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Aim: According to recent clinical trials, a combination of direct oral anticoagulants with antiplatelet drugs is
often recommended for atrial fibrillation patients who receive drug-eluting stents (DESs). Although the optimal
combination comprises direct factor Xa inhibitors and a P2Y12 receptor antagonist (or aspirin), their influence on
vascular responses to DESs remains unclear.

Methods: Pigs were given either aspirin and clopidogrel (dual antiplatelet therapy [DAPT] group), aspirin and
rivaroxaban (AR group), or clopidogrel and rivaroxaban (CR group), followed by everolimus-eluting stent (Pro-
mus Element) implantation into the coronary artery. Stented coronary arteries were evaluated via intravascular
optical coherence tomography (OCT) and histological analysis at 1 and 3 months.

Results: OCT revealed lower neointimal thickness in the DAPT group and comparable thickness among all
groups at 1 and 3 months, respectively. Histological analyses revealed comparable neointimal area among all
groups and the smallest neointimal area in the CR group at 1 and 3 months, respectively. In the DAPT and AR
groups, the neointima continued to grow from 1 to 3 months. A shortened time course for neointima growth
was observed in the CR group, with rapid growth within a month (maintained for 3 months). A higher incidence
of in-stent thrombi was observed in the AR group at 1 month; no thrombi were found in either group at 3
months. More smooth muscle cells with contractile features were found in the CR group at both 1 and 3 months.

Conclusions: Our results proved the noninferiority of the combination of rivaroxaban with an antiplatelet
drug, particularly the dual therapy using rivaroxaban and clopidogrel, compared to DAPT after DES implanta-

tion.

Key words: Atrial fibrillation, Rivaroxaban, Clopidogrel, Drug-eluting stent, Porcine model,
Optical coherence tomography, Histology

problem of restenosis after coronary revascularization.

Introduction Although 1mproved DESs provide a reduction in

The widespread use of drug-eluting stents (DESs) in-stent restenosis and a reduced risk of stent
represents a significant advancement in interventional thrombosis, prolonged antiplatelet therapy is still
cardiology, offering a solution to the long-standing necessary to prevent these complications” ?. Dual
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antiplatelet therapy (DAPT), such as the simultaneous
administration of aspirin and P2Yi2 receptor
antagonists, is the mainstream treatment for patients
with DESs. On the other hand, atrial fibrillation (AF)
patients are administered both dual antiplatelet and
oral anticoagulant (OAC) drugs when coronary
stenting is required. However, triple therapy, including
DAPT and warfarin, has been reported to dramatically
increase bleeding events compared to DAPT?.

Direct oral anticoagulants (DOACs) have only
been developed within this decade. Recent clinical
studies have, thus, revealed that the factor Xa (FXa)
inhibitor rivaroxaban plus a P2Y12 receptor antagonist
reduce the risk of cardiovascular events in AF patients
undergoing percutaneous coronary intervention with
metallic stents when compared with a P2Y12 receptor
antagonist only? or DAPT plus dose-adjusted
warfarin®. Dual therapy, including a P2Y12 receptor
antagonist and a direct oral thrombin inhibitor or FXa
inhibitors, such as rivaroxaban or apixaban, can reduce
bleeding events without increasing mortality when
compared with triple therapy including DAPT and
warfarin®®. Considering the meta-analysis, dual
therapy comprising P2Y12 receptor antagonists and
DOAC: can be safe and effective for AF patients who

receive DESs?.

Aim

When considering bleeding risk, less
antithrombotic therapy, such as a dual therapy
comprising antiplatelets and DOACs may be preferred
at the time of stenting; the duration of antithrombotic
therapy should be shortened if the in-stent
environments are stabilized during the early phase
after DES implantation. However, in-stent tissue
responses to the dual therapy comprising antiplatelets
and DOAC: early after DES implantation are not yet
elucidated; moreover, the impact of dual therapy on
the in-stent tissue responses compared to DAPT
remains unclear. In this study, we examined whether
the combination of rivaroxaban (a direct FXa
inhibitor) with aspirin or clopidogrel (a P2Y12 receptor
antagonist) was noninferior to DAPT regarding
in-stent vascular responses after DES implantation in
a porcine model, using an intracoronary imaging
modality and histological assessment.

Materials and Methods

All animal care and experiments were performed
following the Basic Guidelines for Conduct of Animal
Experiments published by the Ministry of Health,
Labor and Welfare, Japan, and were approved by the
Institutional Committee for Use of Laboratory
Animals of Nihon University School of Medicine
(AP15MO11).

Animal Preparation

Three-way cross pigs [Landrace, Large White,
and Duroc (male, 34 months old, and weighing
35-40 kg)], supplied by the National Federation of
Agricultural Cooperative Associations (ZEN-NOH,
Tokyo, Japan), were orally administered one of the
following antithrombotic therapy regimes (for 3 days
before stent implantation and until the end of the
study): aspirin (81 mg/day) and clopidogrel (75 mg/
day) (DAPT group, 7»=10), aspirin (81 mg/day) and
rivaroxaban (2 mg/kg/day) (AR group, »=10), or
clopidogrel (75 mg/day) and rivaroxaban (2 mg/kg/
day) (CR group, n=10). The study protocol is shown
in Fig. 1A. The dose of rivaroxaban was derived from
both our preliminary experiments and previous data
published by Becker ez al.'”; the dose of 2 mg/kg/day
in pigs is equivalent to the anticoagulant activity of 15
mg/day in humans (data not shown).

After sedation with midazolam (0.5 mg/kg, im),
followed by inhaled sevoflurane (5%) and
heparinization (5,000 U, ia) to inhibit blood clotting,
we performed coronary angiography (CAG) and
implanted an everolimus-eluting stent (Promus
Element™, Boston Scientific, Marlborough, MA,
USA) in the left anterior descending coronary artery.
Stents of 3.0x16 mm were deployed with a 12-atm
inflation pressure to reach a 1.3:1 stent-to-artery ratio
under the guidance of intravascular ultrasound
(OptiCross catheter and iLab system, Boston
Scientific). Follow-up CAG was performed at 1
(1-month observation subgroup, 7=5 each) and 3
months (3-month observation subgroup, #n=5 each)
after implantation. After CAG, Optical coherence
tomography (OCT) was performed to evaluate the
in-stent neointimal formation; before stent
deployment and at 1 and 3 months after stent
deployment, blood was drawn for analysis.
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Fig. 1. Study design

(A) Schematic representation of the experimental timeline. (B) Illustration of the two subtypes of SMCs in the neointima surrounding a stent
strut. (C) Representative case showing the location of the two subtypes of SMCs in a neointima stained with Masson’s trichrome. SMCs with
contractile features (arrow) are close to the lumen and layered on top of the neointima whereas those with synthetic features (asterisk) are scat-
tered within the extracellular matrix below the layer of SMCs with contractile features, close to the media. (D) Representative case of in-stent
thrombus. The white arrow indicates an in-stent thrombus comprising platelet and fibrin attached to the neointimal wall.

SMC, smooth muscle cell; EES, everolimus-eluting stent; OCT, optical coherence tomography

OCT Analysis

At 1 and 3 months after stent implantation,
OCT analysis was performed; we used a frequency-
domain OCT imaging system (C7 ILUMIEN OCT
Intravascular Imaging Systems, St. Jude Medical, St.
Paul, MN, USA) in this study. Using the frequency-
domain OCT system, a 2.7-F OCT imaging catheter
(Dragontfly, St. Jude Medical) was advanced distal to
the stented lesion, while an automated pullback was
initiated in concordance with blood clearance via the
injection of contrast media. The automatic pullback
rate was 20 mm/s, while the frame rate was 100
frames/s.

OCT images were assessed using software
(OPTIS, Abbott Vascular, Santa Clara, CA, USA) as
previously described!'”. Cross-sectional OCT images
were analyzed at 1-mm intervals within the stented
segment, 5 mm proximal and distal to the stent edges.
Cross-sections with side branches or poor-quality
OCT images were excluded from the analysis. As
previously described'?, neointimal characteristics were
classified into three pattern types (homogeneous,
heterogeneous, and layered), and the proportions were

computed. Lumen and stent areas were drawn in each
analyzed cross-section; neointimal areas were
calculated as [stent area—lumen area]. The neointimal
thickness was only measured at each stent strut and
was determined based on automated measurements
performed from the center of the luminal surface of
each strut blooming to the lumen contour'.

Histological Analysis

At 1 and 3 months after stent implantation and
after CAG and intracoronary imaging analysis, the
pigs were sacrificed. The stented coronary arteries
were harvested and perfused with saline and perfusion-
fixed with 10% buffered formalin to wash away
circulating blood components. As previously
described® ', the stented vessels were embedded in
methyl methacrylate resin (FUJIFILM Wako Pure
Chemical Industries, Osaka, Japan). Sections (4 pm
each) were cut using a cemented tungsten carbide
knife (RM2255, Leica, Germany) and stained with
hematoxylin and eosin (HE) or Masson’s trichrome
(MT). Three sections each (proximal, mid, and distal)

were acquired'® with an optical microscope (CX41,
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Olympus, Tokyo, Japan) equipped with a DP27
camera (Olympus) and analyzed using the Image]
software (ver. 1.52, National Institutes of Health,
Bethesda, MD, USA) 7.

The histological evaluation included
measurements of the vessel injury, neointimal area,
and fibrin deposition area, the evaluation of
neointimal characteristics and inflammation, and the
assessment of the incidence of in-stent thrombi. Vessel
injury caused by stent deployment was quantified
using the vessel injury score as previously reported'® '?).
In brief, at each stent strut, vessel wall damage was
scored as Grade 0, internal elastic lamina was intact;
Grade 1, internal elastic lamina lacerated and media
compressed; Grade 2, internal elastic lamina and
media lacerated and external elastic lamia compressed;
and Grade 3, external elastic lamina was disrupted. As
with OCT analysis, the neointimal thickness was only
measured at the stent struts. Neointimal areas were
measured around the stent and above the inner
membrane?”, and a morphometric analysis of the
smooth muscle cells (SMCs) was performed.
Neointimal SMCs were divided into two subtypes:
SMCs with contractile features and SMCs with
synthetic features?'?¥. Both subtypes were
distinguished according to cell morphology,
surrounding extracellular matrix (ECM), and their
role in the formation of in-stent restenosis. Similar to
cultured SMCs, SMCs with synthetic features in the
neointima contain a high number of organelles
involved in producing more ECM; however, these are
largely replaced by contractile filaments in SMCs with
contractile features. The rich contractile filaments
comprising SMCs with contractile features are
elongated and stain these cells more densely by HE or
MT than SMCs with synthetic features. The decreased
ECM production also promotes a tight alignment of
SMCs with contractile features, while the less
stretched SMCs with synthetic features are sparsely
alienated between sufficient ECM (Fig.1B)>29. As
shown in Fig.1B and 1C, SMCs with contractile
features are located close to the lumen and layered on
top of the neointima, whereas those with synthetic
features are scattered within the ECM below the layer
of SMCs with contractile features, close to the media.
The area of the layer of SMCs with contractile features
was measured; the relative area percentage of SMCs
with contractile features was calculated as the area of
SMCs with contractile features divided by the total
neointimal area.

Defined by MT staining as a reddish area around
the stent struts, the area of fibrin deposition was
measured as previously described?”. Inflammation
around the struts was semi-quantitatively graded via
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five high-power field observations around the struts
per section. Inflammation scores were defined as
Grade 0, few inflammatory cells except some foreign
body giant cell infiltrations; Grade 1, mild, less than
approximately 20 inflammatory cells; Grade 2,
moderate, less than approximately 50 inflammatory
cells; and Grade 3, severe, more than approximately
50 inflammatory cells per high-power field. In-stent
thrombi were determined according to the existence
of a heterogeneous composition, such as platelets and
fibrin attached to the neointimal wall (arrow in
Fig.1D). Heparin was intravenously injected before
sacrifice to inhibit blood clotting, and the stented
coronary arteries were perfused with saline to wash
away circulating blood. Images that were confused
with an artifact or blood clots were not included in
the measurement.

Statistical Analysis

Data were expressed as mean *standard error of
the mean (SEM) and median [interquartile range] for
normally and non-normally distributed variables,
respectively. One-way analysis of variance or the
Kruskal-Wallis test was performed as appropriate to
compare differences across the three groups; post-hoc
analyzes with the Steel-Dwass post-hoc analysis or
Tukey’s honestly significant difference test were
performed to compare differences between groups. A
chi-squared test was used to analyze the categorical
variables between the three groups. All statistical
analyzes were performed with RStudio (Version
1.1.463, RStudio, Inc., Boston, MA, USA), an
integrated development environment for R (Version
3.5.2, The R Foundation for Statistical Computing,
Vienna, Austria). A p-value of less than 0.05 was
considered statistically significant.

Results

Biochemical Analysis

Laboratory data of the study animals are
summarized in Table 1. There were no significant
differences in initial blood samples among the three
groups; in addition, parameters at 1 and 3 months
after stent deployment did not differ among the three
groups.

OCT Findings

As shown in Fig.2, Fig.3A, and Table 2,
compared with a heterogeneous or layered pattern,
homogeneous patterns accounted for the majority in
all groups at 1 month; in addition, compared with AR
and CR groups, the DAPT group consisted of the

highest proportions of homogeneous and
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Table 1. Laboratory data of study animals per treatment group

DAPT AR CR

Baseline 1 month 3 months Baseline 1 month 3 months Baseline 1 month 3 months
Total protein (g/dl) 4.7%0.1 5.2%0.2 5.1%0.1 4.7£0.1 5.7%0.3 5.2£0.2 4.6%0.1 4.9+0.1 4.9£0.2
Total bililubin (mg/dl) 0.05£0.02  0.03=0.00 0.04%0.01 0.04£0.00 0.02£0.00 0.06%0.02 0.07£0.01 0.06%£0.01 0.08=0.02
Triglyceride (mg/dL) 13.1+1.9 18341 19.0£7.5 173£22  21.8x44 10.0£4.0 9.3+2.3 8.0£4.1 9.0£2.9
Free fatty acid (nEQ/L) 263.8£60.7 223.2%71.2 257.3+114.3 116.0£23.5 128.3+62.5 420.5+189.4 189.6£51.0 245.8+48.8 242.2+54.5
Total cholesterol (mg/dL) 77.0£48 65748 80.0%5.8 76.0£1.8  84.5%6.7 73.5%2.0 75.6£6.5 73.5%47 61514
Free type cholesterol (mg/dL) 14.3+1.0 128+1.8 15.8%1.1 15505 16.0x1.1 13.5+0.9 14.1£1.0 15513  12.3%0.2
Blood urea nitrogen (mg/dL)  10.3+1.0 10.7£0.6  9.9%13 9.7+0.6 10.4x0.8  9.1x0.3 8.4£0.7 7.7%0.3 7.6%0.9
Creatine (mg/dL) 1.05£0.08 1.46+0.13 1.92%0.03 1.10£0.09 1.19£0.11 1.78+0.22 1.35£0.15 1.77%0.18 2.05%0.06
Sodium (mEQ/L) 1455%0.7 143.8+0.7 144.3%1.8 145218 143309 143.0£2.2 146.1£0.5 145.8£0.6 140.8=1.4
Chloride (mEQ/L) 106.4£2.0 104.8+1.6 106.8%+2.0 105912 106.5£0.9 104.3+3.1 107.9+2.1 1123%1.1 103.3+2.5
Potassium (mEQ/L) 4,0+£0.1 38+0.2  4.1%03 4,0£0.1 41£02  4.1%0.1 4.1£0.2 3.9%0.1 4.1£0.3
AST (IU/L) 20.0+1.2 203+1.8 22517 20819 225%16 26.8%3.8 23.6£24 26546 26.8%2.6
ALT (IU/L) 31.0£2.0 24714  335%1.6 26736 27012 28.8%24 29.8£2.6 28.0x14 265%1.9
LDH (IU/L) 537.0£30.9 513.5%44.1 567.5+17.5 4782285 466.0+30.3 554.0+64.2  484.0+25.0 580.8+78.8 481.2+43.0
ALP (IU/L) 441.1+3.6  541.2%65.0 364.3£28.1  455.2+38.2 382.0%52.9 416.8+28.1 4829225 422.5+51.5 351.0%25.9

Data are presented as mean * standard error of the mean. AST, asparate aminotransferase; ALT, alanine aminotrasferase; LDH, lactate dehydroge-
nase; ALD, alkaline phosphoatase; DAPT, dual antiplatelet therapy (consinting of aspirin and clopidogrel); AR, aspirin and rivaroxaban; CR, clopi-

dogrel and rivaroxaban.

heterogeneous patterns and the lowest proportion of
layered patterns. At 3 months, the proportions of
neointimal patterns were comparable among the three
groups. With regard to neointimal thickness at the
stent struts, the DAPT group showed the lowest
neointimal thickness at 1 month; however, at 3
months, this had increased to be comparable with the
other two groups. In the AR and CR groups, the
neointimal thickness was similar between 1 and 3
months (Fig.3C, 3D, and Table 2). Similar to the
neointimal thickness, the DAPT group also showed
the smallest neointimal area at 1 month (Fig.3E and
Table 2). At 3 months, although the neointimal area
values were similar in the three groups, the statistical
analysis revealed a significantly larger area in the CR
group than in the DAPT group (2.48 mm?® in CR
versus 2.44 mm® in DAPT, p=0.045). In the AR and
CR groups, the neointimal area was similar between 1

and 3 months (Fig. 3E, 3F, and Table 2).

Histological Findings

Vessel injury scores were comparable among the
three groups at both 1 and 3 months (Table 3). The
neointimal area was comparable among the three
groups at 1 month; however, this value was smallest in
the CR group at 3 months (Fig. 5A, 5B, and Table 3).
The neointimal area in the DAPT and AR groups
increased from 1 to 3 months, whereas that in the CR
group remained similar.

The proportion of SMCs with contractile

features, which indicates stable status, was significantly
greater in the CR group at both 1 and 3 months
(Fig.4, Fig.5C-D, and Table 3). Fibrin deposition
around the stent struts tended to be greater in the AR
and CR groups at 1 month and comparable among
the three groups at 3 months (Table 3). The semi-
quantitative inflammation score tended to be lower in
the CR group at 1 month and comparable among the
three groups at 3 months (Table 3). In-stent thrombi
were more frequent in the AR at 1 month, whereas
the incidence between CR and DAPT, as well as CR
and AR, was comparable (Fig.5E); however, no
in-stent thrombi were seen in any of the three groups
at 3 months.

Discussion

In this study, we demonstrated the in-stent
responses to a dual therapy of antiplatelet drugs and
the FXa inhibitor rivaroxaban after DES implantation
using intracoronary imaging analysis and histological
examination. Our study revealed evidence supporting
the noninferiority of combination therapy using
rivaroxaban with an antiplatelet drug, particularly the
dual therapy of clopidogrel and rivaroxaban, compared
with traditional aspirin/clopidogrel therapy after DES
implantation in a porcine coronary artery. Therefore,
our results provide pathological evidence verifying the
efficacy of the combination of a P2Yiw2 receptor
antagonist with the direct FXa inhibitor rivaroxaban
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DAPT

1 month

3 months

AR

CR

Fig.2. Representative cases of optical coherence tomography findings

The upper panel shows cross-sectional images of a coronary artery at 1 month after EES implantation: (A) DAPT, (B) AR, and (C) CR. The
lower panel shows cross-sectional images of a coronary artery at 3 months after EES implantation: (D) DAPT, (E) AR, and (F) CR.
EES, everolimus-eluting stent; DAPT, dual antiplatelet therapy (consisting of aspirin and clopidogrel administration); AR, aspirin and rivar-

oxaban; CR, clopidogrel and rivaroxaban

in previous clinical trials in AF patients after DES
implantation.

Mechanical injury of the endothelium after stent
implantation causes the activation of the coagulation
system?®, while the exposure of stent struts to the
blood flow causes turbulence and activates
coagulation®. Various molecular pathways, through
platelet and coagulation cascades, are strongly
associated with neointimal hyperplasia after stent
implantation®” V. Previous preclinical studies have
shown that the FXa inhibitor, rivaroxaban, suppresses
stent thrombi'?, while the inhibition of the FXa
pathway suppresses neointimal hyperplasia after
vascular injury®” %¥. In particular, FXa-protease-
activated receptor signaling may play an important
role in these pathophysiological findings3* *;
therefore, rivaroxaban might have a beneficial effect
on both in-stent thrombosis and neointimal
hyperplasia after DES implantation. In this study,
results including the smaller pathological neointimal
area at 3 months, the proportionally greater area of
SMCs with contractile features at 1 and 3 months,
and fewer in-stent thrombi at 1 month using a dual

therapy of clopidogrel and rivaroxaban (CR group)
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made this therapy more effective than dual therapy
using aspirin and rivaroxaban (AR group). Dual
therapy using aspirin and rivaroxaban did not show
sufficient antithrombotic effects when compared with
DAPT; this indicates that a combination of aspirin
and OAC is not sufficient, as previously reported®.
On the other hand, CR treatment was similar to
DAPT and could suppress in-stent thrombi. This may
be due to the strong antiplatelet effect of clopidogrel
as an adenosine diphosphate-P2Y12 receptor
antagonist®”. Furthermore, the anti-inflammatory
effect of clopidogrel might contribute to the tendency
toward a lower inflammation score at 1 month in the
CR group?. Especially, these results indicate that the
dual therapy of clopidogrel and rivaroxaban might be
an effective antithrombotic therapy after DES
implantation.

A previous porcine study revealed that
neointimal growth reached a peak at 3 months after
coronary artery DES implantation; this was
maintained until 6 months, after which, neointimal
growth began to decline®”. In our DES implantation
model, the neointima had fully covered the surface of
the DES at both 1 and 3 months in all three groups.
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Fig.3. Quantitative analysis of optical coherence tomography findings

Distribution of neointimal characteristics at (A) 1 month after EES implantation and (B) 3 months after EES implantation. Comparison of
mean neointimal thickness in the three groups at (C) 1 and (D) 3 months after EES implantation. Comparison of the neointimal area in the
three groups at (E) 1 and (F) 3 months after EES implantation. Data are expressed as median (IQR). *indicates a p-value less than 0.05; **

indicates a p-value less than 0.001.

EES, everolimus-eluting stent; IQR, interquartile range; DAPT, dual antiplatelet therapy (consisting of aspirin and clopidogrel administra-

tion); AR, aspirin and rivaroxaban; CR, clopidogrel and rivaroxaban

However, the patterns of vascular response after DES
implantation were somewhat different among the
three groups. Despite inconsistencies between OCT
and pathological results regarding the measurement of
the intimal thickness and area, both OCT and
pathological results indicated a different time course
for neointimal growth between DAPT and AR or CR
treatments. In the DAPT group, as reported in a
previous study®”, the neointima continued to grow
from 1 to 3 months. However, in the CR group, the
neointima grew rapidly and reached its peak within 1
month; subsequently, the neointima almost stopped
growing and was maintained until 3 months (Fig. 3,
Fig.5, Table 2, and Table 3). The shortened time

course of neointimal growth may be favorable for

rapid neointimal stability and quick vascular healing.
The inconsistencies between the OCT and
pathological results regarding the measurements of the
intimal thickness and area might be due to the small
sample size, resolution of OCT, and distortion of the
tissue—stent interface during pathological processing.
As the neointimal thickness was measured only at the
stent struts, a lack of information on neointimal
hyperplasia between struts makes its evaluation
function different from that of the neointimal area.
The DAPT group showed a different distribution
of the three neointimal OCT pattern types between 1
and 3 months, while there was a similar distribution
between 1 and 3 months in the AR and CR groups.
This was consistent with the abovementioned data
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Table 2. Comparison of OCT findings between three groups

p-value
DAPT AR CR Overall DAPT vs AR DAPTvs CR AR vs CR

At 1 month

Mean neointimal thickness (mm) 0.23 [0.20, 0.28] 0.30 [0.24, 0.47] 0.34 [0.26, 0.46) 0.000 0.000 0.000 0.310

Neointinal area (mm?) 1.92 [1.65,2.17] 2.40 [2.04, 3.40] 2.48 [1.93, 3.16] 0.000 0.000 0.000 0.650

Homogeneous (%) 81.1 58.6 51.1 <0.001 0.000 0.000 NS

Heterogeneous (%) 11.3 0.9 4.3 0.000 NS NS

Layered (%) 7.5 40.5 447 0.000 0.000 NS
At 3 months

Mean neointimal thickness (mm) 0.33 [0.28, 0.44] 0.32[0.25, 0.41] 0.35 [0.29, 0.42] 0.301 NA NA NA

Neointinal area (mm?) 2.44[2.13,3.19] 2.52(2.07,3.13] 2.48[1.79,2.92] 0.021 0.459 0.045 0.061

Homogeneous (%) 66.3 60.2 50.8 0.113 NA NA NA

Heterogeneous (%) 4.0 2.2 2.3 NA NA NA

Layered (%) 29.7 37.6 46.9 NA NA NA

Data are presented as median [interquartile range] or number. OCT, optical coherence tomogoraphy; DAPT, dual-antiplatelet therapy (consisting
of aspirin and colopidogrel); AR, aspirn and rivaroxaban; CR, clopidogrel and rivaroxaban.

Table 3. Comparison of histological findings between three groups

At I month
Neointimal area (mm?)
Proportion of cSMC area (%)
Fibrin deposition area (pm?)
Inflammation score
Vessel injuly score

At 3 months
Neointimal area (mm?)
Proportion of cSMC area (%)
Fibrin deposition area (pm?)
Inflammation score

Vessel injuly score

p-value

DAPT AR CR Overall DAPT vs AR DAPT vs CR AR vs CR
1.75 [1.52, 2.16] 1.81 [1.59, 2.21] 2.13 [1.77, 2.96] 0.398 NA NA NA
33.9+3.1 12324 43.2+42 0.000 0.000 0.121 0.000
1971.4 [1767.3, 2922.8] 3771.0 [2047.3, 6102.2] 3895.2 [2957.6, 5834.4] 0.059 NA NA NA
1.07+0.08 1.33£0.14 0.91+0.13 0.054 NA NA NA
0.95+0.07 0.87%0.08 1.02£0.09 0.462 NA NA NA
2.47 242, 2.89] 2.32[1.92, 2.83] 205(1.80,229]  0.016  0.401 0.004 0401
475%3.1 33.2%£1.9 60.9£3.2 0.000 0.002 0.004 0.000
273.3 [56.9, 520.1] 15.7 [0.0, 106.3] 93.0 [0.0, 260.1] 0.137 NA NA NA
1.04%0.13 1.08%0.12 1.32£0.11 0.209 NA NA NA
1.17£0.07 1.08£0.07 1.25%0.08 0.314 NA NA NA

Data are presented as mean # standard error of the mean or median [interquartile range]. DAPT, dual antiplatelet therapy (consinting of aspirin and
clopidogrel); AR, aspirina and rivaroxaban; CR, clopidogrel and rivaroxaban; cSMC, contractile soomth muscle cell.

regarding neointimal growth and indicated different
time courses for vascular response between DAPT and
CR or AR treatments. Since the heterogeneous pattern
is thought to be linked to poor long-term
prognoses“*#?, a lower proportion of heterogeneous
patterns in AR and CR might indicate a beneficial
effect. The high proportion of layered patterns in the
AR and CR groups at 1 month might reflect a clearer
boundary between SMCs with contractile and
synthetic features.

SMC heterogeneity has been described in
atherosclerotic lesions and restenosis after angioplasty
or stenting?'*. Consistent with previous studies, two
types of SMCs were distinguished in the neointima
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after DES implantation: SMCs with contractile
features and SMCs with synthetic features. With less
proliferation, lower ECM production, and rich,
tightly aligned contractile filaments, SMCs with
contractile features are considered mature and stable®?,
playing a beneficial role after DES implantation. The
proportionally greater number of SMCs with
contractile features in the CR group at both 1 and 3
months indicated a rapid and more stabilized in-stent
neointimal environment using a dual therapy of
clopidogrel and rivaroxaban.

Recent clinical trials have demonstrated that
rivaroxaban reduces mortality and cardiovascular
events, including stent thrombosis, in patients with
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DAPT 1M

Fig. 4. Histological findings

DAPT 3M

(A-C) Coronary artery walls stained via HE staining and (G-I) corresponding MT-stained tissues at 1 month in the three groups (A, G:
DAPT; B, H: AR; and C, I: CR). (D-F) Coronary artery walls stained via HE staining and (J-L) corresponding MT-stained tissues at 3
months in the three groups (D, J: DAPT; E, K: AR; and E L: CR). (a—I) Magnified images corresponding to the white square in the upper

panel of A-L; the white arrow in panel a indicates an in-stent thrombus.

HE, hematoxylin and eosin; MT, Masson’s trichrome; DAPT, dual antiplatelet therapy (consisting of aspirin and clopidogrel administration);

AR, aspirin and rivaroxaban; CR, clopidogrel and rivaroxaban

acute coronary syndrome® “* *Y. A previous study

showed that aspirin and rivaroxaban therapy could
lead to better cardiovascular outcomes than aspirin
alone®. Moreover, combination therapy using P2Y1
receptor antagonists and FXa inhibitors may have
more benefits related to clinical efficacy® ¥. Our
study is consistent with previous clinical results and
provides supporting evidence of a pathological
vascular response for the results of these clinical trials.
The shortened time course of neointimal growth and
the increased number of mature/stable SMC with CR
dual therapy indicated quick vascular healing and
might contribute to the shortening of the
administration period of antiplatelet drugs and

DOAC:s.

Study Limitations

Our study has some limitations; this study was
performed using a healthy coronary animal model. In
brief, we implanted a stent in a healthy coronary
artery and not in one that had developed

atherosclerosis; therefore, the reaction to antiplatelet
drugs and anticoagulants may be different in actual
atherosclerotic lesions. However, as our results
reflected a fundamental vessel response after
mechanical injury with DES implantation, they are
considered a meaningful examination of the effect of
antiplatelet drugs and DOACs on neointimal
progression and thrombus formation. In this study,
given that only a single dose of rivaroxaban could be
tested, the dose—response relationship for rivaroxaban
in a swine cardiovascular system remains unclear.
Since the biological responses between pigs and
humans are different (more specifically, the reaction in
pigs is more rapid than that in humans®), our results
cannot precisely predict the optimal duration of
antithrombotic therapy in clinical practice. It would,
therefore, be meaningful to perform long-term
observations that exceed 6 months, to verify the peak
of neointimal hyperplasia and prove the noninferiority
or benefit of CR or AR treatment regarding
neointimal growth and vascular healing. However, the
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Fig.5. Quantitative analysis of the histological findings

3 months

(A-B) Neointimal areas in the three groups are shown at (A) 1 and (B) 3 months. (C-D) The proportion of SMCs with contractile features in
the three groups, calculated using the morphometrically traced area of the layer containing SMCs with contractile features divided by the total
neointimal area, is shown at (C) 1 and (D) 3 months. (E) The incidence of in-stent thrombi in 15 segments each at 1 month after everolimus-
eluting stent implantation in the three groups. Data are expressed as median (IQR) or mean+ SEM as appropriate. *indicates a p-value less

than 0.05; **indicates a p-value less than 0.001.

SMC, smooth muscle cell; IQR, interquartile range; SEM, standard error of the mean; DAPT, dual antiplatelet therapy (consisting of aspirin
and clopidogrel administration); AR, aspirin and rivaroxaban; CR, clopidogrel and rivaroxaban

long-term observation of pigs is difficult due to their
rapid increase in both size and body weight; miniature
pigs may, thus, be more suitable for long-term
observation. Since immunostaining was not
performed in this study, it was difficult to identify
detailed cell types such as macrophages, lymphocytes,
and fibroblasts in the neointima.

Conclusion

Our results proved the noninferiority of the
combination of rivaroxaban with an antiplatelet drug,
particularly dual therapy using rivaroxaban and

clopidogrel, compared with traditional DAPT after
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DES implantation. The patterns of vascular response
were distinct, depending on the different drug
combinations. The shortened time course of
neointimal growth and the predominantly stable type
of SMCs with CR dual therapy indicated quick
vascular healing and may contribute to the shortening
of the administration period for antiplatelet drugs and

DOAC:.
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