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Objectives: The aim was to assess the effectiveness and safety proﬁle of a new dedicated bifurcation stent sirolimus-eluting BiOSS LIM1 (Balton, Poland) in 12-month Registry.
Background: The optimal approach to coronary bifurcations treatment by percutaneous coronary intervention
(PCI) has been still a subject of debate. Dedicated bifurcation stents are one of the proposed solutions.
Methods: This was the international, 3-center registry, which enrolled patients with non-ST-elevation acute
coronary syndrome (NSTE-ACS) and stable angina. Provisional T-stenting was the obligatory strategy of the
treatment. Angiographic control was planned at 12 months. The primary endpoint was cumulative rate of death,
myocardial infarction (MI) and target lesion revascularization (TLR) at 12 months.
Results: A total of 60 patients with coronary bifurcations were enrolled (mean age 66.4  11 years, 28.3% of
female). There were 21.7% of patients with NSTE-ACS, 78.3% with hypertension, 38.3% with diabetes, 28.3% had
previous MI, and 46.7% and 10% underwent prior revascularization, respectively, PCI and coronary artery bypass
graft. The device success rate was 100%. Side branch was treated with an additional classical drug-eluting stent
implantation in 23.3% of cases. At 12 months, the cumulative major adverse cardiovascular events rate was 11.7%.
During follow-up (11  1 months) there was 1 non-cardiac death (1.7%), 1 non-ST-elevated myocardial infarction
(1.7%) due to restenosis and no case of stroke or in-stent thrombosis. Overall TLR was 8.3% (clinically driven
TLR – 1.7%, angiographically driven – 6.6%). Mean late lumen loss was as follows: In main vessel –
0.35  0.33 mm, in main branch – 0.34  0.27 mm and in side branch – 0.18  0.38 mm.
Conclusion: Dedicated bifurcation stent BiOSS1 LIM proved to be feasible device, with promising safety and longterm clinical effectiveness in the treatment of coronary bifurcation lesions, including distal left main stem stenosis.
(J Interven Cardiol 2015;28:51–60)

Introduction
By nature, coronary bifurcations are prone to
atherosclerosis development and they pose real
technical difﬁculties for percutaneous coronary interventions (PCI).1 The ﬁrst treatment strategies applied
to balloon angioplasty procedures were associated
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with a low rate of procedural success, frequent
complications and a high rate of restenosis.2 Following
the advent of bare metal stents (BMS), several
bifurcation stenting techniques were described
(T-stenting Culotte stenting or V-stenting). In general,
these techniques improved procedural success safety,
but there was still a relatively high rate of restenosis
and recurrent clinical events.3,4 Drug-eluting stents
(DES) clearly improved long-term angiographical and
clinical outcomes.5,6 However,the optimal approach to
coronary bifurcations treatment by PCI has been still a
subject of debate, especially when the side branch (SB)
is large, not easily accessible or narrowed by a long
lesion. Currently, no indexed treatment for this type of
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lesion and the strategy of provisional SB stenting with
DES have been proved at least as efﬁcient as the dualstent technique.7
The concept of dedicated bifurcation stents (DBS)
was proposed as a solution for above-mentioned
problems. However, the majority of DBS systems were
bulkier than conventional DES and required a larger
size of a guiding catheter.8 Earlier, we have published
results of the study with type A (according to MADS
classiﬁcation9) dedicated bifurcation paclitaxel-eluting stent BiOSS Expert1 (Balton, Warsaw, Poland)10.
The aim of the present study was to assess prospectively effectiveness and safety proﬁle of the new
version of dedicated bifurcation BiOSS1 stent:
sirolimus-eluting BiOSS LIM1 stent (Balton, Warsaw,
Poland)

Methods
Study Population. To evaluate the safety and
feasibility of the sirolimus-eluting BiOSS LIM1 stent,
patients with stable coronary artery disease or non-STelevation acute coronary syndrome (NSTE-ACS) were
enrolled into this international registry between
October 2011 and September 2012. Implantations
were performed in 3 centers (Marbella, Spain; Soﬁa,
Bulgaria and Warsaw, Poland) by operators with
previous experience in BiOSS stent deployment (2 in
Warsaw, 1 in Soﬁa and 1 in Marbella). Main exclusion
criteria were ST-elevated acute coronary syndrome
(STE-ACS), bifurcations with Medina 0.0.1, serum
creatinine level 2.0 mg/dL, inability to take dual
antiplatelet therapy (DAPT) for 12 months, bifurcations a priori qualiﬁed to the treatment with a 2-stent

technique, as well as the lack of an informed consent.
Written, informed consent was obtained from all
patients before cardiac catheterization. Institutional
Review Board approved the study protocol (No 88/
2010).
Device Description. The BiOSS LIM1 is a
coronary, dedicated bifurcation balloon-expandable
stent made of 316 L stainless steel (strut thickness
120 mm) and covered with a mixture of biodegradable
poly(lactide-co-glycolide) copolymer and an antiproliferative substance – sirolimus. The polymer layers
release sirolimus (1 mg/mm2) in a time-controlled
process due to their slow biodegradation (lasting
around 8 weeks). The stent is available within the
following nominal parameters: Proximal diameter:
3.25–4.5 mm, distal diameter: 2.5–3.75 mm, length:
15, 18 and 23 mm (Table S1). According to the
producer information, the nominal foreshortening
of the stent is less than 0.5%. The stent consists of
2 parts, proximal and distal, joined with 2 connecting
struts (depending on size stent: 0.9–1.5 mm in
length) at the step-up middle zone. The proximal
part of the stent has a larger diameter in relation to the
distal part (diameter ratio of proximal to distal parts:
1.15–1.3, Fig. 1).10 The BiOSS LIM1 stent has a
unique delivery system with 3 markers (proximal,
middle and distal), which assures exact stent placement
at the point of the bifurcation (Fig. 2). This system is
a rapid exchange system compatible with 0.014”
guidewires and 5 Fr (although due to complexity of
bifurcation treatment 6 F is recommended) guiding
catheters.
The stent is crimped on a balloon with stepped
diameters (Bottle1; Balton, Warsaw, Poland). The
balloon nominal pressure is 10 atm, while the rated

Figure 1. BiOSS LIM1 stent. (A) BiOSS LIM1 stent structure with difference in proximal and distal diameters, (B) Bottle1 balloon. (C) BiOSS
LIM1 stent crimped on Bottle1 balloon. (D) BiOSS LIM1 during implantation.
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Figure 2. BiOSS LIM1 stent implantation (A) BiOSS principle of work – after balloon deﬂation the stent conforms according to proximal and
distal vessels diameters, as well as between vessel angulations, permitting curve ﬁtting according to MVangulation. This leads to good apposition
against the SB ostium, (B) lesion before stent implantation (C) BiOSS LIM 3.5  3.0  15 mm implantation, (D) view after stent deployment.

burst pressure is 18 atm. The balloon is semi-compliant
with an increase in diameter size of þ0.25 mm at
14 atm, both proximally and distally. After deployment, the contralateral to SB wall is covered with struts
to the same extent as the proximal main vessel (MV)
part of the bifurcation. This is achieved by selfcentering properties of the device (due to special shape
of connecting struts) and the “closure” conﬁguration
between proximal and distal parts of the stent,
following the natural bifurcation angulation between
proximal and distal MV parts. At the same time, the
side-facing SB at that moment is in “opening”
conﬁguration and does not contain struts or in the
worst situation there is only one connection strut.
These changes result in an adequate conﬁguration of
the proximal and distal parts, matching vessel exact
sizes.11,12
Interventional Procedure and Concomitant
Medications. Single stent implantation in the MV–
main branch (MB) across a SB was the default strategy
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(provisional T-stenting, PTS) in all patients enrolled
into our Registry. Bifurcation lesions were assessed
according to Medina classiﬁcation using an index of 1
for stenosis greater than 50% and 0 for no stenosis
(visual estimation).13 There was no restriction regarding lesion length in patient selection. If required,
additional sirolimus-eluting stent (Alex1, Balton,
Poland) was implanted.12 A stent in a SB was
implanted only if proximal residual stenosis was
greater than 70% after balloon dilatation and/or
signiﬁcant ﬂow impairment after MV–MB stenting
and/or a ﬂow limiting dissection was present.
The implantation protocol for the bifurcation
treatment was as follows:
(1) wiring of both branches;
(2) MV predilatation and/or SB predilatation
according to the operator’s decision;
(3) stent implantation (inﬂation for at least
20 seconds);
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(4) proximal optimalization technique (POT) (at
operator’s discretion);
(5) SB postdilatation/SB stent implantation if
necessary;
(6) ﬁnal kissing balloon (FKB) inﬂation (at operator’s discretion).
In patients with ACS, loading dose of clopidogrel
(600 mg) was given, and if needed, also the loading
dose of acetylsalicylic acid (ASA) was applied
(300 mg). In planned procedures seventy-two hours
before PCI each patient received ASA (75 mg/24h) and
clopidogrel (75 mg/24h). All procedures were performed in a standard way via radial or femoral access
using 6 or 7 Fr guiding catheters. After insertion of the
arterial sheath, each patient received unfractionated
heparin (100 IU/kg). Additional bolus was given to
maintain an activated clotting time (ACT) >250
seconds. DAPT (ASA 75 mg q.d. and clopidogrel
75 mg q.d.) was prescribed for 12 months. All patients
had TnI, CK and CK-MB levels examined before the
procedure, 6 and 24 hours after. Periprocedural
myocardial infarction (MI) (type 4a) was assessed
according to the third universal deﬁnition.14
Follow-Up. Clinical follow-up was performed
with ofﬁce visits or telephone contacts at 1 and
12 months after intervention. Adverse events were
monitored throughout the study period. Follow-up
coronary angiography was performed at all patients at
12 months unless clinically indicated earlier.
Endpoints. The primary endpoint was the cumulative rate of major adverse cardiovascular events
(MACE) consisting of death, MI with or without STsegment elevation and need for repeated revascularization of the target lesion (TLR). The secondary
endpoints included rates of death, MI, TLR, target
vessel revascularization (TVR), stent thrombosis (ST),
as well as device, angiographic and procedure success.
Clinically driven TLR was deﬁned as reintervention of
the target lesion due to the presence of a symptomatic
70% diameter stenosis before 12 months after
procedure. Angiographically driven TLR was deﬁned
as reintervention due to angiographic detection of
signiﬁcant restenosis (70%) in a patient who is
clinically asymptomatic. TVR was deﬁned as any
revascularization of any segment of the index coronary
artery. MI was deﬁned according to the third universal
deﬁnition.14 All deaths were deemed cardiac unless
proved otherwise. ST was deﬁned according to
Academic Research Consortium (ARC) as deﬁnitive,
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probable or possible. Device success was deﬁned as
successful deployment of the intended stent in site
without system failure. Angiographic success was
assessed as the end-procedural MB diameter stenosis
less than 20% and SB ostial stenosis less than 70%
without signiﬁcant dissection and ﬂow impairment.
Procedure success included angiographic success in
the absence of in-hospital MACE.
Angiographic Analysis. All angiograms were
recorded after intracoronary administration of
200 mg of nitroglycerin. Two orthogonal views were
chosen to visualize the target lesion. A quantitative
angiographic analysis was performed using Medis
quantitative coronary angiography (QCA) version 5.0
(software for single vessel, Leiden, the Netherlands)
by 2 researchers independently (JB, LAIG; additionally results were veriﬁed by AM). Catheter calibration
was performed in all cases. The MV (the artery before
SB take-off), the MB (artery beyond the ostium of SB)
and the SB (the smaller vessel at the point of vessel
divergence) were analyzed separately – subsegmental
QCA analysis was performed according to the
European Bifurcation Club Consensus.9 The following
parameters were calculated: Lesion length, reference
vessel diameter (RVD), minimal lumen diameter
(MLD), % diameter stenosis (%DS), acute lumen
gain (ALG) and late lumen loss (LLL) before and after
stent implantation and/or on follow-up. All reference
diameters were measured 5 mm from the end of
angiographically visible plaque in all 3 segments of
bifurcation without the use of interpolations (user
deﬁned reference diameters). Percent diameter stenosis (using parameters from each segment) was
measured for each vessel segment separately using
the following formula: %DS ¼ [1–(MLD/RVD)] 
100%. Angle A was deﬁned as distal bifurcation angle
between the MB and SB axes, and angle a was deﬁned
as modiﬁed against vessel axis distal bifurcation angle,
between the parallel line to the MV, passing through
carina and SB main axis.15 Angiographic restenosis
was deﬁned as greater than 50% diameter stenosis on
QCA within the stented segment, including the stent
and the 5 mm proximal and distal segments on followup angiography.
Statistical Analysis. Continuous variables were
presented as mean  SD. Categorical data were
presented as numbers (%). Continuous variables
were compared using an unpaired Student t-test, and
categorical data using the x2 test or Fisher exact test, as
appropriate. If distribution was not normal, Wilcoxon
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signed-rank tests and Mann–Whitney U-tests were
used. P values of <0.05 were considered statistically
signiﬁcant. Statistical analyses were performed using
SPSS13.0 for Windows (SPSS Inc., Chicago, IL,
USA).

Results
A total of 60 patients were enrolled. The mean age
was 66.4  11 years and women accounted for 28.3%
of the study population. Patient characteristics presented a diseased population with hypertension
(78.3%) and dyslipidemia (78.3%) as the most
common risk factors (Table 1). In half of patients,
signiﬁcant stenoses were present in left main stem
(LMS) and 44% (n ¼ 26) of patients had multivessel
disease. In 28 patients (46.7%), interventions were
performed within LMS, including 22 cases of
unprotected LMS, whereas in LAD, index stent was
implanted in 45% of cases (Fig. 3). The dominant type
of bifurcation according to Medina classiﬁcation was
1.1.1 (26.7%); however, in the whole study population,
true bifurcations (1.1.1, 1.0.1, 0.1.1) stand for 48.4% of
cases (signiﬁcantly more in non-LMS subgroup,
21.5% vs. 71.9%, respectively) (Table 2). The main
procedural aspects are presented in Table 3. There was
no need for additional BiOSS LIM1 stent usage due to
impossibility to implant the device. The device success

Figure 3. Target lesion location. LMS, left main stem; LAD, left
anterior descending artery; LCx, left circumﬂex artery; RCA, right
coronary artery.

rate was 100%. The mean maximal implantation
pressure was 14.4  2.3 atm. The MB was predilated in
the half of cases. The rate of POT was 36.6%, whereas
the FKB inﬂation was performed in 24 patients (40%),
reﬂecting a good result in the SB after stenting.
However, the SB required additional balloon dilatation
in more than a half of lesions (63.3%), and in 14 cases
(23.3%), there was the necessity to implant the second
stent (classical DES). Procedure details did not differ
signiﬁcantly between non-LMS group and LMS
group, except for stent proximal and distal diameters
and the rate of FKB, which was higher in the latter
group. There were 4 (6.6%) cases of in-hospital
increase of troponin level (max 1.6 ng/mL). All of

Table 1. Patients’ Characteristics
All (n ¼ 60)
No
Age
Women
Stable CAD
UA/NSTEMI
Hypertension
Dyslipidemia
Diabetes
CKD
Smoking*
PAD
Prior MI
Prior PCI**
CABG

66.411
17
47
13
47
47
23
10
20
5
17
28
6

non-LMS (n ¼ 32)
%

28.3%
78.3%
21.7%
78.3%
78.3%
38.3%
16.7%
33.3%
8.3%
28.3%
46.7%
10.0%

N
66.411
11
25
7
27
23
13
5
11
3
10
17
1

%

34.4%
78.1%
21.9%
84.4%
71.9%
40.6%
15.6%
34.4%
9.4%
31.3%
53.1%
3.1%

LMS (n ¼ 28)
N
65.813.2
6
54
6
20
24
10
5
9
2
7
11
5

P
%

21.4%
78.6%
21.4%
71.4%
85.7%
35.7%
17.9%
32.2%
7.1%
25%
39.3%
17.9%

0.69
0.26
0.96
0.97
0.24
0.19
0.70
0.82
0.85
0.76
0.60
0.29
0.07

CAD, coronary artery disease; UA/NSTEMI, unstable angina/non-ST-elevated myocardial infarction; MI, myocardial infarction; PCI,
percutaneous coronary intervention; CABG, coronary artery bypass graft; PAD, peripheral artery disease; CKD, chronic kidney disease; LMS,
left main stem. *smoking present or within last 5 years, **prior PCI within acute coronary syndrome or as an elective procedure
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Table 2. Medina Clasiﬁcation
All (n ¼ 60)

1.1.1.
1.0.1.
0.1.1.
1.1.0.
1.0.0.
0.1.0.
True bifurcations

LMS (n ¼ 28)

non-LMS (n ¼ 32)

No

%

N

%

N

%

16
6
7
15
9
7
29

26.7%
10%
11.7%
25%
15%
11.7%
48.4%

4
1
1
10
7
4
6

14.3%
3.6%
3.6%
35.7%
25%
14.3%
21.5%

12
5
6
5
2
2
23

37.5%
15.6%
18.8%
15.6%
6.3%
6.3%
71.9%

LMS, left main stem. *visual estimation.

them were asymptomatic and did not require repeated
coronarography (MI type 4a criteria not met).
Angiographic data are presented in Table 4, Table S2
and Table S3. The immediate angiographic success
rate was 100%. The quantitative angiography analysis
revealed that BiOSS LIM1 stent implantation caused a
signiﬁcant increase of minimal lumen diameter and
decrease of %DS in MV and MB. However, this
procedure did not affect angle alpha between
proximal MV and SB. Also, in Table 4, there are
presented changes in the acute lumen gain and the late
lumen loss (LLL) in 3 bifurcation segments.
All alive patients were followed up and all agreed to
have control angiography after 12 months (mean

11.34  1.2 months), except for 1 patient in whom the
episode of NSTEMI appeared after 7 months (95%
focal restenosis in MV). The composed MACE rate
was 11.7% (7 cases). There was no cardiac death,
stroke or in-ST. One death was associated with severe
ﬂue infection and respiratory failure (Table 5). Overall
TLR was 8.3% (clinically driven – 1.7%, angiographically driven – 6.6%). The detailed restenosis pattern is
presented in Table 6. In cases where POT was applied,
no restenosis in MV was observed. Among restenosis
cases, there were 2, in which during initial procedure
an additional stent was deployed in SB (T-stenting).
Two patients underwent repeated PCI with DES
implantation and 3 patients underwent POBA.

Table 3. Procedural Characteristics
All (n ¼ 60)
No
Lesion type:
A
B1
B2
C
MV predilatation
SB predilatation
Both branches predilatation
Nominal stent diameter in MV (mm)
Nominal stent diameter in MB (mm)
Nominal stent length (mm)
SB postdilatation
FKB
Additional stent in SB
Vascular access radial/femoral
Guiding catheter 6F/7F

0
25
30
5
30
17
7

%

0
41.7%
50%
8.3%
50%
28.3%
11.7%
3.67  0.40
2.98  0.39
17.13  2.06
38
63.3%
24
40%
14
23.3%
61.7%/38.3%
88.3%/11.7%

non-LMS (n ¼ 32)
No

0
15
15
2
17
8
2

%

0
46.9%
46.9%
6.25%
53.1%
25%
6.3%
3.47  0.27
2.82  0.32
17.35  2.06
22
68.8%
9
28.1%
8
25%
62.5%/37.5%
93.7%/6.3%

LMS (n ¼ 28)
No

0
10
15
3
13
9
5

P

%

0
35.7%
53.6%
10.7%
46.4%
32.1%
17.9%
3.90  0.4
3.17  0.39
16.81  2.06
16
57.1%
15
53.6%
6
21.4%
60.7%/39.3%
82.1%/17.9%

0.57
0.63
0.76
0.61
0.55
0.18
<0.01
<0.01
0.35
0.36
0.04
0.75
NS
NS

LMS, left main stem; MV, main vessel; MB, main branch; SB, side branch.
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Table 4. Whole Group Angiographic Analysis Data

Main vessel
MV – RVD (mm)
MV – %DS
MLD (mm)
ALG (mm)
LLL (mm)
Main branch
MB – RVD [mm]
MB – %DS
MLD (mm)
ALG (mm)
LLL (mm)
Side branch
SB – RVD [mm]
SB – %DS
MLD (mm)
ALG (mm)
LLL (mm)
MV lesion length (mm)
MB lesion length (mm)
SB lesion length (mm)
Angle alpha (degrees)
Angle A (degrees)

Pre-stenting

Post-stenting

3.72  0.45
46  31%
2.01  0.32

3.72
4
3.52
1.51

3.01  0.39
48  32%
1.57  0.17

2.66  0.43
29  31%
1.89  0.32

4.58
4.30
1.96
60
69







3.34
3.31
1.69
11
14

3.03
6
2.85
1.28

2.66
23
2.03
0.14






0.39
6%
0.27
0.2






0.36
7%
0.23
0.19






0.41
24%
0.31
0.05

FU
3.71  0.40
15  14%
3.17  0.31

P*

P**

NS
<0.01
<0.01

NS
<0.01
<0.01

NS
<0.01
<0.01

NS
<0.01
<0.01

NS
NS
NS

NS
NS
NS

NS
NS

NS
NS

0.35  0.07
2.96  0.36
19  19%
2.51  0.26
0.34  0.09
2.63  0.43
29  24
1.85  0.36
0.18  0.06

58  13
61  19

58  13
61  19

FU – follow-up, MV – main vessel, MB - main branch, SB – side branch, RVD – reference vessel diameter, %DS - % diameter stenosis, MLD –
minimal lumen diameter, ALG – acute lumen gain, LLL – late lumen loss *p for pre vs post, **p for post vs FU

Discussion
BiOSS LIM1 stent is a dedicated bifurcation stent
for treating the MVand ensuring the SB access (type A
stent).9 The high rate of device success (100%) and

Table 5. Clinical Results

MACE
Death
MI
ST
TLR
Clinically driven TLR
TVR
PCI in another vessel

30 days

12 Mo

n ¼ 60

n ¼ 60

0
0
0
0
0
0
0
0

9 (15%)
1 (1.7%)*
1 (1.7%)**
0
5 (8.3%)
1 (1.7%)
7 (11.7%)
8 (13.3%)

MI, myocardial infarction; ST, stent thrombosis; TLR, target lesion
revascularization; TVR, target vessel revascularization; PCI,
percutaneous coronary intervention, *respiratory failure due to ﬂu
infection (Spain) **MI caused by stent restenosis,
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ﬁnal procedural success rate (100%) proved that this
stent had friendly proﬁle even in complex lesions. This
might be the result of lack of issues, such as guide
wires criss-crossing, improper device orientation or
larger device proﬁles. These results were comparable
and even a bit better when comparing to other
dedicated bifurcation stents, such as Tryton, Axxess
or Petal.16–18
BiOSS LIM1 is the next version of BiOSS1 stent.
The previous one (BiOSS Expert1) was also made of
stainless steel (same design), but eluted paclitaxel.10,19
In BiOSS LIM1 Registry the composite MACE rate
was 11.7% (n ¼ 7). During the follow-up period, there
was 1 non-cardiac death (respiratory failure due to ﬂu
infection), 1 MI (due to signiﬁcant restenosis) and no
in-ST. Restenosis was found in 5 patients, and TLR
rate in the whole population was 8.3%, however very
high rate of control angiography (98.3%) used to
increase percent of revascularization.20,21 In fact, there
was only 1 case of clinically driven TLR (1.7%) and as
far as 4 cases of angiographically driven TLR (6.6%).
All restenosis were focal and their pattern proved that
the middle zone with only 2 struts is not a “weak point”
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Table 6. Restenosis Pattern BiOSS LIM1
Localization %DS ‐ QCA
No
1.
2.
3.
4.
5.

Initial procedure
T-stenting, FKB
PTS, POT
T-stenting, FKB
PTS
PTS, POT

Time (month)
7
10.5
11
14
12

Type
Focal
Focal
Focal
Focal
Focal

MV

MB

SB

þ (95%)
-

þ (85%)
þ (90%)
-

þ (90%)
þ (85%)

TLR

Treatment

Clinical
Angiographical
Angiographical
Angiographical
Angiographical

DES
POBA
POBA/DEB
POBA
DES

MV, main vessel; MB, main branch; SB, side branch; TLR, target lesion revascularization; DEB, drug-eluting balloon; POBA, plain old balloon
angioplasty; DES, drug-eluting stent; PTS, provisional T-stenting; FKB, ﬁnal kissing balloon; POT, proximal optimalization technique; QCA,
quantitative coronary angiography.

of BiOSS LIM1 stent (Table 6). The assessment of the
BiOSS Expert1 Registry has shown a trend to slightly
worse results compared to BiOSS LIM1 Registry. And
so, composite MACE rate was 14.3% (n ¼ 9), even
though the population was less diseased than in BiOSS
LIM1 Registry. In detail, there were 2 deaths (3.2%)
and the rate of TLR was 11% (n ¼ 7). Two of TLR
(3.2%) were clinically driven, and in 2 cases (3.2%),
the restenosis had a diffuse pattern (Table S4).10
When taking into consideration only dedicated
bifurcation stents, it is difﬁcult to ﬁnd a comparable
device; however, after 6 months, the TLR and MACE
rates for Tryton were 6.6 and 9.9%,17 for TAXUS Petal
after 12 months – 7.4% and 10.7%,16 and for biolimuseluting Axxess stent after 9 months was 4.3% and
7.7%, respectively.18
Theoretically, results of regular DES seem better
than BiOSS ones, especially when we take into
consideration everolimus and zotarolimus-eluting
stents.22–24 Nevertheless, Pan et al. proved that
everolimus and sirolimus-eluting stents are equally
effective in the treatment of coronary bifurcation
lesions (1-year MACE rate of 6.1% and 6.2%,
respectively),25 while Sgueglia et al. disclosed that
in the treatment of bifurcations, SES is better than ZES
and inferior to EES (target bifurcation failure rate:
7.9%, 18%, 3.3%, respectively).26 However, one has to
remember that on contrary to our protocol in those
papers, the rate of angiographic control was very low
and varied between 0 and 43%.
Late lumen loss reﬂects vessel wall response to
coronary stent implantation. In case of BiOSS LIM1,
LLL values non-signiﬁcantly differed between MV
and MB (0.35  0.07 mm and 0.34  0,09 mm, respectively) and were signiﬁcantly smaller in SB
(0.18  0.06 mm, P ¼ 0.01). On the contrary, in BiOSS
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Expert1 Registry, LLL value in MV (0.46  0.12 mm)
was signiﬁcantly bigger not only in the relationship
with SB (0.10  0.09 mm, P ¼ 0.003), but also with
MB (0.39  0.13 mm, P ¼ 0.04).10 Above-mentioned
results in BiOSS LIM1 Registry are comparable to
those obtained with other dedicated bifurcation stents
such as: Tryton (LLL in SB – 0.17  0.35 mm) and
even better comparing to TAXUS Petal (LLL MV
0.47  0.45 mm, MB 0.41  0.57 mm and SB
0.18  0.39 mm).16,17 However, in case of Tryton,
these are results after 6 months, and what must be
stressed, there is an additional regular – olimus-eluting
stent implanted in MV–MB. Beyond dispute, there are
results of stents-eluting everolimus or zotarolimus,
where LLL for regular lesions is within the range of
0.10–0.15 mm.27 However, in bifurcation lesions,
values of LLL are higher. In paper by Chen et al., in
bifurcation lesions treated with SES LLL, values
in MV and SB were 0.20  0.43 mm and SB –
0.22  0.41 mm, respectively.28
BiOSS1 stents are made of stainless steel and
therefore they have relatively thick struts (in total
140 mm). This might predispose to excessive neointimal proliferation. Presently, the use of cobalt
chromium alloy allows for thinner stent struts (60–
90 mm), which may lead to obtain lower late lumen
loss. The ISAR-STEREO trial demonstrated that a thin
strut stent had a lower rate of restenosis than a thick
strut stent of similar design.29 Similar results were
found in several other trials.30–32 The concentration of
sirolimus in BiOSS LIM1 (1 mg/mm2) is smaller in
comparison to Cypher1 stent (1.4 mg/mm2), as well as
to the majority of higher generation DES currently
available on the market (Alex1 stent – 1 mg/mm2,
Orsiro1 – 1.4 mg/ mm2, Excel1 stent – 1.4 mg/mm2 or
Nevo1 stent – 1.25 mg/mm228). In BiOSS1 stent, the
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polymer is biodegradable, so crucial matter is its
stability and time of degradation. However, in other
papers, it was shown that the type of polymer
(biodegradable vs durable) did not play a signiﬁcant
role in coronary bifurcation treatment.33
As mentioned earlier, procedural technique may also
exert a substantial effect on TLR and LLL values. In
our present paper, TLR rate was higher in patients in
whom an additional DES in SB was implanted and in
patients in whom no FKB or POT was performed. The
obtained results were in agreement with the results of
NORDIC 3 study34, as well as with our own experience
associated with POLBOS I trial, in which we
compared BiOSS Expert1 with classical DES.35 In
this randomized study (ﬁnal paper under review), in
subgroup where FKB was performed, there was
signiﬁcantly lower rate of restenosis in BiOSS Group
(8.1% vs. 13.2%). Additionally, although BiOSS1
stent system theoretically ensures “POT-like” effects,10,36, we found that POT reduced the rate of
restenosis in BiOSS1 Group. It is likely related to the
fact that delivery balloon (Bottle1) for BiOSS1 is a
semi-complaint one, not able to assure optimal effects
of implantation. These facts have suggested to apply
POT and FKB techniques during BiOSS1 stent
implantations according to recommendations of EBC.
Study Limitations. This study has also some
limitations. The number of treated patients is small.
These cases were selected by operators and therefore
might not reﬂect use in all-comer coronary bifurcation
lesions. Bifurcations lesions a priori qualiﬁed to the
treatment with a 2-stent technique were excluded.
Also, no uniform implant technique was used;
however, procedures were performed by operators
experienced in BiOSS stent implantation. And
additionally, no control group was introduced to
compare the use of this dedicated bifurcation stent
and stenting with other devices and techniques.

Conclusions
Our study showed that dedicated bifurcation BiOSS
LIM1 stent was a feasible device with promising
short-term and long-term effectiveness and safety
proﬁle, also in distal LMS stenosis. Obtained results
are a bit better to results of paclitaxel version of BiOSS
stent (Expert1) and comparable with angiographically
assessed regular drug-eluting stents in the treatment of
coronary bifurcation.
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