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ABSTRACT 

Coronary artery disease is one of the most com- 
mon and important health problems in the world. 
Early diagnosis of this disease is very important 
to treat before severe myocardial damage oc- 
curred. Myocardial perfusion scintigraphy (MPS) 
and computed tomography coronary angiogra- 
phy (CTCA) which evaluates regional myocardial 
perfusion and coronary arteries, respectively, 
are reliable and non-invasive methods in terms 
of coronary artery disease. In this study we 
aimed to compare MPS and CTCA based on con- 
ventional coronary angiography (CCA). Totally 
60 patients were included in the study. CCA and 
MPS were performed to 30 patients; CCA and 
CTCA were performed to the rest of the patients 
(30 patients). Lesions were classified as mild, 
moderate and severe in these imaging methods. 
MPS and CTCA were compared with CCA by us- 
ing chi-square and Fisher’s exact test. MPS and 
CTCA’s p values were found for left anterior de- 
scending artery (LAD) p: 0, p: 0.271; for circum- 
flex artery (Cx) p: 0.256, p: 0.08 and for right 
coronary artery (RCA) p: 0.033, p: 0.271, respec-
tively. Furthermore MPS and CTCA’s sensitivity, 
specificity, accuracy, positive predictive value 
and negative predictive value were calculated 
81% to 87%; 70% to 49%; 73% to 72%; 54% to 
72%; 90% to 71%, respectively. CCA results were 
found more concordant with MPS for LAD and 
RCA lesions and more concordant with CTCA 

for Cx lesions. It was also found that positive 
predictive value of MPS and negative predictive 
value of CTCA were significantly higher than the 
others. As a result, MPS and CTCA were sug- 
gested as complementary techniques for the 
diagnosis of coronary artery disease, not as al-
ternatives to each other. 
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1. INTRODUCTION 

Coronary artery disease is the most common and one 
of the most important health problems. It is the obstruc- 
tion of the coronary arteries feeding the heart muscle 
because of the hardening of the arteries which is called 
atherosclerosis. Ischemia, the most important feature of 
this disease at an early stage, may occur in myocardial 
tissue and life-threatening myocardial infarction usually 
develops in the later stages. Therefore, early diagnosis of 
this disease is very important in terms of the treatment 
without severe myocardial injury. 

History of the patient is also very important in the 
coronary artery diseases as the other diseases. The ma- 
jority of patients refers to the doctor with chest pain. 
However, the cause of chest pain is a subjective criteria, 
as well as may be cardiac or non-cardiac causes. There- 
fore, the cause of chest pain has to be exactly determined 
whether if it is cardiac origin or not. 

Many non-invasive examinations have been developed 
for the diagnosis of coronary artery disease. Algorithms 
for diagnosis in routine practice are as follows: resting 
electrocardiogram (ECG), exercise stress test, myocar- 

*This study was presented as an oral presentation in Annual Congress 
of the European Association of Nuclear Medicine (EANM) 2010, 
Vienna, Austria. 
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dial perfusion scintigraphy (MPS) and computed tomo- 
graphy coronary angiography (CTCA), respectively. How- 
ever, because of resting ECG and exercise stress test 
have low level of specificity, both examinations are also 
insufficient in determination of the localization of focal 
ischemia [1]. For this purpose, further examinations such 
as MPS and/or CTCA are admitted to the patients whose 
tests were positive or suspicious. 

Our aim in this study is to evaluate MPS and CTCA, 
comparing with conventional coronary angiography (CCA), 
which is the gold standard method for diagnosis of coro- 
nary artery disease, and to compare the efficacy of these 
two different imaging methods in the diagnosis of coro- 
nary artery disease. 

2. MATERIALS AND METHODS 

Totally 60 patients who were followed with the suspi- 
cion of coronary artery disease were included in this 
study. 30 patients with positive MPS and/or severe car- 
diac symptoms and other 30 patients who have positive 
CTCA and/or severe cardiac symptoms underwent coro- 
nary angiography. Groups were designed as the Group A 
and B involving the patients with both CTCA and CCA 
and the patients with both MPS and CCA, respectively. 
This study is approved by the institutional ethical com- 
mittee and has been conducted according to the prince- 
ples of the Declaration of Helsinki. All patients signed a 
consent form after detailed information about the study. 

To perform MPS, beta blockers and calcium channel 
blockers and nitrates were stopped 48 - 72 hours and 12 
hours respectively, prior the test. Imaging was performed 
after at least 6 hours fasting period. However, the pa- 
tients ate/drunk chocolate and milk approximately 15 
minutes after radiopharmaceutical injection to remove 
gallbladder activity in both stress and rest imaging. MPS 
was performed in two stages as stress and rest condition 
according to one day protocol. Technetium-99m sestamibi 
was injected intravenously 10 mCi (370 MBq) and 25 
mCi (925 MBq) for stress and rest imaging, respectively. 
The patients were kept in rest at least 4 hours before rest 
imaging which was performed after stress imaging. 

Exercise stress test was done to the patients by tread- 
mill according to standard Bruce protocol through moni- 
toring 12-lead ECG. When reached 85% of the estimated 
maximum heart rate, Tc-99m sestamibi was injected; ex- 
ercise was continued one more minute and then stress 
test was terminated. 

Parallel-hole, low-energy, high resolution collimator 
integrated with double head SPECT gamma camera (GE 
Infinia) was used in scintigraphic study. Single photon 
emission computed tomography (SPECT) imaging in 
180-degree was performed (i.e. started from 45 degrees 
right anterior oblique and completed at the 45-degree left 
posterior oblique) while the patient was lying in both 

supine and prone position for stress imaging and in su- 
pine position for rest imaging. Raw data for both the su- 
pine and prone position were obtained (totally 60 images 
in 64 × 64 matrices at each 3˚) 25 sec/image and 20 
sec/image for stress and rest imaging, respectively. Then 
short axis (SA), horizontal long axis (HLA) and vertical 
long axis (VLA) sections of raw images were recon- 
structed on Xeleris workstation in gamma camera system 
by using Myovation program (butterword filter, 0.5 fre- 
quency). Stress and rest myocardial perfusion images 
were evaluated visually and were classified as mild, 
moderate and severe. 

CTCA examinations of the patients were performed 
using 64-slice CT device (Toshiba Aquilion 64, Japan) 
with 0.5 mm slice-width and 120 kV - 400 mA and 135 
kV - 400 mA was used as the energy level in patients less 
than 100 kg and equal or over 100 kg in weight, respec- 
tively. Lesions in coronary arteries were evaluated visu- 
ally and they were reported directly as mild, moderate 
and severe and as a percentage (i.e. mild, moderate and 
severe if they were 50% and lower, between 50% - 70% 
and over 70%, respectively). 

CCA of the patients was performed using a standard 6 
F Judkins left and right catheters with femoral artery 
puncture. At least four projections for the left coronary 
system and at least two projections for the right coronary 
system were taken and stored in the digital memory. 
When a coronary artery lesion were visualized, quantita- 
tive coronary measurements were performed through a 
digital memory using the Automated Coronary Analysis 
computer software for the suspicious lesion. Calibration 
was performed utilizing the diameter of the catheter to 
estimate the actual lumen width value of coronary artery. 
Later, these detected lesions were classified as in CTCA. 

Lesions observed in circumflex, right main coronary 
and left anterior descending coronary artery were classi- 
fied as mild, moderate and severe on vascular basis and 
also regarding the presence of mild-moderate ischemia 
and severe ischemia in MPS for each patient. According 
to this classification, the results of CCA were compared 
with both CTCA and MPS results using chi-square and 
Fisher’s exact chi-square tests. p < 0.05 was considered 
statistically significant. Moreover, sensitivity, specificity, 
accuracy, positive predictive value (PPV) and negative 
predictive value (NPV) of the CTCA and MPS were cal- 
culated based on CCA. 

3. RESULTS 

The average age of 30 male patients and 30 female pa- 
tients who participated in our study were 54.1 years (age 
range: 28 - 79) and 51.3 years (age range: 19 - 73 years), 
respectively. 

Obesity was the most frequent risk factor in both 
groups (22/30 patients in Group A, 21/30 patients in 
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Group B). Hyperlipidemia (22/30 patients) in Group A 
and smoking (14/30 patients) in Group B were the sec- 
ond frequent risk factors. The other risk factors were 
hypertension, diabetes and family history of cardiovas- 
culary disease for both groups. 

Number of the patients with the lesions in LAD, Cx or 
RCA (classified as normal, mild, moderate and severe 
according to severity of the lesions) in Group A were 
summarized in Table 1. 

Likewise of Table 1, number of the patients with the 
lesions in LAD, Cx or RCA (classified as normal, mild, 
moderate and severe according to severity of the lesions) 
in Group B were summarized in Table 2. 

Moreover, CTCA and CCA examinations were statis- 
tically compared with the chi-square test and p values for 
LAD, Cx and RCA as follows: p = 0.271, p = 0.08 and p 
= 0.271, respectively. 

In the same way, also MPS was compared with CCA 
using chi-square test and p values were found as p = 0, p 
= 0.256 and p = 0.033 for the LAD, Cx and RCA, re- 
spectively. And also, when the patients were grouped as 
with diabetes and without diabetes and compared, p val- 
ues were as follows: p = 0.083, p = 0 for LAD; p = 0.237, 

p = 0.08 for Cx and p = 0.223, p = 0.114 for RCA, re- 
spectively. Higher concordance was determined between 
two tests for the patients without diabetes. In the same 
way, the patients were also grouped only for RCA as 
with obesity and without obesity; the comparison was 
performed between this groups and p values were found 
as p = 0.237, p = 0.04, respectively. It can be said that 
higher concordance was determined between two tests 
for patients without obesity. 

The efficacy of CTCA and MPS in determining the le- 
sions were evaluated and the results were summarized in 
Table 3. 

Sensitivity, specificity, accuracy, positive predictive 
value (PPV) and negative predictive value (NPV) of 
CTCA and MPS were also calculated and the results 
were summarized in Table 4. 

4. DISCUSSION 

CCA is an invasive method and could lead to serious 
complications, which is even death although rare (overall 
complication rate 1.8%, mortality rate 0.1%) [2,3]. Pa- 
tients experience stressful procedures for catheterization.   

 
Table 1. Patients distribution according to the severity of the lesions in LAD, Cx and RCA in Group A. 

 CTCA CCA 

 LAD Cx RCA Total LAD Cx RCA Total 

Normal 6 11 6 23 11 17 10 38 

Mild 5 7 10 22 11 6 12 29 

Moderate 10 7 8 25 4 1 3 8 

Severe 9 5 6 20 4 6 5 15 

Total 30 30 30 90 30 30 30 90 

 
Table 2. Patients distribution according to the severity of the lesions in LAD, Cx and RCA in Group B. 

 MPS CCA 

 LAD Cx RCA Total LAD Cx RCA Total 

Normal 16 18 15 49 18 23 23 64 

Mild 12 12 14 38 9 4 7 20 

Moderate 1 0 1 2 0 2 0 2 

Severe 1 0 0 1 3 1 0 4 

Total 30 30 30 90 30 30 30 90 

 
Table 3. Efficacy of CTCA and MPS examinations in determining severity of the lesions. 

 CTCA MPS 

Lesion detection p: 0.003 p: 0.004 

Moderate/severe lesion detection p: 0.222 p: 0.001 

Severe lesion detection p: 0.510 p: 0.002 
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Table 4. Sensitivity, specificity, accuracy, PPV and NPV of MPS and CTCA. 

 MPS-CTCA 

 Sensitivity Specificity Accuracy PPV NPV 

LAD 100% - 95% 88% - 50% 93% - 80% 85% - 79% 100% - 83% 

Cx 50% - 86% 63% - 62% 60% - 73% 33% - 66% 78% - 83% 

RCA 86% - 81% 61% - 22% 67% - 63% 40% - 70% 93% - 33% 

General 81% - 87% 70% - 49% 73% - 72% 54% - 72% 90% - 71% 

 
More importantly, significant coronary artery stenosis is 
not determined on, at least 20% - 30% of the CCA per- 
formed for diagnostic purposes, and interventional treat- 
ment is applied to only 30% of the patients in the same 
session [4]. Since CCA is invasive although it is the gold 
standard method in terms of diagnosis and treatment of 
coronary artery disease, it has a great importance to de-
termine healthy individuals by means of non-invasive 
examinations before CCA. MPS and CTCA are used for 
this purpose and the main accepted examinations in terms 
of non-invasive diagnosis of coronary artery disease [5]. 

CTCA, which allows the detection of coronary artery 
obstruction with minimal invasive procedure, is a new 
method and gaining popularity [6]. Since it is non-inva- 
sive and can be done very quickly, it is extremely com- 
fortable for the patient and does not require hospitaliza- 
tion. Besides CTCA, in addition to conventional CCA, 
not only provided the lumen information but at the same 
time allows to evaluate the wall of vessel, to identify the 
plate character and to demonstrate the atherosclerotic 
changes in the vessel wall even in the condition of no cri- 
tical narrowing happened [7-11]. 

In a meta-analysis which was recently published by 
Stein et al., evaluable coronary artery percentage was re- 
ported 78% in 4-slice CT, 91% in 16-slice CT and 100% 
in 64-slice CT. The average sensitivity and specificity 
rates with 16-slice CT for determining critical stenosis 
were determined 95% and 84%, respectively [12]. As 
proximal as and as higher degree as the stenosis, as high- 
er as the detectability of the lesion is possible for CTCA. 
In the study which was done by Hoffman et al. with 16- 
slice CT, sensitivity and specificity in the evaluation of 
stenosis of the proximal segments were found as 93% 
and 94%, respectively [13]. Sensitivity, specificity, PPV 
and NPV for determining stenosis for all segments were 
established as 63%, 96%, 64% and 96%, respectively, in 
the same study in which 530 segments were evaluated. 
Sensitivity and specificity of CTCA has been reported as 
71% - 95% and 86% - 98%, respectively, in other similar 
studies which had been done before [14-16]. 

The sensitivity, specificity, accuracy, PPV and NPD of 
the CTCA with 64-slice CT were found as 87%, 49%, 
72%, 72% and 71%, respectively in our study. Although 
the results have come close to literature, the specificity 

value was lower than the reported in literature [14-16]. A 
possible reason for this can be adversely affected of the 
specificity due to majority of patients with normal CTCA 
who did not be included in the study because of ethical 
aspect. 

Severe coronary calcification causes artifacts in CTCA 
as a result of partial volume effect and beam hardening 
and therefore the plaque size and stenosis can be evalu-
ated larger than they are. Also it may hinder to evaluate 
lumen integrity reliably in case of high calcium density. 
As a result of these, CTCA can assess severity of stenosis 
more than it is, especially in calcified vessels [17]. In 
general, the severity of lesions in CTCA were also found 
one more degree severe than in CCA in our study. For 
example, although there was a statistical concordance (p: 
0.003) between CTCA and CCA for determining lesions, 
we could not find any statistical adjustment in none of 
three coronary arteries according to lesion’s severity (p: 
0.271 for LAD, p: 0.08 for Cx, p: 0.271 for RCA). An-
other reason may be that classification of lesions had 
been generally made visually by clinicians. 

Artifacts which can be created in CTCA images should 
not be also ignored. Indeed, the CT images can be influ- 
enced especially by high heart rates (>70 - 75 beats/ 
minute) and respiratory movements [18,19]. The use of 
beta blockers, by reducing heart rate, provides rising in 
both evaluable number of segments and sensitivity of 
CTCA to identify blockage in the vessels [20]. Although 
beta blockers was used to reduce heart rate in patients 
and patients were asked to hold breath during the CTCA, 
the optimal conditions may not be fully achieved. Ob- 
taining CTCA images with retrospective ECG gating 
technique is another reason of artifact and almost all pa- 
tients can be affected slightly by cardiac motion [21]. 

MPS which is another diagnostic method for coronary 
artery disease, is safe, reliable, non-invasive and widely 
use examination to evaluate regional myocardial perfu-
sion. It enables the diagnosis of myocardial ischemia in 
the myocardial regions supplied by stenotic coronary ar- 
tery by demonstrating a reversible decrease of radio-
pharmaceutical uptake in the myocardium on the peak 
point of stress relative to rest [22]. 

Sensitivity and specificity of MPS for detection of 
coronary artery disease were evaluated in many studies 
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and in these studies, CCA was usually used as a standard 
to evaluate the accuracy of scintigraphy. The precision of 
this approach is questionable. However, although an- 
giography is less appropriate for the evaluation of coro- 
nary function, at least, it offers an universal standard for 
the evaluation of coronary anatomy [22,23]. 

Published figures are quite different for the sensitivity 
and specificity of MPS in the diagnosis of coronary ar-
tery disease. It depends on different parameters such as 
studied population (e.g. gender, age, symptoms, drug 
therapy, presence of previous infarction etc.), imaging 
method (planar or SPECT, qualitative or semi-quantita- 
tive analysis) and also institutional experience. However, 
if it is performed under suitable conditions, MPS is an 
effective method for detecting ischemic heart disease and 
if SPECT technique is used, the sensitivity and specific- 
ity are increased up to 91% and 89%, respectively [22]. 

In our research, we also compared the MPS and CCA 
in terms of the severity of all three coronary artery le-
sions. A correlation was observed statistically in both 
studies regarding LAD and RCA, however there was no 
correlation regarding the Cx artery (for LAD p: 0, for 
RCA p: 0.033, for Cx p: 0.256). Besides sensitivity, 
specificity, accuracy, PPV and NPV were found as the 
best for LAD and better for RCA than Cx. The values 
were found in general as 81%, 70%, 73%, 54%, 90%, 
respectively, for all three vessels. The low specificity and 
PPV might be caused by not being able to include some 
of the patients with normal MPS due to ethical and algo-
rithmic reasons as with the same reason of the CTCA- 
CCA comparison. 

A major limitation of MPS is partial impairment in its 
specificity due to various soft tissue attenuation artifacts. 
Main attenuation artifacts are breast tissue for the ante-
rior wall and diaphragm attenuation for inferior wall. In 
our study, while the breast was lifted up and fixed with 
bandages to avoid the anterior wall attenuation which 
arisen due to breast tissue, imaging in prone position 
were additionally performed to remove the inferior wall 
attenuation. In terms of the effects of the diaphragm at-
tenuation observed on the inferior wall, patients were 
especially evaluated for RCA in two groups as those who 
were obese or not. In spite of images in prone position, 
there was no statistical correlation between MPS and 
CCA for the obese patients (p: 0.237) although statistical 
correlation was observed for those without obesity (p: 
0.04). 

Another vessel segments which are effected with the 
diaphragm attenuation is Cx artery. That is probably why 
we had low sensitivity for Cx (i.e. depending on the 
wrong positive evaluations) and thus, statistical correla-
tion was not observed between MPS and CCA groups. 
As a matter of fact, in some of the previous reports, the 
sensitivity of MPS for Cx region was found to be around 

50% just like our study [24-29]. For example, while one 
of these studies has reported a 75% sensitivity in LAD 
area, much lower sensitivity scores (40%) for Cx and 
RCA has been stated [29]. And this situation was dedi-
cated to very large blood supplying area of LAD com-
pared to the area of RCA and Cx, and lower inter-vessel 
flow heterogeneity of LAD [29]. Just like in our study, 
Elhendy et al. also stated in a review about the impor-
tance of MPS in coroner artery disease that MPS had the 
lowest sensitivity score in Cx supplying area and the 
lower specificity score in RCA supplying area. The low-
est specificity score in RCA area was explained with the 
rise in wrong negative results related to the diaphragm 
attenuation on inferior wall, and the lowest sensitivity 
score in Cx artery area was explained with the variations 
of coroner anatomy (i.e. Cx artery bleeding area can be 
smaller in some patients and the vascular connections 
can be possible between RCA and Cx artery) [30]. 

Diabetes is a disease that can affect smaller vessels as 
well as large vessels and the involving of smaller vessels 
in diabetes is called microangiopathy. Until recently, it 
was assumed that the ischemic heart disease was caused 
by the diseases of large vessels, especially the coronary 
arteries. However, it is now known that coronary micro-
circulation abnormalities can contribute to arising of the 
ischemia even without a visible disease in big epicardial 
arteries. An abnormal reserve of perfusion can be a result 
of the contraction of epicardial coronary arteries, or it 
can show a coronary microcirculation dysfunction when 
there are no angiographically visible atherosclerotic dis-
eases [1]. Consequently, the ischemic tissue in patients 
with microangiopathy without coroner artery involve-
ment can be detected with MPS, whereas pathological 
condition can be skipped by CCA since the CCA only 
evaluates coronary arteries and the main branches. This 
may be the reason for the low correlation between MPS 
and CCA with diabetes patients’ group in our study. It 
has been stated long years ago that not all of the lesions 
that are determined in CCA were physiologically impor-
tant. Therefore MPS is the most suitable non-invasive 
diagnostic test for the determination of the physiological 
importance of borderline lesions [31]. 

Patients with diabetes are the group with the highest 
risk in terms of coronary artery disease and the early 
diagnosis of cardiovasculary disease is essential. MPS is 
a method which has high sensitivity for evaluating pa-
tients with diabetes in asymptomatic period [31]. In a 
large study by Kang et al. including 1271 patients with 
diabetes, subjects with normal MPS had 1% - 2% car-
diovascular events in a year whereas the group with ab-
normal data had incidence more than 7% [32]. 

When diabetes is considered in our patients, the p rates 
according to the existence and absence of diabetes have 
been spotted as p: 0.083 and p: 0 for LAD, p: 0.237 and 
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p: 0.08 for Cx, p: 0.223 and p: 0.114 for RCA, respec- 
tively. These results clearly show that the statistical con- 
cordance is higher for MPS and CCA in the patients 
without diabetes. 

Besides the intensity of lesions in main coroner artery, 
MPS was compared with CCA according to definition of 
mild, medium-serious or serious lesions in patients, and 
statistical compliance was spotted in all three compare- 
sons (p: 0.004 for the lesion definition, p: 0.001 for me- 
dium-serious lesions and p: 0.002 for serious lesions). 
Even though evaluation for all three lesion level had sig- 
nificant results, much higher statistical compliance was 
observed between MPS and CCA especially in the me- 
dium-serious lesions. 

In our study although sensitivity (87% in CTCA, 81% 
in MPS) and accuracy (72% in CTCA, 73% in MPS) 
scores for CTCA and MPS were found in similar values, 
specificity of CTCA was defined quite lower than MPS 
(49% in CTCA, 70% in MPS). The reason for this might 
be that the number of patients with normal CTCA in- 
volved in the study was also quite lower than those pa- 
tients with normal MPS (number of patients with normal 
CTCA: 2, number of patients with normal MPS: 6). 

Another significant result of our study was that NPV 
of MPS was significantly higher than that of CTCA (71% 
for CTCA, 90% for MPS) and PPV of CTCA was sig-
nificantly higher than that of MPS (72% for CTCA, 54% 
for MPS). NPV is a very important parameter for the 
scanning tests. Because the real purpose of scanning tests 
is to define the patients who do not need the further ex- 
amination. So higher the NPV is for a test, lower the 
possibility of a person with a disease to be left undiag- 
nosed. In our study, MPS achieved this better than CTCA, 
showing extraordinary NPV results. But PPV, which pre- 
vents patients from further unnecessary examinations, is 
also not a parameter to be skipped or underrated and 
CTCA gave better results for this parameter compared 
with MPS. Without such studies, patients that are sup- 
posed as abnormal is experienced a higher examination, 
which may provide data about PPV, whereas there is no 
data about NPV on cases which are considered normal 
since there are no further examinations done. Thus clini- 
cians can determine the higher PPV of CTCA compared 
to MPS, however the very high NPV of MPS does not 
stand out. So if the clinician is left with a choice between 
two examinations, it is perfectly natural to choose the 
CTCA. However, while the clinicians are choosing the 
diagnostic test with high PPV, they have to always con-
sider and question in order to not to miss out the patients 
who actually have disease, that the NPV scores of the 
chosen test might be low. 

5. CONCLUSIONS 

Both MPS and CTCA are diagnostic methods with a 

high sensitivity and specificity for the determination of 
healthy individuals before the coronary angiography, which 
is an invasive approach. Today, with the more common 
usage of these diagnostic methods, CCA is almost exclu- 
sively used for the treatment of coronary heart disease 
instead of diagnosing it. 

MPS is an examination for the evaluation of myocar-
dial ischemia and CTCA is for the examination of coro-
nary stenosis, and these two methods are actually com-
plementary to each other in terms of clinical manage-
ment. In our study, MPS has been determined more con-
cordant with CCA for LAD and RCA lesions, and CTCA 
for Cx lesions. PPV of CTCA and NPV of MPS was 
found clearly higher. Therefore, before a decision to per-
form CCA, evaluating both of them seems to be the bet-
ter approach instead of choosing one of them. 
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