler: Miyokard perfiizyon gorintileme, SPECT/BT, koroner anjiyografi

Introduction

Coronary artery disease (CAD) is a result of atherosclerosis
of coronary arteries, which restricts the heart’s blood
flow (1,2). Myocardial ischemia can occur, and patients
may experience ischemic symptoms like typical angina,
depending on the degree of the coronary artery stenosis.
Myocardial perfusion scintigraphy (MPS) is one of the
frequently used non-invasive diagnostic tests of CAD. An
unbalanced cardiac oxygen support mechanism in CAD
results in ischemia, which causes a reversible perfusion
defect occurring in scintigraphy images (3). Coronary
angiography (CA) is the gold standard method for CAD
diagnosis. Since it is an invasive and expensive method and
carries the mortality risks, selecting patients suitable for CA
is important (4,5).

Scanning MPS with computerized tomography (CT)
combined with gated single-photon emission computerized
tomography (SPECT/CT) is an emerging technique (6,7). CT
being part of the SPECT/CT allows attenuation correction
from the emission by extracardiac tissues and reduces false
positive rates (8,9,10). Both attenuation-corrected (AC)
and non-attenuation-corrected (NC) images are obtained
from SPECT/CT. MPS is currently interpreted as ischemia
positive or negative according to the presence of a reversible
perfusion defect. Alternatively, several scores obtained from
scintigraphy images depict ischemia severity or extent, such as
summed stress score (SSS), rest score (SRS), and differential
score (SDS); total perfusion deficit (TPD); and extent of the
defect (11,12,13). While scores are calculated using automatic
programs, each image requires comparison with its own
normal data; therefore, scores from AC and NC images
may differ. The question is that which score is valuable
or do the scores have advantages over each other? We
investigated patients who underwent MPS and subsequently
CA. We evaluated the mentioned perfusion scores obtained
from AC and NC images to identify these scores’ relation with
CA results and to determine the cut-off value for the most
relevant score.

Materials and Methods

Study Design
This study was designed as a retrospective study.

Study Population

Patients who underwent MPS between November 2017
and February 2020 at our institution were retrospectively
evaluated. Those without prior CAD history and underwent
CA recently (in >6 months) after MPS were included in
this study, which was approved ethically at our institution
(Dokuz Eyldl University Non-interventional Research Ethics
Committee protocol number: 5448-GOA, decision number:
01.06.2020, 2020/11-06).

Study Protocol

Patients underwent a 1-day rest/stress or 2-day stress/
rest MPS protocol. MPSs were performed using a SPECT/
CT scanner (GE Healthcare). Patients discontinued beta-
blockers and calcium channel blockers 48 h before the
study, and nitrate derivative drugs were stopped for 24 h.
Following a 6-h fasting period, MPS was performed. In the
1-day protocol rest, images were obtained 1 h after the
injection of 8 millicuries (mCi) technetium-99m methoxy-
isobutyl-isonitrile (Tc-99m-MIBI). Three hours after the
rest procedure, exercise stress tests were performed on a
treadmill following the BRUCE protocol. Those who could
not tolerate exercise stress test, pharmacological stress
test was applied with adenosine. The dobutamine stress
test was preferred if the patient had dyspnea and could
not tolerate the treadmill. Patients who reached 85% of
the target heartbeat [(220 - age in years) x 85%] were
included in the study. Stress images were obtained 30
min after 22 mCi of Tc-99m-MIBI was injected. On the
first day of the 2-day protocol, patients were imaged after
stress protocol with 22-mCi activity; then on another day,
rest procedures were done with 22 mCi of Tc-99m-MIBI.
Because both protocols have equal diagnostic value, their
MPS images were included in the study (8). Patients with
prior CAD history and inadequate stress test were excluded.
Consequently, 80 patients were included in the study.

Rest and stress images were processed and quantitatively
assessed using the Xeleris and Quantitative Perfusion
SPECT (QPS) program based on a 20-segment scoring
model. QPS gives scores automatically using a five-point
scoring system according to the radiopharmaceutical
uptake degree (0, normal; 1, mildly decreased; 2,
moderately decreased; 3, severely decreased; and 4,
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absence of segmental uptake) in both images. SSS, SRS,
SDS, TPD, and extent values from rest (TPDR, ExtentR) and
stress (TPDS, ExtentS) images are the scores automatically
derived from the images. SSS and SRS provide information
about hipoperfusion areas and the degree of perfusion
deficient of stress and rest images, respectively. SDS is
the difference between SSS and SRS. TPD represents the
extent and severity of the perfusion defect. The scores
obtained from NC (SSS, SRS, SDS, TPDR, TPDS, ExtentR,
ExtentS) and AC images (SSSac, SRSac, SDSac, TPDRac,
TPDSac, ExtentRac, ExtentSac) were recorded. In addition
to the quantitative analysis of MPS, patients” CA reports
were retrospectively evaluated. A significant CAD was
determined as =270% stenosis of at least one coronary
artery (left anterior descending artery, left circumflex
artery, and right coronary artery) or 250% narrowing in
the left main coronary artery (14).

Statistical Analysis

Statistical Package for the Social Sciences software version
24.0 for Windows was used to analyze the data. CA results;
SSS, SRS, SDS, TPDS, and TPDR; and ExtentS and ExtentR
scores from AC and NC images were evaluated using the
Mann-Whitney U test. A p value of <0.05 was considered
as significant. Receiver operating characteristic (ROC)
analyses were performed for the scores. An area under the
curve (AUC) of >0.5 was accepted as worthwhile. A cut-off
value was obtained from the score with the highest AUC.

Results

Fifty-one patients were female and 29 were male, with
mean age of 60.4+12.4 years (32-89 years). Among the 80
patients, 32 were CAD-positive, with mean scores detected
as SSS, 13.53 (3-43); SRS, 6.00 (0-36); SDS, 6.90 (0-29);
ExtentR, 10.18 (0-49); TPDR, 8.90 (1-44); ExtentS, 17.96 (3-
48); TPDS, 14.87 (4-41); SSSac, 13.62 (2-40); SRSac, 5.15
(0-29); SDSac, 8.15 (2-19); ExtentRac, 7.28 (0-37); TPDRac,
6.34 (0-33); ExtentSac, 18.12 (0-49); and TPDSac, 14.15
(0-38). The mean range of all scores derived from both
images was significantly higher in the CAD-positive group
than the CAD-negative group (p<0.05) except TPDRac
and ExtentRac. The results are demonstrated in Table 1.
ROC analyses demonstrated that, for AC and NC images,
both TPDS have the highest AUC value among the scores
(0.817 and 0.880, TPDSac and TPDS, respectively). Also,
AUC values of the scores from NC images were detected
at higher values than those from AC images. Among all
scores, TPDS derived from NC images was determined
as having the highest AUC value (AUC: 0.880) (Table 2).
According to the Youden index with 84.4% sensitivity and
75% specificity, the ROC curve analysis of TPDS derived
from NC images provided a 5.5 cut-off value in predicting
CAD (Figures 1, 2, 3).

Discussion

Our study results demonstrated the usefulness of the MPS
guantitative scores in detecting significant CAD. The scores

Table 1. Univariate analysis results of the scores using the Mann-Whitney U test

All patients’ mean (n=80) CA (-) mean (n=48) CA (+) mean (n=32) p value AUC
SSS 8.17 (0-43) 4.60 (0-19) 13.53 (343) 0.000 0.855
SRS 3.40 (0-36) 1.66 (0-11) 6.00 (0-36) 0.000 0.735
SDS 4.47 (0-29) 2.85 (0-10) 6.90 (0-29) 0.000 0.764
ExtentR 6.77 (0-49) 4.50 (0-27) 10.18 (0-49) 0.027 0.646
TPDR 6.07 (0-44) 4.18 (0-21) 8.90 (1-44) 0.004 0.691
ExtentS 10.16 (0-48) 4.95 (0-26) 17.96 (3-48) 0.000 0.873
TPDS 8.75 (0-41) 4.66 (0-21) 14.87 (4-41) 0.000 0.880
SSSac 8.81 (0-40) 5.60 (0-27) 13.62 (2-40) 0.000 0.788
SRSac 2.91 (0-29) 1.41(0-11) 5.15 (0-29) 0.001 0.715
SDS ac 5.72 (0-19) 4.10 (0-16) 8.15 (2-19) 0.000 0.741
ExtentRac 5.78 (0-37) 4.79 (0-34) 7.28 (0-37) 0.346 0.562
TPDRac 5.20 (0-33) 4.43 (0-26) 6.34 (0-33) 0.258 0.575
ExtentSac 10.76 (0-49) 5.85 (0-36) 18.12 (0-49) 0.000 0.816
TPDSac 8.67 (0-38) 5.02 (0-24) 14.15 (0-38) 0.000 0.817
AC: Attenuation-corrected, AUC: Area under curve, CA (-): Coronary angiography negative, CA (+): Coronary angiography positive, Cl: Confidence interval, ExtentR: Extent rest,
ExtentS: Extent stress, n: Number of patients, SDS: Summed differential score, SRS: Summed rest score, SSS: Summed stress score, TPDR: Total perfusion deficit rest, TPDS:
Total perfusion deficit stress
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Table 2. ROC analysis results of the scores

Score AUC P Sensitivity Specificity Cut-off
SSS 0.855 (0.775-0.935, 95% Cl) 0.000 90.6% 70.8% 4.5
SRS 0.735 (0.623-0.846, 95% Cl) 0.000 84.4% 58.3% 0.5
SDS 0.764 (0.656-0.871, 95% Cl) 0.000 59.4% 83.3% 4.5
ExtentR 0.646 (0.519-0.772, 95% Cl) 0.028 50% 77.1% 6.5
TPDR 0.691 (0.574-0.809, 95% Cl) 0.004 50% 81.3% 6.5
ExtentS 0.873 (0.798-0.948, 95% Cl) 0.000 90.6% 70.8% 55
TPDS 0.880 (0.807-0.952, 95% Cl) 0.000 84.4% 75% 55
SSSac 0.788 (0.691-0.886, 95% Cl) 0.000 71.9% 72.9% 7.5
SRSac 0.715 (0.598-0.832, 95% Cl) 0.001 75% 60.4% 0.5
SDS ac 0.741 (0.635-0.847, 95% Cl) 0.000 100% 41.7% 1.5
ExtentRac 0.562 (0.429-0.694, 95% Cl) 0.351 40.6% 77.1% 6.5
TPDRac 0.575 (0.445-0.704, 95% Cl) 0.261 21.9% 95.8% 11.5
ExtentSac 0.816 (0.723-0.910, 95% Cl) 0.000 81.3% 72.9% 55
TPDSac 0.817 (0.723-0.912, 95% Cl) 0.000 75% 79.2% 7.5

AC: Attenuation-corrected, AUC: Area under curve, Cl: Confidence interval, ExtentR: Extent rest, ExtentS: Extent stress, SDS: Summed differential score, SRS: Summed rest
score, SSS: Summed stress score, TPDR: Total perfusion deficit rest, TPDS: Total perfusion deficit stress

Figure 1. NC (a) and AC (b) MPS images of a 65-year-old male patient. The patient’s TPDS and TPDSac scores are 6% and 5%. The patient is CAD
positive according to NC images but negative in AC images. Angiography results demonstrated >70% narrowing in the LAD and RCA

LAD: Left anterior descending artery, RCA: Right coronary artery, NC: Non-attenuation-corrected, AC: Attenuation-corrected, MPS: Myocardial perfusion scintigraphy,
CAD: Coronary artery disease
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obtained from both images were evaluated with the CA
results. It was detected that the scores from NC images
have higher AUC values than those from the AC images.
Furthermore, while TPDS scores demonstrated the highest
significance in both images, TPDS from NC images has
the highest discriminative values to detect significant CAD
among the scores.

MPS is a diagnostic imaging method in which quantitative
data can be obtained using programs allowing image
comparison with normal data in memory using an
automatic scoring system. SSS, SRS, and SDS and TPD
scores are derived automatically from the segmentation
of perfusion maps. Various studies have been conducted
to obtain an MPS diagnostic value by comparing the
main scores obtained from the polar map with methods,
such as CA, fractional flow reserve, or CT angiography
(15,16,17,18).

One of the major deficiencies in planar images is
imaging artifacts, occurring due to patient motion,
photon attenuation (breast attenuation in women and
diaphragmatic attenuation in men), or extracardiac
activity in the region of interest. They could mimic true

abnormalities, and artifacts could be challenging while
interpreting the reports (19). The widespread SPECT/CT
use to prevent attenuation artifacts increased the use of
AC images in MPS interpretation (20,21). The evaluation
of AC images is similar to NC images, but the interpreting
physician should be familiar with the AC images (22).
Quantitative evaluation of the images plays an important
role in the interpretation. It is recommended to report
the defect’s extent and severity. The scores obtained
from both images could be different from each other.
Therefore, knowing the difference between the scores
is important to predict CAD using quantitative analyses.
There are studies with different results in this regard
(23,24,25,26). In a study, which evaluated the scores from
both images (17), ROC analysis results were similar to
our study. For SSS, SDS, and TPDS from NC images, AUC
values were minimally higher than the scores obtained
from AC images. Similarly, TPDS from NC images (AUC:
0.87) has the highest AUC to detect significant CAD. Xu
et al. (21) reported similar AUC (0.87) values in their
study for TPD from both images. On the other hand, a
study compared automatic and visual evaluation of MPS.

Figure 2. NC (a) and AC (b) MPS images of a 54-year-old male patient. TPDS and TPDSac scores were 3% and 10%. The patient is CAD negative
according to NC images but positive in AC images. Angiography results were found to be normal
NC: Non-attenuation-corrected, AC: Attenuation-corrected, MPS: Myocardial perfusion scintigraphy, TPDS: Total perfusion deficit stress, CAD: Coronary artery disease
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Figure 3. ROC curves of the scores: SSS, SDS, and SRS (a); TPDS, TPDR, ExtentS, and ExtentR (b); and all scores in one curve (c). Both scores obtained
from AC and NC images were demonstrated

ROC: Receiver operating characteristic, SDS: Summed differential score, SRS: Summed rest score, SSS: Summed stress score, TPDS: Total perfusion deficit stress, TPDR:
Total perfusion deficit rest, NC: Non-attenuation-corrected, AC: Attenuation-corrected
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Arsanjani et al. (26) demonstrated a higher AUC value
for TPD score from AC images in detecting significant
CAD from our results (AUC: 0.92 with 84% sensitivity
and 88% specificity) and detected AUC of 0.91 for TPD
score from NC images with 83% sensitivity and a higher
specificity than our results (81% vs. 75%). Unlike our
study, they suggest scores from AC images were found to
have more diagnostic power than those from NC images.
Also, none of these studies mentioned of determining a
cut-off value for TPD.

A study evaluated coronary vessels separately, with cut-off
values determined as 8.5, 4.5, and 3.5 for TPD stress, rest,
and difference, respectively (15). Another study determined
cut-off values as =5.5 (SSS), =2.5 (SDS), and =9.5 (TPDS)
to predict significant CAD (16). The AUC sensitivity and
specificity values calculated for the TPD scores of our study
were found to be higher than those in these studies. This
difference is thought to be due to the results, which can
be changed according to the processes or artifacts like
motion.

There are studies related to SSS and SDS (21,27,28). Some
studies suggest that SDS above 1 is an evaluable finding
favoring ischemia, and some suggest a cut-off value
=2 for SDS to determine CAD (21,27). Also, it has been
reported that SSS above 4 increases the risk of cardiac
events (28). However, the reproducibility of differential
scores is accepted to be lower. SSS >4 was demonstrated
to significant CAD with 86% sensitivity and 82% specificity,
similar to our results (90.6% sensitivity, 70.8% specificity,
SSS cut-off value of 4.5) (29).

The use of TPD value provides a quantitative evaluation
and contributes to the visual evaluation, increasing
reproducibility and reducing interobserver variability (30).
TPD with =5% threshold was accepted for patients to
undergo coronary intervention in the COURAGE study
(31). However, there are studies suggesting a slightly
higher TPD threshold (>7%) in MPS to detect significant
ischemia. Our study demonstrates that the majority of true
positive patients in MPS (84.4%) had a TPD score from NC
images =5.5. These findings suggested that, if TPDS score
in patients referred for MPS is >5, CA results are high,
probably positive in terms of severe CAD in at least one
coronary artery.

Using CT, a patient’s low-dose extra radiation exposure
could be seen as a minimal disadvantage of AC images
(32). Nevertheless, studies have reported that AC image
addition to the NC data improves significant CAD
diagnosis. In visual evaluation, both images together
provide better results than NC images only (AUC: 0.90 vs.
0.87) in determining CAD (26). Particularly, AC images are

known to be successful in the correction of artifacts from
attenuation (33). Superior advantages can be obtained in
the visual evaluation by providing attenuation evaluation
with SPECT/CT imaging. However, this is not the case in
quantitative evaluation. Conversely, in our study, the scores
from images without any AC have more power to detect
CAD, which may be due to the compared databases or
manual processes needed from attenuation images. These
processes could reduce reproducibility.

Study Limitations

The retrospective design and limited number of patients
are the study’s main limitation.

Conclusion

Considering TPDS before CA may help select patients who
need CA primarily. Patients with no prior CAD history with
TPDS score >5 in MPS should be primarily advised for CA.
Although the MPS evaluation from AC images has become
widespread recently, according to this study’s quantitative
evaluation results, the scores obtained from non-corrected
images have more power to detect CAD than the scores
obtained from AC images.
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