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Background and aims: We aimed to explore the dynamic natural morphologies and main components of non
culprit subclinical atherosclerotic changes underlying lesion regression (LR) or lesion progression (LP) in patients
with acute coronary syndrome.
Methods: The primary endpoints were changes in percent atheroma volume (ΔPAV), normalized total atheroma
volume (ΔTAVn) and each component in nonculprit subclinical atherosclerosis from baseline to 1 year measured
by optical flow ratio (OFR) software. LR or LP was defined by an increase or decrease in PAV. Secondary end
points included the correlation between changes in the lipid profile and ΔPAV/ΔTAVn and major adverse cardiac
events (MACEs) related to nonculprit subclinical atherosclerosis at 3 years.
Results: This was a subgroup analysis of our previous randomized trial with a total of 161 nonculprit lesions
analysed. In the LR (approximately 55.3% of the lesions) group, ΔTAVn was positively correlated only with lipid
ΔTAVn (r = 0.482, p < 0.001) but not fibrous and calcium ΔTAVn, and ΔPAV was positively correlated with lipid
ΔPAV (r = 0.315, p = 0.003) but not fibrous and calcium ΔPAV. The percent reduction in low-density lipoprotein
cholesterol (LDL-C) was an independent predictor of LR in multivariate logistic regression analysis (OR = 3.574,
95% CI: 1.125–11.347, p = 0.031). The incidence of MACEs related to nonculprit lesions at 3 years was higher in
the LP group than the LR group (9.9% vs. 2.2%, p = 0.040).
Conclusions: LR of nonculprit subclinical atherosclerosis at 1-year follow-up was mainly caused by regression of
the lipid component, which was correlated with the degree of LDL-C reduction and fewer MACEs at 3-year
follow-up.

1. Introduction
Coronary artery disease is the leading cause of mortality, mainly due
to atherosclerosis. Vulnerable plaques are the chief culprit lesions [1–9],
and stabilization and regression of atherosclerotic plaques are among
the most important medical treatment goals for patients with acute
coronary syndrome (ACS) [10–14]. The natural outcome of de novo
coronary atherosclerotic plaques (progression or regression) is closely
related to lipid-lowering therapy (LLT) not only for culprit lesions but

also for nonculprit subclinical atherosclerosis [10,15–22]. The PROS
PECT study, a natural-history study, illustrated that major adverse car
diovascular events (MACEs) during follow-up were equally attributable
to recurrence at culprit and nonculprit lesion sites [23]. Although many
studies have confirmed that aggressive LLT with high-dose statins alone
or in combination with other nonstatin medical treatments leads to
regression of de novo coronary plaque volume [15–22,24–26], some
studies showed that similar lipid reduction did not result in the same
degrees of plaque regression based on changes in normalized total
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Table 1
Baseline characteristics of the patients and lipid profiles.
Total (N = 161)
Age, years
70.00 [61.00, 77.00]
Men, n (%)
122 (75.8)
BMI
24.93 ± 2.86
Hypertension, n (%)
109 (67.7)
Dyslipidaemia, n (%)
106 (65.8)
Diabetes, n (%)
44 (27.3)
Smoking, n (%)
52 (32.3)
Previous PCI, n (%)
23 (14.3)
Baseline medical therapy
Statin, n (%)
161 (100.0)
Ezetimibe, n (%)
54 (33.5)
Antiplatelet therapy, n (%)
161 (62.7)
ACEI/ARB, n (%)
95 (59.0)
CCB, n (%)
44 (27.3)
Beta-blocker, n (%)
86 (53.4)
Baseline lipid profile
Total cholesterol, mmol/L
3.72 [3.06, 4.54]
LDL-C, mmol/L
2.04 [1.66, 2.80]
HDL-C, mmol/L
0.99 [0.87, 1.20]
Triglycerides, mmol/L
1.40 [1.02, 1.95]
Change in lipid profile between index and follow-up
ΔTotal cholesterol, mmol/L
− 0.22 [-0.98, 0.50]
ΔLDL-C, mmol/L
− 0.35 [-0.15, 0.87]
ΔLDL-C%
− 18.17 [-35.04,9.13]
ΔHDL-C, mmol/L
-0.14 [-0.25, − 0.02]
ΔTriglycerides, mmol/L
− 0.18 [-0.15, 0.61]

LR group (n = 89)

LP group (n = 72)

p value between groups

69.00 [59.00, 75.00]
63 (70.8)
25.13 ± 2.83
62 (69.7)
58 (65.2)
17 (19.1)
28 (31.5)
13 (14.6)

72.00 [64.25, 78.75]
59 (81.9)
24.68 ± 2.90
47 (65.3)
48 (66.7)
27 (37.5)
24 (33.3)
10 (13.9)

0.139
0.100
0.330
0.554
0.842
0.009
0.454
0.897

89 (100.0)
26 (29.2)
89 (100.0)
59 (66.3)
26 (29.2)
54 (60.7)

72 (100.0)
28 (38.9)
72 (100.0)
36 (50.0)
18 (25.0)
32 (44.4)

NA
0.196
NA
0.037
0.551
0.040

3.77 [3.26, 4.59]
2.08 [1.68, 2.84]
0.99 [0.88, 1.21]
1.41 [1.04, 1.78]

3.51 [2.99, 4.45]
1.91 [1.61, 2.80]
0.98 [0.87, 1.21]
1.38 [0.93, 2.15]

0.158
0.166
0.904
0.951

− 0.47 [-1.12, 0.12]
− 0.49 [-1.10, − 0.01]
− 22.34 [-36.90, − 0.63]
0.11 [0.01, 0.24]
− 0.26 [-0.61, 0.12]

0.08 [-0.61, 0.70]
− 0.08 [-0.76, 0.32]
− 4.97 [-29.80,17.02]
0.17 [0.04,0.28]
− 0.09 [-0.64, 0.19]

0.001
0.001
0.003
0.189
0.275

Values are expressed as the median (interquartile range) for continuous variables with abnormal distribution or frequency (percentage) for categorical variables in the
table. ACE, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CCB, calcium channel blocker; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LP, lesion progression; LR, lesion regression; OCT, optical coherence tomography; PCI, percuta
neous coronary intervention.

atheroma volume (ΔTAVn) and/or percent atheroma volume (ΔPAV)
measurements [24–26]. The underlying cause of this variation is
unclear.
The development of clinical coronary intravascular imaging (IVI)
technology has led to breakthroughs in the analysis of the various
components of coronary plaques [27–31]. Due to the limitations of
various IVI technological features, most studies of plaque regression or
progression are conducted with intravascular ultrasound (IVUS) alone
or in combination with near-infrared spectroscopy (NIRS) [15–19,
32–37]. Although optical coherence tomography (OCT) has higher res
olution, it is often unable to accurately distinguish the external elastic
membrane behind the plaque due to its weak penetrating power, so the
area and volume of the plaque cannot be quantified by OCT measure
ment; most studies of plaque outcome assessed by OCT measurement are
based on changes in fibrous cap thickness or maximum lipid arc rather
than plaque volume or components [38,39]. Recently, a novel artificial
intelligence framework, the optical flow ratio (OFR), was created for
clinical use. This framework provides automatic plaque characterization
and coronary physiological functional analysis software (Pulse Medical
Imaging Technology, Shanghai, Co., Ltd) based on OCT data [30,31].
The purpose of this post hoc analysis was to analyse the changes in
plaque components in nonculprit subclinical atherosclerosis and their
correlation with changes in lipid profiles. Further differences in 3-year
MACEs related to nonculprit lesions were followed up.

2018, 352 Chinese patients with ACS who underwent percutaneous
coronary intervention (PCI) treatment for culprit lesions guided by OCT
entered the preliminary screening phase of this study. The exclusion
criteria were incomplete OCT data, low-quality OCT images, images that
could not be analysed by OFR, lack of clinical or OCT follow-up data,
and absence of nonculprit subclinical atherosclerosis. Finally, 161 le
sions in 161 patients who completed the 3-year clinical follow-up were
included in the OFR analysis. If a nonculprit subclinical atherosclerotic
lesion was located in a PCI-treated vessel, the distance between the stent
edge and the analysed segment had to be more than 10 mm. Finally, OFR
analysis of all effectively selected cases at baseline and follow-up was
performed by two independent technicians who had no knowledge of
the patients’ clinical presentation. Before performing OFR, all techni
cians obtained a certificate after training and were recognized by Pulse
Medical Imaging Technology, Shanghai, China.
All patients were treated with dual antiplatelet therapy (including
aspirin 100 mg/d + clopidogrel 75 mg/d or ticagrelor 90 mg bid) and
switched to aspirin single antiplatelet therapy 12 months post-PCI; more
over, all patients received long-term statin therapy at a conventional dose
based on the doctors’ discretion, which included atorvastatin (78 cases
(48.5%), the average dose was 19.6 ± 1.9 mg), rosuvastatin (77 cases
(47.8%), the average dose was 10.0 ± 0.0 mg), and simvastatin (6 cases
(3.7%), the average dose was 20.0 ± 0.0 mg). Of 54 (33.5%) patients
treated with ezetimibe, no patients received proprotein convertase subtil
isin/kexin type 9 (PCSK9) inhibitors. The treatment of other risk factors for
coronary heart disease is shown in Table 1. If there were no serious com
plications, the treatment plan was not changed. Baseline data, including
preoperative lipid profiles (total cholesterol, low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C), and
triglycerides), were collected, and the same indexes were reviewed at the 1year follow-up while considering the difference in the lipid profile from
baseline to the target value. Changes in LDL-C (ΔLDL-C) were defined as
the LDL-C level at the 1-year follow-up minus the LDL-C level at baseline,
and percent changes in LDL-C (ΔLDL-C%) were calculated as ΔLDL-C/LDLC level at baseline × 100%.

2. Patients and methods
2.1. Study design and patient selection
In this subgroup analysis study, which was based on our previous
randomized study of OFR analysis for nonculprit subclinical athero
sclerotic component changes, baseline and follow-up data were
compared (ClinicalTrials.gov. Number: NCT02140801) [40]. The study
was approved by the institutional review board, and written informed
consent was obtained from all patients. Between May 2014 and March
2
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(IBM, Armonk, New York), and box diagrams were drawn using R
version 4.0.4 software (R Foundation for Statistical Computing, Vienna,
Austria). For continuous variables with a normal distribution confirmed
using the Shapiro–Wilk test, means and standard deviations are re
ported, and analysis of variance was used for comparisons between
groups. For variables with a nonnormal distribution, medians and
interquartile ranges (IQRs) are reported, and the rank-sum test was used
for comparisons between groups. Count data are described by case
number and constituent ratio n (%), and the χ2 test was used for com
parisons between groups. Variables with statistical significance were
included in multivariate logistic regression to analyse prognostic factors.
Estimated MACE-free survival was generated by Kaplan–Meier analysis,
and comparisons were performed by the log-rank test. A two-sided p
value < 0.05 indicated statistical significance.

2.2. OCT image acquisition and analysis
OCT images were acquired after intracoronary nitroglycerine injec
tion. Both ILUMIEN OPTIS and C7-XR (Lightlab Imaging Incorporated,
Westford, MA) could be applied with a 2.7F (Dragonfly OPTIS or
Dragonfly Duo imaging catheter, Westford, MA) catheter with automatic
pullback at a speed of 36 mm/s with continuous contrast injection (3–4
ml/s) to remove blood cells. OCT images were analysed offline using a
dedicated software (OctPlus, version V2, Pulse Medical, Shanghai,
China) with artificial intelligence algorithms [30,31]. Quantitative
planimetry measurements were obtained by automatic border detection
followed by manual correction frame by frame. Finally, the following
results were obtained: total atheroma volume (TAV), percent atheroma
volume (PAV), lipid TAV, lipid PAV, fibrous TAV, fibrous PAV, calcium
TAV, calcium PAV, macrophage TAV, macrophage PAV, and thinnest
fibrous cap thickness (TFCT) in the analysed segment. The calculation of
normalized TAV (TAVn) was similar to that described by a previous
study [32]: TAVn = TAV/number of frames of target segment × 100,
where the average atheroma plaque area in each frame was analysed in
the entire cohort to compensate for differences in segment length among
patients. Changes in TAV (ΔTAVn) from baseline to 1-year follow-up
were calculated as the TAVn at the 1-year follow-up minus the TAVn
at baseline. Similar calculations were performed for the change in PAV
(ΔPAV), which was calculated as the PAV at the 1-year follow-up minus
the PAV at baseline. LR was defined as any decrease in PAV from
baseline based on a previous study, while LP was defined as an increase
in PAV [32].

3. Results
3.1. Patients’ clinical characteristics and medical treatment
Clinical characteristics, such as clinical risk factors and lipid profiles,
at baseline and 1-year follow-up are summarized in Table 1. The average
age was 70 years (61.00, 77.00), and 75.8% of the patients were male.
The prevalence of diabetes mellitus was 27.3% (19.1% in the LR group
and 37.5% in the LP group), and the prevalence of a previous dyslipi
daemia history was 65.8%, with 2/3 of patients receiving statin therapy
for at least one month. All patients underwent long-term treatment
including aspirin and a P2Y12 inhibitor (clopidogrel or ticagrelor ac
cording to the surgeon’s discretion) post-PCI and were maintained on
this regimen for at least 12 months before switching to single aspirin
antiplatelet therapy. Statin therapy for lipid control was given to all
patients and combined with ezetimibe for 33.5% of patients. In general,
LDL-C levels significantly decreased from baseline to 1-year follow-up
(2.04 (1.65, 2.80) vs. 1.70 (1.41, 2.14), p < 0.001); LDL-C levels
decreased from 2.08 to 1.61 mmol/L in the LR group (p < 0.05) and from
1.91 to 1.82 mmol/L in the LP group (p > 0.05), and the difference
between groups was significant (p < 0.001). A higher proportion of
patients in the LR group achieved a final LDL-C level less than 1.4 mmol/
L (37.1% vs. 22.2%, p = 0.042), but the difference in the proportion of
patients achieving an LDL level less than 1.0 mmol/L between the LR
and LP groups at 1-year follow-up was not significant (4.5% vs. 6.9%, p
= 0.501).

2.3. Study endpoints
The primary observational endpoints were the correlations of
ΔTAVn/ΔPAV with lipid ΔTAVn/ΔPAV, fibrous ΔTAVn/ΔPAV, calcium
ΔTAVn/ΔPAV, and macrophage ΔTAVn/ΔPAV in the overall data. The
other observational endpoints were the correlations of ΔTAVn/ΔPAV
with lipid ΔTAVn/ΔPAV, fibrous ΔTAVn/ΔPAV, calcium ΔTAVn/
ΔPAV, and macrophage ΔTAVn/ΔPAV in the LP and LR groups,
respectively. The correlation of changes in the lipid profile and ΔTAVn/
ΔPAV with changes in each component and MACEs (defined as the
composite measure of cardiac death, myocardial infarction, or
ischaemia-driven revascularization) related to nonculprit lesions at 3year follow-up were compared between the LR and LP groups.

3.2. Reproducibility analysis of OCT measurements

2.4. Manual coregistration of angiography and OCT at baseline and
follow-up

There was good intraobserver and interobserver agreement for the
assessment of categorical variables, such as lipid plaque, fibrous plaque,
and calcium plaque (kappa >0.9), by OCT detection and continuous
variables (such as PAV, TAV, TFCT) by OFR measurement (all ICC >0.9).

Angiography and OCT images at baseline and 1-year follow-up
should achieve manual multiaspect coregistration based on reproduc
ible index side branches and known pullback speeds, which can be
measured by the quantified frame number. The study vessel segment for
measurement was defined as at least 15 mm of the maximal plaquecontaining region (plaque burden of ≥30%) post manual coregistra
tion (side branch diameters ≥2 mm should be avoided, including in the
segment of interest, as much as possible). The proximal and distal sites of
the analysed segment were defined by calibration with a reproducible
index side branch.

3.3. OCT measurement and OFR analysis
A single nonculprit subclinical atherosclerotic lesion was imaged for
each patient (left anterior descending artery, 67.7%; left circumflex
artery, 11.2%; and right coronary artery, 21.1%). The changes in non
culprit subclinical atherosclerotic lesion volume and in each component
throughout the coronary segment of interest are summarized in Table 2
and Figs. 1 and 2 and the central illustration.
In the overall population in our study, no difference in TAVn (112.55
(87.04, 143.63) vs. 112.35 (84.99, 148.08), p = 0.139) or PAV (44.49 ±
8.52% vs. 44.83 ± 8.32%, p = 0.405) was found between baseline and 1year follow-up. Notably, ΔTAVn was significantly positively correlated
with lipid ΔTAVn, fibrous ΔTAVn and calcium ΔTAVn (p < 0.001);
however, ΔPAV was positively correlated only with lipid ΔPAV and
calcium ΔPAV (r = 0.660, p < 0.001; r = 0.189, p = 0.017) but was
negatively correlated with fibrous ΔPAV (r = − 0.576; p < 0.001). When
we analysed the data of the LR and LP groups separately, we found a

2.5. Statistical analysis
Before final analysis of all data, intraobserver and interobserver
variabilities in the image analysis were assessed for 50 randomly
selected images by Kappa statistics for plaque characteristic qualitative
analysis of categorical variables (such as lipid, fibrous, and calcium
plaque) and by intraclass correlation coefficients (ICC) for continuous
variables (such as TAV, PAV and TFCT) by the same technician at a 2week interval or by two independent technicians.
All statistical analyses were performed in SPSS version 26.0 software
3
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Table 2
Nonculprit subclinical atherosclerosis measurements Using OFR.
Parameter
PAV
Baseline
1-year follow-up
ΔPAV
TAVn
Baseline
1-year follow-up
ΔTAVn
Lipid PAV
Baseline
1-year follow-up
Lipid ΔPAV
Lipid TAVn
Baseline
1-year follow-up
Lipid ΔTAVn
Fibrous PAV
Baseline
1-year follow-up
Fibrous ΔPAV
Fibrous TAVn
Baseline
1-year follow-up
Fibrous ΔTAVn
Calcium PAV
Baseline
1-year follow-up
Calcium ΔPAV
Calcium TAVn
Baseline
1-year follow-up
Calcium ΔTAVn
Macrophage PAV
Baseline
1-year follow-up
Macrophage ΔPAV
Macrophage TAVn
Baseline
1-year follow-up
Macrophage ΔTAVn
TFCT
Baseline
1-year follow-up
ΔTFCT

LR group (n = 89)

LP group (n = 72)

p value

47.50 [40.05,52.20]
44.20 [38.50,49.45]***
− 1.90 [-4.20, − 0.65]

41.85 [35.70,47.10]
44.90 [40.10,51.73]***
3.45 [1.73,6.32]

<0.001
0.307
<0.001

107.20 [86.0,140.83]
101.29 [82.63,127.30]***
− 6.20 [-11.81.-0.56]

117.70 [83.33,150.85]
128.58 [100.95,167.17]***
10.64 [7.27,18.32]

0.526
0.001
<0.001

21.70 [14.40,28.20]
14.80 [8,75,21.15]***
− 6.30 [-9.65, − 2.40]

16.60 [6.88,26.18]
22.15 [10.53,28.65]***
3.15 [-0.10,7.33]

0.024
0.001
<0.001

22.91 [13.85,34.80]
13.85 [7.31,22.96]***
− 7.18 [-12.58, − 3.10]

20.04 [6.75,31.09]
25.80 [12.89,45.88]***
5.92 [0.98,13.63]

0.112
<0.001
<0.001

64.20 [55.40,73.80]
73.50 [64.35,79.75]***
6.70 [1.90,11.15]

69.95 [55.80,76.25]
66.75 [55.28,74.33]***
− 2.25 [-5.18,0.75]

0.068
0.004
<0.001

70.04 [55.46,84.56]
70.54 [58.80,89.60]
1.75 [-3.11,7.62]

75.97 [54.89.92.63]
78.72 [56.79,107.80]***
5.48 [-0.99,10.94]

0.262
0.091
0.090

0.30 [0.10,2.50]
0.30 [0.10,3.25]
0.00 [-0.10,0.35]

0.35 [0.00,2.38]
0.90 [0.10,4.35]***
0.40 [0.00,1.75]

0.366
0.299
0.010

0.32 [0.08,2.70]
0.34 [0.06,3.37]
0.00 [-0.18,0.28]

0.54 [0.00,2.68]
1.33 [0.06,6.59]***
0.70 [0.00,2.97]

0.334
0.192
<0.001

0.50 [0.20,0.90]
0.30 [0.10,0.60]***
− 0.10 [-0.50,0.00]

0.30 [0.10,0.60]
0.40 [0.10,0.88]*
0.05 [-0.10,0.28]

0.006
0.245
<0.001

0.55 [0.21,1.03]
0.30 [0.10,0.61]***
− 0.20 [-0.54,0.01]

0.28 [0.07,0.81]
0.44 [0.81,1.09]**
0.08 [-0.10,0.28]

0.010
0.193
<0.001

100.00 [59.00,127.50]
123.00 [92.00,169.00]***
25.00 [-11.00,71.50]

110.50 [80.00,138.50]
115.00 [75.00,159.00]
5.00 [-17.75,49.00]

0.173
0.267
0.039

Values are expressed as the mean ± standard deviation (SD) for continuous variables with normal distribution, median (interquartile range) for continuous variables
with nonnormal distribution or frequency (percentage) for categorical variables in the table. LP, lesion progression; LR, lesion regression; PAV, percent atheroma
volume; TAVn, normalized total atheroma volume; TFCT, thinnest fibrous cap thickness.
***p < 0.001; **p < 0.01; *p < 0.05 all showed significance between the baseline and 1-year follow-up.

very interesting phenomenon: in the LR group, ΔTAVn was significantly
positively correlated only with lipid ΔTAVn (r = 0.482, p < 0.001), no
significant correlation was found between ΔTAVn and fibrous ΔTAVn (r
= 0.454, p = 0.058) or calcium ΔTAVn (r = 0.053, p = 0.624). A similar
positive correlation was found between ΔPAV and lipid ΔPAV (r =
0.315, p = 0.003), while ΔPAV was not correlated with either fibrous
ΔPAV or calcium ΔPAV (Fig. 1(a)). In the LP group, ΔTAVn was
significantly positively correlated with lipid ΔTAVn (r = 0.569, p <
0.001), fibrous ΔTAVn (r = 0.451, p < 0.001) and calcium ΔTAVn (r =
0.235, p = 0.032); however, ΔPAV was positively correlated only with
lipid ΔPAV (r = 0.303, p = 0.010) and negatively correlated with fibrous
ΔPAV (r = − 0.308, p = 0.009). No correlation was found between ΔPAV
and calcium ΔPAV (Fig. 1(b)).
In the LR group, TAVn significantly decreased from baseline to 1year follow-up (p < 0.001) compared with the LP group (p < 0.001).
However, in the analysis of the changes in the specific composition of
the plaques, only lipid TAVn decreased significantly from baseline to 1year follow-up (p < 0.001), and no differences were found between
fibrous TAVn and calcium TAVn from baseline to 1-year follow-up.
Among the changes in relative values, lipid PAV decreased (p <
0.001) and fibrous PAV increased (p < 0.001) from baseline to 1-year

follow-up. In the LP group, all components—lipid TAVn, fibrous TAVn
and calcium TAVn—increased significantly from baseline to 1-year
follow-up (p < 0.001). The changes in relative values included an in
crease in lipid PAV (p < 0.001) and a decrease in fibrous PAV (p < 0.001)
from baseline to 1-year follow-up in contrast to those of the LR group
(Table 2). Moreover, we found that TFCT increased more in the LR group
(p < 0.001) than in the LP group (p > 0.05), and macrophage TAVn
exhibited a decrease in the LR group (p < 0.001) and an increase in the
LP group (p < 0.01).
3.4. Exploratory analysis of the clinical factors leading to nonculprit LR
Univariate correlation analysis revealed potential correlations of LR
with nondiabetic status, use of ACEIs/ARBs, use of beta-blockers, a
higher initial lipid PAV, a higher ΔLDL-C level (given its interaction
effect with LDL-C, total cholesterol level was not included in the cor
relation analysis), and a higher ΔLDL-C%; these factors were then
incorporated into multiple regression analysis to compute the stan
dardized coefficients. Interestingly, multivariate logistic regression
analysis showed that nondiabetic status, use of beta-blockers, baseline
lipid PAV, and ΔLDL-C% were correlated with LR (Table 3).
4
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Fig. 1. Correlation between changes of total non-culprit atherosclerosis volume and each component in the LR group and LP group.

Fig. 2. Typical cases of nonculprit subclinical atherosclerosis regression and progression.
Representative cross-sectional OCT image of the LR group demonstrating reduction in lipid component from baseline (lipid PAV 42.1%, (A) original OCT image, (A′ )
OCT image with histological-like diagram by OFR analysis to follow-up (lipid PAV 16.8%, (B) same cross-sectional OCT image with (A) by OFR analysis (B′ ) at followup). Representative cross-sectional OCT image of the LP group demonstrating increase in lipid component from baseline (lipid PAV 16.2%, (C) original OCT image
without OFR analysis, (C′ ) OCT image with OFR analysis) to follow-up (lipid PAV 49.6%, (D) same cross-sectional OCT image with (C) by OFR analysis (D′ ) at followup). LP, lesion progression; LR, lesion regression; OCT, optical coherence tomography; OFR, optical flow ratio; PAV, percent atheroma volume.
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Table 3
Multivariate logistic regression analysis of factors influencing plaque progression.
Variable

β

S0.E

Wald

p

OR

Diabetes
Beta-blocker use
Baseline Lipid PAV (%)
ΔLDL-C (%)
Constant

1.049
− 1.006
− 0.036
1.274
0.860

0.418
0.364
0.017
0.589
0.420

6.301
7.625
4.449
4.668
4.188

0.012
0.006
0.035
0.031
0.041

2.855
0.366
0.964
3.574
2.363

95% CI
low

high

1.258
0.179
0.932
1.125

6.475
0.747
0.997
11.347

LDL-C, low-density lipoprotein cholesterol; PAV, percent atheroma volume.

3.5. Exploratory analysis of MACEs related to nonculprit lesions at 3-year
follow-up

ΔPAV, regression of nonculprit subclinical lesions in the LR group was
mainly due to a decrease in lipid components and not changes in fibrous
or calcified components within the plaque. However, the proportion of
the lipid component decreased, that of the fibrous component increased
significantly, and that of the calcium component did not change
significantly when combined with TFCT, which suggests plaque stabi
lization. In the LP group, the progression of nonculprit plaque volume
was caused by all components (lipid, fibre and calcium), especially lipid
components. However, the proportions of the lipid and calcium com
ponents increased, and that of the fibrous component decreased signif
icantly. Finally, previous studies have shown that inflammation plays an
important role in the progression or regression of coronary plaque and
fibrous cap thickness [12,42–44]. Our findings confirmed that the
macrophage composition was significantly decreased in the LR group
and significantly increased in the LP group along with corresponding
changes in TFCT, which suggests a potential correlation between plaque
regression/stabilization and inflammation control. Therefore, for LLT
based on statins, not only the range of relative and absolute LDL-C levels
but also the effect of inflammation control should be considered. Future
clinical studies should be designed to optimize the treatment of coronary
de novo lesions based on intravascular and pathological imaging.
Intensive LLT involves not only high doses of statins (±ezetimibe,
PSCK9i, etc.) but also, more importantly, substantial LDL-C reduction
based on medical therapy [18,45,46]. Even baseline LDL-C levels were
not high overall in the present study, with one third of patients already
on chronic statin therapy. Our findings demonstrate that ΔLDL-C% is an
independent predictive factor for changes in nonculprit subclinical
atherosclerosis (p = 0.031, OR: 3.574, 95% CI: 1.125–11.347). More
over, diabetes is an independent factor, with a 2.855-fold higher risk of
plaque progression among diabetic patients than among nondiabetic
patients (95% CI: 1.258–6.475). Another potential mechanism under
lying the benefit of plaque regression is the initial proportion of intra
plaque lipids. A previous study showed that the more lipid components
there were in the plaque, the greater the benefit from intensive statin
therapy via reduction of the lipid core [22]. Even baseline lipid PAV was
significantly higher in the LR group than in the LP group in our study.
The reduction in the LDL-C level was more significant in the LR and
no-change groups. This trend can be explained by the dependence of the
transfer of plaques on changes in lipid composition; if there are many
lipid components in the plaques, the plaque reversal benefits of
enhanced LLT are likely to be greater. Beta-blocker use was also asso
ciated with LR in our analysis, but due to a lack of relevant supporting
research, our interpretation of this result remains cautious; we look
forward to the confirmation of this finding in future studies with larger
samples.
Previous studies have alerted us to the need to pay attention to
nonculprit lesions in patients with ACS, since these lesions promote an
incidence of MACEs similar to that of culprit lesions that were not
treated by PCI in the previous 3 years [23,47–49]. Currently, most
culprit lesions in ACS patients are treated with PCI, so MACEs caused by
nonculprit lesions have received increased attention. Even though there

There were no MACEs related to nonculprit lesions in the two groups
at 1-year follow-up. The MACEs related to nonculprit lesions at 2-year
(98.9% vs. 91.7%, p = 0.026) and 3-year (97.8% vs. 90.1%, p =
0.040) follow-up was significantly lower in the LR group than in the LP
group.
4. Discussion
The main findings in our study are as follows: 1) Regardless of the
regression or progression of nonculprit subclinical atherosclerotic pla
ques, ΔTAVn and ΔPAV were mainly caused by changes in various
components of plaques, especially lipid components, in the LR group. 2)
ΔLDL-C% was the key factor predicting the outcome of nonculprit
subclinical atherosclerosis. 3) There were fewer MACEs related to non
culprit lesions at 2- and 3-year follow-up in the LR group than in the LP
group significantly.
Some studies have shown that aggressive LLT results in significant
regression of coronary atherosclerotic plaques as indicated by TAVn or
PAV measurement based on IVUS [24–29]. A previous OCT study
showed that high-intensity statin therapy increased fibrous cap thick
ness and reduced macrophage accumulation, indicating plaque stabili
zation [12]. A recent NIRS study showed that aggressive LLT with a
PCSK9 inhibitor (PCSK9i) not only decreased TAVn and PAV but also
significantly reduced the maximal lipid core burden index [41]. Other
tissue IVUS trials based on virtual histology analysis have revealed that
aggressive LLT can reduce lipid composition with or without reductions
in TAVn or PAV [17,42]. Although LLT is routinely used for patients
with ACS in daily practice, the numbers of MACEs attributable to culprit
or nonculprit lesions have been reported to be equal [13]. Although
many studies have demonstrated the efficacy of enhanced statin ther
apy, it does not mean that statin use alone can reverse plaques. A
multinational observational registry study demonstrated that statins are
associated with slower progression of plaque volume without affecting
the stenosis severity of coronary artery lesions and induce only pheno
typic plaque transformation [13].
We first used novel OFR software that can precisely analyse various
plaque components to study the dynamic natural morphologies and
component changes in nonculprit subclinical atherosclerosis in patients
with ACS based on OCT images from the subgroup data of our previous
randomized controlled trial [30,31,40]. In our study, nonculprit lesions
had regressed at 1-year follow-up in more than 50% of patients with
ACS, even with standard LLT (statin ± ezetimibe). Our overall results
revealed a positive correlation between ΔTAVn and changes in each
component of the plaque; however, ΔPAV was positively correlated with
lipid ΔPAV but negatively correlated with fibrous ΔPAV, which indi
cated that the main factors underlying the change in plaque volume
were the changes in lipid components and in the relative proportions of
other components. When we performed a grouping analysis based on
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were no MACEs related to nonculprit lesions at 1-year follow-up in
either group, we found that the incidence of MACEs increased signifi
cantly in the LP group at 2- and 3-year follow-up. This suggests that
when LP of nonculprit subclinical atherosclerosis was found at 1-year
follow-up, the current LLT did not effectively prevent plaque progres
sion, and the consequences manifested as a subsequent increase in the
incidence of MACEs that was not seen in the LR group. This finding
suggests that we can predict MACEs related to nonculprit lesions by
observing the dynamic natural morphology and component changes in
plaques using OCT detection and OFR analysis, which will further
optimize clinical LLT. If LR of nonculprit subclinical atherosclerosis is
noted at 1-year follow-up, the current LLT will reduce MACEs at 3-year
follow-up. If LP of nonculprit subclinical atherosclerosis occurs, more
aggressive LLT (such as PCSK9i) should be used, and ΔLDL-C% is a good
indicator for measuring the efficacy of LLT when the baseline LDL-C
level is not high or even low.
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