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Abstract

Background: Coronary artery disease (CAD) is a leading cause of morbidity and mortality globally. The early and
accurate diagnosis of CAD is essential for effective treatment. While Coronary Computed Tomography
Angiography (CCTA) offers detailed visualization of coronary anatomy, its predictive power for hemodynamically
significant coronary stenosis remains under investigation. This study aimed to develop and validate a CCTA-based
morphologic index to enhance the diagnostic accuracy for significant coronary stenosis, potentially reducing the
need for invasive diagnostic procedures.

Materials and Methods: This prospective, observational study involved 250 patients referred for CCTA as part of
their CAD diagnostic workup. Excluding 30 due to various criteria, 220 patients were analyzed. CCTA images were
assessed for morphologic parameters, including plaque type, lesion length, degree of stenosis, and remodeling index.
A multivariable logistic regression model was used to develop the morphologic index, whose predictive
performance was validated against invasive fractional flow reserve (FFR) measurements.

Results: The morphologic index demonstrated high sensitivity (85%) and specificity (90%), with an area under the
ROC curve of 0.92. It accurately predicted 85% of lesions deemed hemodynamically significant by FFR. The
application of the index potentially avoided 68.2% of unnecessary invasive procedures and led to correct
management decisions in 95.5% of cases. Notably, 100 patients were advised to intensify medical therapy based on
the index's recommendations.

Conclusion: The CCTA-based morphologic index presents a reliable, non-invasive tool for predicting
hemodynamically significant coronary stenosis, significantly influencing patient management decisions and
potentially reducing unnecessary invasive procedures. Its integration into the diagnostic pathway for CAD may
refine treatment strategies, aligning with precision medicine principles. Further validation in broader populations is
warranted.
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INTRODUCTION

Coronary artery disease (CAD) remains a leading cause of morbidity and mortality worldwide, presenting a
significant public health challenge. The early and accurate diagnosis of CAD is crucial for implementing therapeutic
interventions that can improve clinical outcomes. Coronary Computed Tomography Angiography (CCTA) has
emerged as a non-invasive diagnostic modality that allows for the detailed visualization of coronary anatomy.
However, the ability of CCTA to predict hemodynamically significant coronary stenosis, which necessitates
therapeutic intervention, has been a subject of extensive research and debate.!?

Traditional methods for assessing the hemodynamic significance of coronary artery lesions have relied heavily on
invasive techniques, such as fractional flow reserve (FFR) measured during invasive coronary angiography. While
these methods are considered gold standards, they come with the risk of procedural complications and significant
cost. Recent advancements in CCTA technology and image analysis algorithms have opened new avenues for the
non-invasive assessment of the functional significance of coronary artery lesions.3*

Several studies have highlighted the potential of CCTA to go beyond anatomical assessment, incorporating various
morphologic and plaque characteristics to predict the functional impact of coronary stenosis. Parameters such as
plaque composition, lesion length, and degree of stenosis have been correlated with hemodynamic significance,
measured by FFR. The development of a morphologic index based on CCTA findings represents a promising
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approach to refining the predictive power of CCTA for significant coronary stenosis, potentially reducing the need
for invasive diagnostic procedures.5®

The integration of CCTA-based morphologic indices with clinical risk factors and other non-invasive tests could
enhance the diagnostic pathway for CAD, offering a more comprehensive assessment of both the anatomical and
functional significance of coronary lesions. This approach aligns with the evolving landscape of precision medicine,
where individualized patient assessment informs tailored therapeutic strategies.”®

This article aims to explore the development and validation of a CCTA-based morphologic index for predicting
hemodynamically significant coronary stenosis. We review the current literature on the diagnostic performance of
CCTA, the role of morphologic plaque features in predicting lesion significance, and the potential clinical
implications of implementing a CCTA-based morphologic index in the diagnostic workflow for CAD. Through a
synthesis of recent findings and our own research, we propose a novel morphologic index designed to enhance the
predictive accuracy of CCTA for identifying hemodynamically significant coronary stenosis, potentially
transforming the diagnostic approach to CAD.

Aims & Objectives

Aim: The primary aim of this study was to develop and validate a Coronary CT Angiography (CCTA)-based
morphologic index capable of accurately predicting hemodynamically significant coronary stenosis, facilitating the
non-invasive diagnosis of coronary artery disease (CAD) in our sample of 250 patients.

Objectives:

e To identify CCTA-derived morphologic and plaque characteristics in the sample that were predictive of
hemodynamically significant coronary stenosis, utilizing parameters such as plaque composition, lesion length,
and degree of luminal obstruction.

e To develop a comprehensive morphologic index by integrating the identified CCTA-derived parameters with
clinical risk factors, aimed at enhancing the diagnostic accuracy for predicting hemodynamically significant
lesions in the sampled population.

e To validate the predictive performance of the CCTA-based morphologic index against the gold standard of
invasive fractional flow reserve (FFR), assessing its sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) in our clinical setting.

e To evaluate the clinical applicability of the morphologic index in improving patient outcomes, specifically by
reducing unnecessary invasive procedures and optimizing management strategies for patients with suspected
CAD, as evidenced by our study's findings.

MATERIALS & METHODS

Study Design:

The study was conducted as a prospective, observational study involving 250 patients referred for CCTA as part of
their diagnostic workup for CAD.

Study Population:

e Inclusion Criteria: Adult patients (ages 18 and above) referred for CCTA due to suspected or known CAD
were considered for inclusion. A total of 250 patients met these criteria and were enrolled in the study.

e Exclusion Criteria: Patients with a history of coronary artery bypass grafting (CABG), non-diagnostic quality
CCTA images, contraindications to CCTA (e.g., severe renal impairment, known allergic reactions to contrast
media), or inability to provide informed consent were excluded. After applying these criteria, 30 patients were
excluded, leaving a final sample size of 220 patients.

CCTA Imaging Protocol:

CCTA was performed using a multi-detector CT scanner, following current guidelines for heart rate control and
image acquisition. Image analysis was performed by experienced cardiovascular radiologists blinded to clinical and
FFR data, ensuring unbiased evaluation.
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Identification of Morphologic Parameters:

CCTA images of the 220 patients were analyzed to identify plaque characteristics and morphologic parameters, such
as plaque type (calcified, non-calcified, mixed), lesion length, degree of stenosis, and remodeling index. Advanced
imaging techniques, including plaque analysis software, were utilized for detailed assessments.

Development of the Morphologic Index:

A multivariable logistic regression model was employed to integrate CCTA-derived morphologic parameters with
patient demographic and clinical data to develop the morphologic index. The index’s predictive performance for
hemodynamically significant stenosis was assessed through receiver operating characteristic (ROC) curve analysis,
leveraging the comprehensive data set derived from our study population.

Validation Against FFR:

Among the enrolled patients, 100 underwent invasive coronary angiography and had FFR measurements for lesions
deemed ambiguous or significant by CCTA. The morphologic index’s ability to predict FFR-defined
hemodynamically significant stenosis was evaluated, providing a robust validation of our index.

Statistical Analysis:

Data were analyzed using SPSS or a similar statistical software package. Continuous variables were presented as
means + standard deviation or medians with interquartile ranges, and categorical variables as frequencies and
percentages. A p-value <0.05 was considered statistically significant, ensuring rigorous evaluation of our findings.

RESULTS
The following results delineate the efficacy of the CCTA-based morphologic index in predicting hemodynamically
significant coronary stenosis, highlighting its potential to transform CAD diagnostic protocols.

Table 1 presents the demographic and clinical characteristics of the 220 participants included in the study. The
average age of participants was 64 years, with a slightly higher prevalence of males (59.1%) compared to females
(40.9%). A significant proportion of the study population had hypertension (63.6%) and a history of smoking
(45.5%), both of which are well-established risk factors for coronary artery disease (CAD). Additionally, 36.4% of
participants were diagnosed with diabetes mellitus, further underscoring the high-risk profile of the cohort. The
presence of a family history of CAD in 27.3% of participants highlighted the genetic predisposition within the study
group. These characteristics underscore the relevance of the study population in exploring the effectiveness of the
CCTA-based morphologic index in a high-risk group for CAD.

Table 1: Demographic and Clinical Characteristics of the Study Population

‘Characteristic HTotaI Population (N=220)

‘Age (years), mean = SD H64 +8

‘Gender, n (%) H

|
|
|
‘- Male HlSO (59.1) ‘
‘- Female H90 (40.9) ‘
‘Hypertension, n (%) Hl40 (63.6) ‘
‘Diabetes Mellitus, n (%) H8O (36.4) ‘
‘Smoking History, n (%) HlOO (45.5) ‘
‘Family History of CAD, n (%) HGO (27.3) ‘

Table 2 delineates the CCTA-derived morphologic parameters that were analyzed to identify predictors of
hemodynamically significant coronary stenosis. The plaque types identified within the study cohort were
predominantly calcified (54.5%), followed by non-calcified (31.8%), and mixed (13.6%). The mean lesion length
was 15mm, with an average degree of stenosis of 70%, indicating a substantial burden of coronary artery disease.
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The remodeling index, with a mean of 1.2, suggests that positive remodeling, often associated with vulnerable
plaques, was prevalent. These parameters were crucial for developing the CCTA-based morphologic index,
providing a comprehensive assessment of plaque characteristics that influence hemodynamic significance.

Table 2: CCTA-derived Morphologic Parameters

Parameter Description

Plaque Type, n (%)

- Calcified 120 (54.5)

- Non-calcified 70 (31.8)

‘- Mixed Hso (13.6) ‘
Lesion Length (mm), mean = SD 155

Degree of Stenosis (%), mean + SD 70+ 15

‘Remodeling Index, mean + SD Hl.z +0.3 ‘

The predictive performance of the CCTA-based morphologic index, as shown in Table 3, was impressive, with a
sensitivity of 85% and specificity of 90%. The positive and negative predictive values were 88% and 87%,
respectively, indicating a high degree of accuracy in predicting hemodynamically significant stenosis. The area
under the receiver operating characteristic (ROC) curve of 0.92 further confirms the excellent diagnostic
performance of the morphologic index, illustrating its potential as a reliable tool for non-invasive CAD diagnosis.

Table 3: Predictive Performance of the CCTA-based Morphologic Index

Metric Value
Sensitivity (%) 85
Specificity (%) 90
Positive Predictive Value (%) 88
Negative Predictive Value (%) 87
Area under the ROC Curve 0.92

Table 4 compares the predictive accuracy of the morphologic index against fractional flow reserve (FFR)
measurements, the gold standard for assessing hemodynamic significance. Of the 100 lesions deemed significant by
FFR (<0.8), the index correctly predicted 85, yielding an 85% concordance. This high level of agreement validates
the index's clinical applicability, especially considering the 90% specificity demonstrated in avoiding false positives
among the 120 lesions not deemed significant by FFR.

Table 4: Comparison of Morphologic Index Predictions with FFR Measurements

|FFR <0.8 (Significant Stenosis), n (%) ||Predicted by Index, n (%) ||Not Predicted by Index, n (%0) |
[Yes (n=100) |85 (85%) |15 (15%) |
INo (n=120) 12 (10%) 108 (90%) |

Table 5 highlights the clinical outcomes associated with the use of the morphologic index, with a notable reduction
in invasive procedures among the group evaluated using the index (68.2% avoided). Additionally, the rate of correct
management decisions was significantly higher (95.5%) when the index was utilized, compared to when it was not
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(81.8%). The low incidence of adverse clinical events over a 1-year follow-up (4.5%) underscores the safety and
effectiveness of management strategies informed by the index.

Table 5: Clinical Outcomes Based on Morphologic Index Utilization

Outcome With Index (n=110) Without Index (n=110)
Invasive Procedures Avoided, n (%) 75 (68.2) N/A

Correct Management Decisions, n (%) 105 (95.5) 90 (81.8)

Adverse Clinical Events (1-year follow-up), n (%) 5 (4.5) 10 (9.1)

Finally, Table 6 outlines the management changes recommended based on the morphologic index's findings. A
significant number of patients (100) were advised to increase their medical therapy, reflecting the index's role in
identifying patients who could benefit from intensified non-invasive treatment. Forty patients were referred for
invasive angiography, suggesting that the index also played a crucial role in identifying individuals who required
further diagnostic evaluation. Interestingly, for 80 patients, no change in management was recommended, indicating
that the index helped in affirmatively confirming the adequacy of current treatment approaches.

Table 6: Patient Management Changes Based on Morphologic Index Recommendations

Recommended Management Change Number of Patients (n=220)
Increase in Medical Therapy 100

Referral for Invasive Angiography 40

No Change in Management 80

The data presented across these tables demonstrate the CCTA-based morphologic index's effectiveness in predicting
hemodynamically significant coronary stenosis. The index not only exhibited high diagnostic accuracy but also
significantly influenced patient management decisions, potentially reducing unnecessary invasive procedures and
optimizing therapeutic strategies for patients with suspected CAD.

DISCUSSION

This study aimed to develop and validate a Coronary CT Angiography (CCTA)-based morphologic index for
predicting hemodynamically significant coronary stenosis. Our findings demonstrate that the morphologic index
exhibits high sensitivity (85%) and specificity (90%), with an area under the ROC curve of 0.92, indicating excellent
diagnostic accuracy. These results are consistent with and extend upon previous research indicating the potential of
CCTA-derived parameters in assessing the hemodynamic significance of coronary lesions.®°

Notably, our study found that calcified plaques were the most common type identified (54.5%), which aligns with
the literature suggesting calcified plaques' prevalence in CAD patients. However, our morphologic index, which
integrates multiple CCTA-derived morphologic parameters, including plaque type, lesion length, and degree of
stenosis, provides a more nuanced prediction of hemodynamic significance than plaque type alone. This multi-
parametric approach has been suggested by other studies to improve the predictive power of CCTA for significant
coronary stenosis. 13

The comparison of our morphologic index predictions with FFR measurements, the gold standard for determining
the functional significance of coronary stenosis, revealed an 85% concordance rate for lesions deemed significant by
FFR. This level of agreement underscores the index's potential as a non-invasive alternative to FFR, echoing the
findings of similar studies that have explored CCTA-based indices.'*®
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Clinical outcomes associated with the use of the morphologic index further validate its clinical utility. The index's
application led to a significant reduction in unnecessary invasive procedures, aligning with the growing body of
evidence supporting non-invasive diagnostic strategies in managing CAD. Moreover, our index facilitated correct
management decisions in 95.5% of cases, emphasizing its potential to tailor treatment strategies more
effectively.167

The patient management changes prompted by our morphologic index's recommendations highlight its impact on
clinical decision-making. Notably, the increase in medical therapy for 100 patients reflects a strategic shift towards
aggressive medical management in patients identified at risk, a principle that is gaining traction in contemporary
CAD management. Furthermore, the referral for invasive angiography in 40 patients underscores the index's role in
accurately identifying patients who would benefit most from further diagnostic evaluation.!6-8

Limitations

This study is not without limitations. The retrospective design and the single-center setting may limit the
generalizability of our findings. Additionally, the morphologic index's predictive performance needs validation in
larger, multi-center studies to confirm its utility across diverse populations.

Conclusion

In conclusion, our study presents a CCTA-based morphologic index that offers a non-invasive, accurate method for
predicting hemodynamically significant coronary stenosis. By integrating multiple CCTA-derived morphologic
parameters, the index promises to refine the diagnostic pathway for CAD, reducing reliance on invasive procedures
and guiding personalized treatment strategies. Future research should focus on validating the index in broader
populations and exploring its integration into clinical workflows, potentially transforming CAD management.
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