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ABSTRACT
Background: Cardiovascular disease (CVD) is an important cause of 
morbidity and mortality in Bangladesh. The coronary artery calcium 
(CAC) score is a readily and widely available tool for noninvasive 
diagnosis of atherosclerotic coronary artery disease (CAD). 

Aims: To evaluate the diagnostic efficacy of combined CAC score 
with Single Photon Emission Computed Tomography (SPECT) 
Myocardial Perfusion Imaging (MPI) for the diagnosis of CAD.

Methods: This cross sectional study was carried out in the National 
Institute of Nuclear Medicine & Allied Sciences (NINMAS) during 
July 2017 to June 2018. A total of 33 participants with known or 
suspected cases of CAD were included in this study who underwent 
SPECT MPI and CAC imaging. Statistical analyses of the results 
were obtained by using Statistical Packages for Social Sciences 
(SPSS-22).

Results: Nearly half (48.5 %) of the participants belonged to age 
51-60 years. Was male predominant in this study, 93.9% and 6.1% 
ware female. Regarding MPI 69.7% participants had severely 
abnormal perfusion and 21.2% had normal perfusion. According to 
CAC score 33.3% participants had moderate calcification in 
coronary artery. Significant CAD was found in 81.82% participants 
in Coronary Angiogram (CAG) study. Combined SPECT MPI and 
CAC score diagnosed significant CAD in 90.9% patents. The 
performance test of CAC score showed 96.3% sensitivity, 33.3% 
specificity, 84.8%accuracy, 86.7% positive predictive value (PPV) 
and 66.7% negative predictive value (NPV) for diagnosis of 
significant CAD. The performance test of SPECT MPI has 
sensitivity of 85.2%, specificity 50%, accuracy 78.8% and PPV 
88.5% and NPV 42.8%. The performance test of combined SPECT 
MPI and CAC score, has 96.3% sensitivity, 50% specificity, 87.8% 
accuracy, 89.6% PPV and NPV 75%. CAC score with a cut off value 
of 12.5 had best combination of sensitivity 93.9% and specificity 
50% for identifying the CAD missed by SPECT MPI.

Conclusion: The CAC score may offer incremental diagnostic 
information over SPECT MPI for identifying patients with 
significant CAD and negative MPI results.
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INTRODUCTION 
Coronary artery disease (CAD) also called coronary heart 
disease (CHD) or coronary atherosclerosis, is the most 
common type of heart disease and the prime cause of 
death globally. CAD results from impedance or blockage 
of one or more arteries that supply blood to the heart 
usually due to atherosclerosis. Centers for Disease 
Control and Prevention, Global Health- Bangladesh state 
that ischemic heart disease (IHD) is fourth among top ten 
causes of death in Bangladesh and the  last estimated 
prevalence of CAD in Bangladesh is 5.1% which was 
responsible for 17% of national deaths (1,2). Different 
test werw used for diagnosis of CAD, e.g. exercise ECG, 
echocardiography, coronary angiography (CAG), gated 
single-photon emission computed tomography (SPECT) 
myocardial perfusion imaging (MPI), coronary artery 
calcium (CAC) score etc. MPI with gated SPECT is a 
well-established and widely accepted non-invasive test for 
the diagnostic and prognostic evaluation of patients with 
known or suspected CAD. There is a growing interest in 
the use of CAC imaging to diagnose early subclinical 
atherosclerosis and to improve risk stratification in 
asymptomatic individuals (3).

Now a days MPI has become one of the most utilized 
non-invasive methods in cardiology for diagnosis of 
CAD due to its fairly high sensitivity (4). MPI is carried 
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out as one or two days stress-rest protocol. Stress study 
is performed with any one of the methods a) exercise 
stress by treadmill using Bruce/Modified Bruce protocol 
or b) pharmacological stress using pharmacological 
agents (Adenosine, Dipyridamole, Regadenoson, 
Dobutamine and Arbutamine). SPECT MPI is a method 
based on image formation through the acquisition of 
photons emitted by radioisotope 99m-Technetium (99mTc) 
and captured by gamma-camera located in the detectors. 
Status of myocardial perfusion are reconstructed into 
multi-planar images through specific software which 
corresponds to cardiac tissue perfusion at the moment of 
radioisotope administration (5). A semi quantitative 
visual interpretation of the attenuation-corrected stress 
and rest images are performed. Segments are scored 
depending on the radiotracer uptake with a 5-point score; 
0 = normal, 1 = equivocal, 2 = moderately reduced, 3 = 
severely reduced and 4 = absent. Fixed perfusion defect 
represent infarction and reversible defect represent 
ischemia (3).

The presence of Coronary Artery Calcium (CAC) is an 
important marker of atherosclerosis burden and the 
evaluation of the extent of CAC may be used in clinical 
management of asymptomatic patients with intermediate 
risk of CAD. High CAC score is associated with higher 
probability of significant CAD and a strong predictor for 
risk assessment of cardiovascular events (6). CAC score 
is obtained from the acquisition of axial chest images, 
synchronized to the electrocardiogram at 3 mm slices 
without use of iodinated contrast (7). 

Coronary angiogram (CAG) is an invasive and the most 
expensive clinical test for CAD with a highest effective 
radiation dose (8). CAG is a procedure that uses X-ray 
imaging to see the coronary blood vessels. It is generally 
done to see the condition of blood flow to the heart. For 
this procedure a dye is injected into the blood vessels of 
the heart which is visible by an X-ray machine. The 
X-ray machine rapidly takes a series of images of 
coronary vessels called angiograms (9). On the basis of 
CAG findings significant CAD is considered when ≥
50% occlusion is evident in any major coronary artery 
e.g. LAD, LCX and RCA (3).

PATIENTS AND METHODS

Total 33 individuals, who were referred to NINMAS at 
Bangabandhu Sheikh Mujib Medical University 
(BSMMU) campus, Dhaka for SPECT MPI during July 
2017 to June 2018, were included in this study. After 
proper counseling and informed consents, all the patients 
were interviewed and complete clinical profile were 
recorded. Caffeine containing beverages were stopped 24 
hours prior to the test and fasting for 4 hours before the 
stress study were ensured. SPECT MPI with 99mTc 
Sestamibi (MIBI) was done as one day stress-rest 
protocol which is practiced in NINMAS. Stress study was 
performed with any one of the methods a) Exercise stress 
by treadmill using Modified Bruce protocol or b) 
Pharmacological stress using Adenosine or Dobutamine. 
The stress images were acquired on the Dual headed 
SPECT gamma camera after 30 min of intravenous 
injection of radiotracer. On the same day, after a 90 
minutes rest period radiotracer was injected with three 
times higher dose. Rest images were obtained one hour 
after the injection. Summed Stress Score (SSS) is used 
for global scoring of myocardial perfusion measurement. 
When the SSS is less than 4, the perfusion is considered 
as normal or no significant perfusion defect. SSS 
categorized as 4-8 = mildly abnormal perfusion, 9-13 = 
moderately abnormal perfusion and >13 = severely 
abnormal perfusion (10).

CAC imaging with ECG-gated scan was done within a 
week of MPI study. CAC imaging was acquired by using 
3 mm each 128 slice CT scanner (GE Discovery CT 710) 
without iodinated contrast. Then the images were 
reconstructed, image analysis and score calculation was 
done. Smart Score software was used for CAC score. 
Amount of calcium deposition in the coronary arteries is 
obtained with cardiac CT. CAC scores are described as,    
0 = absence of disease, 1-10 = minimal calcification, 
11-100 = mild calcification, 101-400 = moderate 
calcification, 401-1000 = severe calcification, >1000 = 
extensive calcification (11).

CAG findings were collected and recorded within the 60 
days of CAC imaging. On the basis of CAG findings, 
significant CAD is considered when ≥50% occlusion is 
evident in any major coronary artery e.g. LAD, LCX and 
RCA (3). Receiver-operating characteristic (ROC) curve 
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was constructed using CAC score value of the patients 
with a best combination of 93.9% sensitivity and 50% 
specificity, which gave CAC score cut off value of 12.5 
for this study to identify CAD which were missed by 
SPECT MPI.

RESULTS 

Among the 33 patients, male (n = 31) 93.9%, female (n = 
2) 6.1% with mean age 54.15±7.71 years were found. The 
most common risk factor was MI, found in 69.7%. The 
other risk factors were smoking 60.6%, hypertension 
57.6%, diabetes 51.5%, dyslipidemia 51.5% and IHD 
39.4%. Out of 33 participants, MPI revealed severely 
reduced perfusion in 69.7% (n=23) and no perfusion defect 
in 21.2% (n=7) (Table 1).

Table 1: Distribution of the study subjects by SSS (n=33)

CAC score shows maximum 33.3% (n=11) had moderate 
calcification and 9.1% (n=3) absence of calcification in 
coronary arteries (Table 2). 

Table 2: Distribution of the study subjects by CAC 
score (total) (n=33)

According to CAG, significant CAD was found in 81.8% 
(n=27) participants and 18.2% (n=6) participants had no 
significant disease (Table 3). 

Table 3: Distribution of the participants by 
Significant CAD diagnosed by CAG (n=33)

When combined CAC score and SPECT MPI was used 
87.9% (n=29) has CAD, To diagnose CAD by SPECT 
MPI in comparison to CAG was 23 true positive, three 
false positive, four false negative and three true negative. 
According to the case finding the performance test of 
SPECT MPI show 85.8% sensitivity, 50% specificity, 
78.8% accuracy, 88.6% positive predictive value (PPV) 
and 42.5% negative predictive value (NPV) (Table 4).

Table 4: Performance test of SPECT MPI (n=33)

To diagnose CAD by CAC score in comparison to CAG 
true positive was 26, false positive four cases, false 
negative one case and true negative two cases. The 
performance test of CAC score for diagnosis of CAD has 
sensitivity 96.3%, specificity 33.3%, accuracy 84.5%, 
PPV 86.7% and NPV 66.7% (Table 5).

 SSS Number of participants Percentage (%) 

<4 7 21.2 

Mild (4-8) 2 6.1 

Moderate (9-13) 1 3.0 

Severe (>13) 23 69.7 

Mean± SD 18.70±11.6 

Range (min-max) 0-35 

CAC score (total) Number of participants Percentage (%)

Absent (0) 3 9.1 

Insignificant (1-10) 1 3.0 

Mild (11-100) 5 15.2 

Moderate (101-400) 11 33.3 

Severe (401-1000) 9 27.2 

Extensive (>1000) 4 12.1 

Mean± SD 424.82±463.14 

Range (min-max) 0-1701 

Significant CAD in CAG Number of participants Percentage (%) 

Present (≥ 50% occlusion 
in any one artery) 

27 81.8 
 
Absent (<50% occlusion 
in any one artery) 

6 18.2 

SPECT MPI CAG

CAD Positive CAD Negative Total
CAD Positive 23  3  26 
CAD Negative 4 3 7 

Total 27 6 33 

Validity test Percentage

Sensitivity  85.8  
Specificity  50.0  
Accuracy  78.8  
Positive predictive value  88.6

 Negative predictive value  42.5  
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Table 5: Performance test of CAC score (n=33)

To diagnose CAD by combined SPECT MPI and CAC 
score in comparison to CAG in current study 26 were 
found true positive, three false positive, one false 
negative and three true negative cases.

The performance test of combined SPECT MPI and CAC 
score in diagnosis of CAD has sensitivity 96.3%, specificity 
50%, accuracy 87.9%, PPV 89.6% and NPV 75% (Table 6).

Receiver-operating characteristic (ROC) curve was 
constructed using CAC score and SSS value of the 
participants. ROC curve has given CAC score cut off 
value of 12.5 for this study with a best combination of 
93.9% sensitivity and 50% specificity to identify CAD. 
This cut off value of CAC score for the present study was 
used to diagnose significant CAD which were missed by 
SPECT MPI (Table 7 and figure 1).

Table 6: Performance test of Combined SPECT MPI 
with CAC score (n=33)

Table 7: Receiver-operating characteristic (ROC) curve of CAC score and SSS for prediction of CAD
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DISCUSSION

CAC is a reliable non-invasive diagnostic tool for the 
prediction of subsequent cardiovascular events in 
populations with elevated conventional risk factors (12). 
In an observational report by Budoff et al. 10 years 
survival of asymptomatic patients with CAD was found 
in 99.4% patients with a CAC score of 0 (zero). Nearly 
87.8% patients having CAC score of greater than 1000 
had 10 years survival (13).

About 33.3% patients of this study belonged to moderate 
(101-400) CAC score and 6% had insignificant (1-10) 
CAC score. CAC score was zero in three (9.1%) 
participants. The mean ± SD of CAC score was found 

424.82±463.14, ranged from 0-1701. Yuoness et al. 
reported that 26 patients with a CAC score >1,000 and 
among them 58% patients had severe coronary disease 
(14). Schepis et al. observed that 77 subjects had a CAC 
score with mean of 560±682 ranged from 023 - 968. 
Twelve patients (16%) had minimal or insignificant CAC 
score ���0�, �3% had mild &A& score ���± �00�, ��% 
had moderate &A& score ��0�±�00�, ��% Satients had 
seYere &A& score ��0�±�,000� and ��% Satients had 
extensive CAC score (>1,000). These findings correspond 
with the current study (3).

The SSS of all segments found that 69.7% had severe 
perfusion defect indicating high risk. Seven (21.2%) 

Figure 1: Receiver-operating characteristic (ROC) curve of CAC score and SSS for prediction of CAD.

Diagonal segments are produced by ties.
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participants had normal perfusion or no risk. The mean±SD 
of SSS was found 18.70±11.6 with a range of  0 to 35. 

3resent stud\ reYealed siJniIicant &AD �≥50% occlusion 
in any single artery)in CAG was found in 81.82% 
patients. Schepis et al. showed that 42 (55%) of the 77 
patients had significant CAD in their study (3).

CAC score is a non-invasive modality which detects 
coronary calcifications being a surrogate marker for 
cardiac atherosclerosis (15). According to current 
literature the amount of calcified tissue correlates with the 
risk of developing adverse cardiac events in the future, 
such as MI or sudden cardiac death. In addition, it seems 
that CAC score is a better risk predictor for prospective 
cardiac events than currently available risk stratification 
score systems, such as Framingham or ATP-III risk score 
(16). CAC score reflected individual atherosclerotic 

disease burden. The exclusion of coronary calcifications 
has been shown to exclude significant CAD in 
symptomatic patients (12). According to current guidelines 
in symptomatic patients CAC score might additionally 
serve as a useful filter prior to invasive coronary 
angiography or stress nuclear imaging due to its high 
sensitivity for flow-limiting CAD (17).

It is to be noted that significant CAD in CAG in 
comparison to CAC score correlated with the finding of 
Ziegler et al. who calculated a sensitivity of 99.2%, 
specificity 30.3%, PPV 46.5% and NPV 98.5%. The 
diagnostic accuracy was 56.4% for calcium scoring alone 
with respect to significant CAD detection (15). A high 
sensitivity and a high NPV from the above findings 
suggested CAC score being a useful tool for ruling out 
CAD by exclusion of calcified plaque tissue. In these 
patients an additional SPECT MPI did not further 
increase diagnostic accuracy as the negative predictive 
value of SPECT MPI is limited to 92.1% reported by the 
authors. Increasing CAC score thresholds would lead to 
an increase in specificity and PPV. Thus CAC score 
would no longer be suitable as a filter for invasive 
angiography and still not sufficient for the detection of 
relevant stenosis with a PPV of 84.4%. Still, diagnostic 
accuracy of CAC score at a threshold of 100 is comparable 
to the diagnostic performance of SPECT MPI. Due to low 
specificities of positive CAC scores, a functional test like 

SPECT MPI following initial CAC score in case of 
calcified tissue detection is reasonable (15).

This study was aimed to evaluate the performance of 
SPECT MPI test using SPECT imaging as stand-alone 
modality for significant CAD detection. Schepis et al. 
found a sensitivity of 76%, specificity 91%, PPV 91%, 
NPV 76% using SPECT imaging as stand alone modality 
(3). In another study, Klocke et al. found MPI to have an 
average sensitivity of 89% and an average specificity of 
75% in vasodilator stress studies (18). The findings 
correlate with the present study.

Schepis et al.observed that the vast majority of patients 
for whom true-negative findings were obtained by the 
combination of SPECT and the CAC score had 
substantial calcifications, although the CAC score was 
below the cutoff. Atherosclerosis does not necessarily 
show perfusion abnormalities on perfusion imaging. On 
the other hand, normal MPI does not exclude subclinical 
or obstructive CAD (3).

Schepis et al. studied observed 77 patients with 
detectable coronary calcifications and found SPECT MPI 
with CAC score had sensitivity = 86%, specificity = 86%, 
PPV= 88% and NPV= 83% where a CAC score of greater 
than or equal to 709 was the optimal cutoff for detecting 
patients with CAD despite normal MPI results. The 
authors also mentioned that the combination of the CAC 
score and SPECT improved sensitivity and NPV in 
detecting patients with coronary stenosis over SPECT 
alone without a significant decrease in specificity. This 
technique may improve the identification of patients 
requiring further investigation with conventional 
coronary angiography (3).

In this study, ROC was constructed using CAC score 
value of the patient’s CAD with a best combination of 
sensitivity and specificity for CAD which gave CAC 
score cut off value of 12.50 with 93.9% sensitivity and 
50.0% specificity as the value and for identifying the 
CAD. SSS cut of value 4 showed sensitivity 81.8% 
and specificity 33.3% as the value and for identifying 
the CAD.

Schepis et al. observed that the optimal CAC score 
threshold was determined the best sensitivity for the 
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detection of significant CAD with an associated 
specificity of greater than 90%(3). CAC score greater 
than or equal to 709 was the optimal cut-off for detecting 
patients with CAD missed by SPECT. In this threshold, 
combined MPI and the CAC score had a sensitivity of 
86% and a specificity of 86% for the detection of patients 
with CAD. Thus, the combined CAC and SPECT have 
improved the sensitivity of SPECT from 76% to 86% 
without a significant decrease in specificity from 91% to 
86%. Accordingly, the PPV decreased from 91% to 88% 
and the NPV increased from 76% to 83% when the 
combined approach was used (3). Sensitivity of 
combined SPECT MPI and CAC score also increased 
from 80.7% to 96.3% than that of SPECT MPI alone.

The study results revealed that the CAC score may 
improve the diagnostic performance of SPECT MPI in 
identification of significant CAD in a risk population. 

Combining morphological and anatomical information 
by CAC score with functional information obtained from 
SPECT MPI provides complementary information by 
reflecting different pathophysiologic aspects of CAD

CONCLUSION

CAC score in adjunct to SPECT MPI increases the 
diagnostic efficacy for the diagnosis of CAD. CAC 
score is a diagnostic, sensitive and specific modality for 
identifying patients with significant CAD. In patients 
with a positive CAC score with combination SPECT 
MPI increased sensitivity, specificity, PPV and NPV for 
the detection of CAD significantly then SPECT MPI 
alone. SPECT MPI and CAC also gave additional 
information on patients’ coronary atherosclerosis and 
cardiovascular risk.
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