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Abstract. – OBJECTIVE: The primary aim of 
the present study was to determine the success 
of single-photon emission computed tomogra-
phy myocardial perfusion imaging (SPECT-MPI) 
in detecting critical coronary artery disease 
(CAD) as identified by invasive coronary angi-
ography (ICA), as well as to compare the posi-
tive predictive values (PPV) of different stress 
methods. Our secondary aim was to investigate 
demographic, laboratory, electrocardiographic, 
and echocardiographic variables that could pre-
dict true positive results.

PATIENTS AND METHODS: The study was 
conducted with 317 consecutive patients. Exer-
cise, dipyridamole, adenosine, or dobutamine 
were used as stress methods. According to the 
results of ICA, patients with and without criti-
cal CAD were divided into two groups and com-
pared statistically. The independent predictors 
of true positive results of positive SPECT-MPI 
were determined using univariate and multivari-
ate logistic regression analysis (MLRA).

RESULTS: Among the patients, 129 (40.7%) 
were found to have critical CAD (+) and 188 
(50.3%) critical CAD (-). The PPVs of different 
stress methods were similar. Age, diabetes, and 
monocyte to HDL ratio (MHR) were found to be 
independent predictors of critical CAD in MLRA 
(p<0.005, p=0.002, and p<0.005, respectively). 

ROC curve analysis revealed 81.4% sensitivity 
and 47.3% specificity (AUC: 0.683) at a cut-off of 
57 for age and 72.1% sensitivity and 54.3% speci-
ficity (AUC: 0.649) for MHR at a cut-off of 9.7.

CONCLUSIONS: The true positivity rate of 
SPECT-MPI is low. Moreover, this rate is much 
lower for women. The PPVs of different stress 
methods are similar. Age, presence of diabetes, 
and MHR ratio are independent predictors for 
true positive results of SPECT-MPI.
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Abbreviations
CAD: Coronary artery disease; f-QRS-T: frontal plane 
QRS-T angle; ICA: Invasive coronary angiography; IV: 
Intravenous; MPI: Myocardial perfusion imaging; MHR: 
Monocyte to high-density lipoprotein cholesterol; N/L: 
Neutrophil/lymphocyte; PPV: Positive predictive value; 
P/L: Platelet/lymphocyte; ROC: Receiver operating char-
acteristic; SII: Systemic immune inflammation index; 
SPECT: Single-photon emission computed tomography.

Introduction

Coronary artery disease (CAD) continues to be 
the leading cause of death worldwide1. Therefore, 
accurate and safe diagnosis of CAD is of utmost im-
portance. Cardiac imaging serves as a fundamental 
basis for medical decision-making in patients with 
known or suspected heart disease. While invasive 
coronary angiography (ICA) is considered the 
gold standard for CAD diagnosis, non-invasive 
tests are preferred as initial assessments.

Myocardial perfusion imaging (MPI) perfor-
med with single-photon emission computed tomo-
graphy (SPECT) is one of the most commonly used 
stress tests in CAD diagnosis2. Previous studies3,4 
have demonstrated that exercise and pharmaco-
logical stress SPECT-MPI have sensitivities of 
87-88% and specificities of 73-75% in diagnosing 
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critical CAD (stenosis >50%) as detected by ICA. 
In certain cases (such as breast and diaphragm 
attenuation and left ventricular hypertrophy), the 
limited spatial resolution of SPECT-MPI leads to 
its high false positivity rates5-7.

Studies investigating the true positivity rates 
of positive MPI and the superiority of different 
stress methods over each other are limited. The 
primary aim of our current study was to determi-
ne the success of SPECT-MPI in detecting critical 
CAD as identified by ICA and also to compare the 
positive predictive values (PPV) of different stress 
methods. Our secondary aim was to investiga-
te demographic, laboratory, electrocardiographic, 
and echocardiographic parameters that could pre-
dict true positive results in patients who underwent 
ICA based on a positive SPECT-MPI result.

Patients And Methods

Study Population
Our study is designed as a prospective 

cross-sectional study. The study was approved 
by the local ethics committee. Inclusion criteria 
were patients preliminary diagnosed with chronic 
coronary syndrome who were scheduled for ICA 
based on positive SPECT-MPI results, and aged 18 

or older. Exclusion criteria were previous bypass 
surgery, acute coronary syndrome patients, those 
with infections or inflammatory diseases, those 
with a history of malignancy, recent surgical or 
traumatic history, patients who had used steroids 
within the past three months, patients with white 
blood cell count (WBC) >12,000 or <4,000, and 
those who refused to provide consent. Between 
January 2023 and August 2023, a total of 385 
consecutive patients who met the inclusion iden-
tified; 23 of these patients declined to participa-
te in the study. Written informed consent was 
obtained from the remaining 362 patients and 
included in the study. 26 patients were excluded as 
pre-procedure electrocardiography and/or echo-
cardiography could not be performed. Another 19 
patients were excluded due to last-minute cancel-
lations of ICA procedures. Ultimately, 317 patients 
were included in the statistical analysis (Figure 1).

Myocardial Perfusion Imaging
Patients underwent SPECT-MPI at the Nu-

clear Medicine Department of Bursa Yüksek 
İhtisas Training and Research Hospital (C.CAM 
Imaging System, Siemens Medical Solutions 
USA Inc, Hoffman, Estates, IL, USA). Exer-
cise, dipyridamole, adenosine, or dobutamine 
were used as stress methods. Technetium-99m 

Figure 1. Study flowchart.
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methoxyisobutyl isonitrile (Tc-99m MIBI) was 
used as the radiopharmaceutical in all proce-
dures. 0.31 mCi/kg Tc-99m MIBI was used for 
MPI. Axial, sagittal, and coronal SPECT images 
were obtained from patients during stress and at 
rest. Rest imaging was performed 24 hours after 
stress imaging with the same dose of Tc-99m 
MIBI. SPECT-MPI results were reported by 
two experienced nuclear medicine specialists, 
blinded to the patient’s data, using the standard 
17-segment model. Positive MPI was defined 
in the MPI report as the presence of inducible 
ischemia.

For exercise stress imaging, the Bruce protocol 
was used. When patients reached at least 85% of 
the target heart rate, stress-gated SPECT imaging 
was performed at the 20th minute after intrave-
nous (IV) injection of Tc-99m MIBI.

For dipyridamole stress imaging, stress-gated 
SPECT imaging was performed at the 20th minute 
after the application of 0.56 mg/kg IV dipyrida-
mole, followed by Tc-99m MIBI.

For adenosine stress imaging, Tc-99m MIBI 
injection was made at the 3rd minute during a 
continuous infusion of 140 mg/kg/min adenosine 
for 6 minutes, followed by stress-gated SPECT 
imaging 20 minutes later. 

For dobutamine SPECT MPI, dobutamine was 
initially administered IV at a rate of 10 µg/kg/
min, increased by 10 µg/kg/min every 3 minutes 
up to a maximum of 40 µg/kg/min, and Tc-99m 
MIBI was injected at the final stage. Stress-gated 
SPECT images were taken 20 minutes later. 

Laboratory Analysis
Fasting blood tests of all patients were performed 

before the angiography procedure. Patients’ blood 
test results were recorded. Neutrophil/lymphocyte 
(N/L) ratio, platelet/lymphocyte (P/L) ratio, syste-
mic immune inflammation index (SII=neutrophil/
lymphocyte*platelet), and monocyte/high-density 
lipoprotein ratios (MHR=monocyte/HDL*1000) 
were calculated from the patients’ blood test results.

Electrocardiography
12-lead electrocardiograms (ECGs) of pa-

tients were taken at a speed of 25 mm/se-
cond before the ICA procedure (MAC 2000, 
GE Medical System Information Technolo-
gies, Milwaukee, WI, USA). The frontal plane 
QRS-T (f-QRS-T) angle was calculated from 
the difference between the QRS and T angles 
automatically provided by the device, the QTc 
distance was recorded. The Tp-e interval was 

measured manually, and the Tp-e/QT and Tp-e/
QTc ratios were calculated and recorded.

Echocardiography
All patients underwent two-dimensional (2D) 

transthoracic echocardiography (TTE) before the 
coronary angiography procedure. Echocardio-
graphy was performed by a single echocardio-
graphy expert blinded to the patient’s data. The 
Vivid E95 platform with a 3.5 MHz transducer 
(GE Vingmed Ultrasound AS, Horten, Norway) 
was used for the procedure. Echocardiographic 
parameters were assessed according to the recom-
mendations of the American Society of Echocar-
diography (ASE) guidelines8.

Invasive Coronary Angiography
317 patients included in the statistical analy-

sis underwent ICA (Siemens Axiom Artis zee, 
München, Germany), within two weeks after 
SPECT-MPI. The results of the ICA were repor-
ted by two experienced interventional cardiologi-
sts unaware of the patients’ clinical characteristi-
cs. Stenoses of 50% and above for the left main 
coronary artery and 70% and above for other 
major coronaries were considered critical. Syntax 
scores were obtained using an online calculator 
(www.syntaxscore.com, version 2.1). 

Statistical Analysis
All statistical analyses were performed using 

MedCalc 20.0.4 software (MedCalc Software 
Ltd, Ostend, Belgium). Continuous variables 
with normal distribution were expressed as me-
an ± standard deviation, continuous variables 
with non-normal distribution were expressed 
as median (25th-75th percentile), and categorical 
variables were expressed as count and percen-
tages (n, %). Critical CAD (+) and (-) groups 
based on ICA results were compared using 
the Independent Samples t-test for continuo-
us variables with normal distribution and the 
Mann-Whitney U test for continuous variables 
with non-normal distribution. The Chi-square 
test was used for comparing categorical va-
riables. Variables that were statistically signi-
ficant in the difference tests were subjected to 
univariate and multivariate logistic regression 
analyses to identify independent variables that 
could predict true positivity. Subsequently, ap-
propriate sensitivity and specificity ratios for 
these independent variables were determined 
using ROC curve analysis. A two-tailed p<0.05 
was considered statistically significant.
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Results
 
The mean age of the 317 patients included in 

the study was 61.22±10.64 (range: 30-89) years. 
Of these patients, 238 (75.1%) were male and 79 
(24.9%) were female. Stress SPECT-MPI was 
performed using exercise in 26 (8.2%) patients, 
dipyridamole in 37 (11.7%) patients, adenosine 
in 116 (36.6%) patients, and dobutamine in 138 
(43.5%) patients. Among the entire study popu-
lation, 129 (40.7%) were found to have critical 
stenosis, while 188 (50.3%) did not exhibit cri-
tical CAD. When comparing the different stress 
methods, the PPVs were as follows: exercise: 
57.7%, dipyridamole: 32.4%, adenosine: 37.1%, 
and dobutamine: 42.8%, with no statistically si-
gnificant difference between them (p=0.169). 
Among male patients, 107 (45%) were diagnosed 
with critical CAD, whereas among female patien-
ts, 22 (27.8%) had critical CAD, demonstrating a 
statistically significant difference between these 
proportions (p=0.007). Electrocardiography of 
58 (18.3%) patients showed left bundle branch 
block, right bundle branch block or left anterior 
hemiblock. Critical CAD rates were similar when 
comparing the group with and without bundle 
branch block (p=0.859). The results remained si-
milar when comparing the group of patients with 

only left bundle branch block 15 (4.7%) to the 
group without this condition (p=0.552).

Comparison of demographic data between 
patients with and without critical CAD revealed 
that mean age, male gender, hypertension, and 
diabetes rates were statistically higher in the 
critical CAD group (p<0.005, p=0.007, p<0.005, 
and p<0.005, respectively).

Comparison of electrocardiographic data 
among patients revealed that the f QRS-T angle 
(except for patients with unifascicular and bi-
fascicular bundle branch blocks), QTc interval, 
and pathological Q wave ratio were statistically 
higher in the critical CAD group (p=0.007, 0.018, 
and 0.007, respectively). Among the echocar-
diographic variables, the ejection fraction (EF) 
was lower, and the left ventricular hypertrophy 
(LVH) rate was higher in the critical CAD group 
(p=0.019 and p<0.005, respectively) (Table I).

When comparing laboratory results, the criti-
cal CAD (+) group had statistically lower levels 
of eGFR, sodium, aspartate aminotransferase 
(AST), total cholesterol (TC), and low-density 
lipoprotein (LDL) (p<0.005, p=0.013, p=0.028, 
p=0.040, and p=0.018, respectively). White blo-
od cell counts, neutrophil and monocyte coun-
ts, N/L ratio, SII levels, and MHR ratio were 
statistically higher in the critical CAD group 

Table I. Comparison of demographic, electrocardiographic and echocardiographic variables of CAD.

	 Critical CAD (+)	 Critical CAD (-) 
Variables	 Group n=129 	 Group n=188	 p-value

Age, mean±SD	 65.34±8.61	 58.39±10.99	 <0.005
Male ratio, n (%)	 107 (82.9)	 131 (69.7)	 0.007
Active smoking, n (%)	 44 (34.1)	 71 (37.8)	 0.515
BMI, median (25th-75th)	 28.68 (26.75-32.04)	 29.40 (26.66-31.69)	 0.712
Hypertension, n (%)	 94 (72.9)	 90 (47.9)	 <0.005
Diabetes, n (%)	 63 (48.8)	 48 (25.5)	 <0.005
QRS-T angle, median(25th-75th)	 38.14 (15-59.50), n=106	 26 (12-42), n=153	 0.007
QT interval, ms, mean±SD	 385.89±30.51	 381.70±28.82	 0.215
QTc interval, ms, mean±SD	 428.70±26.54	 421.37±27.08	 0.018
Tp-e interval, ms, median (25th-75th)	 80 (70-90)	 80 (70-90)	 0.763
Tp-e/QT ratio, median (25th-75th)	 0.20 (0.18-0.22)	 0.20 (0.18-0.23)	 0.486
Tp-e/QTc ratio, median (25th-75th)	 0.18 (0.16-0.20)	 0.19 (0.16-0.21)	 0.313
ST elevation, n (%)	 9 (7)	 14 (7.4)	 0.883
Pathological Q wave, n (%)	 10 (7.8)	 3 (1.6)	 0.007
ST depression, n (%)	 16 (12.4)	 13 (6.9)	 0.096
T negativity, n (%)	 8 (6.2)	 11 (5.9)	 0.916
MPI ischemia ratio, % median (25th-75th)	 12 (10-16)	 12 (10-14)	 0.916
MPI EF, %, median (25th-75th)	 52.50 (43-60)	 55 (49-60)	 0.184
ECHO EF, %, median (25th-75th)	 60 (50-63.5)	 60 (56.5-64.75)	 0.019
LVH, n (%)	 73 (56.6)	 62 (33)	 <0.005

(+) and (-) groups. BMI: body mass index, CAD: coronary artery disease, MPI: myocardial perfusion imaging, ECHO: 
echocardiograhy, LVH: left ventricle hypertrophy.
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(p=0.001, p<0.005, p<0.005, p<0.005, p=0.008, 
and p<0.005, respectively) (Table II).

Univariate logistic regression and then multiva-
riate logistic regression analyses were performed for 
the variables that showed a significant difference in 
the comparison of the groups with critical CAD (+) 
and (-). Age, diabetes, and MHR were found to be 
independent predictors of critical CAD (Table III).

ROC curve analysis revealed 81.4% sensitivity 
and 47.3% specificity (AUC: 0.683 (CI: 0.629-0.734, 
p<0.0001) for critical CAD detection at the cut-off 
of 57 for age. With a cut-off of 9.6 for MHR, 72.1% 
sensitivity and 54.3% specificity were detected 
(AUC: 0.649, CI: 0.594-0.701, p<0.0001) (Figure 2).

Discussion

Among the preliminary diagnosed patients wi-
th chronic coronary syndrome who underwent 
ICA based on positive SPECT-MPI results, true 
positivity (critical CAD ratio=PPV) was detected 

in only 40.7% of cases. It was concluded that the 
different stress methods used for SPECT-MPI did 
not affect PPV in these patients. Age, diabetes, 
and MHR were identified as independent predi-
ctors for predicting critical CAD. Additionally, it 
was found that SPECT MPI had a higher PPV in 
males. To the best of our knowledge, our study is 
the first to evaluate the relationship between true 
positive results of SPECT-MPI and f QRS-T angle, 
N/L ratio, SII, and MHR ratios in the literature.

In a study conducted by McGee et al9, criti-
cal CAD was detected in 54% of patients who 
underwent ICA based on positive SPECT-MPI 
results. In this study, critical CAD was found in 
66% of males and 29% of females. Similarly, in 
another study10, both SPECT and CAD were po-
sitive in 67% of males and 33% of females, which 
is quite similar to our results, especially in terms 
of the low PPV in females (40.7% in all patients, 
45% in males, and 27.8% in females in the current 
study). In a meta-analysis conducted by Iskandar 
and colleagues, it was concluded that gender did 

Table II. Comparison of blood test results of critical CAD (+) and critical CAD (-) groups.

	 Critical CAD (+)	 Critical CAD (-) 
Variables	 Group n=129 	 Group n=188	 p-value

CrCl† mL/min, median (25th-75th)	 80.44 (61.13-94.54)	 92.71 (77.79-101.94)	 <0.005
Sodium, mmol/L, median (25th-75th)	 138 (137-139)	 139 (137-140)	 0.013
Potassium, mmol/L, median (25th-75th)	 4.3 (4.1-4.7)	 4.2 (4-4.5)	 0.107
AST, IU/L, median (25th-75th)	 17 (14-21)	 18 (16-23)	 0.028
ALT, IU/L, median (25th-75th)	 18 (14-22)	 18 (13-24)	 0.223
Total Cholesterol, mg/dL, mean±SD	 181.85±44.28	 191.78±40.60	 0.040
LDL cholesterol,mg/dL mean±SD	 102.65±38.20	 112.68±35.87	 0.018
HDL cholessterol, mg/dL, mean±SD	 45.42±11.47	 47.99±11.54	 0.052
Triglyceride, mg/dL, median (25th-75th)	 150 (115-216.5)	 141.50 (104.25-206)	 0.117
Hemoglobin, g/dL; mean±SD	 13.70±1.89	 13.81±1.68	 0.6
White blood cell, × 103/µL, mean±SD	 8.36±2.4	 7.47±2.18	 0.001
Neutrophils × 103/µL, mean±SD	 5.18±1.91	 4.44±1.71	 <0.005
Lymphocytes × 103/µL, mean±SD	 2.39±0.91	 2.34±1.42	 0.889
Platelet, ×103/µL, mean±SD	 265.64±94.25	 261.34±70.74	 0.620
Monocyte, ×103/µL, median (25th-75th)	 0.55 (0.43-0.64)	 0.46 (0.37-0.54)	 <0.005
Eosinofyl, ×103/µL median (25th-75th)	 0.20 (0.12-0.28)	 0.18 (0.11-0.26)	 0.204
Basofil, ×103/µL median (25th-75th)	 0.03 (0.02-0.04)	 0.03 (0.02-0.05)	 0.751
RDW, % median (25th-75th)	 13.9 (13.2-14.8)	 13.6 (13.1-14.6)	 0.086
MPV, fL, mean±SD	 10.59±1.32	 11.12±5.83	 0.310
PDW, % median (25th-75th)	 16.20(16-16.4)	 16.20 (15.9-16.4)	 0.501
Platecrit, % median (25th-75th)	 0.26 (0.22-0.31)	 0.27 (0.23-0.31)	 0.362
N/L ratio median (25th-75th)	 2.2 (1.76-2.91)	 1.89 (1.39-2.42)	 <0.005
P/L ratio median (25th-75th)	 112.78 (89.12-146.48)	 114.31 (89.50-151.39)	 0.823
SII median (25th-75th)	 554.32 (380.31-778.92)	 479.31 (331.88-663.19)	 0.008
MHR, median (25th-75th)	 12.06 (9.24-16.23)	 9.37 (7.76-13.12)	 <0.005
TSH mIU/L, median  (25th-75th)	 1.2 (0.75-1.81)	 1.32 (0.86-1.95)	 0.363

ALT: alanine aminotransferase, AST: aspartate aminotransferase, CrCl: creatinine clearance, HDL: high-density lipoprotein, LDL: 
low-density lipoprotein, MHR: monocytes to HDL ratio, MPV: mean platelet volume, N/L: neutrophil to lymphocyte, PDW: 
platelet distribution width, P/L: platelet to lymphocyte,  RDW: red cell distribution width, SD: standard deviation, SII:  systemic 
immune-inflammation index, TSH: thyroid-stimulating hormone; †Calculated with modification of diet in renal disease study.
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not affect the accuracy of SPECT-MPI when ste-
nosis degree >50% was considered11. However, in 
our study, the true positive rate of SPECT-MPI 
was statistically higher in males compared to 
females (p=0.007). When analyzing the stenosis 
rate as >50%, critical CAD was detected in 49.2% 
of males and 32.9% of females, showing a statisti-
cally significant difference (p=0.012). Population 
differences in the current study, especially the 
relatively low ratio of women and the number of 
subjects may have caused different results from 
this study. According to all these results, the posi-
tive predictive value of SPECT-MPI is quite low. 
Therefore, it can be inferred that SPECT-MPI 
may inappropriately increase the need for ICA, 
which carries certain risks.

It is known that patients with obstructive CAD 
are older and have higher rates of diabetes12-14. It was 
not surprising that in the current study, traditional 
risk factors such as age and diabetes were found to 
be independent predictors of true positive results. 

In recent studies15, MHR has emerged as 
a new and widely usable cardiovascular pro-
gnostic biomarker that is strongly associated 
with inflammation and oxidative stress. Mo-
nocytes play a significant role in the release of 
pro-inflammatory and pro-oxidative cytokines 
in the inflammatory area16. Inflammation and 
lipid accumulation are two fundamental featu-
res of atherosclerosis17. Dyslipidemia, especially 
elevated TC, triglycerides, LDL, and low HDL 
levels, are well-known risk factors for cardiova-
scular diseases18. Low HDL is associated with 

increased inflammation levels19,20. In our study, 
consistent with the literature, the MHR ratio was 
identified as an independent predictor for true 
positive results of SPECT-MPI. The threshold of 
9.6 had a sensitivity of 72.1% and a specificity of 
54.3% for true positive results.

A previous study21 concluded that fragmented 
QRS could predict positive results of SPECT-
MPI. In another study22, Tp-e interval, Tp-e/QTc 
ratio, and f(QRS-T) were shown to be associated 
with high syntax scores in stable CAD patients. 
In our study, these variables were found to be 

Table III. Logistic regression analysis for identifying predictors of critical CAD.

	 Univariate Analysis		  Multivariate Analysis    
                          
Variables	 OR	 95% CI	 p-value	 OR	 95 % CI	 p-value

Age	 1.073	 1.046-1.100	 <0.005	 1.095	 1.050-1.143	 <0.005
Male ratio	 2.116	 1.216-3.684	 0.008	 2.666	 0.995-5.160	 0.051
Diabetes	 2.784	 1.730-4.482	 <0.005	 0.351	 0.183-0.673	 0.002
Hypertension	 2.924	 1.806-4.736	 <0.005	 0.516	 0.255-1.043	 0.065
QTc interval	 1.010	 1.002-1.019	 0.019	 1.013	 0.999-1.027	 0.066
QRS-T angle	 1.012	 1.004-1.020	 0.004	 1.006	 0.996-1.016	 0.232
Pathological Q wave	 0.191	 0.051-0.712	 0.014	 0.200	 0.036-1.016	 0.200
LVH	 0.377	 0.238-0.599	 <0.005	 0.702	 0.368-1.338	 0.282
CrCl	 0.993	 0.962-0.985	 <0.005	 1.006	 0.986-1.027	 0.543
LDL cholesterol	 0.993	 0.986-0.999	 0.019	 0.995	 0.986-1.003	 0.205
N/L ratio	 1.169	 0.967-1.414	 0.107			 
MHR	 1.118	 1.064-1.174	 <0.005	 1.159	 1.074-1.250	 <0.005
SII	 0.487	 1.000-1.001	 0.062			 

CAD: coronary artery disease, CI: confidence interval, CrCL: creatinine Clearance, LDL: low-density lipoprotein, LVH: left 
ventricle hypertrophy, MHR: monocytes to HDL cholesterol ratio, N/L: neutrophil to lymphocyte, SII:  systemic immune-
inflammation index, OR: odds ratio. 

Figure 2. ROC curve analyzes of age and monocyte to 
HDL cholesterol (MHR)  ratio.
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significantly higher in the critical CAD (+) group. 
However, none of the electrocardiographic va-
riables were found to be independent predictors 
in multivariate logistic regression analysis. 

In recent times, the developed cadmium zinc tel-
luride camera technology has been proven to have 
high sensitivity and accuracy in detecting critical 
CAD, reducing radiation exposure and imaging 
time, thus enhancing patient comfort23. Furthermo-
re, quantitative assessment has been shown to im-
prove the repeatability and diagnostic accuracy of 
MPI24,25. Positron emission tomography (PET) MPI 
is superior to SPECT-MPI in terms of higher spatial 
resolution and the ability to correct for attenuation. 
It is also highly useful due to its capability to me-
asure myocardial blood flow and flow reserve26. A 
multicenter study27 demonstrated that comprehensi-
ve coronary CT angiography (CCTA) is superior to 
SPECT-MPI in functionally detecting critical CAD.

Considering the results of all the aforementioned 
studies and the current study, it becomes evident that 
SPECT-MPI leads to a high rate of false positives in 
CAD diagnosis. If feasible, the use of new MPI tech-
nologies or more accurate tests such as PET-MPI and 
CCTA could provide more accurate results in CAD 
diagnosis and enhance patient comfort.

Limitations of the Study
Angiographic stenosis is no longer considered 

the gold standard for hemodynamically signifi-
cant CAD. Nowadays, methods such as fractio-
nal flow reserve, instantaneous wave-free ratio, 
microvascular resistance, and intravascular ul-
trasound have emerged as primary options for 
assessing hemodynamically significant CAD, as 
recommended by chronic coronary syndrome 
guidelines. The limitation of our study lies in not 
being able to employ one of these methods and 
relying solely on coronary angiography (ICA) 
images to detect critical CAD. Additionally, our 
study focused on investigating true positive rates 
and did not provide interpretations for sensitivity 
and specificity. Moreover, in the literature, >50% 
stenosis rates have been considered critical CAD. 

Conclusions

The true positivity rate of SPECT-MPI is low. 
Moreover, this rate is much lower for women. The 
PPVs of different stress methods such as exercise, 
dipyridamole, adenosine, or dobutamine are simi-
lar. Age, presence of diabetes, and MHR ratio are 
independent predictors for true positive results of 

SPECT-MPI. Hence, these variables may be con-
sidered when making decisions regarding ICA for 
patients. Improved clinical assessment and better 
non-invasive tests are needed for a more accurate 
diagnosis of CAD. Further research is required to 
support and corroborate these findings.

ORCID ID
Fatih Koca: 0000-0002-6824-1017
Gökhan Özmen: 0000-0002-3679-344X.

Acknowledgments
We would like to thank the daily angiography staff of our 
hospital, who made great contributions to our study.

Informed Consent
Informed consent was obtained from all subjects involved 
in the study.

Ethics Approval
The study protocol was approved by the Local Clinical Re-
search Ethics Committee, Bursa, Sağlık Bilimleri Ünivers-
itesi Bursa Yüksek İhtisas Eğitim ve Araştırma Hastanesi 
Klinik Araştırmalar Etik Kurulu with Ethics Approval ac-
ceptance number 2011-KAEK-25 2023. The study confor-
ms to the principles outlined in the Declaration of Helsinki.

Conflicts of Interest
The authors declare no conflict of interest.

Data Availability
The datasets generated during and/or analyzed during the 
current study are available from the corresponding author 
upon reasonable request.

Funding
This research received no external funding.

Authors’ Contributions
Conceptualization, FK; methodology, FK, GÖ; software, FK; 
validation, GÖ; formal analysis, FK, GÖ; investigation, FK; 
data curation, FK; GÖ; writing-original draft preparation, 
FK, GÖ; writing-review and editing, FK, GÖ; visualization, 
FK, GÖ; supervision, GÖ; project administration, FK.

References

  1)	 Benjamin EJ, Virani SS, Callaway CW, Chamber-
lain AM, Chang AR, Cheng S, Chiuve SE, Cush-
man M, Delling FN, Deo R, de Ferranti SD, Fer-
guson JF, Fornage M, Gillespie C, Isasi CR, 
Jiménez MC, Jordan LC, Judd SE, Lackland D, 



Myocardial perfusion imaging and true positivity

1819

Lichtman JH, Lisabeth L, Liu S, Longenecker CT, 
Lutsey PL, Mackey JS, Matchar DB, Matsushi-
ta K, Mussolino ME, Nasir K, O’Flaherty M, Pal-
aniappan LP, Pandey A, Pandey DK, Reeves MJ, 
Ritchey MD, Rodriguez CJ, Roth GA, Rosamond 
WD, Sampson UKA, Satou GM, Shah SH, Sparta-
no NL, Tirschwell DL, Tsao CW, Voeks JH, Willey 
JZ, Wilkins JT, Wu JH, Alger HM, Wong SS, Munt-
ner P. Heart Disease and Stroke Statistics-2018 
Update: A Report From the American Heart Asso-
ciation. Circulation 2018; 137: e67-e492. 

  2)	 Iskandrian AE, Garcia EV. Nuclear cardiac im-
aging: principles and applications. Oxford Uni-
versity Press, 2008.

  3)	 Klocke FJ, Baird MG, Lorell BH, Bateman TM, Mess-
er JV, Berman DS, O’Gara PT, Carabello BA, Russell 
RO, Jr., Cerqueira MD, St John Sutton MG, DeMaria 
AN, Udelson JE, Kennedy JW, Verani MS, Williams 
KA, Antman EM, Smith SC, Jr., Alpert JS, Gregora-
tos G, Anderson JL, Hiratzka LF, Faxon DP, Hunt SA, 
Fuster V, Jacobs AK, Gibbons RJ, Russell RO. ACC/
AHA/ASNC guidelines for the clinical use of cardiac 
radionuclide imaging--executive summary: a report of 
the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (ACC/
AHA/ASNC Committee to Revise the 1995 Guide-
lines for the Clinical Use of Cardiac Radionuclide Im-
aging). J Am Coll Cardiol 2003; 42: 1318-1333.

  4)	 Underwood SR, Anagnostopoulos C, Cerqueira M, 
Ell PJ, Flint EJ, Harbinson M, Kelion AD, Al-Mo-
hammad A, Prvulovich EM, Shaw LJ, Tweddel AC. 
Myocardial perfusion scintigraphy: the evidence. 
Eur J Nucl Med Mol Imaging 2004; 31: 261-291. 

  5)	 Achenbach S, Friedrich MG, Nagel E, Kramer CM, 
Kaufmann PA, Farkhooy A, Dilsizian V, Flachs-
kampf FA. CV imaging: what was new in 2012? 
JACC Cardiovasc Imaging 2013; 6: 714-734.

  6)	 Parker MW, Iskandar A, Limone B, Perugini A, 
Kim H, Jones C, Calamari B, Coleman CI, Hell-
er GV. Diagnostic accuracy of cardiac positron 
emission tomography versus single photon emis-
sion computed tomography for coronary artery 
disease: a bivariate meta-analysis. Circ Cardio-
vasc Imaging 2012; 5: 700-707. 

  7)	 Zimarino M, Marano R, Radico F, Curione D, De 
Caterina R. Coronary computed tomography an-
giography, ECG stress test and nuclear imaging 
as sources of false-positive results in the detec-
tion of coronary artery disease. J Cardiovasc Med 
(Hagerstown) 2018; 19 Suppl 1: e133-e138.

  8)	 Rudski LG, Lai WW, Afilalo J, Hua L, Handschum-
acher MD, Chandrasekaran K, Solomon SD, Lou-
ie EK, Schiller NB. Guidelines for the echocardio-
graphic assessment of the right heart in adults: a 
report from the American Society of Echocardi-
ography endorsed by the European Association 
of Echocardiography, a registered branch of the 
European Society of Cardiology, and the Canadi-
an Society of Echocardiography. J Am Soc Echo-
cardiogr 2010; 23: 685-713; quiz 786-688.

  9)	 McGee M, Ferreira D, Tvedten O, Mahmoodi E, 
Whitehead N, Baker D, Sugito S, Davies A, Turn-

er S, Boyle A. Specificity of Myocardial Perfusion 
Imaging: Issues With Proposed MBS Item Re-
view. Heart Lung Circ 2019; 28: e23-e25.

10)	 Alqarni MS, Bukhari ZM, Abukhodair AW, Binam-
mar DY, Alzahrani A, Alkahtani A, Albugami S. 
Diagnostic Value of Single-Photon Emission To-
mography Stress Test in Patients With Suspect-
ed Coronary Artery Disease in Saudi Arabia. Cu-
reus 2021; 13: e19071. 20211027.

11)	 Iskandar A, Limone B, Parker MW, Perugini A, 
Kim H, Jones C, Calamari B, Coleman CI, Hell-
er GV. Gender differences in the diagnostic ac-
curacy of SPECT myocardial perfusion imag-
ing: a bivariate meta-analysis. J Nucl Cardiol 
2013; 20: 53-63.

12)	 Drosch T, Brodoefel H, Reimann A, Thomas C, 
Tsiflikas I, Heuschmid M, Schroeder S, Burg-
stahler C. Prevalence and clinical characteristics 
of symptomatic patients with obstructive coronary 
artery disease in the absence of coronary calcifi-
cations. Acad Radiol 2010; 17: 1254-1258.

13)	 Koistinen MJ, Huikuri HV, Korhonen UR, Lin-
naluoto MK, Kuusi T, Takkunen JT, Taskinen 
MR. Asymptomatic coronary artery disease in 
diabetes: relation to common risk factors, lipo-
proteins, apoproteins and apo E polymorphism. 
Acta Diabetol 1994; 31: 210-214.

14)	 Costa Filho FF, Chaves Á J, Ligabó LT, San-
tos EM, Silva DT, Puzzi MA, Braga SL, Abizaid 
A, Sousa AG. Efficacy of Patient Selection for 
Diagnostic Coronary Angiography in Suspect-
ed Coronary Artery Disease. Arq Bras Cardiol 
2015; 105: 466-471.

15)	 Kanbay M, Solak Y, Unal HU, Kurt YG, Gok M, 
Cetinkaya H, Karaman M, Oguz Y, Eyileten T, Vu-
ral A, Covic A, Goldsmith D, Turak O, Yilmaz MI. 
Monocyte count/HDL cholesterol ratio and car-
diovascular events in patients with chronic kidney 
disease. Int Urol Nephrol 2014; 46: 1619-1625.

16)	 Ancuta P, Wang J, Gabuzda D. CD16+ monocytes 
produce IL-6, CCL2, and matrix metalloprotein-
ase-9 upon interaction with CX3CL1-expressing en-
dothelial cells. J Leukoc Biol 2006; 80: 1156-1164.

17)	 Aukrust P, Halvorsen B, Yndestad A, Ueland 
T, Øie E, Otterdal K, Gullestad L, Damås JK. 
Chemokines and cardiovascular risk. Arterioscler 
Thromb Vasc Biol 2008; 28: 1909-1919.

18)	 Siri-Tarino PW, Krauss RM. Diet, lipids, and cardio-
vascular disease. Curr Opin Lipidol 2016; 27: 323-328.

19)	 Weverling-Rijnsburger AW, Jonkers IJ, van Exel 
E, Gussekloo J, Westendorp RG. High-density vs 
low-density lipoprotein cholesterol as the risk fac-
tor for coronary artery disease and stroke in old 
age. Arch Intern Med 2003; 163: 1549-1554.

20)	 Barter PJ, Nicholls S, Rye KA, Anantharamaiah 
GM, Navab M, Fogelman AM. Antiinflammatory 
properties of HDL. Circ Res 2004; 95: 764-772.

21)	 Hekmat S, Pourafkari L, Ahmadi M, Chavoshi 
MR, Zamani B, Nader ND. Fragmented QRS 
on surface electrocardiogram as a predictor of 
perfusion defect in patients with suspected cor-



F. Koca, G. Özmen

1820

onary artery disease undergoing myocardial 
perfusion imaging. Indian Heart J 2018; 70 Sup-
pl 3: S177-S181.

22)	 Karadeniz F, Altuntaş E. Correlation between 
frontal QRS-T angle, Tp-e interval, and Tp-e/QT 
ratio to coronary artery severity assessed with 
SYNTAX score in stable coronary artery disease 
patients. J Arrhythm 2022; 38: 783-789. 

23)	 Duvall WL, Sweeny JM, Croft LB, Barghash 
MH, Kulkarni NK, Guma KA, Henzlova MJ. 
Comparison of high efficiency CZT SPECT 
MPI to coronary angiography. J Nucl Cardiol 
2011; 18: 595-604.

24)	 Berman DS, Kang X, Gransar H, Gerlach J, 
Friedman JD, Hayes SW, Thomson LE, Ha-
chamovitch R, Shaw LJ, Slomka PJ, Yang LD, 
Germano G. Quantitative assessment of myo-
cardial perfusion abnormality on SPECT myo-
cardial perfusion imaging is more reproduc-
ible than expert visual analysis. J Nucl Cardi-
ol 2009; 16: 45-53.

25)	 Arsanjani R, Xu Y, Hayes SW, Fish M, Lemley M, 
Jr., Gerlach J, Dorbala S, Berman DS, Germa-

no G, Slomka P. Comparison of fully automated 
computer analysis and visual scoring for detec-
tion of coronary artery disease from myocardi-
al perfusion SPECT in a large population. J Nu-
cl Med 2013; 54: 221-228.

26)	 Hung GU, Wang YF, Su HY, Hsieh TC, Ko CL, Yen 
RF. New Trends in Radionuclide Myocardial Perfu-
sion Imaging. Acta Cardiol Sin 2016; 32: 156-166.

27)	 Stuijfzand WJ, van Rosendael AR, Lin FY, Chang 
HJ, van den Hoogen IJ, Gianni U, Choi JH, Doh JH, 
Her AY, Koo BK, Nam CW, Park HB, Shin SH, Cole 
J, Gimelli A, Khan MA, Lu B, Gao Y, Nabi F, Nakaza-
to R, Schoepf UJ, Driessen RS, Bom MJ, Thompson 
R, Jang JJ, Ridner M, Rowan C, Avelar E, Généreux 
P, Knaapen P, de Waard GA, Pontone G, Andreini D, 
Al-Mallah MH, Lu Y, Berman DS, Narula J, Min JK, 
Bax JJ, Shaw LJ. Stress Myocardial Perfusion Imag-
ing vs Coronary Computed Tomographic Angiogra-
phy for Diagnosis of Invasive Vessel-Specific Coro-
nary Physiology: Predictive Modeling Results From 
the Computed Tomographic Evaluation of Athero-
sclerotic Determinants of Myocardial Ischemia (CRE-
DENCE) Trial. JAMA Cardiol 2020; 5: 1338-1348.


