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ABSTRACT
There have been little and conflicting data regarding the relationship between coronary artery calcification score (CACS) and myocardial 
ischemia on positron emission tomography myocardial perfusion imaging (PET MPI). The aims of this study were to investigate the relationship 
between myocardial ischemia on PET MPI and CACS, the frequency and severity of CACS in patients with normal PET MPI, and to determine 
the optimal CACS cutoff point for abnormal PET. This retrospective study included 363 patients who underwent same-setting stress PET 
perfusion imaging and CACS scan because of clinically suspected coronary artery disease (CAD). Fifty-five (55%) of the 363 patients had 
abnormal PET perfusion. There was an association between sex, diabetes mellitus (DM), smoking, and CACS and PET perfusion abnormities 
with P = 0.003, 0.05, 0.005, and 0.001, respectively. However, there was no association between PET perfusion abnormalities with age, body 
mass index, hypertension, and hypercholesterolemia. There was association between CACS and age, sex, and DM with P = 0.000, 0.014, and 
0.052, respectively, and stepwise increase in the frequency of myocardial ischemia and CACS groups. Receiver-operating characteristic analysis 
showed that a CACS ≥304 is the optimal cutoff for predicting perfusion abnormalities with sensitivity of 64% and specificity of 69%. In conclusion, 
the frequency of CAC in patients with normal PET MPI is 49%, it is highly recommended to combine CACS with PET MPI in patients without 
a history of CAD. PET MPI identifies myocardial ischemia and defines the need for coronary revascularization, but CAC reflects the anatomic 
burden of coronary atherosclerosis. Combining CACS to PET MPI allows better risk stratification and identifies high-risk patients with PET, and 
it may change future follow-up recommendations. CACS scan is readily available and easily acquired with modern PET-computed tomography 
(CT) and single-photon emission CT (SPECT)-CT with modest radiation exposure.
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INTRODUCTION

Coronary artery calcification (CAC) is a strong predictor 
of cardiovascular disease and has an important role in 
cardiovascular risk stratification.[1] CAC score (CACS) may 
offer added diagnostic information over myocardial perfusion 
imaging (MPI) for identifying patients with suspected 
coronary artery disease (CAD). In the promise study, most 
stable patients with suspected CAC and experienced major 
cardiovascular events (MAC) have measurable CAC at baseline 
while less than half have any abnormalities on functional 
imaging.[2] CACS is a powerful prognostic value in predicting 
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MACE in patients with suspected CAC and mild-to-moderate 
perfusion abnormities on MPI.[3] Furthermore, the absence 
of CAC is associated with low risk for major adverse cardiac 
events (MACEs).[4] Abnormal MPI is associated with high 
likelihood of higher CACS. However, normal MPS patients may 
have severely abnormal CACS; this observation indicates a 
potential role for CAC scoring in patients with normal MPS.[5] 
MPS with single-photon emission computed tomography 
(SPECT) is a well-established noninvasive technique for 
diagnosis, risk stratification, and management of CAD.[6] 
However, the diagnostic accuracy of PET is superior to SPECT.[7] 
The combined modality for PET/computed tomography (CT) 
increases the diagnostic accuracy of PET in CAD diagnosis.[8] 
Combined assessment of CACS and myocardial perfusion 
with single dual-modality study allows unique opportunity 
to assess myocardial ischemia and subclinical atherosclerosis. 
Combined assessment of functional ischemia with PET and 
coronary atherosclerosis severity with CACS may improve 
risk stratification and goal and intensity of medical therapy.[9] 
Several studies have demonstrated a stepwise increase of 
MACE with increasing CACS, with annualized MACE between 
0.7%–2.4% and 3%–11% in patients with 0 to more than 
400%, respectively.[10] Furthermore, it has been shown that 
CACS may increase the diagnostic performance of MPI for 
identifying patients with CAD and negative MPI.[11] The aims 
of this study were to investigate the relationship between PET 
myocardial perfusion and CACS, the prevalence, and severity 
of CACS in patients with normal MPI, and to determine the 
optimal CACS cutoff for abnormal PET results.

METHODS

Subjects
Between January 2014 and November 2017, 363 consecutive 
symptomatic patients who underwent same-setting PET 
MPI and CACS scan on PET/CT scan because of clinically 
suspected CAD as per referring physicians. Baseline patient 
characteristics are given in Table 1. Exclusion criteria include 
patient with known history of CAD as documented by 
previous abnormal coronary angiogram, post-coronary artery 
bypass surgery (CABG), postpercutaneous intervention, or 
previous abnormal MPI either SPECT or PET. The study was 
approved by the Intuitional Review Board.

Positron emission tomography/computed tomography 
image acquisition and analysis
Both rest and stress 13N-ammonia images were acquired 
in a same day protocol with adenosine stress test[12] with 
intravenous injection of 700–900 MBQ of 13N-ammonia 
followed by transmission scan for attenuation correction on a 
discovery (CVT or 710) scanner (GE Healthcare) as previously 
reported in details[13,14] PET studies interpretation was 

perfumed by two experienced nuclear medicine physicians, 
and diverging interpretations were resolved by consensus. 
The 17-segment model and semi-quantification scoring 
system (0 = normal, 1 = mildly abnormal, 2 = moderately 
abnormal, and 4 = completed defect) as recommended by 
the American Society of Nuclear Cardiology,[15] images were 
considered normal of summed stress score (SSS) <4, mildly 
abnormal of SSS 4–8, and moderately to severely abnormal 
if SSS 4–8 as previously described.[16]

Coronary calcium scoring
Prospective electrocardiographic gating was utilized on 
64-slice PET/CT scanner. The CT was acquired with 120 
KVP, 100 mAs, 0.6 mm collimation with approximately 10 s 
acquisition time, and 1–2 mSv radiation dose. All CT images 
were reconstructed with 3 mm thickness. CAC was scored 
using the Agatston methods.[17] The CACs were classifieds 
into four groups; group with total CACS of 0, Group 1 with 
total CACS 1–100, Group 3 with total CACS 101–400, and 
Group 4 with CACS more than 400.

Table  1: Patient’s characteristics as predictors of positron 
emission tomography results

PET Total 
(n=363), 

n  (%)

P
Negative 
(n=163; 

45%)

Positive 
(n=200; 

55%)
Sex

Female 91 70 161 (44.4) 0.003
Male 106 96 202 (55.6)

Age/years 63±11 64±12 0.311
BMI

<30 70 61 131 (36) 0.810
>30 127 105 232 (64)

Hypertension
Negative 17 16 33 (9) 0.303
Positive 180 150 333 (91)

DM
Negative 66 40 106 (29) 0.050
Positive 131 126 257 (71)

Hypercholesterolemia
Negative 66 38 80 (22) 0.719
Positive 131 128 283 (78)

Smoking
Negative 136 136 272 (75) 0.005
Positive 61 30 91 (25)

CAC
CAC=0 100 37 137 (38) 0.001
CAC >0 197 129 226 (62)

ROC cut‑off point of 
CAC of 304

CAC >304 163 92 255 (70) 0.0001
CAC >304 34 74 108  (30)

CAC: Coronary artery calcification; BMI: Body mass index; DM: Diabetes mellitus; 
PET: Positron emission tomography; ROC: Receiver‑operating characteristic
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Statistical analysis
Statistical analyses were performed using Statistical Package 
for the social sciensec (SPSS) SPSS version 20 (Armonk, New 
york, USA). Continuous variables were reported as means ± 
standard deviation, and categorical variables were reported 
as percentages. Group means were compared using t-test, 
and association between categorical variables was assessed 
by Chi-square test. Multiple linear regression was used to 
evaluate the effect of important covariates on CACSs. Cochran 
Armitage test for trend (with one degree of freedom) was used 
to test for trend. The P value was less than 0.0001. This shows 
that there was a significant trend (increasing probability of 
positive PET) with increasing CACS.

The receiver operating characteristic (ROC) was used to 
find the optimal cutoff point that classifies the subjects into 
normal and abnormal PET results. The Type I error rate was 
set at 5%.

RESULTS

Positron emission tomography myocardial perfusion 
results
Fifty-five (55%) of the 363  patients had abnormal PET 
perfusion (ischemia, infraction, and mixed defects), there 
were nondiagnostic studies. The relationship between PET 
results and CAD risk factors is given in Table 1. There was an 
association between sex, diabetes mellitus (DM), smoking, 
and CACS and myocardial ischemia with P = 0.003, 0.05, 
0.005, and 0.001, respectively. However, there was no 
association between myocardial ischemia and age, body mass 
index, hypertension, and hypercholesterolemia.

Relationship between positron emission tomography 
myocardial perfusion imaging and coronary artery 
calcification score
Overall, 137 (38%) patients zero CACS and CACS score was 
one or greater in 226  (62%) patients of 363 of the study 
population. Table 2 shows the multiple regression model to 

CACS. There was association between CACS and age, sex, 
and DM with P = 0.000, 0.014, and 0.052, respectively. There 
was a strong association between PET myocardial perfusion 
abnormities and CACS (P = 0.0001).

Distribution of coronary artery calcification scores in 
patients with normal and abnormal positron emission 
tomography perfusion
Distribution of CACSs in patients with normal PET perfusion 
(197  patients) as follows: 100  patients had zero CACS, 
41 patients had 1–100 CACS, 33 patients had 101–400 score, 
and 23 patients had CACS more than 400. Distribution of 
CACSs in patients with abnormal PET perfusion (166 patients) 
as follows: 17 patients had zero CACS, 34 had 1–100 CACS, 
38 patients had CACS between 101 and 400, and 77 patients 
had CACS more than 400. There was a strong association 
between PET myocardial perfusion abnormities and CACS 
(P = 0.0001); furthermore, there was a strong association 
between PET MPI and CACS groups as shown in Figure 1.

Figure 2 shows the ROC curve for detection of myocardial 
ischemia on PET MPI based on CACS. The optimal cutoff value 
of CACS to predict myocardial ischemia was 304 or greater 
with sensitivity of 64% and specificity of 69%.

DISCUSSION

Our data showed several important observations; one of the 
most important observations is the high frequency of CAC in 
patients with normal PET MPI. Ninety-seven (49%) patients 
out of 197 patients with normal PET MPI had CAC. Severe 
CAC (CACS more than 400) was identified in 23  patients 
with normal PET MPI. In addition, patients with CACS of 
more than zero; there was stepwise increase of myocardial 
ischemia on PET perfusion with increasing CACS, especially, 
in patients with severe CAC (CACS more than 400) had 
46% myocardial perfusion defects in PET MPI. This finding 
is consistent with several previous reported studies. In 
a retrospective study, Fathala et al. observed that 55% of 

Figure 1: The relationship between coronary artery calcification score and 
positron emission tomography myocardial perfusion results

Table  2: Fitting multiple regression model to the coronary artery 
calcification score: The dependent variables are the coronary 
artery calcification score

Parameters Regression 
coefficient

SE P

Age 17.638 2.680 0.000
Sex −150.979 60.901 0.014
Hypertension 101.103 96.444 0.295
DM 130.909 67.231 0.052
Hypercholesterolemia −125.686 74.173 0.091
Smoking 24.188 68.865 0.726
BMI grouping 55.786 63.900 0.383
BMI: Body mass index; DM: Diabetes mellitus; SE: Standard error
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patients with CACS of more than 400 had perfusion defect 
on SPECT MPI.[18] Furthermore, Anand et al. reported that 
patients with CACS of more than 400 had 45% myocardial 
ischemia on SPECT MPI.[19] Our patients are symptomatic 
with multiple risk factors for CAD; this probably explains the 
high prevalence of myocardial perfusion ischemia on PET MPI 
compared to previously published data. It is obvious from 
previous multiple studies; a significant number of patients 
with either normal SPECT MPI or PET MPI have subclinical 
atherosclerosis and nonobstructive CAD as evident by CAC 
detected by CACS scan. Nonobstructive CAD is considered 
as a preclinical stage with strong predictive value for the 
development of obstructive CAD.[20] Information about CACS 
cannot be obtained from PET imaging alone indicating added 
incremental value of combining CACS to PET functional 
imaging. CACS measures the anatomic burden of coronary 
atherosclerosis but does not help localizing or detecting 
the severity of myocardial ischemia. However, PET MPI 
identifies myocardial ischemia and defines the need for 
coronary revascularization. Most importantly, adding CACS 
to PET changes the diagnosis from no ischemia to ischemia 
despite the presence of CAC, this diagnosis has very serious 
implications in patients’ management as it changes the long-
term prognosis, prevent miscommunication about meaning 
normal functional imaging, changes management, and future 
follow-up recommendations.[21] In addition to important 
prognostic information by adding CACS to PET functional 
imaging, CACS offers incremental diagnostic information. 
Schepis et al. observed that combining SPECT with CACS 
improved the sensitivity of SPECT from 76% to 86% for the 
detection of CAD without a significant decrease in specificity 
(from 91% to 88%).[11] The relationship between CACS and 
coronary artery stenosis has been investigated, it has been 

found by Henein et al. That CAC is more accurate in detecting 
high-grade stenosis than myocardial perfusion defect in 
patients with exertional dyspnea; furthermore, there was 
strong association between CACS and extent of myocardial 
perfusion defected.[22] In our study, the optimal cutoff point 
for CACS was 304 for detecting myocardial ischemia on PET 
MPI with sensitivity of 64% and specificity of 69% per ROC 
curve analysis. In addition to presence and severity of CAC, 
other factors such as sex, diabetes mellitus, and tobacco 
smoking are strong predictors for myocardial ischemia on 
PET functional imaging.

Frequency of myocardial ischemia in patients with zero 
coronary artery calcification score 
In our study, the frequency of myocardial ischemia in patients 
with zero CACS is 10%. Patients with zero CACS are unlikely 
to have significant coronary stenosis by noncalcified plaques 
and/or microvascular dysfunction. Compared to previous 
studies, this frequency is considerably high. Alanazi et al. 
observed that the frequency of myocardial ischemia in low 
to intermediate-risk patients with <1%.[23] However, our 
current patients are symptomatic and having more CAD risk 
factors. In addition, SPECT was the techniques utilized to 
detect myocardial perfusion abnormalities, but in the current 
study, PET was used to asses myocardial perfusion, PET scan 
has more accurate compared to SPECT. On the other hand, 
the presence of normal myocardial perfusion in patients with 
high CAC has several explanations that may include extensive 
CAC can be present without hemodynamically significant 
CAD, false normal PET, or SPECT is well-known possibility 
in patients with extensive CAD and balanced ischemia, and 
Finally, the perfusion abnormalities could be related to 
attenuation artifacts.

Study limitations
Our study has some important limitations as it was a 
retrospective study. Study population was selected and has 
a higher likelihood of CAD and higher CACS; subsequently, 
selection bias may affect our study results. In addition, sample 
size is relatively small and larger number of study population 
needs to confirm the results. Finally, there was no follow-up 
with coronary angiography to test the diagnostic accuracy 
of PET MPI, but generally, PET MPI has high sensitivity, high 
positive and negative predictive values, and diagnostic 
accuracy compared to invasive coronary angiography.[24]

CONCLUSIONS

The frequency of CAC in patients with normal PET MPI is 49%; 
it is highly recommended to combine CACS with PET perfusion 
in patients without a history of CAD. PET MPI identifies 
myocardial ischemia and defines the need for coronary 

Figure  2: Receiver operating characteristic-curve for the detection for 
positron emission tomography perfusion abnormalities by coronary artery 
calcification score. The optimal cutoff for detecting positron emission 
tomography perfusion abnormalities was 304, with sensitivity 64% and 
specificity 69%
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revascularization, but CAC reflects the anatomic burden of 
coronary atherosclerosis. Combining CACS to PET MPI may 
change the diagnosis from normal myocardial perfusion 
to normal perfusion despite the presence of coronary 
atherosclerosis, this diagnosis has very serious implications 
in patients management as provides clinicians with additional 
information to identify high-risk patients with normal 
functional imaging, it changes the long-term prognosis, 
prevents miscommunication about the meaning of normal 
functional imaging, and future follow-up recommendations. 
CAC is readily available and easily acquired with modern PET-
CT and SPECT-CT with modest radiation exposure.
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