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Aims Atherosclerosis develops progressively and worsens over time, yet event risk patterns vary in the left circumflex
(LCx), right coronary artery (RCA) and left anterior descending (LAD). The aim of this analysis was to examine
varying progressive disease alterations between the three major coronary arteries.

...................................................................................................................................................................................................
Methods
and results

Patients were included from a prospective, international registry of consecutive patients who underwent serial
CCTA at a median interval of 3.3 years. Annual progression of quantitative total and compositional plaque volume
were compared between the three coronary arteries (LCx, LAD, and RCA). Other analyses compared stenosis
>_50% and new high-risk plaque (HRP; >_2 of the following: spotty calcification, positive remodelling, napkin-ring
sign, and low-attenuation plaque) on follow-up. Generalized estimating equations and marginal Cox regression
models were used to compare progression, with covariate adjustment by the baseline atherosclerotic cardiovascu-
lar disease risk score, statin use, and plaque burden. Quantitative plaque measurements were calculated in 1344
patients (age 60 ± 9 years, 57% men). Plaque progression occurred less often in the LCx (41.0%) as compared to
the RCA (52.7%) and LAD (77.4%, P < 0.001). Odds for annual plaque burden increase >_population mean were
1.98- and 1.43-fold as high in the LAD (P < 0.001) and RCA (P < 0.001) as compared to the LCx. Similarly, the LAD
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was associated with a 2.45 higher risk of progression to obstructive CAD (P < 0.001), as compared to the LCx;
with no differences between the RCA and LCx (P = 0.13). New HRP lesions formed least often in the LCx (3.4%),
followed by the RCA (8.1%) and most often in the LAD (10.1%; P < 0.001).

...................................................................................................................................................................................................
Conclusions Our findings reveal novel insights into varied patterns of atherosclerotic plaque progression within the LCx as

compared to the other epicardial coronary arteries. These varied patterns reflect differing stages in the disease
process or differing pathogenic milieu across the coronary arteries.
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Introduction

Atherosclerosis develops progressively and worsens over time
in terms of the burden and diffusivity of plaque and stenosis se-
verity. The most common clinical indicator to examine athero-
sclerotic plaque progression is when a patient with known
coronary artery disease (CAD) presents with a morbid or fatal
coronary event.1–3 The majority of this evidence supports that
patients with more severe and extensive atherosclerotic plaque
have a higher risk of major CAD events and that specific high-risk
plaque (HRP) features, such as positive remodelling or low at-
tenuation plaque, further delineate adverse event risk.1,3,4 To
date, however, the evidence is minimal as to specific patterns of
progressive disease that may be documented with serial anatom-
ic testing. Earlier evidence using intravascular ultrasound in
higher risk patients often compared the effect of lipid-lowering
therapies on atherosclerotic plaque regression.5 These trials and
related observational series have focused on morphologic and
dimensional changes following intervention and largely examined
near-term interval differences reflective of advancing or

improved disease states. Within the current evidence, specific
signatures of variable plaque progression have yet to be defined,
specifically those observed in lower risk patients presenting with
suspected CAD undergoing serial coronary computed tomo-
graphic angiography (CCTA).

Importantly, data are often pooled across the major coronary
arteries when determining progressive alterations. Measurement of
progression largely assumes uniformity in plaque growth across the
epicardial coronary tree. Variability in atherosclerotic plaque altera-
tions by vessel and disease burden has dramatic implications for the
evaluation of symptomatic patients referred to anatomic testing; es-
pecially in terms of expected progressive disease states and risk of
acute coronary syndromes. Our group has recently reported on dif-
ferences between the major epicardial coronary arteries [i.e. left cir-
cumflex (LCx) vs. right coronary artery (RCA) and left anterior
descending (LAD)] based on CCTA measures of atherosclerotic pla-
que volume, stenosis severity, and HRP features.6 We reported a
lower overall plaque burden in the LCx when compared with the
LAD and RCA. In this report, we extend these prior findings by
examining signature patterns of atherosclerotic plaque progression

Graphical Abstract
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across the three major coronary arteries. Thus, the aim of this ana-
lysis was to examine the extent to which baseline differences impart
varying progressive disease risk including alterations in high-risk ath-
erosclerotic plaque features and worsening stenosis severity.

Methods

Study design and patient population
The Progression of AtheRosclerotic PlAque DetermIned by Computed
TomoGraphic Angiography Imaging (PARADIGM) study is a dynamic,
international, multicentre observational registry designed to monitor
changes in atherosclerosis on CCTA.7 A total of 2252 consecutive
patients were consecutively enrolled in a registry where each participant
underwent clinically indicated serial CCTA with an interscan-interval of
>_2 years were enrolled. Exclusion criteria included prior myocardial in-
farction or coronary revascularization prior to the baseline CCTA
(n = 282), an uninterpretable CCTA for quantification (n = 492), and
intercurrent CAD event or coronary revascularization before the follow-
up CCTA (n = 133). Thus, for this report, the final study population con-
sisted of 1344 patients. All enrolment procedures and research methods
were approved by each centre’s institutional review board.

Site CCTA protocol and core laboratory

image interpretation
We have previously reported, in detail, methods regarding CCTA image
acquisition at the participating sites.8 In brief, all CCTAs were performed
in accordance with the Society of Cardiovascular Computed
Tomography guidelines.9 Datasets from each participating site were
transferred to a core laboratory for blinded image analysis.

At the CCTA Core Laboratory, image interpretation was completed
by Level III certified physicians using quantitative plaque software
(QAngioCT Research Edition v2.1.9.1, Medis Medical Imaging Systems,
Leiden, the Netherlands).10 Details on the quantification methodology
have previously been reported.8 All coronary arteries and their branches
with a diameter >_2 mm were evaluated according to a modified 17-seg-
ment American Heart Association model. Presence of plaque was defined
as any tissue >_1 mm2 identified in >2 planes, within or adjacent to the
lumen that could be discriminated from surrounding structures and the
lumen.11 For longitudinal comparisons, coronary segments and lesions
were co-registered between baseline and follow-up CCTA, using fidu-
ciary landmarks, such as coronary artery side branches.

Plaque volume (mm3) and vessel volume (mm3) were quantified for all
coronary segments and summed to generate vessel-level data. Plaque vol-
ume was categorized according to composition, using predefined
Hounsfield Unit (HU) thresholds, into necrotic core (-30 to 30 HU),
fibrofatty (31–130 HU), fibrous (131–350 HU), and calcified plaque
(>350 HU).12,13 Due to the small volume of necrotic core (mean volume:
0.8 ± 3.6 mm3), we merged necrotic core with fibrofatty plaque (and this
will be referred to as ‘necrotic core and fibrofatty plaque combined’).
Percent atheroma volume (PAV) was defined as [(plaque volume/vessel
volume)� 100].14 Furthermore, presence of CAD was evaluated in each
coronary artery, using a cut-off value of >_50% stenosis for obstructive
CAD.15 The presence of HRP was defined as coronary lesions with >_2 of
the following features: spotty calcification, low-attenuation plaque,
napkin-ring sign, and positive remodelling, as previously described.16,17

Annual changes in plaque volume (Dplaque volume/year; mm3/year) and
PAV (DPAV/year; %/year) were calculated by subtracting values at base-
line from follow-up and dividing the result by the CCTA interval time.

Study endpoints
The primary comparison examined annual changes in plaque volume
(both total and per compositional subtype) and PAV. Also, prompt
annualized progression was defined as DPAV/year >0.57%, based on
prior work completed by our group.18,19 Secondary analyses examined
prompt annualized plaque progression using the median PAV/year as a
cut-off. In addition to prompt plaque progression, we examined progres-
sion to obstructive CAD at follow-up among vessels with no- or non-ob-
structive CAD on the baseline CCTA.19

Statistical methods
Continuous variables are presented as mean ± standard deviation (SD)
or median with quartiles (Q1–Q3), categorical variables are presented as
absolute numbers and percentages. Continuous variables were com-
pared using Friedman test or Wilcoxon signed-rank test, as appropriate.
Categorical variables were compared using the v2 test or Fisher’s exact
test. Logistic generalized estimating equations (GEE) models were used
to calculate odds for prompt plaque progression across the coronary
arteries. Furthermore, a subset of vessels without obstructive CAD at
baseline were analysed to predict progression to obstructive CAD at
follow-up. Marginal Cox models with multivariate failure times were used
to account for within-patient clustering of the data. Both models were
adjusted for the AtheroSclerotic CardioVascular Disease (ASCVD) risk
score, statin use and per-vessel PAV at baseline. Results are presented as
adjusted odds ratios (aORs) or adjusted hazard ratios (aHRs) along with
95% confidence intervals (CI). Two-tailed P-values of <0.05 were consid-
ered statistically significant. All analyses were performed in SAS version
9.4 (SAS Institute, Inc., Cary, NC, USA) and SPSS Statistics version 26
(IBM Corporation, Armonk, NY, USA).

Results

Clinical history and stress test findings
Of the 1344 patients, the mean age of the patients at baseline was
60.4 ± 9.4 years, with 57% being male (Table 1). Most patients were
referred for evaluation of anginal symptoms for the baseline CCTA.
The average enrolled patient had an intermediate ASCVD risk score
and slightly more than one-third of patients were on statin therapy at
baseline.

Patients underwent follow-up CCTA after a median interval time
of 3.3 (2.6–4.8) years. Table 1 also reports clinical risk factor data col-
lected at the time of the follow-up CCTA. As patients were older at
the time of their second CCTA, increases in the ASCVD risk score
were reported. The follow-up utilization of statin therapy was much
higher than that reported at baseline (56.6% vs. 39.8%).

Quantitative atherosclerotic plaque
progression
Quantitative plaque analysis was performed at baseline and follow-up
CCTA (Table 2). Plaque volume at baseline6 was smallest in the LCx
(10.2 ± 30.5 mm3), followed by the RCA (33.5 ± 86.2 mm3; P < 0.001)
and the LAD (58.3± 85.3 mm3; P < 0.001). Similar findings were
noted for PAV (LCx: 2.1 ± 5.4% vs. RCA: 2.9 ± 6.4% vs. LAD:
6.4± 8.3%; both P < 0.001). The volume of plaque compositional sub-
types (necrotic core and fibrofatty plaque, fibrous plaque, and calci-
fied plaque) were also lowest in the LCx (P < 0.001 compared to
LAD and RCA).
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Plaque progression (defined as D plaque volume >0 mm3)

occurred less often in the LCx (41.0%), followed by the RCA (52.7%)
while occurring most often in the LAD (77.4%; P < 0.001). Mean
annualized plaque volume progression was lowest in the LCx (D pla-
que volume/year 1.8 ± 4.4 mm3/year), compared to the RCA
(6.4 ± 14.5 mm3/year; P < 0.001) and LAD (7.3± 11.6 mm3/year;
P < 0.001). Annualized PAV progression was also lowest in the LCx
(DPAV/year 0.4 ± 0.9%/year), followed by the RCA (0.6 ± 1.1%/year;

P < 0.001) and highest in the LAD (0.8± 1.2%/year; P < 0.001).
Furthermore, annualized progression of fibrous and calcified plaque
volume was lowest in the LCx (all P < 0.001). The volume of necrotic
core and fibrofatty plaque combined changed minimally over time in
the LCx (0.0± 1.4 mm3/year), while it was more variable but not stat-
istically different in the LAD (0.5± 6.0 mm3/year; P > 0.9;
Supplementary data online, Figure S1). In the RCA, there was a statis-
tical difference compared to the LCx (0.7 ± 6.5 mm3/year; P = 0.023;

....................................................................................................................................................................................................................

Table 1 Clinical characteristics of the 1344 patients with a baseline and �2-year follow-up CCTA

Baseline CCTA Follow-up CCTAa

Age, mean ± SD (years) 60.4 ± 9.4 64.2 ± 9.5

BMI, mean ± SD (kg/m2) 25.4 ± 3.4 25.5 ± 3.4

ASCVD risk score, median (IQR) (%) 9.5% (4.6–18.0%) 12.3% (6.1–23.4%)

Anginal symptoms (%) 84.7 81.0

Risk factor measurement

SBP/DBP (mmHg) 130/80 126/77

Total cholesterol (mg/dL) 190.3 ± 39.0 174.1 ± 37.6

LDL cholesterol (mg/dL) 115.7 ± 33.8 102.1 ± 32.7

Triglycerides (mg/dL) 144.4 ± 87.0 132.4 ± 80.3

Glucose (mg/dL) 107.6 ± 31.6 108.0 ± 27.1

Statin medication use (%) 39.8 56.6

ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CCTA, coronary computed tomographic angiography; DBP, diastolic blood pressure; IQR; inter-quartile
range; LDL, low-density lipoprotein; SBP, systolic blood pressure.
aFollow-up CCTA was performed a median of 3.3 (2.6–4.8) years after the baseline CCTA.

..............................................................

....................................................................................................................................................................................................................

Table 2 Baseline and progressive changes in atherosclerotic plaque volume between the three major coronary
arteries

LCx (n 5 1297) LAD (n 5 1334) RCA (n 5 1300) P value

Overalla LCx vs. LADb LCx vs. RCAb

Baseline CCTA

Vessel length (mm) 99.2 ± 47.1 165.5 ± 59.5 150.9 ± 53.5 <0.001 <0.001 <0.001

Vessel volume (mm3) 478.6 ± 317.0 883.1 ± 404.8 1033.0 ± 617.8 <0.001 <0.001 <0.001

Plaque volume (mm3) 10.2 ± 30.5 58.3 ± 85.3 33.5 ± 86.2 <0.001 <0.001 <0.001

Necrotic core and fibrofatty (-30 to 130 HU) 1.2 ± 5.8 12.8 ± 27.5 6.3 ± 20.1 <0.001 <0.001 <0.001

Fibrous (131–350 HU) 4.8 ± 15.2 24.7 ± 36.5 15.7 ± 41.3 <0.001 <0.001 <0.001

Calcified (>350 HU) 4.2 ± 14.8 20.9 ± 45.5 11.6 ± 42.0 <0.001 <0.001 <0.001

PAV (%) 2.1 ± 5.4 6.4 ± 8.3 2.9 ± 6.4 <0.001 <0.001 <0.001

Atherosclerotic plaque progression

Any plaque progression (D volume >0) 532 (41.0%) 1032 (77.4%) 685 (52.7%) <0.001

Annualized D in plaque volume (mm3/year) 1.8 ± 4.4 7.3 ± 11.6 6.4 ± 14.5 <0.001 <0.001 <0.001

Necrotic core and fibrofatty (-30 to 130 HU) 0.0 ± 1.4 0.5 ± 6.0 0.7 ± 6.5 0.090 0.998 0.023

Fibrous (131–350 HU) 0.5 ± 2.5 2.5 ± 7.4 2.4 ± 8.2 <0.001 <0.001 <0.001

Calcified (>350 HU) 1.3 ± 3.6 4.3 ± 7.2 3.3 ± 8.7 <0.001 <0.001 <0.001

DPAV/year (%/year) 0.4 ± 0.9 0.8 ± 1.2 0.6 ± 1.1 <0.001 <0.001 <0.001

Data are presented as mean ± standard deviation or as %.
CCTA, coronary computed tomography angiography; LAD, left anterior descending; LCx, left circumflex; RCA, right coronary artery; PAV, percent atheroma volume.
aData are compared using a Friedman test.
bData are compared using a Wilcoxon signed-rank test.
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..Supplementary data online, Figure S1). Overall, similar results were
noted when stratifying for sex (Supplementary data online, Table S1).

High-risk plaque features
On the baseline CCTA, the prevalence of HRP was lowest in the
LCx (3.1%; Table 3), followed by the RCA (10.0%) and highest in the
LAD (19.2%; P < 0.001). At baseline, specific HRP features were also
least prevalent in the LCx (P < 0.004 for all). On the follow-up
CCTA, new HRP were identified least often in the LCx (3.4%), fol-
lowed by the RCA (8.1%) and most often in the LAD (10.1%;
P < 0.001). Similar findings were noted by specific HRP features; ex-
cept for the napkin-ring sign, which was noted in only a few patients
(P = 0.7).

Prompt annualized atherosclerotic
plaque progression
The aOR for prompt annualized progression was calculated using a
logistic GEE model, adjusted for the baseline ASCVD risk, baseline
statin use and baseline per-vessel PAV (Figure 1 and Supplementary
data online, Table S2). Overall, as compared to the LCx, prompt
annualized plaque progression was more likely to occur in the LAD
[OR 1.98 (95% CI: 1.66–2.36); P < 0.001] and RCA [OR 1.43 (95% CI:
1.22–1.70); P < 0.001]. Among patients with a normal CCTA at base-
line, the aOR for prompt annualized plaque progression was similarly
higher in the LAD (OR 3.82; P < 0.001) and RCA (OR 2.02;
P = 0.028). Similar differences were revealed among patients with
non-obstructive CAD at baseline (LAD OR 2.21 and RCA OR 1.47;
both P < 0.001) as compared to the LCx. Higher aOR were also
found when stratifying for the presence or absence of HRP at base-
line in the LAD and RCA as compared to the LCx (P < 0.05).
However, no differences were identified between the coronary
arteries for patients with obstructive CAD at baseline (P > 0.05).

Similar findings were noted when the median value for prompt pla-
que progression was applied to our population subgroup
(Supplementary data online, Table S3).

Progression of stenosis severity
Figure 2 reports the prevalence of normal, non-obstructive CAD, and
obstructive CAD at baseline and follow-up; with particular differen-
ces noted in non-obstructive CAD between the LCx as compared to
the LAD and RCA (P < 0.001). We also employed a marginal Cox re-
gression to estimate progression to obstructive CAD at follow-up
among those whose baseline CCTA was normal or had non-ob-
structive CAD; including covariate adjustment by the baseline
ASCVD risk score, statin use, and per-vessel PAV (Figure 2). When
compared with the LCx, the LAD was associated with a higher risk of
progression to obstructive CAD [aHR 2.45 (95% CI: 1.49-4.02);
P < 0.001]; with no differences noted for the RCA [aHR 1.51 (95%
CI: 0.89-2.56); P = 0.13].

Compositional changes in
atherosclerotic plaque
As shown in Figure 3, plaque composition varied between the
three major coronary arteries. At baseline, the proportion of
total plaque volume consisting of necrotic core and fibrofatty
plaque were smallest in the LCx [2.6% vs. 8.0% (RCA) and 11.1%
(LAD); P < 0.001]; with these findings persisting on the follow-up
CCTA (P < 0.001). Interestingly, on the baseline and follow-up
CCTA, calcified plaque comprised the largest proportion of total
plaque in the LCx at baseline [39.5% vs. 27.6% (LAD) and 28.0
(RCA); P < 0.001] and at follow-up [LCx: 52.7% vs. 40.1% (LAD)
and 40.5% (RCA); P < 0.001]. On follow-up as compared to base-
line, the proportion of non-calcified plaque had decreased in all
coronary arteries (P < 0.001), whereas the proportion of

....................................................................................................................................................................................................................

Table 3 Prevalence of HRP at baseline and newly identified on the follow-up CCTA between the three major coronary
arteries

LCx (n 5 1297) LAD (n 5 1334) RCA (n 5 1300) P value

Baseline CCTA

HRP 40 (3.1%) 256 (19.2%) 130 (10.0%) <0.001

Low attenuation plaque 22 (1.7%) 189 (14.2%) 91 (7.0%) <0.001

Positive remodelling 298 (23.0%) 726 (54.4%) 428 (32.9%) <0.001

Napkin ring sign 0 (0%) 8 (0.6%) 1 (0.1%) 0.003

Spotty calcification 34 (2.6%) 177 (13.3%) 81 (6.2%) <0.001

New on follow-up CCTA

HRP 44 (3.4%) 135 (10.1%) 105 (8.1%) <0.001

Low attenuation plaque 12 (0.9%) 75 (5.6%) 53 (4.1%) <0.001

Positive remodelling 219 (16.9%) 347 (26.0%) 318 (24.5%) <0.001

Napkin ring sign 2 (0.2%) 1 (0.1%) 1 (0.1%) 0.70

Spotty calcification 35 (2.7%) 92 (6.9%) 71 (5.5%) <0.001

Data are presented as frequencies (%).
CCTA, coronary computed tomography angiography; HRP, high-risk plaque; LAD, left anterior descending; LCx, left circumflex; RCA, right coronary artery.
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..calcified plaque had increased (P < 0.001). When analysing statin
taking and statin naı̈ve patients separately, similar results were
observed (Supplementary data online, Table S4).

Discussion

Among patients presenting for a diagnostic evaluation, most symp-
tomatic patients have detectable coronary atherosclerosis and re-
main at risk for progressive CAD states.20 In this report, we explored
variability in patterns of atherosclerotic progression across the epi-
cardial coronary arteries and report significantly lower rates of pla-
que progression in the LCx as compared to the LAD and RCA.
These findings persisted in multivariable models (P < 0.001) even
when adjusting for a variety of factors, such as statin use, the ASCVD
risk score, and baseline plaque burden. In fact, progression to ob-
structive CAD occurred significantly less often in the LCx as com-
pared to the LAD (P < 0.001). Moreover, new lesions with HRP (e.g.
positive remodelling), associated with plaque vulnerability and ACS
risk, were less likely to form in the LCx (3.4%) as compared to the
LAD (10.1%) or RCA (8.1%). This pattern of less intensive changes in
the LCx may reflect an earlier stage of CAD, given the lower burden
of disease on the baseline CCTA. However, it may also reflect a dif-
fering pathogenic milieu between the coronary arteries and these
findings clarify observed differences in terms of ACS risk; being low-
est in the LCx and highest in the LAD.

Divergent pathways to disease
progression
Our imaging perspective of visualizing the epicardial coronary arteries
has largely been one of uniformity in detection of obstructive CAD

and high-risk atherosclerotic plaque.2,17 However, our analysis
focuses on differences between the major epicardial coronary
arteries and our findings impact diagnostic risk estimations and
expected adverse sequelae following CCTA. We may define these
differences using the term topography whereby graphical details and
features may formulate varied patterns of atherosclerotic disease
progression in the LCx as compared to the LAD and RCA. Although
prior reports have defined a comprehensive CCTA interpretation
based on CAD extent, severity, and composition,21 we report a dif-
ferent pattern of atherosclerotic progression in the LCx respective
to the other major epicardial arteries, with slower progression rates
and higher proportions of calcified plaque on follow-up. The differen-
ces between coronary arteries noted at baseline could be a marker
for the currently observed differences in plaque progression. There
are a myriad of potential underlying pathophysiological mechanisms
that could elicit differences in the progression of atherosclerotic pla-
que. Local variations in coronary anatomy (e.g. bifurcations and tortu-
osity) and haemodynamics (e.g. endothelial shear stress)22,23 have
been such suggested explanations for predisposition of coronary seg-
ments to atherogenesis.

Studies examining plaque characteristics using other imaging
modalities or post-mortem histopathology have reported findings
consistent with our results. Specifically, histopathological studies
have shown an increased susceptibility to atherosclerosis in the LAD,
especially its proximal segment.24,25 On autopsy of 113 patients after
sudden coronary death, Virmani et al.26 found that thin-cap fibroa-
theroma lesions are predominantly located in the proximal and mid-
dle LAD (42%), followed by the proximal and middle RCA (20%) and
proximal LCx (18%), and supported by similar series.27 Moreover,
results from three-vessel intravascular ultrasound, performed on 697

Figure 1 Adjusted odds ratios (aORs) for prompt plaque progression between the three major coronary arteries. Prompt plaque progression was
defined as annual DPAV >_0.57%/year. The aOR was calculated using a logistic GEE model, including the following covariates: baseline ASCVD risk
score, statin use, and per-vessel PAV. The overall results are presented as well as stratified by baseline stenosis severity and HRP. *P < 0.001.
**P < 0.05.
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.patients experiencing ACS, show the lowest cross-sectional plaque
burden in the proximal 30-mm segment of the LCx as compared to
its counterpart in the LAD and RCA.27

Prior reports are more common among higher risk patients expe-
riencing sudden cardiac death or ACS. Among lower risk cohorts
akin to our study, evidence from coronary artery calcium scanning
(CACS) reveal the highest scores in the LAD, followed by the RCA
and finally the LCx.28

Serial evaluation of atherosclerotic
plaque progression
A focus of prior series has delineated the steps observed during dis-
ease progression culminating in ACS risk or vessel-specific outcome
risk.3,29–31 In contrast, we focus on vessel-specific alterations in athero-
sclerotic plaque which further modify progressive risk, as noted herein.
This study offers novel insights into earlier stages of atherosclerosis as
observed in patients undergoing CCTA for evaluation of CAD, as
opposed to later stages examined in earlier invasive studies. Similar evi-
dence to date examining atherosclerotic progression is rare but
reports similar findings. Interestingly, as atherosclerotic plaque

increased, differences between the coronary arteries were minimized.
In one report, disease extent was similarly present across the arteries
when the total CACS exceeded 1000.28 We also report no significant
differences in atherosclerotic plaque progression between the coron-
ary arteries among patients with obstructive CAD; reinforcing that
high-risk disease will beget rapid and more progressive disease states.
One additional study examined patients who underwent serial
electron-beam tomography noting the lowest annual changes for
CACS in the LCx and the greatest changes noted in the LAD.32

However, among patients with high baseline CACS > 400, progression
rates in the LAD were equivalent to those in the LCx. These results
align with our report where disease progression equilibrated among
patients with obstructive CAD at baseline.

Registry limitations
This study has several limitations. First, only patients undergoing serial
CCTA were eligible for enrolment, making selection bias inevitable.
The current population is therefore limited to largely low-risk
patients. Consequently, the prevalence of cardiovascular events was
low, making the study less fit for prognostic analysis. Therefore, the
direct association of lower atherosclerotic burden and progression in

Figure 2 Baseline and follow-up CCTA stenosis severity subgroups between the three major coronary arteries. Adjusted hazard ratios (aHR) are
presented for progression to obstructive CAD among vessels with no or non-obstructive CAD at baseline. The aHR was calculated using a marginal
Cox model with the LCx as the reference category. The aHR results were adjusted for the baseline ASCVD risk score, statin use, and per-vessel
PAV.
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Figure 3 Differences in plaque composition subgroups between the three major coronary arteries at baseline and follow-up. Proportions of total
plaque volume (%) are presented for each plaque compositional subtype, in boxplots, representing median with inter-quartile range. Top panel: per-
centage of necrotic core and fibrofatty plaque (-30 to 130 HU); middle panel: percentage of fibrous plaque (131–350 HU); bottom panel: percentage
of calcified plaque (>350 HU). *P < 0.001. **P < 0.05.
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.
the LCx with the observed lower incidence of MI remains to be
investigated. Ideally, our results will be externally validated in large
cohorts of varied risk populations. Nevertheless, due to a lack of cur-
rent recommendations for serial CCTA,15 the PARADIGM repre-
sents the largest available registry for serial CCTA analysis and
provides a unique insight into the natural history of atherosclerosis.
Secondly, the semiautomated quantification software requires for
manual adjustment of centrelines, which is a time-consuming process.
Small, tortuous side branches have at times been omitted from
quantification.

Conclusions

Our findings reveal novel insights into early patterns of atherosclerot-
ic plaque progression amongst the three major epicardial coronary
arteries. Annualized growth in plaque volume and the development
of new stenosis occurred less often in the LCx. The patterns of devel-
opment and progressive alterations within the LCx varied substantial-
ly both in terms of types and volumes of change but also in terms of
the rate of change, especially when compared with the LAD. These
varied patterns of atherosclerotic plaque have marked implications
for detection of atherosclerosis and expected patterns of worsening
for the symptomatic patient undergoing CCTA.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.
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