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BACKGROUND AND OBJECTIVES: No data are available in Saudi Arabia on the relationship between coronary
artery calcification (CAC) and myocardial perfusion scintigraphy (MPS) in asymptomatic women, for determin-
ing subclinical coronary artery disease (CAD). The main objective of this study was to investigate the relationship
between the presence of CAC and stress-induced myocardial ischemia by MPS in asymptomatic women.
DESIGN AND SETTING: Single-center retrospective study over a 2-year period.

METHODS: One hundred and one women (mean [SD] age, 56 [11] years) without known CAD underwent both
MPS and CAC scanning within 3 months. The frequency of ischemia by MPS was compared with the presence
or absence of CAC and the number of CAD risk factors.

RESULTS: The prevalence of ischemic MPS was 22% (22/101). Among the 22 patients with ischemic MPS, the
CAC score was 0 in 5 patients of 22 (23%), 1 to 200 in 4 patients of 22 (18%), and more than 200 in 13 patients
of 22 (59%) (P=.0001). In contrast, among the 79 patients with normal MPS, the CAC score was 0 in 44 of 79
(56%) patients, 1 to 200 in 25 of 79 (32%), and more than 200 in 10 of 79 (13%). The presence or absence of
CAC was the single most important predictor of the MPS result (P=.0001).

CONCLUSIONS: Moderate to severe CAC is associated with ischemic MPS in more than 50% of asymptomatic
women with 2 or more CAD risk factors. Abnormal MPS is rarely associated with a 0 CAC score. Normal MPS
does not exclude subclinical CAD. Therefore, CAC screening is an appropriate initial screening test for CAD in
asymptomatic women.

( :urrently available data continues to indicate
an underrecognition and underdiagnosis of
coronary artery disease (CAD) as a contribu-

tory factor in the high mortality rate in women." The

substantial under-representation of women in stud-
ies of noninvasive cardiac imaging further limits the
evidence-based information that is used as a basis in
clinical decision making.” Calcification of the coronary
artery is virtually pathognomonic of atherosclerosis.>*

Clinical and histopathological studies have document-

ed a close correlation between coronary artery calcifi-

cation (CAC) detected by multi-detector computed
tomography (MDCT) and atherosclerotic plaque
burden.®’” In addition, a modest relationship between

CAC and the severity of luminal stenosis has been

revealed with the use of either conventional angiog-

raphy®® or intravascular ultrasound.’®** Some studies
have suggested that the progression of CAD is more
related to atherosclerotic plaque burden'” rather than
the extent of diseases detected by angiography.”” CAC
is an easily obtained surrogate for plaque burden, and
it can detect coronary atherosclerosis in early stages
based on the presences and severity of CAC.****

Stress myocardial perfusion single photon comput-
ed tomography (SPECT) is one of the most commonly
performed noninvasive cardiac imaging tests in patients
with known or suspected CAD. Gated myocardial per-
fusion scintigraphy (MPS) provides several parameters
that are used to diagnose and risk stratify symptomatic
and asymptomatic women. These parameters include
stress-induced perfusion defects, global and regional
left ventricular function, and left ventricular volumes.'®
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MPS using contemporary techniques has played an
important role in the diagnosis and prognosis of CAD
in women. In addition, myocardial perfusion imaging
with exercise or pharmacologic stress has been shown
to add incremental value to the use of clinical variables
or exercise electrocardiogram stress testing alone in the
risk stratification of women with an intermediate clini-
cal pretest likelihood of CAD."” However, MPS im-
aging has been reported to have technical limitations
in women, including false-positive results because of
breast attenuation and small left ventricular function.'®
Furthermore, MPS is an expensive test and is not rec-
ommended for screening of asymptomatic women.
Currently, little information is available as to whether
CAC can identify asymptomatic women at high risk
for myocardial ischemia. Accordingly, the purpose of
this study was to determine the relationship between
CAC score, number of cardiac risk factors, and the re-
sults of MPS in asymptomatic women.,

METHODS

A retrospective study was performed on 101 women
who underwent rest/stress MPS and CAC scanning
within 3 months of each other between January 2009
and November 2010. Patients underwent MPS on a
clinical basis for risk stratification, preoperative evalu-
ation, or ongoing research project. CAC scanning was
performed either on the basis of physician referral as a
screening for subclinical CAD or an ongoing research
project. Exclusion criteria included a history of myo-
cardial infarction, prior coronary bypass surgery or
percutaneous coronary intervention, prior cardiomY‘
opathy, or known valvular heart disease. The study was
approved by our hospital review board.

MPS acquisition and analysis

Patients underwent rest/stress myocardial perfusion
studies with either a separate-day protocol or a same-
day rest/stress sequence. The choice of tracer and
same-day or separate-day protocol was based on logis-
tical requirements. The rest dose in patients who un-
derwent a separate-day rest/stress protocol was 10 to
370 megabecqurel (MBq) of technetium-99 (Tc-99m)
sestamibi or tetrofosmin. The stress dose in patients
who underwent the rest/stress same-day protocol was
1100 MBq of either (Tc-99m) sestamibi or tetrofos-
min., Tc-99m sestamibi or Tc-99m tetrofosmin was
injected either during peak treadmill exercise or dut-
ing peak pharmacological vasodilatation with adenos-
ine (140 ug/kg/min). SPECT imaging was started
approximately 15 minutes following injection during
exercise or at 30 minutes following pharmacological
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vasodilatation. Rest SPECT myocardial perfusion
imaging was initiated at approximately 60 minutes fol-
lowing injection. SPECT imaging was performed with
line source attenuation correction at 90° dual-detector
gamma camera (Cardio MD, Philips Medical System,
Milpitas, California) equipped with attenuation cor-
rection and truncation compensation. The acquisition
parameters and post-processing were performed ac-
cording to the most recent guidelines of the American
Society of Nuclear Cardiology for nuclear cardiology
procedures.,”

All images were reoriented in short, vertical, and
horizontal views utilizing AutoSPECT (Cedars-Sinai
Medical Center, Los Angeles, California) for visual in-
terpretation by an experienced nuclear medicine physi-
cian. The reader was not biased by clinical information
and was unaware of the CAC score. Stress and rest
perfusion images were scored using 17 tomographic
segments, which included 6 segments each for the basal
and midventricular slices, and 4 segments for the api-
cal short-axis slices. The final segment was located on
the most apical part of the left ventricle.* Finally, gated
short-axis images were processed with the quantitative
SPECT software to measure the ejection fraction. In
the visual analysis, the 17 segments were scored for per-
fusion defects on a 4-point system (0O=normal; 1=mild;
2=moderate; and 3=severe) for both the stress and rest
images. From this analysis, ischemia was defined as a
change in the segmental score between stress and rest.
Segments with no change between stress and rest were
classified as nonreversible. Summed stress and rest
scores were calculated by summing the 17 segmental
scores in each image set. Utilizing the summed differ-
ence score (SDS) in measuring defect reversibility was
calculated from the difference between the summed
stress and rest scores. An SDS lower than 2 was con-
sidered nonischemic, 2 to 7 was considered mild isch-
emia, and greater than 7 was considered moderate to
severe ischemia. The reader made the final determina-
tion of an abnormal SPECT study by comparing both
the perfusion and functional data.

Calcium scanning and interpretation

The imaging protocol involved acquiring a prospec-
tive electrographic-gated single scan on each patient
consisting of approximately 30 to 40 slices of 2.5 mm
each sufficient to cover the entire heart with trigger-
ing at 50% to 80% of the cardiac cycle. Breath-holding
instructions were given to minimize misregistration.
Scanning required a 3-mm CT slice thickness and a
threshold for CAC of >130 Hounsfield units (HU)
(CT density) involving >1 mm? area/lesion on the high
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Table 1. Characteristics of the study population.

Overall Normal Abnormal
Parameter n=101 MPS MPS P
women n=79 n=22
Mean age (SD) (years) 56 (11) 56 (10) 56 (12) .0021
Risk factors
High Cholesterol® 24 (24) 19 (24) 5(23) 897
Diabetes® 45 (44.6) 33(24) 12 (45) .285
Hypertension® 52 (51.5) 36 (47) 16 ( 73) .024
Smoking 23(23) 19 (24) 4(18) 562
Positive family history 22 (22) 19 (24) 3(14) .295
CAC score
0 49 (48.5) 44 (56) 5(23) <.0001
1-200 29(32) 25(32) 4(18) <.0001
More than 200 23(23) 10(13) 13(59) <.0001

Values are nymber and percent of column total except for age.

MPS=myocardial perfusion scintigraphy; CAC=coronary artery calcification.

*Defined as serum total cholesterol 2230 mg/dL (6.2 mmol/L) or treatment with lipid lowering drugs.

®Defined as fasting blood sugar more than 126 dL (7 mmol/L) or treatment with insulin and or oral hypoglycemic drugs.
°Defined as systolic blood pressure 2140 mm Hg and/or diastolic blood pressure <90 mm Hg and/or the use of
antihypertensive medication.

definition 64-slice CT machine (GE Medical System,
Waukesha, Wisconsin).

Foci of CAC were identified by an experienced ra-
diographic technologist, confirmed by an experienced
cardiovascular radiologist, and scored using semiauto-
matic commercial software on Advantage Workstation
(GE Medical System). The software calculated lesion-
specific scores as the product of the area of each calci-
fied focus and peak CT number (scored as 1 if 131 to
199 HU; 2 if 200 to 299 HU; 3 if 300 to 399 HU;
and 4 if 400 HU or greater) according to the Agatston
method.?! These were summed across all lesions identi-
fied within left main, left anterior descending, left cir-
cumflex, and right coronary arteries to provide arterial-
specific calcium scores, and across arteries to provide

the total CAC score.

Statistical analysis

Total calcium scores were classified into 3 categories:
O=calcium absent; 1 to 200=minimal to mild; and
more than 200=moderate to severe; the prevalence of
an ischemic MPS was compared across calcium score
categories using the chi-square test for trend. A multiple
logistic regression was performed to examine whether
log (CAC +1) was independently associated with the
likelihood of abnormal MPS result after adjustment for
other CAD risk factors. All continuous variables are ex-
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pressed as mean (SD). A value of P<.05 was considered
to indicate a statistical significance.

RESULTS

The characteristics of the study population stratified by
MPS are shown in Table 1. Of the 101 patients, 22 had
abnormal MPS (22%) compared with normal MPS,
and patients with abnormal MPS were significantly old-
er and had significantly higher CAC. Interestingly, no
significant correlation was observed between ischemic
MPS and other traditional risk factors of CAD such as
diabetes, hypertension, smoking, high cholesterol, or a
positive family history for premature CAD. As shown
in Figure 1, a very strong correlation was observed be-
tween the presence and the severity of CAC and MPS
result. Only 5 patients (10%) out of 45 patients with
zero CAC had abnormal MPS. However, patients with
a CAC score of more than 200 had more than a 50%
chance of having abnormal MPS (P<.0001).

A strong correlation was observed between the pres-
ence and the severity of CAC with age, diabetes, and
hypertension, but no correlation was observed between
CAC and high cholesterol, smoking, or family history.
A total of 35 of 79 patients (45%) with normal MPS
had CAC of more than zero. About 12.7% had severe
CAC (CAC score more than 200) (Figure 2).

Diabetes was present in 45 patients of the total
population study. A total of 17 of 45 patients (37.8%)
had no detectable CAC, but 12 (26.7%) and 16 (35.6%)
patients had a CAC score of 1 to 200 and more than
200, respectively, with statistically significant P value
(.020). However, no correlation was observed between
diabetes and abnormal MPS (P=.268). Multivariable
logistic regression analysis showed that the log CAC
score was the most and the only predictor for abnormal
MPS, odds ratio 2, and P value of less than .001. Other
traditional CAD risk factors, e.g,, diabetes, hyperten-
sion. age, family history, and high cholesterol, were not
predictors for abnormal MPS in a multivariate regres-
sion analysis.

DISCUSSION

The main finding of our study is a strong relationship
between the CAC score obtained by MDCT and the
presence of ischemia as measured by stress MPS. The
CAC score can accurately classify patients into low-risk
or high-risk groups in asymptomatic women. The ab-
sence of CAC or CAC score in less than 200 asymp-
tomatic women is associated with a low probability of
abnormal MPS; in contrast women with a CAC score
of more than 200 and 2 or more CAD risk factors
have more than a 50% chance of having an abnormal
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(e.g., ischemic) MPS. This result may be exploited to
improve the selection and use of a more expensive test,
such as MPS, for identifying asymptomatic women
with high risk for cardiovascular events.

Predictors of Ischemic MPS

In our study, the best predictors of ischemic MPS were
CAC score and age. For example, asymptomatic 58-year
old or older females with a CAC score of more than 200
have a 50% or more chance of having abnormal MPS,
but asymptomatic relatively younger females (e.g., 56-
year old or younger) with a zero CAC score have less
than a 10% chance of having an abnormal MPS. This
result is consistent with previous studies that demon-
strate that the angiographic extent and severity of CAD
are closely related to the CAC score,”* and the an-
giographic stenosis severity best predicts an abnormal
MPS.?* Overall, the data suggests that CAC is more
sensitive than MPS in asymptomatic women in detect-
ing subclinical atherosclerosis and subsequent risk fac-
tor modification.

The impact of CAD risk factors on CAC score

Using univariate analysis, our data suggests a clear as-
sociation between CAC and age, diabetes, and hyper-
tension; in contrast no relationship was observed be-
tween CAC and other CAD risk factors such as family
history of premature CAD, smoking history, and high
cholesterol. However, in a multivariate analysis the
presence of CAC was the only predictor for abnormal
MPS. It is well known that conventional risk factors
do correlate with CAC? even though CAC is superior
to conventional risk factors in predicting outcomes.
Postmenopausal women present a striking example of
the inability of conventional risk factor analysis to pre-
dict the presence or absence of subclinical atherosclero-
sis. A study by Hecht and Superko showed no differ-
ence in any lipid parameters or in the Framingham risk
score between postmenopausal women with and with-
out calcified plaques, rendering a therapeutic decision
that is plaque-imaging based extremely problematic.?®

Normal MPS and presence of CAC

In our study approximately 45% of asymptomatic
women with normal MPS have detectable CAC. In fact
13% have a CAC score of more than 200. This result
indicates a limited role for all stress testing (e.g., stress
MPS, stress echocardiography, or treadmill stress test)
in asymptomatic women. Stress testing does not effec-
tively screen for subclinical atherosclerosis. The pres-
ence of CAC implies atherosclerosis, but not necessar-
ily the presence of coronary stenosis; in contrast MPS
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Figure 1. The frequency of abnormal (ischemic) stress single photon computed
tomography (MPS) according to coronary artery calcification score (CAC).
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Figure 2. The distribution of coronary artery calcification score (CAC) in patients with
normal stress single photon computed tomography (MPS) (P<.001 across all groups).

requires the presence of a hemodynamically significant
lesion, either fixed or dynamic, before any abnormality
becomes evident.?

Relationship between Diabetes, CAC, and MPS

Diabetic patients should be given special consideration
because diabetes is considered a CAD risk equivalent.
Our data showed a strong relationship between diabe-
tes and CAC score (P=.002), but no statistical signifi-
cance between diabetes and ischemic MPS was dem-
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onstrated. Diabetic patients with a zero CAC score
have the same excellent prognosis as patients without
diabetes, and it is reasonable to treat patients with a
zero CAC scores less aggressively than would be dic-
tated as a CAD risk equivalent. On comparison, dia-
betic patients with an elevated CAC score have a poor
prognosis than patients without diabetes and a similar
CAC score and subsequently should be treated more
aggressively.?®

Prior studies

This is the first study in Saudi Arabia to investigate
the relationship between the CAC score and the MPS
result, However, a few studies are available that inves-
tigate the interrelationship between CAC and MPS
in the general population (men and women). He et al
noted a threshold phenomenon with a very low abnor-
mal MPS and a CAC score of less than 100 and 46%
with abnormal MPS in patients with CAC score more
than 400.” The observed difference in frequency of
abnormal MPS (our patients with moderate to severe
CAC have 56% abnormal MPS) in our study is due
to many factors, such as gender and ethnic difference,
and most importantly our patients have more risk fac-
tors for CAD, such as being older than 55 years, with
a high prevalence of diabetes and other CAD risk fac-
tors. Another possible explanation for this difference is
the criteria being utilized in the interpretation of MPS,
Berman et al showed the same threshold phenomenon
between CAC and MPS. He concluded that in most
patients a low CAC score appeared to obviate noninva-
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sive testing, but a normal MPS was frequently associ-
ated with coronary calcification that indicates subclini-
cal atherosclerosis.®® In our recently published data,
a visual estimation of CAC on the CT component of
positron emmission tomography (PET)-CT in cancer
patients was highly consistent with the current study.
We found that the presence of CAC by visual detection
is associated with 53% abnormal MPS, but the absence
of CAC was rarely associated with abnormal MPS.*!

Study Limitations

The total study population was small (only 101 as-
ymptomatic women) and patients with a CAC score of
more than 200 was the smallest group (23 patients out
of 101 of total study population). Another important
issue was that our patients were asymptomatic and had
multiple CAD risk factors, such as being older than 55
years and having diabetes. Further studies utilizing a
larger patient population with fewer CAD risk factors
are greatly needed.

In conclusion, CAC screening by MDCT in as-
ymptomatic women with multiple risk factors predicts
silent myocardial ischemia diagnosed by stress MPS.
Therefore, CAC screening is recommended as an ap-
propriate initial imaging test in this subset of patients
for risk stratification. Further testing with more defini-
tive testing, such as stress MPS, is recommended for
patients with a CAC score of more than 200 with 2 or
more CAD risk factors. Aggressive risk factor modifi-
cation and therapy are highly recommended in low-risk
patients with a CAC score of less than 200.
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