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ABSTRACT ____

BACKGROUND: Atherosclerotic plagues have strong correlation with the extent of coronary artery calcium scoring
(CACS). Currently CACS screening is used as a reliable predictor of cardiovascular events in patients with atherosclerosis.
Myocardial perfusion imaging (MPI) using single photon emission computerized tomography (SPECT), being the
most used non-invasive modality for assessment of ischemia has been found to have good correlation with severity
of CACS. Aim of this study was to find correlation between CACS and SPECT MPI in asymptomatic Pakistani population.
METHODS AND MATERIALS: This was a retrospective study performed on 112 asymptomatic patients (Male: 95,
Female: 17; mean age: 62.45 yr + 9) who underwent CACS screening and SPECT MPI between June 2025 till January
2026. CACS measured by multidetector computerized tomography (MDCT) was categorized into 4 categories (CACS
0, CACS 1-100; CACS 201-399; CACS > 400). There was no significant difference between two genders for risk factors
like hypertension (HTN), diabetes (DM), hypercholesterolemia (HC) and smoking but male has strong positive family
history for coronary artery disease (CAD). RESULTS: Mean CACS in 112 patients was 699 (range: 0-3598; median:
428) and on subgroup analysis majority were found to have CACS > 400 (CACS 0: 06/112 [5.4%]; CACS 1-100: 9/112
[08%]; CACS 101-399: 32/112 [29%]; CACS > 400: 65/112 [58%]). SPECT MPI was abnormal in 18/112 (16%) of total
patients and on subgroup analysis all 6 patients in CACS=0, had a negative SPECT MPI. SPECT MPI was abnormal
in 1/9 (11%) patients with CACS=1-100 while in group CACS=101-399, 4/32 (13%) had abnormal SPECT MPI. In group
with CACS > 400, 13/65 (20%) had abnormal SPECT MPI. On risk factor analysis, in patients with CACS > 400, an
abnormal SPECT MPI was found to have significant correlation with risk factors like HTN, DM and HC (p<0.5).
CONCLUSION: We conclude that as per published international data, this study has also found a moderate agreement
between CACS and abnormal SPECT MPI. The frequency of abnormal MPI with rising CACS is significantly lower
in our population which could be due to selection of asymptomatic individuals. However, larger studies with inclusion
of balanced gender, symptomatic and asymptomatic individuals are warranted.
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Introduction ____

Coronary Artery Calcium Scoring (CACS) has revolu-
tionized cardiovascular risk assessment in symptomatic
and asymptomatic individuals as it by providing a direct,
non-invasive measure of subclinical coronary atheros-
clerosis. Traditional risk factors like family history,
diabetes (DM), hypertension (HTN), hypercholes-
terolemia (HC) and smoking estimate the probability of
coronary artery disease (CAD). However, CACS using
the Agatston method measures the actual presence
and severity of atherosclerotic plaques.! In asymp-
tomatic populations, the predictive value of CACS is
highly complementary to Single-Photon Emission
Computed Tomography Myocardial Perfusion Imaging
(SPECT MPI).2 However, CACS may not directly reflect
the severity of arterial stenoses or coronary endothelial
dysfunction, which may be better assessed by tech-
niques that examine functional ischemia, such as stress
myocardial perfusion imaging (MPI) using single-photon
emission computed tomography (SPECT). While SPECT
MPI detects functional ischemia (blood flow issues),
CACS detects anatomical plaque burden. In addition,
studies have shown that CACS is a reliable predictor of
all-cause mortality, CAD related deaths in asymptomatic
patients with positive family history.3 In this study we
examined the relation between CACS and abnormal
SPECT MPI and impact of risk factors upon the outcome
in asymptomatic individuals who underwent CACS as
part of health screening.

Material and Method ___

Study design, site and duration: This is a retros-
pective study conducted at nuclear cardiology
department of a tertiary care healthcare facility of
Karachi. The study included asymptomatic healthcare
workers who underwent annual screening for CACS
and SPECT MPI from June 2025 till January 2026. Due
to its retrospective nature, study was exempted by
ethical committee. During study duration, data was
collected for asymptomatic patients who had CACS
followed by SPECT MPI within 4-6 weeks. Patients with
typical anginal symptoms or with known CAD with or
without revascularization were excluded. Patient’s
demographic data including risk factors like family
history, DM, HTN, HC and smoking were also collected.
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Study population: During study duration, 112 patients
were found to qualify the inclusion criteria. Out of 112
patients (mean age: 62.45 yr + 9) 95 were male (85%:
mean age: 60.6 yr) and 17 were female (15%: mean age:
68.7 yr). Hypertension was found in 77/112 (69%) [male:
65/95, 68%; female: 12/17, 71%] while diabetes was
foundin 72/112 (64%) [male: 59/95, 62%; female: 13/17,
77%], hypercholesterolemia in 30/112 (27%) [male:
26/95, 27%; Female: 04/17, 24%] and family history for
CAD was positive in 15/112 (13%) [all males; 15/95,
16%]. Eighteen patients were smoker (11/112, 16%;
Male: 15/95, 16%; Female: 3/17, 18%) (Tab.1).

Variables o zpmttlll';:)ion 95N:g|5iﬁ,) 1@6('? g'l’/(:)
Mean age (Yr) 62.45+-9.0 60.6 68.7
Hypertension 77 (69%) 65 (68%) 12 (71%)
Diabetes 72 (64%) 59 (62%) 13 (77%)
Hypercholesterolemia 30 (27%) 26 (27%) 04 (24%)
Smoking 18 (16%) 15 (16%) 03 (18%)
Family History for CAD| 15 (13.4%) 15 (16%) 0
Mean CACS (Ag Score)| 699 + 428 790.6 511.5
MPS Abnormal 18 (16%) 16/112 (14%) | 2/112(12%)

Table 1: Demographic distribution of total and gender-based
population

Acquisition of CT based CACS: CACS score was
acquired using 360 slice Cannon scanner. All the
processes strictly followed the guidelines recommended
by the Society of Cardiovascular Computed Tomography.4
CACS was estimated by a trained technologist (having
more than 20 year’s experience) based on the Agatston
method.? Measured CACS are categorized into 04
subgroups based on Agatston score (Mean CACS: 0;
CACS: 1-100; CACS: 101 - 399; CACS: > 400).

SPECT MPI Acquisition protocol: All patients under-
went on the same day (rest-stress or stress-rest)
myocardial perfusion GSPECT using Tc-99m-labeled
Tetrofosmin (Myoview®). 10-15 mCi of Tc-99m Tetro-
fosmin was administered intravenously for first study
(rest in rest-stress or stress in stress-rest protocol) and
25-30 mCi for second study (stress in rest-stress or rest
in stress-rest protocol). Gated stress and non-gated
rest SPECT acquisitions were performed using dedi-
cated dual head cardiac (GE NM-630®) gamma camera
with low energy all purpose (LEAP) collimator, 32 projec-
tions around a 1800 arc, a 64 x 64 matrix and 16 frames
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per cardiac cycle. Image reconstruction and LV func-
tional parameters [ejection fraction (EF); end diastolic
volume (EDV); end systolic volume (ESV); and wall
motion (WM)] were contemplated by using commercially
available 4ADM® software package. An EF <50%, ESV
> 70 ml, and sum thickness score (STS) > 2 were consi-
dered as abnormal.

Statistical Analysis: Shaprio Wilk test was used upon
normally distributed demographic data. Correlation of
CACS, MPS and various variable were calculated using
Cramer’s V test. All continuous variables are expressed
as mean (SD). P value of <.05 was considered to indicate
statistical significance.

B'e_s_l"'l"ts__

The study population was significant dominated by male
gender, but no significant difference was found between
mean age of both genders (Shapiro Wilk test). Regarding
risk factors, HTN, DM, smoking was more prevalent in
females while HC in males but without statistically
significant difference (Cramer’s V test; p value >0.5).
Sixteen percent (16%) of male patients had positive
family history, but no female had had a positive family
history (significant). In all 112 patients, mean CACS was
699 (range: 0- 3598; median: 428). On sub-group analysis
06/112 (5.4%) patients had CACS = 0. In subgroup CACS
1-100, 9/112 (08%) patients had a mean CACS 32
(range: 9-70; median: 25). In group CACS 101-399,
32/112 (29%) patients had mean CACS of 245 (range:
101-394; median: 239). In group CACS > 400, 65/112
(58%) had a mean CACS of 1080 (range: 400-3598;
median: 734) (Tab.2). MPI SPECT was positive in 18/112
(16%) of total patients and on subgroup analysis all 6
patients with CACS=0, had a negative MPI SPECT. MPI
SPECT was positive in 1/9 (11%) patients with CACS=1-
100 while in group CACS=101-399, 4/32 (135%) had

Variables | Number &ﬁgﬁ) (rg:;\;e) (rr?(:i(i:fn) A{ZB?FZ? !
Total Population| 12 | 699 |0-3508| 428 |18/112(16%)
CACS =0 6 0 0 0 0
CACS=1-100| 9 32 | 9-70 | 25 | 0119 (11%)
CACS=101-309] 32 245 |101-304| 239 |04/32 (13%)
CACS > 400 65 | 1080 |400-3508] 734 |13/65 (20%)

Table 2: Distribution of CACS in total population and sub-groups.
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positive MPI SPECT. In group with CACS > 400, 13/65
(20%) had positive MPI SPECT. On risk factor analysis
in patients with CACS > 400, HTN, DM and HC were
found to have high significant correlation with positive
MPI SPECT (p<0.5) (Tab.3).

No| Age (Gender| HTN | DM |cHoL |SMKN| Fi |cacs| +iE
1 4 M YES | YES | NO NO Y 70 Y
2 49 M NO | YES | NO NO N 21 Y
3| 68 F YES | YES | NO NO N 273 Y
4 70 M YES | YES | YES | NO N 277 Y
5| 60 M NO NO | YES | NO N 372 Y
6| 68 M YES | YES | YES | NO N 415 Y
71 61 M NO NO NO NO N 561 Y
8| 53 M NO | NO | NO | NO Y 564 Y
9| & M YES | YES | NO NO N 580 Y
10 59 M | YES | YES | NO | NO N 656 Y
1] 63 M NO NO | YES | NO N 41 Y
12 88 M YES | NO NO NO N 884 Y
13] 8 F YES | YES | YES | NO N 1075 Y
141 47 M NO NO NO | YES Y 1453 Y
15 73 M YES | YES | YES | YES N 1845 Y
16| 69 M YES | YES | YES | NO N 1882 Y
7] M M YES | YES | NO NO N 19% Y
18| 57 M | YES | YES | NO | YES N | 358 | Y

HTN : Hypertension

DM : Diabetes

CHOL : Hypercholesterolemia

SMKNG : Smoking

FH : Family history for coronary artery disease.

CACS : Coronary artery calcium scores

MPI : Myocardial perfusion imaging

Table 3: Risk factor analysis in patients with abnormal MPI in
different CACS groups.

Di .
Atherosclerosis is the most common cause of coronary
artery calcification (CAC). The presence and extent of
CAC provide direct evidence of CAD. CAC independently
predicts future major adverse cardiovascular events
(MACE) more than other noninvasive modalities.5 CT
angiography is useful for imaging CAC as a surrogate
for clinically significant atherosclerosis. CACS (CAC
score) is a measure used to assess the burden of
calcified plagque in the coronaries which helps determine
the risk of CAD. CACS is calculated using a non-contrast
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CT scan, typically reported as Agatston units.! The total
CACS is the sum of calcium detected across all coronary
arteries and generally subdivided into these 04 levels.6
CACS 0: indicates no identifiable atherosclerotic /
calcified disease and is associated with very low risk
of future cardiac events. CACS 1-100: represents mild
plague buildup with a low risk of future cardiac events.
CACS 100-399: indicates moderate plaque burden
which is associated with a high risk of a cardiovascular
event within 3-5 years. CACS > 400 represents exten-
sive atherosclerotic plaque and a very high risk of heart
attack. CACS above 400 has a strong correlation with
significant arterial blockage. In 2017, Society of Cardio-
vascular CT (SCCT) in its consensus statement sugges-
ted a CACS is useful in predicting CAD even in asymp-
tomatic individuals.” In addition, data has also reported
that CACS is a reliable predictor of all-cause death,
cardiovascular death, and CAD for asymptomatic
populations in the United States with a family history
of CAD.3 Recent papers have reported the relationship
between CACS and SPECT MPI and its combined
diagnostic value.” When interpreting CACS results, it
should be noted that the frequency of significant
ischemia detected by MPI, likelihood of coronary artery
disease (CAD), and event rate gradually increased from
mild to moderate CACS (1-400).7

In this study of asymptomatic individuals, patients with
CACS:0, had no abnormal SPECT MPI and it reiterates
the "power of zero". Large body of data proves that
asymptomatic individuals with a CACS:0 have a very
low risk of MACE and are highly unlikely to have an
abnormal SPECT MPI study.8 Based on these findings,
CACS:0 was considered as gate keeper for catheteri-
zation laboratory.® But there are published data which
have also shown abnormal SPECT MPI (12%) in patients
with CACS:0.10 So, it should be noted that although
CACS: 0 has been reported to be associated with a very
low incidence of significant ischemia in MPI and a risk
of MACE, they cannot be completely ruled out.?
However, with increasing CACS from 1-100 and 101 to
1-399, there is a progressive rise in abnormal MPI
SPECT (08% and 29% respectively). This is in accor-
dance with publish studies which shows that frequency
of significant ischemia detected by MPI, likelihood of
CAD, and MACE gradually increased from mild to
moderate CACS (1-400).11.12 However, our values are
significantly lower than some published studies (12-
19% for CACS 1-99 and 32-37% for CACS 101-399).13
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The plausible reason could be the selection bias as our
population were asymptomatic despite the higher
prevalence of risk factors except smoking and family
history. Most interesting finding of this study is that
positive MPI was found only in 20% patient with CACS
> 400 (range: 400-3598; mean 1080). This is signifi-
cantly lower than established incidences of 29-30% for
CACS 400-999 and >50% for CACS >1000. According
to Engbers et al., study published in 2016, the frequency
of abnormal SPECT MPI increased with higher CACS
(CACS 0: 12%; CACS 1-99: 19%; CACS 100-399: 32%;
CACS 400-999: 37%; CACS > 1000: 50% - p<0.001).14
This disparity is likely due to inclusion of symptomatic
individuals in their study while our population was
clinically asymptomatic. However, compared with a
study on asymptomatic women, frequency of abnormal
MPI is again significantly lower (CACSO0: 23%; CACS 1-
200: 22%; CACS >200: 59%). This is likely due to
statistical bias due to significant predominance of male
gender in our study. We strongly feel that a large study
with inclusion of balanced gender, symptomatic and
asymptomatic individuals is warranted to further explore
the preliminary findings of this study.

Our study has some limitations as well. Small sample
size and gender predominance are the limitations as
these are potential to skew the data. Another limitation
is that we did not follow patients with positive MPI
whether they had catheterization or any MACE due to
short duration of retrospective study.

We conclude that as per published international data,
we also have reached a moderate agreement between
CACS and abnormal MPI. The frequency of abnormal
MPI with rising CACS s significantly lower in our popu-
lation which could be due to selection of asymptomatic
individuals. However, larger studies with inclusion of
balanced gender, symptomatic and asymptomatic
individuals is warranted.

CONFLICT OF INTEREST: None.
ACKNOWLEDGMENT: Authors are highly indebted

to Mr. M. Khurram Jah (USA) for assisting in data
analysis.

PIR April - June 2026; 36(2) 86




PAKISTAN JOURNAL OF RADIOLOGY

References ___

. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR,
Viamonte M Jr, Detrano R. Quantification of coronary
artery calcium using ultrafast computed tomography.
J Am Coll Cardiol. Mar 1990; 15(4): 827-32.

Hecht H, Blaha MJ, Berman DS, Nasir K, Budoff M,
Leipsic J, et al. Clinical indications for coronary
artery calcium scoring in asymptomatic patients:
Expert consensus statement from the Society of
Cardiovascular Computed Tomography. J Cardiovasc
Comput Tomogr. Mar-Apr 2017; 11(2): 157-68.

Dudum R, Dzaye O, Mirbolouk M, Dardari ZA,
Orimoloye OA, Budoff MJ, et al. Coronary artery
calcium scoring in low risk patients with family
history of coronary heart disease: Validation of the
SCCT guideline approach in the coronary artery
calcium consortium. J Cardiovasc Comput Tomogr.
May-Jun 2019; 13(3): 21-5.

. Wu FZ, Wu MT. 2014 SCCT guidelines for the
interpretation and reporting of coronary CT angio-
graphy: a report of the Society of Cardiovascular
Computed Tomography Guidelines Committee. J
Cardiovasc Comput Tomogr. Mar-Apr 2015; 9(2):
e3.

. Greif M, Lackermair K, Wessely M, von Ziegler F,
Becker A. Predictive Value of Coronary Calcifications
for Future Cardiac Events in Asymptomatic Patients
with Severe Chronic Kidney Disease. Rev Cardiovasc
Med. Nov 2024; 25(11): 398.

Mehta A, Pandey A, Ayers CR, Khera A, Sperling
LS, Szklo MS, et al. Predictive Value of Coronary
Artery Calcium Score Categories for Coronary
Events Versus Strokes: Impact of Sex and Race:
MESA and DHS. Circ Cardiovasc Imaging. Aug 2020;
13(8): e010153.

. Suzuki'Y, Matsumoto N, Sugai S, Makita A, Yumikura

T, Yoda S, et al. Relationship Among Coronary Artery
Calcium Score, Myocardial Perfusion SPECT and
Risk Stratification of Coronary Artery Disease. Ann
Nucl Cardiol. 2022; 8(1): 113-6.

10.

11.

12.

13.

14.

Hussain A, Ballantyne CM, Nambi V. Zero Coronary
Artery Calcium Score: Desirable, but Enough?
Circulation. Sep 2020; 142(10): 917-9.

Villines TC, Hulten EA, Shaw LJ, Goyal M, Dunning
A, Achenbach S, et al. Prevalence and severity of
coronary artery disease and adverse events among
symptomatic patients with coronary artery calcifi-
cation scores of zero undergoing coronary computed
tomography angiography: results from the CONFIRM
(Coronary CT Angiography Evaluation for Clinical
Outcomes: An International Multicenter) registry. J
Am Coll Cardiol 2011; 58: 2533-40.

Blumenthal RS, Becker DM, Yanek LR, Moy TF,
Michos ED, Fishman EK, et al. Comparison of
coronary calcium and stress myocardial perfusion
imaging in apparently healthy siblings of individuals
with premature coronary artery disease. Am J Cardiol
2006; 97: 328-33.

Chang SM, Nabi F, Xu J, Pratt CM, Mahmarian AC,
Frias ME, et al. Value of CACS compared with ETT
and myocardial perfusion imaging for predicting
long-term cardiac outcome in asymptomatic and
symptomatic patients at low risk for coronary
disease: clinical implications in a multimodality
imaging world. JACC Cardiovasc Imaging 2015; 8:
134-44.

Berman DS, Wong ND, Gransar H, Miranda-Peats
R, Dahlbeck J, Hayes SW, et al. Relationship between
stress-induced myocardial ischemia and atheros-
clerosis measured by coronary calcium tomography.
J Am Coll Cardiol 2004; 44: 923-30.

Pyslar N, Doukky R. Myocardial perfusion imaging
and coronary calcium score: A marriage made in
heaven. J Nucl Cardiol. Oct 2021; 28(5): 2097-9.

Engbers EM, Timmer JR, Ottervanger JP, Mouden
M, Knollema S, Jager PL. Prognostic Value of
Coronary Artery Calcium Scoring in Addition to
Single-Photon Emission Computed Tomographic
Myocardial Perfusion Imaging in Symptomatic
Patients. Circ Cardiovasc Imaging. May 2016; 9(5):
€003966.

PIR April - June 2026; 36(2) 87




