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ABSTRACT

Background: The addition of highly purified eicosapentaenoic acid (EPA) to statin therapy prevents
cardiovascular events. However, the impact of this treatment on vulnerable plaques remains unclear. The
aim of this study was to assess the impact of adding EPA to a standard statin therapy on vulnerable
plaques by serial optical coherence tomography (OCT).
Methods: Forty-nine non-culprit thin-cap fibroatheroma (TCFA) lesions in 30 patients with untreated
dyslipidemia were included. Patients were randomly assigned to EPA (1800 mg/day) + statin (23 TCFA, 15
patients) or statin only (26 TCFA, 15 patients) treatment. The statin (rosuvastatin) dose was adjusted to
achieve a target low-density lipoprotein (LDL) level of <70 mg/dL. Post-percutaneous intervention and 9-
month follow-up OCT were performed to evaluate morphological changes of TCFAs. The EPA/arachidonic
acid (EPA/AA) ratio and pentraxin-3 (PTX3) levels were also evaluated.
Results: Despite similar follow-up LDL levels, the EPA + statin group had higher EPA/AA ratios and lower
PTX3 levels than the statin group. OCT analysis showed that the EPA + statin group had a greater increase
in fibrous-cap thickness, with a greater decrease in lipid arc and lipid length. Macrophage accumulation
was less frequently detected in the EPA + statin group than in the statin group at follow-up. When the
patients were categorized according to their follow-up PTX3 tertiles, fibrous-cap thickness showed
significant increase, and the incidence of macrophages accumulation decreased with lower PTX3 levels.
Conclusion: The concomitant use of EPA and rosuvastatin may stabilize vulnerable plaques better than
the statin alone, possibly by suppressing arterial inflammation.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

benefits for preventing cardiovascular events [5—7]. However, the
impact of the additive EPA treatment with statin therapy on

Statin-based lipid lowering therapy reduces cardiovascular
events and is recommended for patients with cardiovascular dis-
ease or coronary risk factors [1,2]. Some trials, however, have
revealed residual cardiovascular risks even after the reduction of
low-density lipoprotein cholesterol (LDL) to target levels [3,4].
According to recent studies, the addition of highly purified eico-
sapentaenoic acid (EPA) to statin therapy provides additional
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vulnerable plaques remains unclear.

Plaque rupture is the major mechanism of cardiovascular
events, and plaque vulnerability is an important predictor of plaque
rupture. Pathological studies have revealed that thin fibrous-cap
thickness, large lipid pools, and macrophage infiltration near the
fibrous-cap characterize vulnerable plaques [8,9]. Optical coher-
ence tomography (OCT) is a feasible imaging technique for
detecting thin-cap fibroatheromas (TCFAs) in vivo because of its
high resolution [10—13]. In addition, arterial inflammation plays an
important role in promoting plaque vulnerability, and high-
sensitivity C-reactive protein (hs-CRP) and pentraxin-3 have been
reported as useful markers of arterial inflammation [14—16].

The aim of this study was to assess the impact of EPA and statin
therapy on the stabilization of vulnerable plaques in patients with
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untreated dyslipidemia, using serial OCT and serum inflammatory
marker evaluations.

2. Methods
2.1. Study design

The study was designed as a randomized, open-label study to
assess the impact of 9-month combined therapy using EPA and a
statin on OCT parameters and serum inflammatory markers in
patients with dyslipidemia. Patients who underwent percutaneous
coronary intervention (PCI) for stable angina or acute coronary
syndrome and having LDL levels >100 mg/dL without lipid-
lowering therapy, were candidates for the study. Acute coronary
syndrome (ACS) was defined as acute myocardial infarction (MI) or
unstable angina pectoris. MI was defined as a recent symptom of
ischemia with electrocardiogram abnormalities, depression or
elevation of at least 0.1 mV in the ST segment and troponin T or |
elevation. Unstable angina was defined as new-onset severe angina,
accelerated angina, or angina at rest. Stable angina was defined as
an absence of changes in the frequency, duration, or intensity of
symptoms within the 4 weeks preceding the PCI [17]. Patients were
excluded from the study if they (1) were already using statins or
other lipid-lowering therapies, (2) had known hypersensitivity to
statins or contrast, (3) had end-stage renal failure (serum creatinine
[Cre] > 2.0 mg/dL), (4) demonstrated hemodynamic and respira-
tory instability (e.g., cardiogenic shock, severe congestive heart
failure), or (5) had terminal stage cancer or dementia (serious
conditions that may compromise successful study participation).

After successful PCI to the culprit lesion, multi-vessel OCT ex-
aminations of the remaining non-culprit lesions with mild-to-
moderate stenosis were performed to detect TCFAs. TCFA was
defined as a plaque presenting with a fibrous-cap thickness <65 pm
and a lipid arc >90° [18]. Finally, patients were enrolled in the study
if they had TCFAs in non-culprit, mild-to-moderate stenotic lesions;
the patients were randomly assigned to 2 groups: EPA + statin and
statin only. The EPA + statin group patients received EPA (1800 mg/
day) and rosuvastatin; the statin group received rosuvastatin alone.

Blood analyses and planned follow-up OCT examinations were
performed 9 months after the index procedure, regardless of
symptomology. During the study period, serum LDL levels were
evaluated monthly, and the dose of rosuvastatin was adjusted to
achieve a target LDL level of <70 mg/dL, in both groups. Also, they
received similar dietary counseling until 1 month after the index
procedure.

The ethics committee of Kobe University approved this study,
and all enrolled study patients provided written informed consent
to participate in this clinical trial.

2.2. Lipid profile and inflammatory markers

Serum LDL levels were evaluated monthly to adjust the dose of
rosuvastatin in patients in both groups. Other lipid profiles and
inflammatory markers were evaluated before the start of lipid-
lowering therapy and 9 months after the PCI. The lipid profile
also included total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), triglyceride (TG), and EPA/arachidonic acid
(AA) ratios. The extent of arterial inflammation was evaluated by
determining hs-CRP and PTX3 levels.

2.3. OCT examination
To evaluate plaque characteristics, we performed multivessel

frequency-domain OCT examinations at the time of the PCI and at
the time of the 9-month follow-up angiography. In this study, OCT

was performed in a standard fashion, as previously reported [19].
Briefly, a C7 Dragonfly™ catheter (LightLab Imaging, Westford, MA,
USA)was advanced to the distal end of the target lesion over a 0.014-
inch guide wire, followed by the infusion of contrast medium into
the coronary artery from the guiding catheter at 3.5 mL/s, serving as
a flush to clear the area of blood. The entire lesion was then imaged
using an automatic pullback system moving at 20 mm/s.

2.4. OCT analysis

Lipid arcs were evaluated as the largest arc in a signal-pool re-
gion, with diffuse borders in the target plaques on the cross-
sectional OCT image. Fibrous-cap thickness was defined as the
minimum thickness of the signal-rich layer overlying the lipid-rich
plaque. Lipid length was defined as the longitudinal length of the
lipid-rich plaque (lipid arc >90°). Macrophage accumulation was
identified as a high-intensity band or bright spots, which exceed
the intensity of intra-tissue speckle noise, with high backscattering
within the fibrous-cap, as previously reported [13]. Intimal micro-
vessel was defined as a black hole or a tubular structure within a
target plaque [11,13]. For each individual target plaque, the thinnest
fibrous-cap thickness measurement obtained from three imaging
locations was used for analysis (Fig. 1). At the time of follow-up, the
plaques were identified based on the distance from the landmarks
such as major branches, calcification and stent edge. Interobserver
and intraobserver variabilities were assessed by the evaluation of
all images by two independent readers who were blinded to the
clinical presentations and the time point of image acquisition and
by the same reader at two different times to compute an average
value, respectively.

2.5. Clinical follow-up

Clinical events were monitored for at least 18 months after the
index PCI. Death, MI, clinically driven revascularization for in-stent
restenosis (defined as a repeat PCI or coronary artery bypass graft at
the site of the implanted stent) were evaluated [17]. Clinically
driven target plaque revascularization was defined as PCI or coro-
nary artery bypass graft to the target TCFA lesion. Clinically driven
non-target plaque revascularization was defined as repeat PCI or
coronary artery bypass graft to a non-target TCFA lesion.

2.6. Statistical analysis

All statistical analyses were performed using Medcalc (version
12.7; Medcalc Software, Mariakerke, Belgium). Continuous vari-
ables are presented as means + SD. Differences between the
continuous parameters in the 2 groups were calculated using a
Mann—Whitney U-test. Categorical variables are presented as fre-
quency counts. Between group comparisons of categorical variables
were performed using Fisher’s exact test. Values were considered
statistically significant at p < 0.05.

3. Results
3.1. Study population

Between April 2010 and October 2011, 341 patients underwent
PCI at Kobe University Hospital; 117 patients had LDL levels
>100 mg/dL and had not received lipid-lowering therapy. Of these
117 individuals, 22 patients were excluded from this study because
of participation in other studies. A further 29 patients were
excluded due to their inability to tolerate OCT examination or statin
administration due to known hypersensitivity to contrast or statins
(n = 3), end-stage renal failure (n = 8), severe heart failure (n = 5),
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Fig. 1. Representative case of thin-cap fibroatheroma (TCFA) with macrophages accumulation TCFA was defined as a plaque presenting with the thinnest fibrous-cap thickness
<65 pum (white arrow head) and a lipid arc >90° (white lines). Macrophages accumulation was identified as a high-intensity band within the fibrous-cap (white arrow).

terminal stage cancer (n = 6), or dementia (n = 7). Nine patients did
not provide their consent to participate. Thus, 57 patients under-
went multivessel OCT screening to detect TCFAs in non-culprit le-
sions. According to the OCT examinations, 52 TCFAs were detected
in 31 patients and were enrolled in this study. Patients were
randomly assigned to the EPA + statin group (16 patients, 25 TCFAs)
or statin group (15 patients, 27 TCFAs). Blood analyses and planned
follow-up OCT examinations were performed 9 months after the
index procedure. During this period, 1 patient in the EPA + statin
group rejected follow-up OCT examination; none of the patients
dropped out due to side effects caused by EPA or rosuvastatin. One
TCFA in each group was disrupted and was removed from the study
because its plaque characteristics could not be evaluated in the
follow-up OCT. However, the patients with disrupted TCFAs were
not excluded because the patients had other TCFAs that could be
followed. Ultimately, the final analysis involved 23 TCFAs in 15
patients in the EPA + statin group and 26 TCFAs in 15 patients in the
statin group (Supplemental data Fig. 1).

3.2. Patient characteristics

Seventeen patients (56.6%) presented with ACS, and the fre-
quency of ACS was similar between the 2 groups. Similarly, no
statistical differences were observed in coronary risk factors or
concomitant drug use between the 2 groups (Table 1).

3.3. Lipid profile and inflammatory markers

There were no differences in the baseline lipid profiles or in-
flammatory markers between the 2 groups (Table 2). Although
follow-up TC, HDL, LDL, and TG levels were similar between the 2
groups, the follow-up EPA/AA ratio was higher in the EPA + statin
group than in the statin group and the follow-up PTX3 levels were
lower in the EPA + statin group than in the statin group (Table 2).
Table 2 also shows data on lower hs-CRP levels at follow-up in the
EPA + statin group than in the statin group.

3.4. OCT analysis

Although there were no differences in baseline OCT parameters,
the follow-up fibrous-cap thicknesses were significantly greater in
the EPA + statin group than in the statin group (Table 2). Repre-
sentative images in each group are shown in Supplemental data
Fig. 2. In accordance with this observation, the increase in
fibrous-cap thickness during the 9-month follow-up period was

greater in the EPA + statin group than in the statin group (Fig. 2A).
There were no differences in the follow-up lipid arcs and lipid
lengths between the 2 groups; however, the decrease in the lipid
arc and lipid length during the follow-up period was significantly
greater in the EPA + statin group than in the statin group (Fig. 2B
and C). Macrophage accumulation was less frequently detected in
the EPA + statin group than in the statin group at the follow-up
examination and the presence of intimal microvessel tended to
be less frequent in the EPA + statin group than in the statin group at
the follow-up (Table 2).

3.5. Correlation analysis

Supplemental data Table 1 describes the correlation between
the follow-up EPA/AA ratios and the lipid profiles and inflammatory

Table 1
Patient characteristics at baseline and at the 9-month follow-up.
Variables EPA® + statin  Statin group p-value
group (n=15)
(n=15)

Age (year) 61.0 + 12.6 63.8 +9.5 0.46
Men (n; %) 13 (86.7) 13 (86.7) 1.00
BMI® (kg/m?) 264 + 3.6 24.6 + 3.5 0.24
ACSS (n; %) 9 (60.0) 8 (53.3) 0.99

Coronary risk factors
Hypertension (n; %) 11(73.3) 10 (66.7) 0.99
Diabetes mellitus (n; %) 5(33.3) 2(13.3) 0.39
Smoker (n; %) 12 (80.0) 9 (60.0) 043
Family history (n; %) 5(33.3) 4(26.7) 0.99

Concomitant drugs
Aspirin (n; %) 15 (100) 15 (100) 1.00
Clopidogrel (n; %) 15 (100) 15 (100) 1.00
ACE-1¢ or ARBE (n; %) 10 (66.7) 9 (60.0) 0.99
Beta-blocker (n; %) 3(20.0) 3(20.0) 1.00
Calcium channel blocker (n; %) 2(13.3) 5(33.3) 0.39
Anti-diabetic agents (n; %) 5(33.3) 2(13.3) 0.39
Other lipid-lowering therapy 0 0 1.00
(n; %)

Number of TCFAs' (n/patient) 1.53 £ 0.52 1.73 £ 0.96 0.84

Follow-up duration (days) 280.7 + 38.3 2744 +£799 079

Dose of rosuvastatin at follow-up ~ 3.67 4 2.08 3.50 + 3.25 0.27

(mg/day)

2 Eicosapentaenoic acid.

Body mass index.

Acute coronary syndrome.
Angiotensin-converting enzyme inhibitor.
Angiotensin receptor blocker.

f Thin-cap fibroatheroma.

o a n o



R. Nishio et al. / Atherosclerosis 234 (2014) 114—119 117
Table 2
Blood tests and OCT* measurements at baseline and at the 9-month follow-up.
Variables Baseline Follow-up
EPA + statin group Statin group p-value EPA + statin group Statin group p-value
Blood test
EPA/AAb 0.32 +0.15 0.27 £ 0.13 0.37 1.11 £ 0.53 042 + 0.31 0.0001
TC® (mg/dL) 207.3 +39.1 196.3 +40.3 0.34 1444 + 36.5 146.3 + 20.5 0.62
HDL! (mg/dL) 409 + 12.0 415+ 74 0.97 449 +99 436 + 94 0.72
LDL® (mg/dL) 138.0 + 35.3 130.3 + 34.8 0.41 80.1 + 29.7 83.2 +19.6 0.58
TG! (mg/dL) 1614 + 504 146.8 + 374 0.30 1235+ 42.6 1314 + 479 0.72
hs-CRP? (mg/dL) 0.24 +0.18 0.22 +0.15 0.95 0.06 + 0.05 0.12 £ 0.11 0.07
PTX3" (ng/mL) 449 + 2.25 475 + 2.22 0.60 2.79 + 0.96 3.84 + 1.17 0.01
OCT measurements
Fibrous-cap thickness (pum) 475+ 74 46.5 +10.9 0.94 102.2 + 28.8 70.0 + 10.6 <0.0001
Lipid arc (degree) 159.0 + 62.0 158.3 + 63.5 0.98 127.7 + 44.8 145.6 + 50.6 0.27
Lipid length (mm) 6.52 + 3.47 6.17 + 2.84 0.85 3.87 + 2.02 497 +2.39 0.13
The incidence of macrophages accumulation (n; %) 16 (69.6) 18 (69.2) 0.99 3(13.0) 12 (46.2) 0.02
The presence of intimal microvessels (n; %) 13 (56.5) 16 (61.5) 0.78 7 (30.4) 15 (57.7) 0.08

Optical coherence tomography.
Eicosapentaenoic acid/arachidonic acid.
Total cholesterol.

High-density lipoprotein cholesterol.
Low-density lipoprotein cholesterol.
Triglyceride.

High sensitivity C-reactive protein.

" pentraxin-3.

[ - N -]

marker parameters. The follow-up EPA/AA ratio was significantly
correlated with the follow-up TG and PTX3 levels. The follow-up
fibrous-cap thicknesses and the presence of macrophage accumu-
lation were also associated with the follow-up PTX3 levels, but not
with the follow-up TG levels. When the patients were divided into
tertiles according to their follow-up PTX3 levels, fibrous-cap
thickness was significantly increased and the presence of macro-
phage accumulation was decreased in conjunction with lower PTX3
levels (Fig. 3A and B). Receiver-operating curve analyses showed
that a PTX3 cutoff value of 3.46 ng/mL predicted fibrous-cap
thicknesses of <65 pm with an 87.5% sensitivity and 68.3% speci-
ficity; the same cutoff value predicted the presence of macrophage
accumulation, as determined by OCT, with 73.3% sensitivity and
73.5% specificity (Supplemental data Fig. 3A and B).

3.6. Clinical events
Supplemental data Table 2 shows clinical events occurring after

the index PCI. The median follow-up duration was 725.5 days (95%
confidence interval, 553.8—730.8 days). There were no differences

A 120 B

in the rates of mortality, MI, in-stent restenosis, target plaque re-
vascularizations, and non-target plaque revascularizations be-
tween the 2 groups.

4. Discussion

Previous studies have shown that intensive LDL-lowering ther-
apy involving statins decreases the incidence of future cardiovas-
cular events. At the same time, these studies also described a
significant residual cardiovascular risk, even with the intensive
statin therapy [3,4]. Among several options to reduce the residual
risk, the potential benefit of adding EPA treatment was noted in
recent clinical studies [5,6]. A detailed mechanism of EPA’s impact
on the reduction of cardiovascular events is, however, still
unknown.

In the present study, we demonstrated that a combination
treatment involving both EPA and rosuvastatin therapy stabilized
unstable plaques to a greater degree than did rosuvastatin therapy
alone. Serial OCT analyses showed that the EPA + statin group had a
larger increase in fibrous-cap thickness and a greater decrease in

Statin C

EPA + statin EPA + statin Statin
group (n = 23) group (n = 26) group (n = 23) group (n = 26)
P— p<0.0001 0
L
7 54.8 £279 20
é 80 g 'g 2.0
E g .
Q ~ o |
g 60 235+ 116 32 2
g 5 =
£ B - =T
- g 60 a27xs2 & 0 120 % 150
[}
g g 0 &
O 9 5 344 +415 5 o |281%246
100 e L
- p=0.007 p=0.009
EPA + statin Statin
group (n = 23) group (n = 26) -120 8.0

Fig. 2. Changes in optical coherence tomography parameters (A: fibrous-cap thickness; B: lipid arc; C: lipid length) EPA, eicosapentaenoic acid.
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B 100

P <0.01 (Chi-squared test)
sk

80 *% |

1

58.8%

60

40

18.8%
20 12.5%
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1.50-2.65 ng/mL 2.66-3.62 ng/mL 3.63-6.21 ng/mL

Fig. 3. The relationship between pentraxin-3 (PTX-3) and optical coherence tomography findings at the 9-month follow-up. A: The relationship between PTX3 and fibrous-cap
thickness. Differences between the 3 groups were calculated by one-way analysis of variance (ANOVA), and the Tukey—Kramer test was used for post-hoc analysis. *p < 0.05.
B: The relationship between PTX3 and the incidence of macrophages accumulation. Differences between the 3 groups were calculated by using a chi-squared test, and the Bon-

ferroni test was used as for post-hoc analysis. **p < 0.01.

lipid arcs and lipid lengths. Moreover, as evaluated by OCT, the
addition of EPA treatment decreased the incidence of macrophage
accumulation more strongly compared to the therapy involving
statin alone and tended to decrease the intraplaque neo-
vascularization. According to recent pathological studies, important
determinants of plaque rupture include the presence of a large lipid
pool, the thickness of the fibrous-cap, the extent of macrophage
infiltration within the fibrous-cap and intraplaque neo-
vasucularization [8,9,20]. Previous studies revealed the clinical
importance of in vivo evaluations of vulnerable plaques by intra-
vascular imaging, such as virtual histology intravascular ultrasound
(IVUS), integrated backscatter-IVUS, and OCT [21—24]. Histological
studies have clearly demonstrated the ability of OCT to detect lipid-
rich plaques and macrophage accumulation, as well as its potential
for accurately measuring cap thickness [10—13]. Thus, we propose
that a larger increase in fibrous-cap thickness and a greater
decrease in lipidic components and macrophage infiltration, as
determined by OCT in the EPA + statin group, indicates that the
concomitant use of EPA and statin stabilizes vulnerable plaques
better than statin therapy alone.

Although detailed mechanisms remain unclear, our results
suggest that EPA stabilizes TCFAs better than the statin alone
therapy through greater suppression of vascular inflammation. In
the present study, the added EPA treatment significantly lowered
PTX3 levels with a tendency towards greater decreases in hs-CRP
levels and decreased macrophage accumulation. PTX3 is pro-
duced by macrophages and vascular smooth muscle cells in the
vicinity of atherosclerotic lesions in response to inflammatory
cytokines, whereas hs-CRP is produced in the liver [25]. There-
fore, PTX3 levels reflect local arterial inflammation more directly
over the short-term compared to systemic markers of inflam-
mation, such as hs-CRP. A previous study also showed that PTX3
levels are more useful than hs-CRP levels for predicting plaque
vulnerability [15]. In the present study, fibrous-cap thickness
increased and the frequency of macrophage accumulation
decreased along with decreased PTX3 levels. Considering that
local inflammatory cytokine levels and macrophage-derived
proteolysis promote fibrous-cap thinning [26], we believe that
the stabilization associated with EPA therapy involves the sup-
pression of local inflammation and macrophage proteolysis. A
previous study showed that orally administered EPA regressed
atherosclerosis and decreased the content of macrophages in LDL
receptor-deficient mice [27]. Our results are in accordance with
previous clinical reports showing the ability of combined EPA and

statin treatment to reduce cardiovascular events in patients with
coronary artery disease, and these results provide mechanistic
support for this hypothesis.

This study has several limitations. First, because of the nature of
serial, invasive imaging studies, this study included only a small
number of patients, without power to detect possible differences in
long-term clinical event rates. Thus, this study failed to show a
difference in clinical events between the 2 groups. Second, we only
assessed the combination of rosuvastatin and EPA without
comparing the results with those of combinations involving other
statins or other lipid-lowering therapies. Third, we did not validate
the OCT findings with histological findings; therefore, the regions
identified as TCFAs, macrophages and neovascularization were not
confirmed to be pathologically vulnerable. However, no one-on-
one OCT criteria with histological findings have been validated for
the identification of pathologically vulnerable plaques. Moreover,
the ability of OCT to accurately identify lipidic components and
measure cap thickness has previously been validated [10—12].
Therefore, we consider that the information obtained in this study
is valid, and a pathological validation of the OCT-based criteria for
the identification of vulnerable plaques is warranted to further
confirm these results. Finally, this study could not evaluate the
presence of positive remodeling, one of the important features of
vulnerable plaques, because the near-infrared light irradiated from
the OCT catheter only penetrates 1—-3 mm into the vessel wall and
cannot penetrate through a lipid-rich plaque.

In conclusion, in patients with untreated dyslipidemia, the
concomitant use of EPA and rosuvastatin stabilizes vulnerable
plaques more effectively than treatment with a statin alone. The
present results suggest that the stronger suppression of arterial
inflammation associated with the combined therapy might lead to
better stabilization of vulnerable plaques.
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Appendix A. Supplementary data

Supplementary data related to this article can be found online at
http://dx.doi.org/10.1016/j.atherosclerosis.2014.02.025.
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