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Hugo Marques, MD, PhDt, Pedro de Ara�ujo Gonçalves, MD, PhDt,u, Gianluca Pontone, MD, PhDi,
Sanghoon Shin, MDf, Jagat Narula, MD, PhDx, Fay Yu-Huei Lin, MDl, Leslee J. Shaw, PhDl, and

Hyuk-Jae Chang, MD, PhDg,h
nt o

sby

epa

edic

l, S

g H

d R

al C

ed

ent

a W

i-C

i U

, So

, Yo

, Se
jHo

odi

itut

r Im

021

10.
Although acute coronary syndrome culprit lesions occur more frequently in the proximal
coronary artery, whether the proximal clustering of high-risk plaque is reflected in ear-
lier-stage atherosclerosis remains unclarified. We evaluated the longitudinal distribution
of stable atherosclerotic lesions on coronary computed tomography angiography (CCTA)
in 1,478 patients (mean age, 61 years; men, 58%) enrolled from a prospective multina-
tional registry of consecutive patients undergoing serial CCTA. Of 3,202 coronary artery
lesions identified, 2,140 left lesions were classified (based on the minimal lumen diameter
location) into left main (LM, n = 128), proximal (n = 739), and other (n = 1,273), and 1,062
right lesions were classified into proximal (n = 355) and other (n = 707). Plaque volume
(PV) was the highest in proximal lesions (median, 26.1 mm3), followed by LM (20.6 mm3)
and other lesions (15.0 mm3, p <0.001), for left lesions, and was lager in proximal (25.8
mm3) than in other lesions (15.2 mm3, p <0.001) for right lesions. On both sides, proxi-
mally located lesions tended to have greater necrotic core and fibrofatty components than
other lesions (left: LM, 10.6%; proximal, 5.8%; other, 3.4% of the total PV, p <0.001;
right: proximal, 8.4%; other 3.1%, p <0.001), with less calcified plaque component (left:
LM, 18.3%; proximal, 30.3%; other, 37.7%, p <0.001; right: proximal, 23.3%, other,
36.6%, p <0.001), and tended to progress rapidly (adjusted odds ratios: left: LM, refer-
ence; proximal, 0.95, p = 0.803; other, 0.64, p = 0.017; right: proximal, reference; other,
0.52, p <0.001). Proximally located plaques were larger, with more risky composition, and
progressed more rapidly. © 2021 Elsevier Inc. All rights reserved. (Am J Cardiol
2021;158:15−22)
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Although the distribution of ruptured or prone-to-rupture
plaques is known to be nonuniform throughout the coronary
tree,1-4 whether the proximal clustering of high-risk plaque
(HRP) is reflected in earlier stages of atherosclerosis
remains unclarified. Most previous studies using invasive
coronary angiography with and without intravascular ultra-
sound (IVUS) were innately limited to high-risk popula-
tions or patients with acute coronary syndrome, and thus,
do not provide insight into the earlier stages of coronary
atherosclerosis. The advent of coronary computed tomogra-
phy angiography (CCTA) has enabled the noninvasive
assessment of coronary atherosclerotic plaque volume (PV)
and composition in lower-risk patients who are not eligible
for invasive coronary angiography.5,6 In this substudy of
the Progression of Atherosclerotic Plaque Determined by
Computed Tomographic Angiography Imaging (PARA-
DIGM) study,7 we explored the longitudinal distribution of
coronary atherosclerotic plaques on CCTA, and compared
the PV, composition, and progression on follow-up CCTA
according to the plaque location.
Methods

The study protocol was approved by the institutional
review boards of all participating centers. The study partici-
pants were recruited from the PARADIGM study, a
dynamic multinational observational registry that prospec-
tively collected clinical, procedural, and follow-up data on
2,252 consecutive patients who underwent clinically indi-
cated serial CCTA with an inter-scan interval of ≥2 years.7

In the current study, after excluding 492 patients with
CCTA images uninterpretable for quantitative analysis and
Figure 1. Study flow

CCTA = coronary computed tomographic angiography.
282 patients with previous coronary revascularization
before the index CCTA, 1,478 patients remained for the
analysis (Figure 1).

CCTA acquisition and analysis were performed in accor-
dance with the guidelines.8,9 Images from each participat-
ing site were transferred to a core laboratory for blinded
analysis by level III certified physicians, using semi-auto-
mated plaque analysis software (QAngioCT Research Edi-
tion v2.1.9.1, Medis Medical Imaging Systems, Leiden, the
Netherlands).10 All coronary arteries and major side
branches with a diameter ≥2 mm were evaluated according
to the modified 17-segment model proposed by the Ameri-
can Heart Association for coronary segment classifica-
tion.11 Atherosclerotic plaque was defined as any tissue ≥1
mm2 within or adjacent to the lumen, distinguishable from
surrounding structures in >2 planes. For each lesion, the
distance from the ostium to the minimal lumen diameter
(MLD) was measured. Coronary lesions were categorized
according to the location of the MLD.12 In the left coronary
artery, lesions were classified as left main (LM), proximal
(proximal left anterior descending artery or proximal left
circumflex artery), or other lesions (any other segment);
wherease in the right coronary artery, lesions were classi-
fied as proximal (proximal right coronary artery) or other
lesions (any other segment).

For all coronary lesions, the PV (mm3) was measured
and further subclassified by composition using pre-defined
Hounsfield Unit (HU) threshold cut-off values: necrotic
core PV, -30 to 30 HU; fibrofatty PV, 31 to 130 HU; fibrous
PV, 131 to 350 HU; and calcified PV, >350 HU.6,8,13 To
account for differences in the total vessel length between
patients and to provide an equal weighting of each patient
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Table 1

Clinical characteristics and lipid profiles

Variable Study population (n = 1,478)

Age (years) 61 [54; 67]

Men 863 (58.4%)

Body mass index (kg/m2) 25.0 [23.2; 27.2]

10-year ASCVD risk (%) 9.8 [4.9; 18.7]

Low to borderline (<7.5%) 583 (39.4%)

Intermediate (7.5-20%) 567 (38.4%)

High (>20%) 328 (22.2%)

Hypertension 790 (53.8%)

Diabetes mellitus 303 (20.6%)

Hyperlipidemia 575 (39.2%)

Smoking 263 (17.9%)

Family history of CAD 432 (29.2%)

Symptoms

Typical chest pain 71 (4.8%)

Atypical chest pain 1020 (69.5%)

Noncardiac chest pain 136 (9.3%)

Shortness of breath 120 (8.2%)

Asymptomatic 224 (15.3%)

Medications at baseline

Aspirin 558 (37.8%)

RAAS inhibitor 420 (28.4%)

Statins 590 (39.9%)

Lipid profile at baseline (mg/dL)

Total cholesterol 189.0 [163.0; 215.0]

Triglycerides 123.0 [89.0; 178.0]

High-density lipoprotein 49.0 [41.0; 58.0]

Low-density lipoprotein 115.0 [91.0; 138.0]

Medications at follow-up

Statins 811 (54.9%)

Lipid profile at follow-up (mg/dL)

Total cholesterol 169.0 [145.0; 198.0]

Triglycerides 111.0 [79.0; 158.8]

High-density lipoprotein 48.0 [41.0; 57.0]

Low-density lipoprotein 96.9 [77.0; 123.0]

Data are presented as the median (interquartile range) for continuous

variables and number (percentage) for categorical variables. Patients could

present with >1 symptom.

ASCVD = atherosclerotic cardiovascular disease, CAD = coronary

artery disease, RAAS = renin-angiotensin-aldosterone system.
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in the calculation of PV, we normalized the PV as ([abso-
lute PV/total vessel length] * mean population vessel
length).14

To explore the compositional differences according to
longitudinal lesion location, the compositional makeup of
each lesion was evaluated by calculating the volume per-
cent (%vol) of each component as (component PV/total PV
* 100, %). Additionally, lesions were classified as noncalci-
fied (no calcium), mixed (≤70% volume calcified plaque),
or calcified (>70% volume calcified plaque), based on a
visual estimation.13 Furthermore, coronary lesions were
classified as HRP if ≥2 previously defined HRP features
linked to plaque rupture and subsequent adverse outcomes
(spotty calcification, positive remodeling, and low-attenua-
tion plaque) were present.15,16 Diameter and area stenosis
were quantified as the percent of the reduction in lumen
diameter and area.

To evaluate the progression or regression of each lesion,
lesions were matched between the index and follow-up
CCTA using fiduciary landmarks, such as coronary side
branches. Annualized changes in total and compositional
PV were calculated as (DPV/CCTA interval, mm3/year).
The median value of the annual total PV change for each
location of left and right coronary lesions was used to define
rapid plaque progression.17,18

All analyses were performed in SPSS (version 25; IBM
Corp., Armonk, NY) and R Studio (version 3.6.3). Continu-
ous variables are presented as median (interquartile range
[IQR]), and categorical variables are presented as numbers
(percentages). Continuous variables were compared using
the independent t-test, Mann-Whitney U test, analysis of
variance, or Kruskal-Wallis test, as appropriate. Categorical
variables were compared using the Chi-square or Fisher’s
exact test. Multiple comparison adjustment was performed
using Bonferroni’s correction or Dunn’s post-hoc testing,
as appropriate. To compare the risk for rapid plaque pro-
gression according to lesion location wherease accounting
for within-patient clustering of lesion data, logistic general-
ized estimating equation (GEE) models were used, with
adjustment for common within-patient factors (10-year ath-
erosclerotic cardiovascular disease [ASCVD] risk, statin
use at follow-up) and baseline PV. Results are presented as
adjusted odds ratios (aORs) with corresponding 95% confi-
dence intervals (CIs). Two-tailed p-values <0.05 were con-
sidered statistically significant.
Results

In total, 1,478 patients (median 61 [54 to 67] years, men
58.4%) were included and their clinical characteristics are
shown in Table 1. The median interscan interval between
baseline and follow-up CCTA was 3.3 (2.6 to 4.8) years.
Overall, 3,202 coronary artery lesions analyzed on both
baseline and follow-up CCTA were identified (median
diameter stenosis 16 [9 to 26]%, area stenosis 30 [16 to
45]%); 2,140 were left coronary lesions and 1,062 were
right coronary artery lesions (Figure 1). In the longitudinal
distributions of the coronary lesions, left coronary lesions
showed a positively skewed unimodal distribution, with a
median distance from the ostium to the MLD of 31.9 (20.6
to 44.8) mm, wherease right coronary lesions showed a
bimodal distribution, with a median distance from the
ostium to the MLD of 50.0 [25.0 to 97.9] mm (Figure 2).

In the comparisons of baseline CCTA characteristics of
left coronary artery lesions according to location (LM
6.0%, proximal 34.5%, and other lesions 59.5%), the total
PV of proximal lesions (median 26.1 mm3) was comparable
to that of LM lesions (20.6 mm3; p = 0.178), but was signif-
icantly greater than that in other lesions (15.0 mm3; p
<0.001) (Table 2). In the right coronary artery (proximal
33.4%, and other lesions 66.6%), the total PV was greater
in proximal lesions (25.8 mm3) than in other lesions (15.2
mm3; p <0.001). In the evaluation of the stenosis severity
in left coronary artery lesions, the diameter stenosis gradu-
ally increased from LM lesions to proximal and other
lesions (p <0.001). However, for right coronary artery
lesions, the diameter stenosis did not significantly differ
between proximal and other lesions (p = 0.068).

Plaque composition also changed according to the longi-
tudinal lesion location. More proximally located lesions
tended to have greater necrotic core and fibrofatty PVs



Figure 2. Longitudinal distribution of left and right coronary lesions. In the histograms, the number of lesions is indicated according to the distance from the

ostium to the MLD of the lesion. MLD = minimal lumen diameter.
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compared with those in distally located lesions (Figure 3).
Concordantly, LM lesions showed the highest necrotic core
and fibrofatty plaque %vol, followed by proximal and other
lesions (median 10.6%, 5.8%, and 3.4%, respectively; p
<0.001) (Table 2). On the other hand, the calcified plaque
%vol was the lowest in LM lesions and gradually increased
from proximal to other lesions (18.3%, 30.3%, and 37.7%,
respectively; p <0.001). Similarly, in the right coronary
artery, the necrotic core and fibrofatty plaque %vol was
greater in proximal lesions than in other lesions (8.4% and
3.1%, respectively; p <0.001), wherease the calcified pla-
que %vol was lower in proximal lesions than in other
Table 2

Baseline CCTA characteristics according to longitudinal distribution

Variable Left coronary lesions (n = 2,140

Left main (n = 128) Proximal (n = 739) Others

Lesion length (mm) 14.1 [10.8;17.6]y,z 18.7 [13.7;27.2]*,z 16.8 [13

Normalized PV (mm3) 20.6 [11.5;38.4] 26.1 [10.0;71.1]z 15.0 [6.

%vol of each component

Necrotic core 0.0 [0.0; 2.0]z 0.0 [0.0; 0.6]z 0.0 [0

Fibrofatty plaque 9.8 [1.2;31.8]y,z 5.7 [0.5;23.8]*,z 3.3 [0.

Necrotic core +

Fibrofatty plaque

10.6 [1.2;37.2] 5.8 [0.5; 25.4] 3.4 [0

Fibrous plaque 50.5 [37.9;64.4] 48.7 [32.8;64.8] 47.5 [3

Calcified plaque 18.3 [2.4;47.1]y,z 30.3 [4.9;59.4]*,z 37.7 [11

Plaque composition

Noncalcified 32 (25.0%)y,z 154 (20.8%)*,z 188 (1

Mixed 41 (32.0%) 301 (40.7%) 451

Calcified 55 (43.0%) 284 (38.4%) 634

HRP lesions 25 (19.5%) 134 (18.1%)z 175 (

Diameter stenosis 11.2 [5.7;19.1]y,z 16.0 [8.0;25.8]*,z 18.0 [9

Area stenosis (%) 21.0 [11.3;34.6]y,z 29.4 [15.3;44.9]*,z 32.7 [18

Data are presented as the median (interquartile range) for continuous variables

puted tomography angiography, HRP = high risk plaque (≥2 of: spotty calcificatio
*Adjusted P-value for comparison with left main lesions <0.05.
yAdjusted P-value for comparison with left proximal lesions <0.05.
zAdjusted P-value for comparison with left other lesions.
lesions (23.3% and 36.6%, respectively; p <0.001). In both
left and right coronary arteries, the distance from the ostium
to the MLD was inversely related to the necrotic core and
fibrofatty plaque %vol and positively related to the calcified
plaque %vol (Supplemental Figure 1).

Visual compositional classification of the coronary
lesions showed similar results. Among left coronary artery
lesions, LM lesions showed the highest prevalence of non-
calcified lesions, wherease proximal lesions showed the
highest prevalence of mixed lesions, and other lesions
showed the highest prevalence of calcified lesions (p
<0.001). Similarly, among right coronary artery lesions,
) Right coronary lesions (n = 1,062)

(n = 1,273) p Proximal (n = 355) Others (n = 707) p

.0;27.6]*,y <0.001 17.9 [14.4;26.9] 15.8 [12.9;24.3] <0.001
1;48.0]y <0.001 25.8 [11.8;63.3] 15.2 [6.8;41.8] <0.001

.0; 0.2]*,y <0.001 0.0 [0.0; 1.0] 0.0 [0.0; 0.2] <0.001
0;16.8]*,y <0.001 7.9 [0.8;30.2] 3.1 [0.0;14.5] <0.001
.0; 17.4] <0.001 8.4 [0.8; 31.8] 3.1 [0.0; 15.0] <0.001

0.6;62.5] 0.064 54.8 [37.9;67.2] 50.2 [32.6;65.9] 0.017

.8;64.3]*,y <0.001 23.3 [2.2;50.4] 36.6 [11.5;61.2] <0.001

4.8%)*,y <0.001 101 (28.5%) 118 (16.7%) <0.001
(35.4%) 120 (33.8%) 213 (30.1%)

(49.8%) 134 (37.7%) 376 (53.2%)

13.7%)y 0.015 69 (19.4%) 103 (14.6%) 0.052

.9;28.2]*,y <0.001 15.5 [8.4;25.6] 14.0 [7.5;22.7] 0.068

.9;48.5]*,y <0.001 28.6 [16.0;44.6] 26.1 [14.4;40.2.7] 0.069

and number (percentage) for categorical variables. CCTA = coronary com-

n, low-attenuation plaque or positive remodelling), PV = plaque volume.

www.ajconline.org


Figure 3. Baseline median plaque volume of each component. The median volume of each component is presented according to the distance from

the ostium to the MLD of the lesion. Proximal lesions were larger and showed greater necrotic core and fibrofatty component volumes.

MLD = minimal lumen diameter.

Differential Plaque Character of Proximal Lesions 19
noncalcified lesions were more prevalent in proximal
lesions, wherease calcified plaques were more prevalent
among other lesions (p <0.001). Among the left coronary
artery lesions, the prevalence of HRP in proximal lesions
(18.1%) was comparable to that for LM lesions (19.5%;
p = 1.000) and significantly higher than that in other lesions
(13.7%; p = 0.031). Among the right coronary artery
lesions, although HRP was more commonly observed in
proximal lesions than in other lesions (19.4% and 14.6%,
respectively), statistical significance was not reached
(p = 0.052).

Among left coronary artery lesions, the annual progres-
sion in total PV of proximal lesions (median 2.4 mm3/year)
was comparable to that in LM lesions (2.4 mm3/year;
p = 0.444), but significantly higher than that in other lesions
(1.5 mm3/year; p = 0.001) (Table 3). Notably, the propor-
tion of all PV progression attributable to calcified plaque
Table 3

Annualized progression of lesions according to longitudinal distribution

Left coronary lesions (n = 2,140)

Left main (n = 128) Proximal (n = 739) Others

Annualized progression (mm3/year)

Total plaque volume 2.4 [0.2; 6.3] 2.4 [0.4; 6.9]z 1.5 [

Necrotic core 0.0 [-0.0; 0.0] 0.0 [-0.0; 0.0] 0.0 [

Fibrofatty plaque 0.0 [-0.2; 0.5] 0.0 [-0.5; 0.2] 0.0 [

Necrotic core +

Fibrofatty plaque

0.0 [-0.3; 0.5] 0.0 [-0.6; 0.3] 0.0 [

Fibrous plaque 0.7 [-0.3; 3.7]z 0.4 [-0.8; 2.7]z 0.1 [

Calcified plaque 0.9 [0.1; 2.9]y,z 1.8 [0.5; 4.8]*,z 1.2 [

Data are presented as the median (interquartile range) for continuous variables a

*Adjusted P-values for comparisons with left main lesions <0.05.
yAdjusted P-values for comparisons with left proximal lesions <0.05.
zAdjusted P-values for comparisons with left other lesions <0.05.
gradually increased from LM lesions to proximal and other
lesions (38%, 75%, and 80%, respectively). Among right
coronary artery lesions, the annual progression in total PV
was significantly higher in proximal lesions (3.6 mm3/year)
than in other lesions (1.7 mm3/year; p <0.001). The propor-
tion of all PV progression attributable to calcified plaque
was higher among other lesions (82%) than in proximal
lesions (50%). Distally located lesions showed a lower
annual progression in their total PV than more proximally
located lesions, and their progression was mainly attribut-
able to calcified plaque (Figure 4).

In the adjusted logistic GEE models for left coronary
artery lesions, the risk for rapid plaque progression was
similar for LM and proximal lesions (aOR = 0.95;
p = 0.803) (Table 4). However, the risk for rapid progres-
sion was significantly lower in other lesions than in LM
lesions (aOR = 0.64; p = 0.017). Additionally, per 10-mm
Right coronary lesions (n = 1,062)

(n = 1,273) p Proximal (n = 355) Others (n = 707) p

0.2; 5.1]y 0.002 3.6 [0.7; 9.2] 1.7 [0.2; 5.2] 0.000

0.0; 0.0] 0.366 0.0 [-0.0; 0.0] 0.0 [0.0; 0.0] 0.910

-0.2; 0.1] 0.316 0.0 [-0.8; 0.4] 0.0 [-0.2; 0.1] 0.558

-0.3; 0.1] 0.538 0.0 [-0.8; 0.4] 0.0 [-0.2; 0.1] 0.491

-0.5; 1.6]*,y 0.003 0.8 [-0.5; 4.0] 0.1 [-0.7; 1.7] 0.000

0.3; 3.6]*,y 0.000 1.8 [0.5; 5.5] 1.4 [0.4; 3.8] 0.011

nd number (percentage) for categorical variables.



Figure 4. The median annualized plaque volume change. The median annualized changes in total (blue) and calcified (gray) plaque volumes are presented

according to the distance from the ostium to the MLD of the lesion. In both coronary arteries (left and right), proximal lesions showed greater total plaque

volume increase, with less contribution from the calcified plaque component. MLD = minimal lumen diameter.
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increase in distance from the ostium to the MLD, the risk
for rapid plaque progression decreased by 7% (aOR = 0.93;
p = 0.001). Among right coronary artery lesions, the risk
for rapid plaque progression was lower for other lesions
than for proximal lesions (aOR = 0.52; p <0.001). Per 10-
mm increase in distance from the ostium to the MLD, the
risk for rapid progression decreased by 9% (aOR = 0.91; p
<0.001). A representative case is shown in the Graphical
Abstract.
Table 4

Adjusted odds ratios for rapid progression in left and right coronary artery

lesions

aOR (95% CI)* p Value

Left coronary lesions

Location of MLD

Left main lesions ref. .

Proximal lesions 0.95 (0.65-1.40) 0.803

Other lesions 0.64 (0.44-0.92) 0.017

Distance from ostium to MLD

Per 10-mm increase 0.93 (0.87-0.97) 0.001

Right coronary lesions

Location of MLD

Proximal lesions ref. .

Other lesions 0.52 (0.40-0.67) <0.001
Distance from ostium to MLD

Per 10-mm increase 0.91 (0.88-0.94) <0.001

* aORs for rapid plaque progression, as calculated from a logistic GEE

model, with covariate adjustment for 10-year ASCVD risk, total plaque

volume, and statin use at the time of follow-up CCTA.

aOR = adjusted odds ratio, ASCVD = atherosclerotic cardiovascular dis-

ease, CCTA = coronary computed tomography angiography,

CI = confidence interval, GEE = generalized estimating equation,

MLD = minimal lumen diameter.
Discussion

The current analysis of coronary lesions from the PARA-
DIGM registry revealed a difference in the longitudinal dis-
tribution of lesions in the left versus right coronary artery.
Despite the difference, proximally located lesions were
larger and had greater necrotic core and fibrofatty plaque
components, wherease distally located lesions were smaller
and had a greater calcified plaque component, in both left
and right coronary arteries. Furthermore, proximally
located lesions were at higher risk for rapid plaque progres-
sion, even after adjustment for 10-year ASCVD risk, statin
use, and baseline PV.

Early angiographic studies have highlighted the proxi-
mal location in the coronary arteries as a clustering site of
culprit lesions in acute coronary syndrome.2,3 Gibson et al
analyzed 1,914 patients with ST-elevation acute myocardial
infarction (STEMI) and found that 75% of all culprit lesions
were located within 60 mm of the coronary ostium.2 Wang
et al evaluated 496 patients with STEMI and found that the
risk of a coronary occlusion decreased significantly per 10-
mm increase in distance from the ostium in all coronary
arteries.3 In the current study, which examined a relatively
lower-risk population of patients undergoing serial CCTA,
we also noted a proximal clustering of coronary lesions.
The proximal clustering of coronary plaques from an earlier
stage of atherosclerosis could potentially reflect the future
site of culprit lesions.

The current study elaborates on previous invasive study
findings by portraying the differences between proximal
and distal lesions in earlier stages of atherosclerosis. In a
substudy of the Providing Regional Observations to Study
Predictors of Events in the Coronary Tree (PROSPECT)
study, which performed 3-vessel grayscale IVUS on
patients presenting with acute coronary syndrome, the
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highest plaque burden was observed in the most proximal
30-mm segment of each coronary artery.12 In the current
study, proximally located lesions were significantly larger
than distal lesions at baseline. The clinical relevance of
these findings is underscored by further evidence from the
PROSPECT study, which reported an independent associa-
tion between both lesion location and size, and the risk for
future plaque rupture.19 Importantly, we firstly found a sig-
nificantly higher risk for rapid plaque progression in proxi-
mal lesions than in distally located lesions. Considering
that plaque progression as measured on invasive and nonin-
vasive imaging modalities is known as independently
related to future adverse cardiovascular events,20,21 clini-
cians should be aware of the risk for rapid plaque progres-
sion in proximal lesions, even when their diameter stenosis
is not as severe as distal lesions.

In this study, in addition to a higher plaque burden, prox-
imally located lesions tended have more high-risk charac-
teristics related to plaque rupture and adverse cardiac
outcomes than distal lesions. The Incident COroNary Syn-
dromes Identified by Computed Tomography (ICONIC)
study previously reported that necrotic core and fibrofatty
PVs, as well as HRP, increased the risk for acute coronary
syndrome, independent of diameter stenosis, and total pla-
que burden.22 We analyzed the plaque composition in a
similar fashion and found that proximally located lesions
had greater necrotic core and fibrofatty plaque components.
Furthermore, HRP, linked to plaque rupture and subsequent
adverse cardiac events,15,16,23 was more commonly
observed in proximal lesions than in distal lesions. There-
fore, our study results suggest that proximally located
lesions have a higher risk for plaque rupture, as well as pla-
que progression, from an earlier stage of atherosclerosis.

A higher coronary artery calcium score is a well-known
indicator of increased risk for future adverse cardiovascular
events.24,25 However, recent studies have demonstrated that
calcified plaque is a risk marker for cardiovascular events
because of its strong association with the total PV.26,27

When considered as a percentage of the total PV, increased
calcified plaque component is associated with plaque stabil-
ity and reduced risk.26 Interestingly, in the present study,
not only did proximal lesions have more high-risk charac-
teristics, they also showed lower calcified plaque %vol.
Furthermore, a lesser part of plaque progression was attrib-
utable to calcified plaque in proximal lesions. The combina-
tion of these findings potentially reflects a more common
plaque composition profile related to higher risk for future
rupture among proximally located lesions than among more
distally located lesions.

The current study has several limitations. First, the PAR-
ADIGM study enrolled patients with repeated CCTA scan-
ning. Since patients with more rapid plaque progression
were more likely to experience clinical events and might
not undergo a second CCTA, the study population tended
to represent patients with coronary artery disease at lower
risk. Furthermore, large, proximal lesions were most likely
underrepresented, since those lesions were likely to be
revascularized after a first CCTA, and thus were excluded
from the study analysis. Nonetheless, in this study, proxi-
mally located lesions were significantly larger and had
more risk features than distal lesions. These results
emphasize marked differences between proximal and distal
lesions. Secondly, the current lesion classification accord-
ing to the location of the MLD12 did not account for lesion
extent. In long lesions, the location of the MLD may not
always reflect where the majority of the lesion is located.
Thirdly, as occurs in all CCTA studies, bias due to partial-
volume artifacts was inevitable.28

In conclusion, proximally located plaques were larger at
baseline, with a composition associated with a higher risk
for future plaque rupture, and progressed more rapidly than
distally located plaques. These differences were found in a
lower-risk population, and thus potentially impact the
active preventive strategy for those with proximal coronary
atherosclerotic lesions at an earlier stage, without signifi-
cant luminal narrowing.
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