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ABSTRACT
Background:

Coronary artery calcium (CAC) scoring by non-contrast computed tomography (CT) is a widely
used non-invasive method to assess atherosclerotic burden, while SPECT myocardial
perfusion imaging (MPI) provides a functional evaluation of ischemia. The present study
aimed to evaluate the correlation between CAC scores and myocardial ischemia on SPECT
imaging.

Methods:

A prospective observational study was conducted involving 100 patients with suspected or
known coronary artery disease who underwent both CT CAC scoring and SPECT MPI. CAC
scores were classified into four categories: 0, 1-99, 100—-399, and >400. SPECT findings were
categorized based on ischemia severity, and statistical analysis was performed to assess the
correlation between CAC scores and perfusion abnormalities.

Results:

The mean age was 58.2 + 9.6 years, with a male predominance. CAC scores ranged from 0 to
>400, with 24% having severe calcification. Myocardial ischemia was detected in 41% of
patients, with a significant increase in ischemia prevalence with higher CAC scores (p = 0.003).
A moderate positive correlation (r = 0.51, p < 0.001) was observed between CAC scores and
the summed difference score (SDS) on SPECT. Notably, 22.7% of patients with a CAC score of
zero also demonstrated ischemia.

Conclusion:

CAC score shows a significant correlation with myocardial ischemia on SPECT, particularly at
higher scores. However, the presence of ischemia in some patients with zero CAC suggests
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that combining anatomical and functional imaging yields a more accurate assessment of
coronary artery disease.
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Introduction

Coronary artery disease (CAD) remains a leading cause of morbidity and mortality worldwide,
accounting for nearly 17.9 million deaths annually, which constitutes approximately 32% of
global mortality, according to the World Health Organization [1]. Early and accurate risk
stratification plays a crucial role in reducing the burden of CAD by enabling timely
interventions. Coronary artery calcium (CAC) scoring using non-contrast computed
tomography (CT) has emerged as a powerful, non-invasive tool for quantifying the burden of
subclinical atherosclerosis and assessing cardiovascular risk [2]. The Agatston score, the most
widely used CAC quantification method, has shown strong predictive value for future
cardiovascular events in asymptomatic individuals, surpassing traditional risk factors alone

[3].

In the Indian context, the prevalence of CAD is rising steadily due to urbanization, lifestyle
changes, and increasing prevalence of diabetes and dyslipidemia. Studies have shown that
Indians tend to develop CAD at a younger age with more diffuse and calcified atherosclerotic
plagues, often with atypical or absent symptoms [4]. Therefore, there is an urgent need for
reliable non-invasive tools to identify high-risk individuals. CAC scoring is particularly relevant
in this population for early detection and risk stratification. However, while CAC scoring
indicates the presence and extent of coronary atherosclerosis, it does not directly assess
myocardial perfusion or the functional significance of coronary stenosis. Single-photon
emission computed tomography (SPECT) myocardial perfusion imaging (MPI), on the other
hand, provides critical information on myocardial ischemia, regional blood flow
abnormalities, and cardiac function [5]. The integration of anatomic (CAC) and functional
(SPECT) data could potentially offer comprehensive insight into both the burden and
hemodynamic relevance of coronary artery disease.

Despite the individual utility of CAC and SPECT, the relationship between coronary calcium
score and ischemia on MPI remains complex. While higher CAC scores generally correlate with
increased likelihood of ischemia, studies have demonstrated that significant ischemia may
still occur in patients with low or zero calcium scores, particularly in the presence of soft or
non-calcified plagues [6]. Conversely, some individuals with high CAC scores may not show
ischemia on SPECT, reflecting the chronic, stable nature of calcified plaques or balanced
ischemia in multivessel disease [7].
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Given these nuances, there is growing interest in understanding how CAC and SPECT findings
correlate, and whether combining these modalities can enhance diagnostic accuracy and risk
stratification. In this study, we aim to evaluate the correlation between coronary calcium
score on CT and myocardial ischemia on SPECT imaging in a clinical population, with a focus
onitsimplications in the Indian demographic where CAD presents with unique characteristics.

Aim

To assess the correlation between coronary calcium score on CT and the presence of
myocardial ischemia on SPECT imaging.

Objectives

1. Todetermine the distribution of coronary calcium scores in patients undergoing SPECT
myocardial perfusion imaging.

2. To evaluate the presence and extent of myocardial ischemia on SPECT in the same
patient population.

3. To analyze the relationship between varying levels of coronary calcium score and the
occurrence of myocardial ischemia.

4. To assess whether coronary calcium score can predict the likelihood of ischemia on
SPECT in symptomatic patients.

Materials and Methods
Study Design and Setting

This was a Prospective Observational Cross-Sectional Study conducted at the Department of
Radiodiagnosis.

Study Population

Patients referred for myocardial perfusion imaging (MPI) using SPECT due to suspected or
known coronary artery disease (CAD) were screened for eligibility. Those who underwent
both coronary calcium scoring (CAC) using non-contrast CT and SPECT MPI within a one-
month interval were considered for inclusion.

Inclusion Criteria
e Adults aged 30 to 80 years
¢ Patients with known or suspected CAD undergoing both CAC scoring and SPECT
imaging
o Ability to provide informed consent

Exclusion Criteria

e Prior history of myocardial infarction or revascularization (PCI/CABG)
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e Presence of left bundle branch block or paced rhythm (which may interfere with MPI
interpretation)

e Contraindications to CT (e.g., severe renal impairment, allergy to contrast—although
CAC is non-contrast, this is often a consideration if CTA is planned)

e Inadequate image quality on either CT or SPECT

e Known non-coronary cardiac pathology (e.g., cardiomyopathy, congenital heart
disease)

Sample Size

Based on prior studies showing moderate correlation (r = 0.4 to 0.6) between coronary
calcium scores and ischemia on SPECT, a sample size of 100 patients was calculated to achieve
a power of 80% and alpha of 0.05 to detect a statistically significant correlation coefficient of
at least 0.3 using a two-tailed test.

Study Procedure

All patients included in the study underwent the following:
1. Coronary Calcium Scoring (CT CAC):

e Performed using a multidetector CT scanner.
¢ Non-contrast, ECG-gated axial scans were acquired during a single breath-hold.
e Agatston score was calculated using dedicated cardiac software.
e Calcium scores were classified as:
o 0: No identifiable calcium
o 1-99: Mild
o 100-399: Moderate
o 2400: Severe

2. SPECT Myocardial Perfusion Imaging (MPI):

e Conducted using a dual-head gamma camera with low-energy high-resolution (LEHR)
collimators.

e A standard stress—rest protocol was followed using pharmacological stress
(adenosine/dipyridamole) or treadmill exercise depending on patient condition.

e Radiotracer used: 99mTc-sestamibi or 99mTc-tetrofosmin.

¢ Semi-quantitative scoring was done using a 17-segment model and summed stress
score (SSS), summed rest score (SRS), and summed difference score (SDS) were
calculated.

o Ischemia was defined as SDS > 4 or >10% ischemic myocardium.
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Data Collection and Statistical Analysis

e Patient demographic data, clinical history, risk factors (hypertension, diabetes,
dyslipidemia), CAC score, and SPECT findings were recorded.

o Data were analyzed using SPSS version 25.0.

e Continuous variables were expressed as mean * standard deviation or median (IQR)
depending on distribution.

e Correlation between Agatston CAC score and SPECT-detected ischemia was assessed
using Pearson’s or Spearman’s correlation (depending on normality).

o Chi-square or Fisher’s exact test was used for categorical comparisons.

e A p-value < 0.05 was considered statistically significant.

Results
A total of 100 patients were included in the study. The demographic characteristics,
calcium score distribution, SPECT findings, and correlation analyses are presented

below.

Table 1: Baseline Demographic and Clinical Characteristics (n = 100)

Parameter Value
Mean age (years) 58.2+9.6
Male: Female ratio 64:36
Hypertension (%) 63 (63%)
Diabetes mellitus (%) 47 (47%)
Dyslipidemia (%) 52 (52%)
Smoking history (%) 38 (38%)
Family history of CAD (%) | 28 (28%)

Interpretation:

The study cohort was predominantly male (64%) with a mean age of approximately 58
years. Hypertension and dyslipidemia were the most common risk factors, followed
by diabetes and smoking.

Table 2: Distribution of Coronary Artery Calcium (CAC) Scores

CAC Score Range Number of Patients (n) | Percentage (%)
0 22 22%
1-99 (Mild) 28 28%
100-399 (Moderate) | 26 26%
>400 (Severe) 24 24%

Interpretation:
The distribution of CAC scores was nearly even across categories. Notably, 22% had a
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CAC score of zero, while 24% had severe calcification (>400), reflecting the spectrum
of coronary atherosclerosis in the study population.

Table 3: SPECT Myocardial Perfusion Imaging Findings

SPECT Result Number of Patients (n) | Percentage (%)
No ischemia 59 59%

Mild ischemia 18 18%

Moderate ischemia | 14 14%

Severe ischemia 9 9%

Interpretation:

A total of 41% of patients had some degree of myocardial ischemia on SPECT, with
23% having moderate to severe ischemia, highlighting the functional impact of
coronary disease in this cohort.

Table 4: Correlation Between CAC Score Categories and Presence of Myocardial
Ischemia on SPECT

CAC Category Ischemia Present (n=41) | No Ischemia (n=59) | p-value
0 (n=22) 5 (22.7%) 17 (77.3%)
1-99 (n=28) 9(32.1%) 19 (67.9%)
100-399 (n=26) | 12 (46.2%) 14 (53.8%)
>400 (n=24) 15 (62.5%) 9 (37.5%) 0.003 +

Interpretation:

There was a statistically significant association between higher CAC scores and the presence
of ischemia on SPECT (p = 0.003). Patients with CAC 2400 had the highest prevalence of
ischemia (62.5%), suggesting that calcium burden correlates with functional perfusion
deficits.

Table 5: Correlation Between Continuous CAC Score and Summed Difference Score
(SDS) on SPECT

Variable Mean £ SD Correlation Coefficient (r) | p-value
CAC Score | 218.4 +246.2
SPECTSDS | 3.9+4.2 0.51 <0.001

Interpretation:

There was a moderate positive correlation (r = 0.51) between the CAC score and the summed
difference score (SDS), which is a marker of ischemia severity. This correlation was statistically
significant (p < 0.001), indicating that as calcium burden increases, so does the extent of
perfusion abnormality.
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Discussion

This study evaluated the correlation between coronary artery calcium (CAC) score on non-
contrast CT and myocardial ischemia as detected by SPECT myocardial perfusion imaging
(MPI) in patients with suspected or known coronary artery disease (CAD). The results revealed
a statistically significant relationship between higher CAC scores and the presence and
severity of myocardial ischemia, supporting the complementary role of anatomical and
functional imaging. Our study cohort had a mean age of 58.2 years, with a male predominance
and a high prevalence of traditional cardiovascular risk factors such as hypertension (63%),
diabetes (47%), and dyslipidemia (52%). This is consistent with previous studies in South Asian
populations, which show an early onset and high burden of CAD associated with metabolic
risk factors and lifestyle changes [8].

The distribution of CAC scores in our study showed that 22% of patients had a score of zero,
while 24% had a score 2400. These findings are comparable to large-scale population-based
studies like the MESA trial, where even asymptomatic individuals had significant calcium
deposition [9]. However, one of the most important observations was that 22.7% of patients
with a CAC score of 0 had demonstrable ischemia on SPECT, supporting earlier studies that
have shown that zero calcium does not entirely exclude functionally significant CAD,
particularly in cases of soft or non-calcified plaques [10,11]. On the other hand, patients with
severe coronary calcification (CAC >400) had the highest prevalence of ischemia (62.5%),
showing a clear trend that higher calcium burden correlates with increased functional
impairment. This aligns with previous research by Chow et al. and others who demonstrated
that high CAC scores are associated with multivessel disease and perfusion defects on
functional imaging [12,13].

The statistically significant correlation (p = 0.003) between CAC categories and presence of
ischemia underlines the importance of not viewing CAC score in isolation. This supports the
findings of Cho et al.,, who emphasized the value of integrating CT and SPECT findings for a
more comprehensive assessment [14]. Furthermore, our analysis demonstrated a moderate
positive correlation (r = 0.51, p < 0.001) between the continuous CAC score and the summed
difference score (SDS) on SPECT. This is consistent with the findings of Al-Mallah et al., who
also reported a moderate correlation between calcium scores and myocardial ischemia,
especially in symptomatic patients [15]. Interestingly, despite the positive correlation, not all
patients with high CAC scores exhibited ischemia, highlighting the limitations of using calcium
scores alone to predict functional significance. This phenomenon may be due to the presence
of stable, chronically calcified plaques that no longer cause flow limitation, or due to balanced
ischemia in multivessel disease where perfusion defects may be underestimated on SPECT
[16,17].

Overall, our findings reinforce the value of combining anatomical imaging (CT CAC) with
functional assessment (SPECT) in evaluating CAD. Such an approach allows better risk
stratification, guides decision-making on further invasive testing or revascularization, and is
particularly relevant in resource-constrained settings like India, where cost-effective, non-
invasive strategies are essential.
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Conclusion

This study demonstrates a significant correlation between coronary artery calcium (CAC)
scores on CT and myocardial ischemia on SPECT imaging. Higher CAC scores were associated
with an increased prevalence and severity of ischemia, emphasizing the value of coronary
calcium scoring as a marker of atherosclerotic burden and functional risk. However, a subset
of patients with a CAC score of zero also demonstrated ischemia, highlighting the limitations
of relying solely on anatomical imaging. These findings support the complementary use of
both CT-based calcium scoring and SPECT perfusion imaging for comprehensive evaluation
and risk stratification in patients with suspected or known coronary artery disease, especially
in populations with high cardiovascular risk such as in India.
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