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Abstract: Background: Although 1-month dual antiplatelet therapy (DAPT) in patients treated with bare metal stents
(BMS) is well established, the optimal duration of DAPT after implantation of a drug-eluting stent (DES) is still a mat-
ter of debate. The safety of shortened DAPT is under investigation due to concern about the risk of stent thrombosis.
Data on platelet activation and prothrombotic response in vivo following bioresorbable polymer sirolimus-eluting
stent (BP-SES) implantation are scarce. Objectives: The aim of our study was to compare the early thrombogenicity
of BP-SES with that of BMS in an aortic rat model. Methods and Results: Overall, 30 rats underwent stent implanta-
tion in the abdominal aorta: BMS (Pro-Kinetic Energy; N=15) and BP-SES (Ultimaster Tansei; N=15) were compared
in terms of their early thrombogenicity. CD62P exposure at the platelet surface and fibrinogen binding at the in-
tegrin receptor were not different between BMS and BP-SES over time. The thrombus coverage of the scaffold (O
vs. 0.1%, P=0.84) was similarly low in both groups at Day 28; thrombotic deposits had totally disappeared at Day
84. The endothelial strut coverage was similarly high at 1 month (90 vs. 95%, P=0.64) and 3 months (87 vs. 97%,
P=0.99) following BMS and BP-SES implantation, respectively. Conclusions: This study demonstrates the low early
thrombogenicity of a BP-SES implanted in an aortic rat model, which did not differ from a BMS. These data could
be helpful to support the safety of a shortened 1-month DAPT duration following BP-SES implantation in the human
coronary artery.
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Introduction sed mortality risk [5]. Several clinical studies
sought to investigate the safety of a shorten-
ed DAPT duration in patients with high bleed-

ing risk receiving a new generation DES [6-8].

Although 1-month dual antiplatelet therapy
(DAPT) in patients treated with bare metal

stents (BMS) is well established [1, 2], the op-
timal DAPT duration after implantation of a
drug-eluting stent (DES) is still a matter of de-
bate [3]. Prolonged DAPT, needed to compen-
sate the delayed endothelialization process
after DES implantation, has been shown to
potentiate major bleeding [4], with an increa-

The guidelines [3] recommend 1-month DAPT
after DES implantation in high bleeding risk
patients in Class IIB (evidence C), based on
limited clinical observations. No data are cur-
rently available concerning the extension of
this one-month DAPT strategy following DES
implantation in each case in daily practice.
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Table 1. Stents characteristics

BMS BP-SES
Platform material CoCr (L605) CoCr (L605)
Strut thickness (um) 60 80
Coating material Silicon carbide PDLLA-PCL
Polymer/coating thickness (um) 1 15
Crimped stent profile (") 0.037 0.044
Duration of polymer/coating permanent 3-4 months
Drug NA Sirolimus (0.8 ug/mm?)
Duration of drug NA 3-4 months

BMS = bare metal stent; BP-SES = bioresorbable polymer sirolimus-eluting stent;
CoCr = cobalt-chromium; PDLLA-PCL = polyDL-lactide-co-caprolactone.
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models have been used for
understanding of the healing
and inflammatory response
after stenting, demonstrating
their relevance to human coro-
nary intervention. Aortic rat
stenting has been shown to be
a reliable model for histo-
morphometrical analysis and
thrombogenicity assessment
[10].

Our study sought to compare
the early thrombogenicity of
BP-SES with that of BMS (Pro-
Kinetic Energy, Biotronik AG,
Baar, Switzerland) in an aortic
rat model.

Materials and methods

Animal models and study
devices

Adult male wistar rats (body
weight 500150 g) were used
as models. Of the total co-
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Figure 1. Study flow chart. BMS = bare metal stent; BP-SES = bioresorbable

polymer sirolimus-eluting stent.

The Ultimaster Tansei (Terumo Corporation, To-
Kyo, Japan) is a bioresorbable polymer sirolim-
us-eluting stent (BP-SES) with a very low rate
of stent thrombosis and rapid strut coverage
[9]. It was the first DES to obtain the CE mark
for 1-month DAPT for patients who required
drug discontinuation.

Early thrombogenicity of the stent is paramo-
unt in order to assess the device’s safety pro-
file, especially in the presence of abbreviated
DAPT. Biological data on platelet activation and
prothrombotic response in vivo following BP-
SES implantation are scarce. Preclinical animal
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hort of 30 rats, 15 underwent
BMS implantation, while the
other 15 underwent DES im-
plantation.

The BMS was the Pro-Kine-
tic Energy, a silicon carbide
passive coated cobalt chromi-
um stent (Biotronik AG, Baar,
Switzerland). The DES was the
Ultimaster Tansei, a sirolimus-
eluting stent with an ablu-
minal bioresorbable polymer
(Terumo Corporation, Tokyo,
Japan). Details of the stents have been provid-
ed in Table 1.

Plasma and platelets were collected at Days -1,
1, 7, and 28, while histological sections of the
stented areas were obtained at Days 1, 28, and
84 (Figure 1).

Animal procedures and protocols were ap-
proved by local authorities (Comité d’éthique
facultaire pour I'expérimentation animale,
2016/UCL/MD/027) and performed in accor-
dance with the Guide for the Care and Use of
Laboratory Animals published by the National
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Institutes of Health (NIH Publication, N° 86-23,
revised 2011).

Stent implantation procedure

During the whole procedure, rats were anes-
thetized with isoflurane. The left common ca-
rotid artery was surgically exposed, and the
proximal portion of the vessel was ligated with
5-0 silk thread. The distal portion was tempo-
rally occluded using the same thread to block
blood flow, with an incision performed at the
mid-portion of the carotid artery. A 0.14-inch
guide wire (Galeo Pro, Biotronik AG, Baar, Swit-
zerland) was inserted at 12 cm from the punc-
ture site and advanced up to reaching the in-
frarenal aorta. The stent (diameter 2.5 mm;
length 9 mm) was deployed in the abdominal
aorta using a balloon inflated for 20 seconds
at 14 atm so as to reach a 10% oversize (tar-
get stentto-aorta ratio of 1.1/1). Following
stent deployment, animals were injected with
buprenorphine (0.1 mg/Kg) and enabled to
recover in their normal housing at the animal
care facility. Analgesic injection was repeated
every day for 1 week following the operation.
The procedure was performed without hepa-
rin, and no antiplatelet therapy was adminis-
tered before or following stenting. The animals
were monitored daily until sacrifice.

Histomorphometrical analysis

Tissue processing: After rats were sacrificed
by injecting a lethal Dolethal® dose, stented
vessels were immediately perfusion-fixed in
situ with 100 mL of normal saline followed
by 50 mL of a solution of 4% formaldehyde,
0.65% di-sodium hydrogen phosphate (water
free), and 0.4% sodium-dihydrogenphosphate
monohydrate. Samples were harvested, fixed
overnight in the same fixative solution, and
incubated in 70% ethanol until processing.
Stented vessels were embedded in methyl-
metacrylate resin and cut (10 um thick) utiliz-
ing femtosecond laser technology with the
TissueSurgeon by LLS ROWIAK (LaserLabSo-
lutions GmbH, Hanover, Germany). Three sec-
tions per stent (proximal, central, distal) were
performed and stained with hematoxylin and
eosin (for samples of Days 1, 28, and 84) or
with Sirius Red (for samples of Day 84). All sec-
tions were scanned using a Panoramic 250
Flash Il Digital Slide Scanner (3DHISTECH) at x
40 magnification. Histological measurements
were performed using Visiopharm software.
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Definitions: Stent expansion was calculated as
the area of the polygon drawn by linking the
center of each strut. The injury score was de-
termined for each strut using the following
semi-quantitative score: 1= the strut contacts
the tissue with no trace of damage; 2= the
media is damaged by the strut; 3= the media
is completely perforated, with the adventitia
damaged by the strut.

The neointimal thickness was calculated as
follows:

Neointimal thickness = neointima (NI) radius -
lumen (L) radius

where NI radius = +(Larea+Niarea)/r and

lumen radius = W

The neointimal inflammation was determined
around each strut using the semi-quantitative
score described by Kornowski [11].

The neointimal maturity was evaluated around
each strut using the following semi-quantita-
tive score from Cheng [12].

The injury as well as inflammatory and maturity
scores for each cross section were calculated
as the sum of the individual scores divided by
the number of struts in the examined section.

The degree of stenosis was calculated as the
percentage of the lumen occupied by neointi-
ma as:

NIl area

——— X100
Nl area *+ L area

In-stent restenosis was >250% lumen reduction
in the stented area.

For fibrosis evaluation, red fiber area density
was measured in 0.1 mm? neointimal areas
drawn around each strut.

For each parameter, the average of the three
sections per stent was calculated.

Struts with a distance from the vessel wall larg-
er than 100 ym were considered malapposed
and counted.

Thrombogenicity assessment

Thrombogenicity was assessed via the mea-
surement of biological markers of platelet acti-
vation, coagulation, and systemic inflamma-
tion. Additional histological parameters were

Am J Cardiovasc Dis 2020;10(2):72-83
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investigated: thrombus formation, inflammato-
ry cells, and endothelial strut coverage.

Platelet activation: Rat blood (0.5 mL) was col-
lected from one of the sublingual venae into
tubes containing 1/6 of acid citrate dextrose
solution supplemented with apyrase 1 U/mL.
Platelet-rich plasma (PRP) was obtained by
centrifugation at 800 g for 5 seconds fol-
lowed by 5 minutes at 100 g. PRP was wash-
ed by adding two volumes of acid citrate dex-
trose supplemented with apyrase 1 U/mL.
Platelets were pelleted by centrifugation at
400 g for 5 minutes, then resuspended to a
density of 2.5 x 10%/uL in modified Tyrode’s
buffer (135 mM NaCl, 12 mM NaHCO,, 2.9
mM KCI, 0.3 Na,HPO,, 1 mM MgCl,, 5 mM D-
glucose, 10 mM Hepes, and 1.5% BSA, pH 7.4
at 37°C). Platelets were counted with Cell-Dyn
Emerald (Abbott Diagnostics, Abbott Park, Illi-
nois, USA). After resting for 30 min at 37°C,
platelets were incubated with an anti-P-selec-
tin monoclonal antibody (ThermoFisher Scien-
tific, Waltham, Massachusetts, USA, MA1-81-
632) and an anti-Fibrinogen antibody (Abcam,
Cambridge, United Kingdom, ab73925) at sa-
turating concentrations (1:12.5). After adding 2
mM CaCl,, the platelets were stimulated with
thrombin (0.03, 0.1, or 0.3 U/mL) for 8 min at
37°C and then fixed with 4% paraformalde-
hyde. The samples were analyzed using the
BD FACSCanto Il flow cytometer, with at least
20,000 events recorded.

Systemic coagulation and inflammation: plas-
ma analysis: Rat total blood was collected
from one of the sublingual venae into tubes
containing 1/10 volume of 3.8% citrate-dex-
trose solution. For the evaluation of the coa-
gulation state, platelet-poor-plasma (PPP) was
obtained by blood centrifugation at 1000 g for
15 min at 4°C. ELISA kits for human thrombin/
antithrombin complex (Enzygnost®, Siemens,
Munich, Germany, #OWMG15) and D-dimers
(ASSERACHROM®, Stago, Asniéres sur Seine
Cedex, France, #00947) were used following
the manufacturer’s instructions.

For the evaluation of the systemic inflamma-
tion, PPP was obtained by blood centrifugation
at 1000 g for 15 min at 4°C. Mouse RANTES
Flex Set (BD™ Cytometric Bead Array, #5583-
45), Mouse IL-13 (BD™ Cytometric Bead Array,
#560232), and Mouse TNF Flex Set (BD™ Cy-
tometric Bead Array, #558299) were employed
following the manufacturer’s instructions.
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Thrombus: Thrombus was defined as an un-
structured floconous matrix, made up of tan-
gled mesh platelets, fibrin, degenerated leuko-
cytes, and erythrocytes, visually detected with
Visiopharm software.

The percentage of thrombus within lumen was
calculated as follows:

% Thrombus (T) = —1-area

=— X 100%
Tareat L area

Inflammatory cells: At Day 1, the number of
inflammatory cells around each individual strut
was counted using the Euromex microscope
with SL5510 LED light at magnification x 60.
The average number of inflammatory cells
around struts was calculated as the sum of the
number of inflammatory cells divided by the
number of struts in the examined section.

Endothelial strut coverage: The percentage of
strut coverage was calculated as the percent-
age of the total length of the luminal sides of
the struts covered by neointima as:

length covered by neointima

9 = X 9
% of strut coverage total length 100%

Figure 2 illustrates the methodology applied for
histological measurements.

Statistical analysis

Continuous variables are presented as mean
+1 standard deviation when normally distribut-
ed and as median and range when non-nor-
mally distributed. Normality was assessed us-
ing the Shapiro-Wilk test or Kolmogorov-Smir-
nov test when appropriate. Categorical vari-
ables are presented as counts and percentag-
es. Continuous variables were compared using
a paired t-test or two-way analysis of variance
(ANOVA) followed by Tukey’s test for multiple
comparisons. Categorical variables were te-
sted using chi-square or Fisher's exact test
when appropriate. P<0.05 values were consid-
ered statistically significant. All statistical anal-
yses were carried out using GraphPad Prism
(GraphPad software).

Results
Overall, 32 rats were implanted, and 30 survi-

ved to the scheduled time point. Two animals
in the BP-SES group experienced an unexpect-

Am J Cardiovasc Dis 2020;10(2):72-83
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Figure 2. Method of histological measurements. A. Neointima area (blue); B. Media area (green); C. Lumen area
(red); D. Stent expansion area (grey); E. Calculation of strut coverage in % (in black, total length of luminal struts
sides; the red arrow delineates an uncovered strut segment); F. Percent of fibrosis within neointima (red).

ed death within four days from unexplained
cause. Necropsy showed a partial obstruction
of the stent lumen in the abdominal aorta with
uncertainty about pre- or post-mortem mate-
rial formation. These two animals were exclud-
ed from the rest of the analysis.

Histomorphometrical analysis

At Day 1, the achieved minimum lumen diame-
ter (MLD) (2.43 vs. 2.41 mm), lumen area (5.19
vs. 5.07 mm2), and platform expansion (5.05
vs. 4.74 mm?2) were similar between BMS and
BP-SES (P=NS for all comparisons).

Incomplete strut apposition was observed in
two experiments involving the BP-SES group
representing 28 and 6% of their struts, res-
pectively, while none of the BMS struts were
malapposed.

After a more intensive healing process obser-
ved at Day 28 in the BP-SES group, reflected
by a greater neointimal thickness and area,
neointima/media ratio, and stenosis percent-
age (P<0.05 for all comparisons), the differ-
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ences in intimal thickness between BMS and
BP-SES dissipated at 3 months (Table 2).

The neointimal maturity score was not differ-
ent between platforms at any time, though a
smaller fibrotic area was observed in the neo-
intima after BP-SES implantation versus BMS.
The luminal stenosis remained low in the BMS
and BP-SES groups (5 vs. 10% at 28 days; 5
vs. 7% at 84 days, respectively), without a sin-
gle in-stent restenosis observed in the ani-
mals. The neointimal thickness did not chan-
ge over time after BMS implantation, whereas
this parameter was shown to be reduced at 3
months after reaching a peak level 28 days fol-
lowing BP-SES implantation (Figure 3A). At fol-
low-up, MLD was not different between stents,
with a luminal late loss of 0.06 mm at 3 mon-
ths following BP-SES implantation (Figure 3B).

Thrombogenicity
Basal CD62P exposure at the platelet surface

and fibrinogen binding at the integrin receptor
were not different between BMS and BP-SES.

Am J Cardiovasc Dis 2020;10(2):72-83
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Table 2. Comparison of vascular healing after stenting

BMS BP-SES p-value
DAY 1 N=5 N=5
MLD (mm) 2.43[2.43,2.64] 2.41[2.38,2.51] 0.74
Lumen area (mm?) 5.19[5.19, 5.33] 5.07[4.86,5.14] 0.50
Stent expansion (mm?) 5.05[4.72,5.08] 4.74[4.45,4.85] 0.37
Injury score 1.3[1.3,1.4] 1.2[1.1, 1.2] 0.27
DAY 28 N=5 N=5

Neointimal thickness (um)
Neointima area (mm?)
Neointima/Media area ratio

34.5[31.6, 36.3]
0.29 [0.26, 0.29]
0.47 [0.43, 0.52]

Inflammatory score 1.3[1.2,1.3]
Neointimal maturity score 3.0[3.0, 3.0]
% stenosis 5.1[4.7,5.4]
In-stent restenosis 0
DAY 84 N=5

Neointimal thickness (um) 34.6 [23.0, 46.8]
Neointima area (mm?) 0.28[0.19, 0.36]
Neointima/Media area ratio  0.54 [0.34, 0.72]
Inflammatory score 1.0[0.9, 1.1]
Neointimal maturity score 3.0[3.0, 3.0]
% stenosis 5.2 [3.4, 7.0]
In-stent restenosis 0
Fibrosis area in neointima (%) 3.0 [2.4, 3.4]

68.1[57.4, 71.5] 0.0003
0.53 [0.44, 0.54] 0.0003
0.81[0.80, 0.82] 0.003
1.6[1.5,1.6] 0.01
29[2.9,29] 0.08
10.4[9.0, 11.1] 0.0003
0 -
N=5
475[45.5,51.8] 0.06
0.40 [0.36,0.40]  0.07
0.71[0.68,0.78] 0.14
1.4[1.4,1.5] 0.0009
3.0[3.0,3.00 0.8
70[6.8,81]  0.05
O -
1.8[1.7,21]  0.02

Variables are expressed as median [interquartile range]. BMS = bare metal
stent; BP-SES = bioresorbable polymer sirolimus-eluting stent; MLD = minimum

lumen diameter.

Following thrombin stimulation, BP-SES and
BMS significantly decreased CD62P exposure
at Day 1 compared to Day -1. The effect on
CD62P exposure was alleviated for both stents
at Day 7, whereas CD62P exposure was sig-
nificantly increased at Day 28 for BMS but not
for BP-SES. This is indicative of higher platelet
reactivity following BMS implantation, which
was not observed with BP-SES. The capacity of
platelets to bind fibrinogen was similar over
time for both stents (Figure 4).

Plasma concentrations of thrombin/antithrom-
bin complexes, D-dimers, and RANTES did not
change following the implantation of both
stents. Neither TNF-a nor IL-13 was detected
in rat plasma following implantation of either
BMS or BP-SES (Table 3).

The thrombus coverage of the scaffold was
similarly low in both groups at Day 1 (0.5 vs.
0.1%, P=0.84) and Day 28 (0 vs. 0.1%, P=
0.44), whereas thrombotic deposits had totally

7

disappeared at Day 84
(Table 4). Figure 5 illus-
trates the thrombus on
struts observed for each
stent type.

The endothelial strut
coverage was similarly
high at 1 month (90 vs.
95%, P=0.64) and 3
months (87 vs. 97%,
P=0.99) following BMS
and BP-SES implanta-
tion, respectively. Figure
6 shows the healing and
strut coverage of BMS
and BP-SES at Days 28
and 84 of follow-up.

Discussion

The salient findings of
this study are summa-
rized below.

In an aortic rat model: 1)
endothelial strut cover-

age at 1 month was very
high (95%) after BP-SES
implantation, not differ-
ing from than after BMS

implantation; 2) throm-
botic deposits were similarly low in both groups;

3) platelet activation was not different between
BMS and BP-SES over time.

Endothelial strut coverage

The response to endothelium injury caused by
stent implantation consists in a cellular cas-
cade initiated by destroyed endothelial cells
promoting platelet activation, leukocyte infiltra-
tion, as well as release of growth factors and
cytokines. This process enables the formation
of the neoendothelium and neointima covering
the metallic stent struts. The antiproliferative
effect of the drugs released by DES can result
in poor endothelialization by slowing down
endothelial cell re-growth and smooth muscle
cell migration. Autopsy studies demonstrated
that uncovered struts are the main predictor of
stent thrombosis in patients receiving DES. By
improving the drug’s dosage and release kinet-
ics, the second-generation DES allowed for a
low rate of uncovered struts at around 3% in

Am J Cardiovasc Dis 2020;10(2):72-83
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tation. BMS = bare metal stent; BP-SES = bioresorbable polymer sirolimus-eluting stent. B. Time course of minimum
lumen diameter during follow-up after BMS and BP-SES implantation. MLD = minimum lumen diameter; BMS = bare
metal stent; BP-SES = bioresorbable polymer sirolimus-eluting stent.
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Figure 4. Platelet activation after stenting. A. Time course of CD62P exposure at platelet surface following throm-
bin stimulation after BMS and BP-SES implantation. BMS = bare metal stent; BP-SES = bioresorbable polymer
sirolimus-eluting stent. B. Time course of fibrinogen binding at platelet surface following thrombin stimulation after
BMS and BP-SES implantation. BMS = bare metal stent; BP-SES = bioresorbable polymer sirolimus-eluting stent.

animal models and humans to be reached at
9-month follow-up [9-14].

In addition to the drug, the polymeric DES com-
ponent has been identified as a main cause
of poor endothelialization by hypersensitivity
reactions and persistent inflammation in the
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vessel wall [15]. Bioresorbable polymers have
been developed in order to improve vascular
healing and reduce the rate of stent thrombo-
sis. The time course of vessel healing follow-
ing BP-SES implantation was investigated by
Chevalier et al. utilizing optical coherence to-
mography [16]. The reported rate of strut co-

Am J Cardiovasc Dis 2020;10(2):72-83
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Table 3. Time course of systemic coagulation and inflammatory markers

Day -1 Day 1 Day 7 Day 28
BMS N=5 N=5 N=5 N=5
Thrombin/antithrombin complex (ug/L) 9.07 [4.12, 19.82] 15.67 [11.24, 21.23] 6.16 [3.04, 8.72] 0.17 [0, 8.29]
D-dimers (ng/ml) 17.3 [7.25, 22.42] 21.0 [16.53, 25.34] 12.6 [11.03, 13.07] 3.9[1.95, 6.75]
RANTES (ug/ml) 0.96 [0.88, 1.05] 0.27 [0.24, 1.88] 0.49 [0.45,0.54] 0.62[0.39, 0.78]
IL-1B 010, 0] 010, 0] 010, 0] 010, 0]
TNF-a 010, 0] 010, 0] 010, 0] 010, 0]
BP-SES
Thrombin/antithrombin complex (ug/L) 7.58 [0.62, 9.97] 5.58 [1.22, 9.77] 4.13[2.22,7.34] 5.93 [0, 6.84]
D-dimers (ng/ml) 15.9 [13.28, 30.81] 27.2 [23.97, 31.76] 18.91[13.40, 23.32] 16.7 [14.5, 17.0]
RANTES (ug/ml) 0.26 [0.24, 0.95] 0.26 [0.09, 0.41] 0.33[0.19, 0.89] 0.25[0.22, 0.55]
I-1B 010, 0] 010, 0] 010, 0] 010, 0]
TNF-a 010, 0] 010, 0] 010, 0] 010, 0]
Variables are expressed as median [interquartile range]. BMS = bare metal stent; BP-SES = bioresorbable polymer sirolimus-eluting stent.
Table 4. Comparison of thrombogenic factors after stenting
BMS BP-SES p-value
DAY 1 N=5 N=5
% thrombus coverage of the total scaffold 0.5[0.4, 0.7] 0.1[0.1,0.4] 0.84
Number of inflammatory cells around one strut 2.9[2.5, 3.0] 0.9[0.7, 1.3] 0.01
CD62P, % of positive platelets 36.3[34.5, 49.7] 40.5[29.3, 65.4] 0.99
Fibrinogen, % of positive platelets 32[23.7,33.6] 27.5[17.8, 28.9] 0.82
DAY 28 N=5 N=5
% thrombus coverage of the total scaffold 0 0.1[0.0,0.2] 0.44
Endothelial strut coverage (%) 90 [88, 91] 95 [93, 95] 0.64
CD62P, % of positive platelets 78.6 [66.9, 79.9] 76.6 [71.2, 77.3] 1
Fibrinogen, % of positive platelets 53.8 [51.6, 63.0] 49.1 [47.6, 57.2] 0.78
DAY 84 N=5 N=5
% thrombus coverage of the total scaffold 0 0 -
Endothelial strut coverage (%) 87 [87, 92] 97 [92, 97] 0.99

Variables are expressed as median [interquartile range]. BMS = bare metal stent; BP-SES = bioresorbable polymer sirolimus-

eluting stent.

verage was 85.1, 87.9, and 95.2% at 1, 2, and
3 months, respectively.

Only few publications compared DES and BMS
in terms of uncovered strut rates at 1 month,
the crucial time when DAPT is stopped in stud-
ies investigating patients with high bleeding
risk [6-8]. Our study performed a histological
analysis of the abdominal rat aorta, stented
with either BMS or BP-SES, resulting in a simi-
larly high strut coverage rate (90 vs. 95% res-
pectively, P=0.64) at a very short delay of 28
days. These early results were confirmed at 3
months, with only 3% of the BP-SES struts
remaining uncovered. This rapid healing could
explain the absence of stent thrombosis ob-
served in our study, which was performed with-
out either heparin or antiplatelet therapy.
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The lack of DAPT administered to animals after
stenting could explain the relatively large neo-
intimal area at 1 month, given that platelets,
which were not inhibited in our study, are the
first agents to activate the vessel’s healing re-
sponse. Indeed, Buszman et al. showed that
neointimal thickness at Day 28 was inferior
after BP-SES implantation versus BMS in a
porcine coronary restenosis model. In this stu-
dy, the BMS, however, was Coflexus (Balton,
Warsaw, Poland), the neointimal thickness was
measured at 39 ym and lumen stenosis at
24%, which is much more than in our study
[19]. Sojitra et al. [20] reported a lower neointi-
mal area at Day 30 with BP-SES than BMS in
porcine coronary arteries. Nevertheless, the
BMS tested was Mitigator (Envision India), with
heparin and DAPT administered in the experi-
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BMS BP-SES

Figure 5. Thrombus deposit at Day 1 following implantation. Left: Histologi-
cal BMS section at Day 1 (at the top: magnification 1.7 x; at the bottom:
magnification 20 x). Right: Histological BP-SES section at Day 1 (at the top:
maghnification 1.7 x; at the bottom: magnification 20 x).
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Figure 6. Healing process after stenting.
A. Histological sections of BMS (top) and
BP-SES (bottom) at Days 28 and 84. BMS
= bare metal stent; BP-SES = bioresorb-
able polymer sirolimus-eluting stent. B.
Endothelial strut coverage. BMS = bare
metal stent; BP-SES = bioresorbable poly-
mer sirolimus-eluting stent.

liferation after implantation in
the aortic rat model. Even if
the healing process was more
intense than expected at 1
month after BPSES implanta-
tion, the percentage of lumen
stenosis remained low (10
and 7% at 1 and 3 months,
respectively), without any
restenosis, while differences
between stents had dissipat-
ed at 3 months, after polymer
resorption.

Thrombosis

The majority of stent throm-
boses, possibly leading to ad-
verse events like myocardial
infarction and death, occur in
the acute or subacute phase
(i.e., within 30 days) after the
procedure. Thrombus forma-
tion is a normal part of the
initial reaction after stent-in-
duced vascular damage, ac-
companied by inflammatory
reaction, resulting in neointi-
mal formation. In the event
of an abnormal re-endothe-
lialization process, the huge
amount of thrombotic mate-
rial could become obstructive
within the vessel’s lumen. Th-
rombus deposits were quanti-
fied in order to assess the
thrombogenicity of new plat-
forms in animal models. Mag-
nesium and stainless steel
sirolimus-eluting poly-L-lactic
acid-coated stents were com-
pared by Lipinski et al. [17] in
a porcine ex-vivo arteriove-
nous shunt model. Thrombus
deposition, which was quanti-
fied by scanning electron mi-
croscopy at 5.3% of the total
scaffold area for the magne-
sium stent, turned out to be

ments. The Prokinetic Energy, with one of the significantly less than with the stainless steel
lowest late loss after BMS implantation in stent (8%, P=0.009). ljichi et al. [18] reported a
humans [2] due to its specific design and pas- fibrin/internal elastic lamina ratio of 1.4% at
sive coating with silicon carbide, provided ex- Day 7 after BP-SES implantation in an in-vivo
cellent results in our study, with only few pro- coronary pig model.
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In our study, the thrombus was detected visu-
ally and quantified using Visiopharm software at
0.1 and 0.1% after BP-SES implantation vs. 0.5
and 0% after BMS implantation at Days 1 and
28, respectively. These deposits, observed in
the early phase, had totally disappeared later. It
is essential to emphasize that these very low
thrombogenic results were obtained when
stent implantation was performed without
either anticoagulants or antiplatelet therapy.

Platelets

The initial and normal reaction to the mech-
anical injury of the vessel induced by stent
implantation is platelet activation.

Otsuka et al. showed that in an ex-vivo porcine
shunt model, platelet aggregation was inferior
after durable polymer DES implantation versus
four different biodegradable polymer DES im-
plantations, without any BMS comparison per-
formed [21]. Torii et al. reported that in a simi-
lar ex-vivo model, a durable fluoropolymer-co-
ated everolimus-eluting stent imparted lower
platelet adherence compared to BMS (Mulilink,
Abbott Vascular, Santa Clara, CA, USA) and
BP-SES, with CD42b/CD61 positive areas esti-
mated at 4.1%, 25.1%, and 7.6%, respectively
[22].

Our study is the first to evaluate the impact of
BP-SES implantation on platelet activation in
an animal model utilizing flow cytometry. We
have shown that neither stent did lead to pla-
telet activation over time after implantation.
However, BMS induced increased CD62P ex-
posure upon thrombin stimulation of platelets
isolated 28 days after stent implantation. This
was not observed with BP-SES, thereby sup-
porting the poor platelet reactivity induced by
the device.

Once again, it is paramount to mention that
these observations have been made without
using any antiplatelet agents with their asso-
ciated platelet-inhibitory effect. To the best of
our knowledge, this is the first report pertain-
ing to the in-vivo vascular and thrombogenic
reaction after stent implantation without DAPT
and anticoagulants.

Limitations

Our study comprised a low number of experi-
ments per group, while the stenting sites were
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not the coronary arteries but rather rat aortas.
Moreover, our model did not include hyper-
cholesterolemic animals, and the investigated
vessel was free of atherosclerosis. While there
was no randomization process for comparison
between stents, we utilized two consecutive
cohorts of rats implanted first with BMS and
then with BP-SES.

Conclusions

This study demonstrates the low early throm-
bogenicity of a BP-SES implanted in an aortic
rat model, which was not different from that
observed after BMS implantation. All the th-
rombogenic parameters, such as endothelial
strut coverage, platelet activation, and throm-
bus deposits, evaluated at 1 month were simi-
lar between the two stents without any stent
thrombosis observed. These data could be
helpful in supporting the safety of a shorten-
ed 1-month DAPT duration following BP-SES
implantation in the human coronary artery.
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