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Abstract

Change in coronary artery plaque on serial catheter intravascular ultrasound (IVUS) is an 

established technique to monitor the therapeutic effect of drugs on coronary atherosclerosis. 

Recent advances in coronary computed tomography angiography (CTA) now allow for non-

invasive assessment of change in coronary plaque. Because coronary CTA is noninvasive, it 

enables clinical trials with lower-risk populations, higher retention rates, and lower costs. This 

review presents an overview of serial coronary CTA as a noninvasive imaging technique to gauge 

the therapeutic effect of anti-atherosclerotic therapies. Furthermore, it reviews the increasing use 

of serial CTA as an imaging endpoint in completed and ongoing clinical trials.
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Introduction

Cardiovascular disease (CVD) is the most common cause of death worldwide [1]. Although 

current lipid-lowering treatment is effective, high residual risk leads to increasing demand 

for new potent therapies. The path from bench to bedside is lined with failed drugs, with half 

not advancing past Phase II, despite an average Phase II trial cost exceeding $23 million [2]. 

The problem is especially acute for coronary artery disease (CAD), as major adverse 

cardiovascular events (MACE) are rare and so event-driven trials must enroll a large number 

of patients [3]. Thus there is a high demand for imaging biomarkers to identify the most 

efficacious drugs in an efficient manner [3].

Coronary plaque is an important marker as the amount of plaque is associated with MACE 

[4–9]. Using change in coronary artery plaque volume as a surrogate imaging endpoint 

allows smaller clinical trials, which can inform the important decision whether larger event-

driven trials are likely to be successful [10]. Recently there has been an increasing number 

of trials using serial imaging methods for surrogate endpoint measures, with the gold 

standard being intravascular ultrasound (IVUS) or Optical Coherence Tomography (OCT). 

Yet, invasive imaging is practically only possible in persons already having invasive 

coronary angiography for suspected symptomatic stenosis, neglecting the vast majority of 

persons in the asymptomatic primary prevention population [11]. Coronary CTA, on the 

other hand, provides information on the entire coronary tree and has rapidly matured into an 

alternative to invasive imaging modalities.

This review presents an overview of coronary CTA as a noninvasive imaging technique for 

plaque assessment, its strengths and limitations, and its use in clinical trials assessing anti-

atherosclerotic treatment effects.

Plaque imaging techniques

IVUS is the current reference standard for in vivo plaque imaging [12, 13]. Its strengths 

include the possibility to quantify coronary artery disease and obtain “in vivo” information 

on plaque composition [14] making it an important diagnostic tool to accurately assess 

changes in coronary plaque [12, 15–17] (Table 1).

Such accuracy derives from high-resolution images of the vessel lumen, its contours and 

adjacent media-adventitia interface [10, 18]. Precisely, IVUS has a spatial resolution of 150–

200 μm and a penetration depth of 5–8 mm [19], allowing to characterize the composition of 

potential atherosclerotic plaques and calculate the diameter of lumen and vessel [10, 18]. 

Yet, IVUS is an invasive test that is performed during catheter invasive coronary 

angiography (ICA). In practice, this limits its application to high-risk persons already 

undergoing ICA and secondary prevention populations. Moreover, studies using serial IVUS 

have traditionally suffered from high dropout rates approaching 20–30%, presumably 

because participants do not want to undergo a second invasive test for research [12, 20, 21]. 

For instance, in the ASTEROID trial, Nissen et al. investigated the effect of very high-

intensity statin therapy on regression of atherosclerotic plaque using serial IVUS 

examinations. The study delivered encouraging results (with a median reduction in total 
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atheroma volume of 6.8% compared to baseline). However, only 349 out of 507 patients 

completed the trail, which translated into a 31% drop-out rate [16].

OCT is a second invasive plaque imaging test that is also performed during ICA. With its 

tenfold higher resolution compared to that of IVUS (approx. 10–15 μm) [19, 22], OCT is 

especially useful in imaging thin cap fibroatheroma and is considered the clinical reference 

of fibrous cap thickness measurements and evaluation of necrotic core [22–24]. Fibrous cap 

thickness as a marker of plaque stability in lipid-rich plaques was used in a trial by Habara et 

al. investigating the effect of supplemental ezetimibe to fluvastatin therapy on coronary 

artery plaque in patients with prior myocardial infarction. After 9 months of follow-up, the 

change in fibrous cap thickness was significantly greater in the group receiving combination 

therapy versus fluvastatin alone (0.08 mm vs. 0.04 mm, p < 0.001), suggesting the benefit of 

more extensive medication in this patient cohort [25]. OCT’s disadvantage relative to IVUS 

is its reduced penetration of 2 mm depth, due to which it fails to reach the outer vessel 

boundary. Like IVUS, it is an invasive technique performed during coronary catheterization 

and thus is limited to high-risk patients [19, 22].

Coronary CTA is a noninvasive plaque imaging modality that has emerged as a safe and 

widely accessible alternative to IVUS and OCT [26]. The noninvasive nature of this 

technique not only allows studies to enroll low-risk patients but also allows for a significant 

reduction in costs. For example, the outpatient Medicare cost for diagnostic ICA is $2854 

while that for coronary CTA is $341 [27]. Furthermore, coronary CTA provides information 

that is not attainable in IVUS or OCT. The image acquisition of coronary CTA covers the 

entire coronary tree, enabling the assessment of overall plaque burden and extracting 

information from pericoronary structures. In contrast, IVUS and OCT are typically only 

performed in a small portion of the coronary tree. The major limitation of coronary CTA is 

its lower spatial resolution of 300–600 μm [19, 28] and variability in image quality, which 

may limit its ability to see small changes in plaque.

Quantitative plaque assessment

Plaque quantification has been shown to improve risk stratification and prediction of future 

events beyond disease detection alone [13, 29–31]. Such quantitative analyses most 

commonly comprise information on stenosis, plaque volume, plaque composition, and 

presence of high-risk plaque features (HRP) [29, 32–37] (Fig. 1). In serial imaging, the delta 

of these parameters (i.e., change in plaque volume, etc.) is another common measure to 

reflect differences from baseline to follow-up.

Stenosis

Stenosis quantification serves as an important predictor of coronary events [38] and overall 

mortality [39]. While invasive and non-invasive imaging techniques alike assess the degree 

of luminal narrowing caused by coronary atherosclerotic plaques, ICA serves as gold 

standard and reference for coronary CTA. Coronary CTA’s accuracy compared to ICA is 

high. This is due to technical aspects such as image noise or lower spatial and temporal 

resolution with subsequent artifacts [40]. For that matter, most coronary CTA studies have 

used visually estimated binary cut-off values to define clinically significant obstruction—
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either using ≥ 50% or ≥ 70% stenosis [41–43]. Alternatively, categorical values (0%, 1–24%, 

25–49%, 50–69%, 70–89%, 90–100%) have been introduced with good agreement to ICA 

[44].

Plaque volume

Total plaque volume (TPV) has shown a strong correlation with traditional risk factors such 

as diabetes and obesity [45, 46], as well as acute coronary syndrome (ACS) [47] and chronic 

inflammatory diseases (such as HIV) [48]. Plaque volume per se is calculated as the 

difference in vessel and lumen volume including all plaque components [23]. TPV includes 

all of the patient′s plaque. It is most commonly used to measure treatment efficacy on serial 

CT studies [23] and encompasses more than one diseased segment (i.e., a vessel or the entire 

coronary tree). Relative plaque volume measures assessed as percent atheroma volume 

(PAV) (i.e., the ratio of plaque to vessel volume × 100) are also commonly described [49].

Plaque composition and high-risk plaque features

CT allows for identification of different plaque components based on their density 

(attenuation). Plaque can be divided into calcified and noncalcified components. The 

noncalcified portion can be further divided into fibrous, fibrofatty, and lipid-rich components 

based on attenuation. Generally, we think of the noncalcified part as being the biologically 

active component of plaque, with the lipid-rich component carrying an increased risk of 

rupture [31].

Half of culprit plaques that cause MACE arise from plaques that had previously caused a 

stenosis < 50% [50]. Thus, there is considerable interest in identifying which plaques are 

prone to rupture – the high-risk plaque (HRP). HRP features on CT have been associated 

with incidence ACS [51], an increase in future cardiovascular events [31], and add value 

beyond stenosis [11]. HRP features identified by CT include positive remodeling, low 

Hounsfield Unit (HU) attenuation, napkin-ring sign (NRS), and spotty calcium [52]. Positive 

remodeling describes the phenomenon where the vessel increases its outer diameter to 

compensate for luminal narrowing [53]. A low attenuation plaque (< 30HU) is the CT-

equivalent to lipid-rich components [54]. The combination of central low attenuation (< 

30HU) with a surrounding rim of higher attenuation resembles a necrotic core with fibrous 

cap – also referred to as the NRS [28]. Lastly, spotty calcifications are defined as areas of 

calcification (> 130HU) measuring < 3mm on one side of the artery wall, within an 

otherwise noncalcified plaque [31].

Comparison of IVUS and coronary CTA in plaque assessment

Several studies have compared IVUS and coronary CTA in their assessment of coronary 

artery plaque using measures for lesion and stenosis (i.e., TPV, PAV, minimal diameter/ area, 

or percent stenosis), but also identifying plaque composition (i.e., calcified/noncalcified/

mixed plaque or HRP features) [29, 32–37].

Despite coronary CTA’s tendency to overestimate calcified plaque volume due to blooming, 

with an associated underestimate of noncalcified plaque, a high correlation between 
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coronary CTA and IVUS in the quantitative assessment of TPV has been published [29, 32, 

33].

In a recently published meta-analysis correlating coronary CTA and IVUS, coronary CTA 

provided excellent diagnostic accuracy for plaque detection comparable to that in IVUS 

(AUC 0.94; CI 0.92–0.96). In quantitative comparison, differences in plaque area (mean 

difference 0.09 mm2, p = 0.88), plaque volume (mean difference 5.30 mm3, p = 0.21) and 

area stenosis (weighted mean difference − 1.81%, p = 0.12) were not significant between 

measurements done in coronary CTA and IVUS. However, it is noteworthy that coronary 

CTA overestimated luminal area, which may be due to partial volume effects [34].

Furthermore, multiple studies have shown coronary CTA’s ability to differentiate 

noncalcified and calcified plaque components with a high correlation to IVUS results [29, 

35–37] or histology [55] as the gold standard as well as the ability for a detailed evaluation 

of NCP components [28, 56].

In a head-to-head comparison of multislice CT and virtual-histology IVUS (VH-IVUS), 

Pundziute et al. observed a good correlation in the quantification of calcified, non-calcified, 

and mixed plaque using both modalities. They further demonstrated that mixed plaques 

characterized by multislice CT were associated with high-risk features in VH-IVUS and that 

there was a significant correlation in coronary calcium score in multislice CT and calcified 

plaque volumes in VH-IVUS (r = 0.69, p < 0.0001). However, higher spatial resolution in 

VH-IVUS yielded more precise results when determining plaque composition, with the 

highest precision observed in mixed and noncalcified plaques [36].

In another study, Marwan et al. sought to separate non-calcified plaque composition into 

predominantly ‘fibrous’ or ‘lipid-rich’ using each plaque’s mean HU attenuation with IVUS 

serving as the gold standard. CT attenuation between both plaque subtypes was significantly 

different, reaching a 95% sensitivity and 80% specificity for predominantly lipid plaques 

when using a threshold of 5.5% of pixels ≤ 30HU. However, they described a vast overlap in 

attenuation values of fibrous or lipid-rich plaques, which led them to recommend an 

additional histogram analysis for further characterization [56].

Anti-atherosclerotic drug studies using serial coronary CTA

An increasing number of studies have assessed drug efficacy using serial coronary CTA. In 

2007, Burgstahler et al. published the New Age II study, in which they found that a 

combination therapy of atorvastatin and aspirin led to regression of NCPV [15]. While this 

study included only 27 patients, subsequent large-scale clinical trials followed confirming 

these findings.

One of the early large-scale prospective observational trials by Li et al. addressed the effect 

of statin therapy on NCP. 206 patients were grouped into intensive, moderate, or no statin 

treatment; coronary CTA was performed at baseline and after a median follow-up of 18 

months. Results demonstrated a significant reduction in NCPV as well as TPV between the 

intensive-statin and no-statin group (with annualized changes of − 7.1 vs. 0.9mm3, p < 

0.001; − 16.4 vs. 12.3 mm3, p < 0.001), and an attenuation of plaque progression when 
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comparing moderate-statin to no-statin treatment (annualized changes NCPV: − 2.8 vs. 0.9 

mm3, p = 0.041; − 0.1 vs. 12.3 mm3, p = 0.014). Both moderate, as well as intensive statin 

treatment, were independent predictors of plaque regression, which led to the conclusion that 

statins reduce growth and induce regression in patients with mild noncalcified plaque [57].

The most notable reduction of NCPV through statin therapy as measured by serial coronary 

CTA illustrated Lo et al.’s study in 2015 [48]. In this prospective randomized controlled 

trial, the effect of atorvastatin on TPV, NCPV and HRP features in people living with HIV 

(PLWH) was examined. The investigators concluded that among 37 participants receiving 

atorvastatin, the median NCPV decreased by 19% whereas the NCPV increased by 20% in 

participants receiving placebo (p = 0.009). TPV likewise was significantly reduced in the 

atorvastatin group with a 5% decrease versus an 18% increase in the placebo group (p = 

0.02) (Fig.2). Similarly, the number of plaques with high-risk features, namely low 

attenuation, and positive remodeling, significantly decreased in the statin therapy group [48]. 

In a subanalysis of this trial investigating the natural history of plaque change, statins were 

found to reduce fatty and fibrotic components in progressing lesions causing plaque 

stabilization [58].

The success of serial coronary CTA studies in evaluating the efficacy of statins in changing 

coronary plaque volume encouraged investigators to evaluate other anti-atherosclerotic 

therapies using the same imaging modality. In 2010, Tardif et al. demonstrated that 12 weeks 

of atreleuton, a 5-lipoxygenase inhibitor, managed to decrease NCPV in patients with recent 

ACS by an average of 2.33 mm3, whereas that in patients treated with placebo increased by 

an average of 2.83mm3 [59]. Similar results were described in a study by Matsumoto et al. 

in 2016, which also evaluated the effect of atreleuton on plaque progression in patients with 

recent ACS. After a follow-up of 24 weeks, atreleuton treatment resulted in a significant 

reduction of plaque progression as well as a reduction of non-calcified plaque components 

(i.e., low attenuation, fibrous, and fibro-fatty plaque) compared to the placebo group [60].

While a novel drug agent such as atreleuton successfully reduced or stabilized coronary 

plaque volume, not all drugs led to similar results. For example, in 2016, Hauser et al. 

investigated the effect of non-steroidal anti-inflammatory treatment on NCPV in overweight 

or obese patients. The trial enrolled a total of 257 patients which were randomized to 

salasate treatment versus. placebo; change in NCPV as measured by CCTA was defined as 

the primary outcome. However, when compared to baseline no significant increase in NCPV 

in each group nor a difference in between groups was detected [61].

Another study testing the effect of testosterone treatment in older men with hypogonadism 

on coronary artery plaque likewise did not lead to a regression in plaque volume. In fact, 

NCPV, as well as TPV, were significantly increased (with an estimated change of 41 mm3, p 

= 0.003, and 47mm3, p = 0.006) in subjects who received testosterone gel as treatment 

compared to the placebo group during a follow-up of 12 months [62].

Similarly, other treatment approaches such as garlic extract [63] or different anticoagulant 

therapies [64] did not lead to a regression of coronary plaque volume.
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In addition to many completed investigations, there are a number of promising ongoing 

clinical trials utilizing serial coronary CTA to validate the efficacy of novel treatments.

One novel pharmaceutical approach to atherosclerotic treatment is MEDI6012—a 

recombinant human lecithin-cholesterol acyltransferase (rhLCAT) [65]. LCAT plays an 

important role in cholesterol metabolism by stabilizing high-density lipoprotein and 

promoting the transport of excess cholesterol from the periphery to the liver [66]. A recently 

launched randomized, placebo-controlled phase IIb study (REAL-TIMI 63B) is aiming to 

enroll 414 participants with acute ST-elevation myocardial infarction to undergo serial 

coronary CTA to examine the efficacy of this new drug. With the estimated completion date 

in March 2020, results are highly anticipated [65].

Apart from novel drug developments in patients with traditional cardiovascular risk factors, 

the focus has moved to patients with chronic inflammatory conditions such as HIV marking 

a risk enhancing factor in the development of atherosclerotic cardiovascular disease. In the 

treatment of HIV, the focus has shifted from preventing the spread to preventing major 

cardiovascular events in PLWH because of the improvements in antiretroviral therapy and 

medical care. In 2015, the National Institutes of Health (NIH) launched the REPRIEVE trial

—the first primary prevention trial for HIV. The REPRIEVE trial is a prospective 

randomized controlled clinical trial using pitavastatin to prevent vascular events in PLWH. A 

mechanistic substudy, recruiting approximately 800 participants to undergo serial coronary 

CTA, will enable the investigators to determine drug-efficacy through the change in plaque 

volume and the number of observed vascular events in this cohort [67].

Another ongoing randomized, placebo-controlled trial (EPIC-HIV Study) is evaluating the 

impact of a PCSK9-inhibitor called alirocumab on cardiovascular risk in PLWH. This study, 

which started in April 2018 and is estimated to be completed by November 2021, intents to 

recruit 140 patients with risk factors for CVD or known CVD and evidence of vascular 

inflammation. One study endpoint is to assess the effect of PCSK9-inhibition on NCP, which 

will be measured using serial CCTA in association with inflammatory markers [68].

These above-mentioned studies only represent a selection of published and ongoing trails 

using serial coronary CTA for surrogate imaging endpoint studies between Phase II and III. 

A complete overview is displayed in Tables 2 and 3. It is interesting to note, that most of 

these investigations started after January 2015, which can mainly be traced back to technical 

improvements in cardiac imaging. However, with higher retention rates and a better cost-

effectiveness profile compared to invasive imaging studies, serial coronary CTA is expected 

to gain further popularity in future clinical trials.

Image quality assurance, reproducibility and sample size estimations

When assessing plaque progression as a surrogate endpoint of anti-atherosclerotic therapies, 

diagnostic image quality and reproducibility are key—affecting hardware and software alike.

In terms of hardware, the scan-rescan variation using different CT-vendors is a critical point. 

This is especially relevant in multi-center investigations but also needs to be kept in mind in 

a multi-vendor facility. A systematic comparison of scanner variability in coronary CTA was 
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recently performed by Symons et al. comparing coronary plaque volume measurements 

acquired with the same versus a different scanner within 30 days. The authors chose a 

vessel- as well as a lesion-based approach to assess plaque burden of the entire coronary tree 

and plaque burden in most diseased segments (as both have been reported in current trials) to 

quantify TPV, NCPV and calcified plaque volume. Intra -scan reproducibility for NCPV for 

all segments and the most diseased segments was good (± 18.4% and ± 16.0% coefficient of 

variation), yet, inter-scan variability in follow-up imaging largely differed for NCPV in all 

coronaries as well as in those with the highest plaque burden (± 29.9% and ± 26.5%). After 

adjusting for within-patient correlation of segments, an effect of scanner on calcified plaque 

volume remained (with a 12% difference, while TPV and NCPV were similar). The authors 

concluded, that variability in plaque volume would increase the sample size needed to detect 

a 5% change in NCPV in a lesion-based analysis from 217 (same scanner) to 587 patients 

(two different scanners). An even larger increase in sample size would results for a per-

vessel analysis of change in NCPV from 286 (using the same scanner) to 753 subjects (when 

using different vendors) [69], both of which might not be achievable for many proposed 

studies.

This scenario also highlights the importance of the correct choice of primary endpoints 

(along with their respective standard deviations) used for sample size calculations which was 

recently demonstrated in a study assessing the effect of testosterone treatment on coronary 

artery plaque. Due to a smaller standard deviation, Budoff et al. were able to reduce the 

sample size from 400 to 140 by changing the primary outcome from TPV to NCPV [62].

Sample sizes in coronary CTA studies are similar to those using IVUS [16, 70]. For instance, 

in the ASTEROID trial, Nissen et al. reported an estimated sample size of 313 patients for 

their primary endpoint, change in PAV, to detect a difference of − 0.7% with an 80% power 

and a 2-sided alpha-level of 0.025 (assuming a standard deviation of 4%). For their 

secondary endpoint, change TPV in 10-mm subsegments with highest plaque at baseline, 

however, a sample size of only 171 patients was calculated for an expected difference of − 

3mm3 (standard deviation 12.6mm3) reaching the same power and alpha-levels [16].

This leads to another challenge, which is the choice of the most appropriate endpoint to 

capture an expected effect. A number of endpoint measures have been proposed, some of 

which were adapted from IVUS trials (such as TPV or PAV), others which are unique to CT 

(such as overall plaque burden or HRP features). Yet, there is no consensus on the best 

approach or guidelines for standardized quantification causing a wide range of different 

endpoints which can impede study comparison. For instance, in trials assessing the effect of 

statin treatment on coronary artery plaque volume change, Lo et al. used NCPV as a 

surrogate [48], while Inoue et al. chose TPV and low-attenuation plaque volume [71], and 

Auscher et al. evaluated TPV and dense calcium volume [72]. Furthermore, treatment effect 

on coronary artery plaque of many—especially novel—therapies is unknown and most 

effective endpoints need yet to be defined. Data from the coronary CTA PARADIGM study 

indicate an accelerated transformation from non-calcified towards more calcified lesions in 

patients on statin therapy [73], whereas an earlier study described a slower plaque 

progression [74] or even regression [71]. Furthermore, there is currently no established 
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threshold for a ‘clinically relevant’ change, which is why studies have relied on prior 

observations from CTA or IVUS studies to estimate the expected delta.

Ensuring constant high image quality is another important aspect. Image quality and CT 

attenuation values can vary greatly depending on radiation dose [23, 55, 75], reconstruction 

algorithm [76], and concentration of intraluminal contrast material [77, 78]. Variations in 

tube potential (i.e., kVp) are known to cause shifts in measured CT density not only in intra-

scan but also in inter-scan comparison [79]. Keeping the x-ray energy at a constant is 

important for comparability when using HU attenuation values for plaque quantification on 

two consecutive data sets. Another critical aspect in serial imaging is constant high image 

quality as a non-diagnostic baseline or follow-up scan can lead to an exclusion of the patient 

per se. Such a scenario occurred in a CT-substudy of a placebo-controlled trial using 

coronary artery plaque as a secondary endpoint. In this study, 28 out of 88 qualified patients 

had to be excluded due to insufficient image quality, which was impaired by motion, noise, 

or artifacts [59].

When quantifying plaque, reliable software and reproducibility are warranted. For intra-

software comparison, plaque quantification has generally resulted in good inter-reader 

variability [31, 80]. Inter-software reproducibility, on the other hand, still greatly varies and 

requires standardization across vendors. This concern was raised when variability of NCPV 

measured with three different commercially available software packages demonstrated 

significantly different results with Pearson correlation coefficients ranging from 0.550 to 

0.677 (p < 0.001) [75].

In general, to ensure high image quality as well as reproducibility, serial coronary CTA 

image acquisition parameters (i.e., pre-scan medication, ECG-gating, tube potential, use of 

reconstruction techniques, application of intravenous contrast), need to be pre-specified. To 

account for inter-scan variations, baseline, and follow-up imaging should be performed 

using one scanner. For quantitative image analysis assessment of an entire dataset (i.e., 

baseline and follow-up images of one subject) by the same reader has proven effective to 

calculate inter-observer variability. However, variability in data resulting from serial CTA 

studies, especially for multi-center trials, alongside with hard- and software limitations 

remain the Achilles’ heel of CTA. To establish coronary CTA as a tool to monitor drug 

effects, pre-specification of acquisition parameters, choice of scanner type for baseline and 

follow-up (the same scanner for both timepoints) and readers for quantitative image analysis 

(ideally one reader per dataset) are mandatory to ensure high image quality and 

reproducibility. For future trials, consensus on CT metrics and evaluation standards as well 

as an accepted threshold for a clinically significant change would be desirable.

Conclusion

Change in coronary plaque volume on CTA is a noninvasive test that is increasingly used to 

demonstrate the efficacy of anti-atherosclerotic treatments. Several trials have successfully 

utilized serial CTA to measure coronary plaque progression, and several trials are ongoing.
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Fig. 1. 
Qualitative and quantitative analysis of coronary CTA. Panels a–c Standard qualitative 

analysis of coronary CTA data for the presence of obstructive CAD (stenosis ≥ 50%): a 3D 

volume-rendered image of the coronary tree with potential narrowing in the proximal 

(arrow) and mid LAD (arrowhead). b multiplanar reformatted long and c short axis images 

of the proximal LAD area (white arrows) demonstrating luminal narrowing < 50%. This 

patient would be classified as having non-obstructive CAD unlikely to be hemodynamically 

significant as a result of routine diagnostic assessment. Panels d, e Advanced quantitative 

analysis of another patient demonstrating a plaque with high-risk features. d Cross section of 

a vessel depicting central low attenuation core in red (asterisk) with ring-like peripheral high 

attenuation in light green (arrow)—the napkin ring sign. e Output of quantitative analysis 

with derived minimal luminal area, degree of stenosis, remodeling index, plaque burden, 

noncalcified and low HU volume, and mean plaque attenuation
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Fig. 2. 
Increasing non-calcified plaque volume in mid right coronary artery (mRCA) in a patient on 

placebo. Coronary CTA of mRCA (arrow) at baseline a, c and 12 months follow-up b, d in 

patient with HIV. High-risk morphology features including positive remodeling and low 

attenuation lipid core developed on follow-up. Multi-planar reformations in short (a, b) and 

long (c, d) axis
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