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Background: The use of serial intravascular ultrasound (IVUS) for coronary atherosclerosis has offered
valuable insight into plaque regression (PR) or progression. However, the beneficial effects of PR on the
long-term clinical outcomes in patients with acute coronary syndrome (ACS) remain unclear. We aimed
to evaluate the impact of coronary plaque change in patients following primary percutaneous coronary
intervention.
Methods: We retrospectively analyzed data from 4 prospective clinical trials involving 173 patients with
ACS who underwent serial IVUS of non-culprit lesions on statin treatment at baseline and at 6 or
8 months of follow-up. The relationship of the IVUS findings with the change in percent atheroma volume
(PAV), on-treatment low-density lipoprotein cholesterol (LDL-C), and major adverse cardiac and
cerebrovascular events (MACCE) were investigated.
Results: In our serial IVUS analysis, baseline plaque volume and PAV were 79.6 mm> and 46.0%,
respectively. The overall change in PAV was —1.5% [interquartile range (IQR): —4.1% to 1.0%], and PR (i.e.
PAV change from baseline <0) was observed in 67.1% of patients. They were followed up observationally
for amean of 3.5 years and a total of 37 MACCE occurred. The rate of MACCE tended to be lower in patients
with PR than in those without PR (18.1% vs. 28.7%, p = 0.14). A multivariate Cox hazard model analysis
demonstrated that achievement of both PR and on-treatment low LDL-C levels (<70 mg/dL) was the only
significant independent predictor of MACCE (hazard ratio: 0.42, 95% confidence interval: 0.19-0.88;
p=0.02).
Conclusions: Achievement of both PR and sufficient lowering of the LDL-C was clinically important in
post-ACS management.

© 2019 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Pathologic studies have shown that the most common cause of
myocardial infarction (MI) and death from cardiac cause is
thrombotic coronary occlusion after rupture of a lipid-rich
atheroma with a thin fibrous layer of intimal tissue covering the
necrotic core (i.e. thin-cap fibroatheroma) [1-8]. Plaque stabiliza-
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tion may not only reduce the incidence of acute coronary
syndrome (ACS), but it can also prevent the evolution of plaques
to more stenotic lesions [9].

The ESTABLISH trial showed by serial volumetric intravascu-
lar ultrasound (IVUS) analysis that early atorvastatin therapy
reduced the non-culprit atherosclerotic plaque volume in
patients with ACS [10]. The ASTEROID investigators showed
that high-intensity statin therapy led to significant plaque
regression in patients with stable coronary artery disease (CAD)
[11]. Moreover, statin therapy with the addition of non-statin
agents, such as ezetimibe or proprotein convertase subtilisin/
kexin type 9 inhibitors, had a beneficial effect on plaque
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regression, which was brought about by progressive lowering of
the low-density lipoprotein cholesterol (LDL-C) [12-15].

However, the prognostic impact of coronary atherosclerotic
plaque changes on clinical outcomes remains unclear, especially in
patients with ACS. Therefore, we aimed to investigate the
prognostic value of non-culprit plaque regression in patients with
ACS who underwent serial IVUS examination.

Materials and methods
Study design and population

This was an observational cohort study that included ACS
patients who participated in 4 clinical prospective trials that
evaluated the impact of serial IVUS findings at 6 or 8 months on
coronary plaque burden. ACS was defined as unstable angina
pectoris, non-ST-segment elevation MI (NSTEMI), or ST-segment
elevation MI (STEMI). The details of the designs and inclusion/
exclusion criteria of the 4 trials have been previously described. In
brief, updated information on the survival status and date of last
follow-up of the ACS patients who underwent serial IVUS
measurements in these clinical trials were collected; these trials
assessed early intensive lipid lowering with atorvastatin [10],
combination of ezetimibe and statin [16], dipeptidyl peptidase-4
inhibitors [17], and cardiac rehabilitation [ 18]. Overall, 381 patients
were treated with primary percutaneous coronary intervention
(PCI) of the culprit lesion of ACS; in these patients, anon-culprit
plaque atheroma in the culprit vessel was evaluated by IVUS. A
non-culprit lesion segment was defined as any diseased but non-
severe stenosis with having a percentage plaque area visually >20%
by IVUS. In this study, we excluded patients who did not receive
statin therapy for at least 1 month after the ACS onset (n = 59) and
those without available data on follow-up IVUS examination
(n=150) (Fig. 1).

Based on the serial IVUS findings of the target segment relative
to the baseline, plaque regression was defined as a decrease in the
absolute change in the percent atheroma volume (PAV), whereas
plaque progression was defined as an increase in the absolute
change in the PAV. Upon the follow-up IVUS procedure,
achievement of LDL-C targets for post-ACS management was
defined as LDL-C < 70 mg/dL [19-21].

In the present study, patients were divided into 3 groups
according to the plaque change during follow-up and on-treatment
LDL-C; group 1 for plaque regression with on-treatment LDL-C
<70 mg/dL; group 2 for plaque regression without on-treatment
LDL-C <70 mg/dL; and group 3 for plaque progression with/
without on-treatment LDL-C < 70 mg/dL.

The institutional review board and hospital ethics committee of
Juntendo University Hospital approved this study (approval
number was 17-171). Each patient provided written informed
consent to participate in the follow-up. This study proceeded in
accordance with the Declaration of Helsinki.

Intravascular ultrasound image acquisition and analysis

The acquisition and analysis of the IVUS measurements have
been previously described in detail [10,16,17]. Briefly, a segment of
a non-culprit lesion of the ACS culprit vessel (i.e. non-PCI site) was
evaluated by serial IVUS measurements using 2 commercially
available IVUS systems and catheters, including a mechanical
rotating 40-MHz transducer (Atlantis Pro2, Boston Scientific
Corporation, Natick, MA, USA and View It, Terumo Corporation,
Tokyo, Japan). All IVUS examinations in the same patient were
performed using the same system at baseline and follow-up. After
intracoronary administration of 0.2 mg nitroglycerin, each IVUS
catheter was advanced into the culprit vessel and was positioned
as far distally and safely as possible. The IVUS data, including a
reproducible index, such as side branches, were derived >5 mm
proximal or distal to the deployed stent. Pullback was performed
automatically at 0.5 mmy/s. All measurements were fulfilled at the
end of this study.

For the selection of the analyzed segment, culprit lesions of
previous revascularization and prior MI were avoided; subse-
quently, the analyzed segment was determined by the proximal
and distal side branches. When multiple (tandem) lesions were
found in a culprit vessel, we selected and examined a single lesion
suitable for analysis due to less calcification, better image quality,
or location of side branches. Cross-sectional images that were
spaced precisely at 1 mm apart were selected for measurement.
The lumen and external elastic membrane were traced every 0.3-
mm cross-section using manual planimetry, and the software
automatically interpolated between the 2 manually traced images.
On the basis of expert consensus [22], the PAV was calculated as the

Four prospective clinical trials (n=381)

1: atorvastatin 20mg or placebo [10]

2: atorvastatin 20mg and ezetimibe 10mg or atorvastatin alone [16]

3: sitagliptin 50-100mg or diet and exercise [17]

4: aggressive cardiac rehabilitation and exercise or standard therapy [18]

patients excluded
not available serial IVUS examination: 150
without statin therapy: 59

173 patients having serial IVUS examination
on standard statin therapy

Group 1
Plaque regression with
LDL-C<70mg/dL
n=67 (38.7%)

Group 2
Plaque regression without
LDL-C<70mg/dL
n=49 (28.3%)

Group 3
Plaque progression with/without
LDL-C<70mg/dL
n=57 (32.9%)

Fig. 1. Study flow chart of all subjects. IVUS, intravascular ultrasonography; LDL-C, low-density lipoprotein cholesterol.
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proportion of the entire vessel wall that was occupied by the
atherosclerotic plaque throughout the segment of interest, as
follows:

> (EEMarea — Lumenarea)

PAV =
> EEMarea

All IVUS analyses were performed with Netra 3D IVUS system
(Sclmage, Los Altos, CA, USA) or VISIATRAS™ (Terumo, Tokyo,
Japan) in an independent core laboratory (Juntendo University,
Tokyo, Japan). The investigators for the IVUS analysis were
unaware of the patient information and the timing of IVUS
(baseline or follow-up) in order to eliminate any bias in the
measurement of paired studies. The baseline and follow-up IVUS
images were reviewed side by side on a display.

Study endpoints

The primary endpoint was the first occurrence of major adverse
cardiac and cerebrovascular events (MACCE), which was defined as
all-cause death, non-fatal MI, target vessel revascularization (TVR),
target lesion revascularization (TLR), non-target vessel revascular-
ization (non-TVR), and ischemic stroke. Clinical follow-up included
a review of medical charts, telephone contact, and questionnaires
sent to the patients or their families. Mortality data and cause of
death were collected from the medical records of patients who
died or who were treated at the participating facilities.

Statistical analysis

Continuous variables were expressed as mean =+ standard
deviation (SD) or as median (interquartile range, IQR) and were
compared using one-way analysis of variance or the Kruskal-
Wallis test. Categorical variables were expressed as frequency
(percentage) and were compared using the chi-square test. The
absolute change between the baseline and follow-up data was
compared by paired t-test or Wilcoxon signed rank test, according
to their distributions. The relationships between the absolute
change in the PAV and the change in LDL-C level were evaluated by
linear regression analysis. Unadjusted cumulative event rates were
estimated using Kaplan—-Meier curves and were compared among
the 3 groups. The prognostic effects of plaque change and on-
treatment LDL-C levels on MACCE were determined using
multivariate Cox proportional hazard regression analysis. The
multivariate analyses included clinically important variables, such
as achievement of plaque regression with on-treatment LDL-C
target, age, diabetes mellitus, use of drug-eluting stents (DES), and
STEMI. Values of p < 0.05 were considered to indicate statistical
significance. All data were analyzed using JMP version 12.2 for
Windows (SAS Institute, Cary, NC, USA).

Results
Baseline characteristics and lipid profiles

The baseline clinical characteristics and medication use of the
173 patients included in this study are summarized in
Table 1. Overall, the patients had a mean age of
62.1 +10.4 years; 86% were men; and had the classic risk factors
of hypertension in 67%, diabetes mellitus in 46%, and dyslipidemia
in 71%. The proportion of patients who had STEMI was 54% and
who were treated with DES was 24%.

There were 67 (38.7%) patients in group 1, 49 (28.3%) patients in
group 2, and 57 patients (32.9%) in group 3; there were no
significant differences among the groups in terms of the baseline

Table 1
Baseline clinical characteristics.

Variable Entire cohort (n=173)
Age, years 62.1+10.4
Male, n (%) 149 (86.1)
BMI (kg/m?) 245+34
Hypertension, n (%) 114 (66.7)
Diabetes mellitus, n (%) 79 (45.7)
Dyslipidemia, n (%) 122 (70.9)
Smoking, n (%) 137 (82.0)
Family history, n (%) 49 (28.8)
STEMI, n (%) 93 (53.8)
Ejection fraction (%) 56.8 £12.0
Medication at discharge
Aspirin, n (%) 173 (100)
Statin, n (%) 173 (100)
ACE-i/ARB, n (%) 134 (77.5)
3 blocker, n (%) 104 (62.7)
OHA, n (%) 39 (37.1)

ACE-i, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor
blockers; BMI, body mass index; OHA, oral hypoglycemic agents; STEMI, ST
segment elevation myocardial infarction.

characteristics, except for the higher prevalence of dyslipidemia in
group 2. Baseline laboratory findings and changes in lipid
profile and IVUS findings are shown in Table 2. The mean baseline
and follow-up LDL-C values were 117.6 +34.9 mg/dL and
71.8 +£ 26.0 mg/dL, respectively. In the overall population, the
absolute change in the LDL-C was —48.4 mg/dL (IQR: —70.2 mg/dL
to —22.0 mg/dL) and the percent change in the LDL-C was —43.4%
(IQR: —56.0% to —22.9%). At follow-up, 57% of the patients achieved
LDL-C levels less than 70 mg/dL.

Comparison of the 3 groups showed that group 2 had a
significantly higher value of LDL-C at baseline, but it did not
significantly differ in baseline high density lipoprotein cholesterol
(HDL-C), triglycerides, and hemoglobin Alc; whereas group 1 had
significantly higher absolute and percent changes in LDL-C for 6-8
months, but it did not significantly differ in the absolute and
percent changes in the other risk factors.

Angiographic findings

Culprit lesions of ACS were identified in the left anterior
descending artery (57.2%), left circumflex (12.7%), right coronary
artery (29.5%), and left main trunk (0.2%). IVUS analysis regions
were located proximal to the portion in these culprit lesions of
76.3%. Angiographical reference diameter was 2.98 mm (IQR; 2.71-
3.60 mm). There was no significant difference in culprit vessel and
reference diameter among the 3 groups. Patients in group 1 had a
lower rate of DES use (14.9%) than that of group 2 (30.6%) and group
3 (29.8%) (p = 0.06), respectively.

IVUS imaging analysis

The IVUS findings are shown in Table 2. Baseline plaque volume
and PAV were similar among the 3 groups. Overall, the absolute
changes in the plaque volume and PAV were —5.0 mm> (IQR:
—11.5 mm?> to — 0.2 mm?, p < 0.001) and —1.5% (IQR: —4.1% to 1.0%,
p < 0.001), respectively. Across the three groups, the absolute
change in the PAV decreased by —3.2% (IQR: —6.8% to —1.5%) in
group 1; by —3.4% (IQR: —5.2% to —1.4%) in group 2; and by 2.6%
(IQR: 1.0% to 4.5%) in group 3. The overall absolute change in the
PAV had a weak correlation with the absolute change in the LDL-C
(r=0.15, p=0.051). Interestingly, there was a significant correla-
tion between the absolute change in the PAV and the absolute
change in the LDL-C in patients with STEMI, whereas it was not
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Table 2
Baseline laboratory findings and changes in lipid profile and IVUS findings.
Variable Entire cohort Plaque regression Plaque regression Plaque progression
N=173 with LDL-C < 70 mg/dL without LDL-C <70 mg/dL with/without LDL-C <70 mg/dL
n=67 (38.7%) n=49 (28.3%) n=57 (32.9%)
Baseline
LDL-C (mg/dL) 117.6 +34.9 112.4+279 129.6 +-43.6 113.6 +32.0 0.017
HDL-C (mg/dL) 459+128 46.4+9.6 42.9+10.6 47.7+£17.0 0.15
TG (mg/dL) 125.0+74.0 113.2+67.7 136.3+73.3 129.2+80.8 0.22
HbA1c (%) 6.3+09 6.4+11 6.2+0.8 63+1.0 0.54
eGFR (ml/min/1.73 m?) 81.0+19.3 79.2 +£20.6 84.7+19.4 80.1+£17.5 0.29
BNP (pg/mL) 52.3 (19.9, 138.4) 50.8 (22.0, 129.3) 43.9 (15.8, 143.5) 58.2 (20.1, 188.7) 0.36
Max CPK (mg/dL) 1407 (563, 4439) 1214 (560, 3766) 1477 (342, 5740) 1926 (678, 5589) 0.84
Follow-up
LDL-C (mg/dL) 71.8+26.0 54.8+10.7 93.0+16.1 73.5+314 <0.001
HDL-C (mg/dL) 46.1+13.8 46.6+10.3 45.2+17.7 46.4+13.8 0.86
TG (mg/dL) 128.6 +61.9 114.1 +62.6 150.2 +55.6 127.0+61.9 0.0073
Change from baseline
LDL-C
Absolute change (mg/dL) —48.4 (-70.2, -22.0) —60.0 (—78.0, —42.0) —25.4(-72.2,0.2) —42.6 (-64.5, —25.0) <0.001
Percent change (%) —43.4 (-56.0, —22.9) —53.2 (—59.8, —38.5) —23.0 (—44.0, —0.41) —39.2 (-52.7, —23.4) <0.001
p-Value for change <0.001 <0.001 <0.001 <0.001
HDL-C
Absolute change (mg/dL) 0.0 (-6.0, 5.0) 0.0 (-6.0, 6.0) 0.0 (-6.0, 3.0) 0.0 (-7.5, 6.0) 0.54
Percent change (%) 0.0 (-14.0,12.7) 0.0 (-13.2,12.9) 0.0 (-143,71) 0.0 (—16.7, 15.5) 0.66
p-Value for change 0.26 0.91 0.46 0.36
TG
Absolute change (mg/dL) 5.0 (—27.0, 40.0) 0.0 (—24.0, 36.0) 18.0 (—20.5, 56.0) 0.0 (—30.0, 33.0) 0.19
Percentage change (%) 5.0 (—23.4, 51.7) 0.0 (-21.2,524) 17.9 (-14.0, 57.7) 0.0 (—28.4, 34.6) 0.20
p-Value for change 0.20 0.91 0.16 0.78
IVUS measurements
Analysis length (mm)
Baseline 10.0 (8.85, 15.0) 10.0 (8.0, 15.0) 10.0 (9.6, 15.0) 10.0 (8.8, 14.0) 0.57
Follow-up 10.0 (9.03, 15.0) 10.0 (8.0, 15.0) 10.4 (9.5, 15.0) 10.0 (9.0, 14.3) 0.62
Vessel volume (mm?)
Baseline 163.4 (100.0, 248.2) 152.4 (102.5, 241.9) 178.0 (104.2, 255.0) 162.7 (91.7, 231.4) 0.64
Follow-up 156.0 (94.2, 235.1) 146.5 (93.5, 241.1) 168.3 (116.3, 236.1) 150.5 (85.6, 205.7) 0.41
Change from baseline —5.71+£22.2 —5.65+26.3 -3.31+16.6 —7.86+21.3 0.58
p-Value for change <0.001 0.083 0.17 0.0073
Plaque volume (mm?)
Baseline 79.6 (41.8,117.3) 77.8 (41.7,115.4) 90.0 (47.4, 127.5) 714 (38.7,110.6) 0.49
Follow-up 73.3 (40.0, 109.9) 59.8 (35.9, 105.8) 81.8 (41.7, 116.5) 73.5 (41.9, 112.1) 0.41
Change from baseline —5.03 (—11.5, —0.15) —9.18 (—15.7, —2.99) —8.93 (-13.9, —2.23) —0.11 (—4.39, 5.89) <0.001
p-Value for change <0.001 <0.001 <0.001 0.49
PAV (%)
Baseline 46.0 (39.8, 53.0) 46.0 (39.7, 52.3) 46.0 (40.7, 53.8) 45.5 (37.7, 54.8) 0.92
Follow-up 44.3 (36.1, 52.9) 42.3 (34.7, 47.5) 42.6 (36.2, 50.2) 51.2 (41.1, 58.8) <0.001
Change from baseline —1.53 (-4.12, 1.03) —3.23 (—6.84, —1.53) —3.37 (—5.22, —1.40) 2.64 (1.03, 4.51) <0.001

p-Value for change

<0.001

<0.001

<0.001

<0.001

BNP, brain natriuretic peptide; CPK, creatine phosphokinase; EEM, external elastic membrane; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin Alc; HDL-
C, high-density lipoprotein cholesterol; IVUS, intravascular ultrasonography; LDL-C, low-density lipoprotein cholesterol; PAV, percent atheroma volume; TG,

triglycerides.

significant in non-ST-segment elevation ACS (STEMI: r=0.21,
p = 0.04, NSTE-ACS: r = 0.10, p = 0.40).

Relationship of plaque regression and on-treatment LDL-C with the
clinical outcomes

After a mean follow-up period of 3.5 +1.8 years, a total of
37 clinical events were identified, including death (n = 5), non-fatal
MI (n=2), any revascularization (n=28), and ischemic stroke
(n = 2). Details of MACCE during the follow-up period are shown in
Table 3. A total 71% of revascularizations (TVR + non-TV revascu-
larization, 20/28) were recognized as non-culprit lesion-related
revascularization. Furthermore, change in percent atheroma
volume and clinical outcomes stratified by 4 clinical prospective
trials are shown in Supplementary Table 1. An unadjusted analysis
showed that the rate of MACCE tended to be lower in patients with
plaque regression than in those without plaque regression (18.1%
vs. 28.7%, p = 0.14). Among the 3 groups, as shown in Fig. 2, group
1 had a tendency to have a lower cumulative incidence of MACCE
(log-rank, p = 0.12).

Univariate Cox proportional hazard analysis (Table 4) showed
that the development of MACCE was not significantly associated
with the achievement of either plaque regression (HR, 0.63; 95% CI,
0.33-1.22; p=0.17) or low on-treatment LDL-C (HR, 0.60; 95% (I,
0.31-1.15; p = 0.13) alone, but the incidence of MACCE significantly
decreased after achieving both plaque regression and low on-
treatment LDL-C (HR, 0.47; 95% CI, 0.21-0.96; p = 0.04). In the
multivariate model, after adjusting for the important clinical
variables, the only independent predictors of MACCE were plaque
regression with low on-treatment LDL-C (HR, 0.42; 95% CI, 0.19-
0.87; p=0.02).

Discussion

The major findings of this study were as follows: (1) among ACS
patients on statin therapy, 67% achieved plaque regression of the
non-culprit lesion and 57% reached a relatively low target LDL-C
(<70 mg/dL) at 6 or 8 months after the ACS onset; (2) there was a
weak correlation between the change in PAV and the change in
LDL-C; and (3) achieving both plaque regression and low on-
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Table 3

Details of major adverse cardiac and cerebrovascular events during the follow-up period.

Variable, n (%) Entire cohort Plaque regression

Plaque regression

Plaque progression p

N=173 with LDL-C < 70 mg/dL without LDL-C <70 mg/dL with/without LDL-C <70 mg/dL
n=67 (38.7%) n=49 (28.3%) n=57 (32.9%)
MACCE 37 (214) 9 (13.4) 12 (24.5) 16 (28.1) 0.1
All-cause death 5(2.9) 2 (2.9) 1(2.0) 2 (3.5)
Non-fatal MI 2(1.2) 0 (0.0) 1(2.0) 1(1.8)
TVR 14 (8.1) 2 (2.9) 6 (12.2) 6 (10.5)
TLR 8 (4.6) 2(2.9) 2 (41) 4(7.0)
Non-TVR 6 (3.5) 2 (2.9) 2 (41) 2 (3.5)
Ischemic stroke 2(12) 1(1.5) 0(0.0) 1(1.8)

LDL-C, low-density lipoprotein cholesterol; MACCE, major adverse cardiac and cerebrovascular events; MI, myocardial infarction, TLR; target lesion revascularization;

TVR; target vessel revascularization.

Cumulative incidence of MACCE (%)

—— Group 1: Plaque regression with on-treatment LDL-C <70 mg/dL
—— Group 2: Plaque regression without on-treatment LDL-C <70 mg/dL
40 '—— Group 3: Plaque progression with/without on-treatment LDL-C <70 mg/dL

29.8 %
Overall log-rank p = 0.12 27.3 %

20
15.1 %
0
0 1 2 4 5
Number at risk Time in years
Group 1 67 59 53 50 40 39
Group 2 49 39 32 30 24 16
Group 3 57 47 42 39 31 24

Figure 2. Time-to-event curves for MACCE according to non-culprit plaque change determined by IVUS and low on-treatment LDL-C level (<70 mg/dL). Patients in group
1 had a lower incidence of MACCE (log-rank, p = 0.12). IVUS, intravascular ultrasonography; LDL-C, low-density lipoprotein cholesterol; MACCE, major adverse cardiac and
cerebrovascular events.

Table 4
Multivariable Cox proportional hazard model for MACCE.
Unadjusted Adjusted
HR 95% CI p HR 95% ClI p

Plaque regression with on-treatment low LDL-C 0.47 0.21-0.96 0.037 0.42 0.19-0.88 0.020
Age, 1-year increase 1.03 0.99-1.06 0.13 1.03 0.99-1.07 0.073
Diabetes mellitus 111 0.58-2.11 0.76 1.20 0.62-2.33 0.59
Use of drug-eluting stents 0.79 0.32-1.72 0.58 0.58 0.23-1.30 0.20
STEMI 0.85 0.44-1.63 0.62 0.84 0.44-1.62 0.60

LDL-C, low-density lipoprotein cholesterol; MACCE, major adverse cardiac and cerebrovascular event; STEMI, ST segment elevation myocardial infarction; CI, confidence

interval; HR, hazard ratio.

treatment LDL-C after ACS was a significant predictor of a relatively
low risk of MACCE. We, therefore, believe that stabilization of the
non-culprit coronary plaque with sufficient LDL-C lowering
therapy could lead to better clinical outcomes post-ACS manage-
ment.

LDL-Cis a causal factor in the pathophysiology of CAD
[23]. Previous randomized controlled trials have demonstrated
that intensive LDL-C lowering with statin therapy reduced cardiac
and cerebrovascular events in patients with CAD [5,24,25]. In the
2016 ESC/EAS guidelines, achievement of specific goals was
recommended (LDL-C <70 mg/dL) for patients with CAD because
of the very high risk of developing ACS [20]. In addition, the recent
guidelines of the Japan Atherosclerosis Society suggested that the
objective in high-risk patients should be to optimally reduce the

LDL cholesterol level to below 70 mg/dL [19]. Importantly, the LDL-
C threshold of 70 mg/dL after ACS management is close to the
theoretical point of conversion from coronary atherosclerosis
progression to regression [11]. Therefore, our results confirmed
that sufficient LDL-C lowering (<70 mg/dL) with statin is clinically
important in Japanese patients with ACS.

The present study demonstrated that the IVUS finding of non-
culprit plaque regression could be a surrogate marker of prognosis
for ACS, even at the early stage. Stone et al. reported that
approximately 20% of ACS patients who were successfully treated
with PCI developed cardiovascular events within 3 years, with
adverse events that were equally attributable to recurrence at the
originally treated culprit lesions and to the previously untreated
non-culprit coronary plaque segments [26]. Coronary artery
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calcium progression on serial computed tomography has been
shown to add value to baseline calcium score, demographics, and
cardiovascular risk factors in predicting all-cause mortality
[27]. Nicholls et al. reported a direct relationship of the IVUS
findings of coronary atheroma burden with its progression and
adverse cardiovascular events [28]. In addition, Puri et al. reported
that patients who had a relatively large baseline coronary
atheroma volume had a higher risk for cardiac events after 2 years
of follow-up, despite the achievement of very low on-treatment
LDL-C levels [29]. By serial IVUS measurements, the extended-
ESTABLISH study showed that coronary plaque regression over a
period of 6 months was associated with a lower rate of
cardiovascular events during a 5-year follow-up [30]. On the
other hand, the extended JAPAN-ACS study demonstrated that
coronary plaque regression did not predict future cardiovascular
events [31]. Consequently, our results suggested that targeting
both plaque regression and sufficient LDL-C lowering after an ACS
might play an important role in reducing clinical events in the
long-term follow-up.

In the present study, 33% of patients had plaque progression for
6-8 months regardless of the outcome of PCI and contemporary
medical treatment. These results suggested that mechanisms
beyond LDL-C contributed significantly to the atherosclerosis
development and progression in a non-negligible proportion of
patients. The residual cardiovascular risk after ACS is multifactori-
al; the well-known risk factors, such as smoking, diabetes, and
hypertension, have to be well-controlled according to the guideline
recommendations, with a fully comprehensive approach to
cardiovascular health and prevention [20]. Several studies had
shown that a relatively low level of HDL-C was associated with a
poor prognosis, even in patients with LDL-C levels that are well-
controlled by statins [32,33]. Furthermore, hypertriglyceridemia is
related to coronary adverse events [34,35]. However, in our study,
plaque regression/progression had no significant relationship with
the lipid profiles, except for the LDL-C, biomarkers related to
diabetes. Ridker et al. recently reported that canakinumab, which
is a monoclonal antibody that targets interleukin-1[3, decreased
the levels of high-sensitivity C-reactive protein and reduced the
incidence of adverse cardiovascular events in patients with
previous CAD [36]. Pemafibrate, which is a novel selective
peroxisome proliferator-activated receptor modulator, had a
stronger triglyceride-lowering effect than that of the existing
fibrates, such as fenofibrate [37]. Consequently, evidence on the
use of novel non-statin agents for plaque regression and
stabilization is expected to increase. In addition, the impact of
combining LDL-C lowering agents with the other class of agents
that target plaque biology should be directly assessed by future
imaging studies, including quantification of plaque lipid content
and inflammation, to better measure the response to lipid-
lowering treatment.

This study had several limitations. First, only 173 patients with
ACS participated. Although our data were useful because we
evaluated the prognosis from a novel viewpoint, further large-scale
studies are warranted. Second, in this study, we used the two
different IVUS systems and catheters even though the same IVUS
system is used for the patient. This might affect our results.
However, a previous report showed quantitative measurements by
the two different, currently available IVUS systems that we used in
this study were accurate and comparable [38]. Third, we assessed
only volumetric IVUS measurements and limited segments in the
culprit vessel, in which the median value of analyzed length was
only 10 mm. Fourth, in our combined data analysis from several
clinical trials, other medical interventions beside lipid-lowering
therapy might have influenced coronary plaque dynamics after
ACS and clinical outcomes. Future studies should evaluate the
value of the information generated from novel imaging techniques.

Conclusion

This study suggested that targeting both plaque regression and
sufficient LDL-C lowering is clinically important in post-ACS
management.
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