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Abstract 

Background: Studies have shown that quantitative evaluation of coronary artery plaque on Coronary Computed 
Tomography Angiography (CCTA) can identify patients at risk of cardiac events. Recent demonstration of artificial 
intelligence (AI) assisted CCTA shows that it allows for evaluation of CAD and plaque characteristics. Based on publica-
tions to date, we are the first group to perform AI augmented CCTA serial analysis of changes in coronary plaque char-
acteristics over 13 years. We evaluated whether AI assisted CCTA can accurately assess changes in coronary plaque 
progression, which has potential clinical prognostic value in CAD management.

Case presentation: 51-year-old male with hypertension, hyperlipidemia and family history of myocardial infarction, 
underwent CCTA exams for anginal symptom evaluation and CAD assessment. 5 CCTAs were performed between 
2008 and 2021. Quantitative atherosclerosis plaque characterization (APC) using an AI platform (Cleerly), was per-
formed to assess CAD burden. Total plaque volume (TPV) change-over-time demonstrated decreasing low-density 
non-calcified plaque (LD-NCP) with increasing overall NCP and calcified-plaque (CP). Examination of individual seg-
ments revealed a proximal-LAD lesion with decreasing NCP over-time and increasing CP. In contrast, although the 
D2/D1/ramus lesions showed increasing stenosis, CP, and total plaque, there were no significant differences in NCP 
over-time, with stable NCP and increased CP. Remarkably, we also consistently visualized small plaques, which typi-
cally readers may interpret as false positives due to artifacts. But in this case, they reappeared each study in the same 
locations, generally progressing in size and demonstrating expected plaque transformation over-time.

Conclusions: We performed the first AI augmented CCTA based serial analysis of changes in coronary plaque char-
acteristics over 13 years. We were able to consistently assess progression of plaque volumes, stenosis, and APCs with 
this novel methodology. We found a significant increase in TPV composed of decreasing LD-NCP, and increasing NCP 
and CP, with variations in the evolution of APCs between vessels. Although the significance of evolving APCs needs to 
be investigated, this case demonstrates AI-based CCTA analysis can serve as valuable clinical tool to accurately define 
unique CAD characteristics over time. Prospective trails are needed to assess whether quantification of APCs provides 
prognostic capabilities to improve clinical care.
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Background
Coronary artery disease (CAD) is a widespread global 
health problem that carries significant cardiovascular 
morbidity and mortality. Over time, patients frequently 
develop advanced coronary atherosclerosis due to clus-
tering of traditional atherosclerotic risk factors, such 
as diabetes, hyperlipidemia, hypertension, etc. Patients 
with CAD are 8 times more likely to die compared with 
the general U.S. population, and cardiovascular causes 
account for > 40% of all deaths [1]. Comorbidity, poor 
exercise capacity, and a high prevalence of cardiovas-
cular abnormalities limit the diagnostic accuracy of 
traditional ischemia-driven tests [2]. Coronary com-
puted tomographic angiography (CCTA) represents 
an established method for the noninvasive detection of 
CAD and recent developments have allowed for a more 
accurate quantitative assessment of both the type and 
volume of coronary atherosclerosis [2]. Recent mul-
ticenter studies have shown that quantitative evalua-
tion of coronary artery plaque on CCTA can identify 
patients at risk of subsequent cardiac events and culprit 
lesions in patients who subsequently experience a myo-
cardial infarction [2–4]. In addition, recent demonstra-
tion of artificial intelligence augmented CCTA shows 
that it allows for rapid accurate evaluation of CAD and 
plaque characteristics [5]. Based on all available publi-
cations to date, we are the first group to perform artifi-
cial intelligence augmented CCTA multi-serial analysis 
of 5 CT studies to evaluate changes in coronary plaque 
characteristics over a longer time period of 13  years. 
Therefore, we aim to assess whether AI assisted CCTA 
can assess changes in high risk coronary plaque type 
progression, which has the potential to be of clini-
cal prognostic value leading to improvements in CAD 
management.

Case presentation
51-year-old male with hypertension, hyperlipidemia 
and family history of hypercholesterolemia and early 
myocardial infarction, underwent serial CCTA exams 
for anginal symptom evaluation and CAD assess-
ment, which according to the updated 2021 AHA/ACC 
guidelines regarding use of CCTA, is a Class IA indica-
tion to pursue CCTA for exclusion of atherosclerotic 
plaque and obstructive coronary artery disease (CAD) 
in intermediate-risk patients with acute chest pain and 

also for diagnosis of CAD, risk stratification and guid-
ing treatment decisions for patients with stable chest 
pain who have an intermediate-high risk of obstruc-
tive CAD. 5 CCTAs were performed between 2008 and 
2021 using various clinically established acquisitions 
protocols (Siemens 64/Definition, GE Lightspeed VCT/
Discovery CT 750, GE Revolution Maxima). Quanti-
tative atherosclerosis plaque characterization (APC) 
using a semi-automated artificial-intelligence (AI) plat-
form (Cleerly) and FFR-CT (Heartflow), via protocols 
as defined in the CLARIFY trial [4]. Specifically, CCTA 
studies were uploaded to and analyzed by FDA-cleared 
software Cleerly-Labs and automated analysis of CCTA 
was performed via serial validated convolutional neu-
ral network models (VGG 19 network, 3D U-Net, 
VGG Network Variant) for image quality assessment, 
coronary segmentation/labeling, lumen evaluation and 
contour determination, as well as plaque characteriza-
tion. Plaque volumes were calculated for each lesion, 
summated to total plaque volume (TPV), and catego-
rized using standard CT criteria for Hounsfield units 
(HU): non-calcified-plaque (NCP) − 30 to + 350 HU; 
low-density-HU (LD-NCP) < 30 HU; and calcified-
plaques (CP) > 350 HU. Stenosis and remodeling index 
were calculated by lesion diameter divided by reference 
diameter.

Discussion and conclusions
11 disease segments were identified for analysis: LAD/
diagonals, 5; Circumflex, 2; RCA/PBL, 3; ramus, 1. 
TPV change-over-time demonstrated decreasing LD-
NCP (4-segments[1.9   mm3] to 7-segments [0.6   mm3]) 
with increasing overall NCP (4-segments[37.4  mm3] to 
7-segments [60   mm3]) and increasing CP (1-segment 
[5.9   mm3] to 6-segments[63.4   mm3]) (Fig.  1). Exami-
nation of individual segments revealed a proximal-
LAD lesion (increasing length from 9 to 11.5  mm3 and 
stenosis from 15 to 20%) with decreasing NCP over-
time (29–8.6   mm3) and increasing CP (5.9–31   mm3) 
(Fig. 2). In contrast, although the D2/D1/ramus lesions 
showed increasing stenosis, CP, and total plaque, there 
were no significant differences in NCP over-time (D2 
length increased from 5.5 to 7.8   mm3 with increas-
ing stenosis 8–38%, with stable NCP (6.6   mm3) and 
increased CP (0–12.7  mm3) (Additional file 1: Fig S1). 
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Interestingly, the circumflex and more proximal mid-
RCA lesions that developed had primarily NCP (Fig. 3 
and Additional file 1: Fig. S2), whereas the initial mid-
RCA lesion showed an increase of both CP and NCP 
(Additional file  1: Fig. S2) FFR-CT analysis showed 
no significant changes except for the D2 lesion which 
decreased from 0.94 to 0.77 (Additional file 1: Figs. S3 
and S4). LDL was optimally managed < 70 mg/dl with 
a statin and subsequent addition of a PCSK9 inhibi-
tor. Specifically, in terms of timeline, the patient was 
placed on atorvastatin 80  mg daily starting in 2009, 
and then evolocumab 140 mg every 2 weeks starting in 
2018. 5 serial CCTAs were performed over the course 
of this study, in 2008, 2009, 2013, 2018 and 2021 
(Figs. 1, 2 and 3).

The novelty of this case study is in our following of 
serial changes in CAD using CCTA (> 2 CCTAs) based 
AI analysis of coronary plaque characteristics over 
a period greater than a decade (13  years). The advan-
tage of the AI augmented CCTA software is multifold, 
including the expedited time to process studies com-
pared to human readers, the potential time/financial 
benefits saved by not needing human/manual process-
ing of images (ongoing field of study), and the reli-
ability/accuracy of analysis able to be performed at a 
level equivalent to expert CT level-3 readers [5]. We 
were able to consistently assess progression of plaque 
length, volumes, remodeling, stenosis, and APCs with 
this novel artificial intelligence augmented CCTA 

Fig. 1 Evolution of atherosclerotic plaque characteristics
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methodology. Overall, despite optimal LDL con-
trol < 70  mg/dL with use of a statin and PCK9 inhibi-
tor, we found a significant increase in TPV composed 
of decreasing LD-NCP and increasing NCP and CP. 
Furthermore, there were variations in the evolution 
of APCs between vessels, manifesting as changing 
amounts of LD-NCP, NCP, and CP. Limitations of our 
study include major restrictions of all case reports with 
patient numbers being an N of 1, which may lack gener-
alizability and reproducibility. However, recent clinical 
studies such as the CLARIFY trial, have demonstrated 

that AI assisted CCTA can accurately and consistently 
quantify CAD morphology and stenosis. Although 
the significance of evolving APCs over-time to predict 
CAD/MACE outcomes needs to be investigated, this 
case demonstrates AI-based CCTA analysis can serve 
as valuable clinical tool by accurately defining unique 
patient CAD characteristics—and future prospective 
trails are needed to assess whether this ability to fur-
ther quantify APCs may provide further prognostic 
capabilities for AI-based CCTA to improve clinical care 
[4, 5].

Fig. 2 LAD Territory atherosclerotic plaque characteristics
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Fig. 3 LCX territory atherosclerotic plaque characteristics
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