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sis was feasible and safe, with promising long-term clinical effectiveness.

Conclusions: The use of the BiOSS LIM dedicated bifurcation stent for the treatment of distal LM stenosis was feasible and safe, with promising long-term clinical effectiveness.
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Methods

Left main (LM) coronary artery disease with >50% narrowing is
found in 4-6% of all patients undergoing coronary angiography and is associated with multivessel disease in about 70% of
cases1.
The introduction of newer-generation drug-eluting stents
(DES) and lessons learned from intravascular ultrasound (IVUS)
guidance have significantly improved the results of percutaneous
coronary intervention (PCI) treatment of LM disease. Recently,
two meta-analyses showed that the primary endpoint of oneyear major adverse cardiovascular events (MACE) was non-significantly different in the PCI group compared to the coronary
artery bypass graft (CABG) group (14.5% vs. 11.8%, respectively, p=0.11)2,3.
Previous studies have shown that PCI for ostial/mid-shaft
lesions was associated with better clinical outcomes than for
lesions located in the distal LM, mainly due to a lower need for
repeat revascularisations4. However, in most cases atherosclerosis develops in the distal part of the LM, including the bifurcation or trifurcation5. Therefore, the optimal treatment is still
the subject of debate. Dedicated bifurcation stents (DBS) are one
of the proposed solutions. Devices such as the Tryton® (Tryton
Medical Inc., Durham, NC, USA) and Axxess™ (Biosensors
International Ltd, Singapore, Singapore) stents have already
been used in LM treatment6,7.
Previously, we have published clinical data on the paclitaxeleluting version of the BiOSS® dedicated bifurcation stent (BiOSS
Expert®; Balton, Warsaw, Poland) for the treatment of distal LM
disease8. The BiOSS stent was further developed and recently
a new version eluting sirolimus became available: the BiOSS
LIM® (Balton). The main aim of the present study was to assess
prospectively the effectiveness and safety of the new sirolimuseluting BiOSS LIM for the treatment of distal LM disease.

STUDY POPULATION AND STUDY DESIGN
Between July and December 2013, patients with distal LM disease who were considered suitable by the Heart Team to undergo
PCI were eligible to be enrolled in this registry. Implantations
were performed in four centres in Bulgaria, Poland and Spain.
The inclusion criteria were: patients with stable coronary artery
disease (CAD) or non-ST-segment elevation acute coronary syndrome (NSTE-ACS), aged ≥18 years who had a de novo coronary
distal LM stenosis. The main exclusion criteria were: ST-elevation
myocardial infarction (STEMI), Medina 0,0,1 bifurcations, baseline eGFR <30 ml/min/1.73 m2, inability to take dual antiplatelet
therapy for 12 months, or a left ventricular ejection fraction ≤30%.
Written informed consent was obtained from all patients before
cardiac catheterisation. The institutional review board of each participating centre approved the study protocol.

EuroIntervention 2016;12:1246-1254

Introduction

INTERVENTIONAL PROCEDURE, DEVICE DESCRIPTION AND
CONCOMITANT MEDICATIONS
The BiOSS LIM is a coronary, balloon-expandable, dedicated
bifurcation stent. The platform is made of 316L stainless steel
(strut thickness 120 μm) and is coated with a biodegradable polymer that elutes sirolimus (drug concentration: 1.4 µg/mm2). The
rapid exchange delivery system is compatible with 0.014” guidewires and 5 Fr guiding catheters. The BiOSS LIM consists of
a proximal and a distal part joined together with two connection
struts at the middle zone (the length of the connection struts varies
from 0.9 to 1.5 mm, depending on the stent size, when the stent is
crimped on the balloon) (Figure 1).
The default strategy within this registry consisted of a single
stent implantation in the main vessel (MV) - main branch (MB)
crossing the side branch (SB). Bifurcation lesions were assessed
according to the Medina classification (QCA assessment)9.

Figure 1. BiOSS LIM deployment. A) Distal left main stenosis – pre-procedure view. B) BiOSS LIM positioning with proper location of three
markers. C) BiOSS LIM implantation. D) Post-procedure view.
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There was no restriction regarding lesion length. MV predilatation
and/or SB predilatation were performed according to the operator’s
decision. The stent was then implanted in the MV-MB. Proximal
optimisation technique (POT) was left to the operator’s decision.
SB rewiring and SB post-dilatation/stent placement were at the
discretion of the operator. A stent in the SB was implanted only
if there was a proximal residual stenosis greater than 70% after
balloon dilatation, a significant flow impairment after MV-MB
stenting or a flow-limiting dissection (according to the provisional
T-stenting strategy). Optionally, the procedure was finished with
final kissing balloon (FKB) dilatation.
Procedures were performed in a standard way via radial or femoral access using 6 or 7 Fr guiding catheters. Pharmacological
treatment was according to the most recent guidelines.
Troponin I (TnI), creatine kinase (CK) and creatine kinase-myocardial band (CK-MB) were measured pre-procedurally and after
six and 24 hours post procedure in all patients. Periprocedural
myocardial infarction (type 4a) was defined according to the third
universal definition10.

segments (MV, MB, SB) were analysed separately according to
the European Bifurcation Club (EBC) consensus11. The following
parameters were reported: lesion length, reference vessel diameter
(RVD), minimal lumen diameter (MLD). Percentage diameter stenosis (%DS), acute lumen gain (ALG) and LLL were calculated
as described previously8. The point of bifurcation (POB, the middle point at the carina level) was determined automatically by the
software.

FOLLOW-UP
Clinical follow-up was performed with office visits or by telephone at one and 12 months after the index procedure. Adverse
events were monitored throughout the study period. Follow-up
coronary angiography was performed at 12 months unless it was
clinically indicated earlier.

Results

ENDPOINTS
The primary endpoint was the cumulative rate of MACE, consisting of cardiac death, myocardial infarction (MI) and repeat revascularisation of the target lesion (TLR). Secondary endpoints included
cardiac death, all-cause death, MI, TLR, target vessel revascularisation (TVR), stent thrombosis (ST), late lumen loss (LLL), device
success and angiographic success. Cardiac death included death
resulting from an acute MI, sudden cardiac death, death due to heart
failure and death due to cardiac procedures. All deaths were deemed
cardiac unless proven otherwise. MI was defined according to the
third universal definition10. TLR and TVR were defined according
to the Academic Research Consortium definitions.
Device success was defined as successful deployment of
the BiOSS LIM stent at the intended site of the target lesion.
Angiographic success was defined as an end-procedural MV-MB
diameter stenosis less than 20% and SB ostial stenosis less than
70% without significant dissection and flow impairment.
ANGIOGRAPHIC ANALYSIS
Two orthogonal projections were chosen to visualise the treated
bifurcation. All recordings were performed after intracoronary
administration of nitroglycerine (200 μg). Quantitative coronary
angiographic (QCA) analysis was performed using the dedicated bifurcation software CAAS 5.11 (Pie Medical Imaging
BV, Maastricht, The Netherlands). Calibration was performed
using the guiding catheter in all cases. The three bifurcation

STATISTICAL ANALYSIS
Continuous variables were presented as mean±standard deviation. Categorical data were presented as numbers (%). Continuous
variables were compared using an unpaired two-sided Student’s
t-test, and categorical data using the χ2 test or Fisher’s exact test,
where appropriate. If distribution was not normal (verified with
the Shapiro-Wilk test), Wilcoxon signed-rank tests and MannWhitney U tests were used. P-values of <0.05 were considered
statistically significant. Statistical analyses were performed using
R 3.0.2 for OS (R Foundation, Vienna, Austria).

BASELINE CLINICAL CHARACTERISTICS
Between July and December 2013, 74 patients were enrolled. The
baseline characteristics are presented in detail in Table 1. Mean age
was 67±9 years. Multivessel disease was diagnosed in 61 patients
(82.4%), and there were eight (10.8%) cases of protected LM (i.e.,
patent grafts on LAD/LCX). The study cohort included was a relatively diseased population with 26 (35.1%) patients being diabetic
and 41 (55.4%) with a previous myocardial infarction. Fifty-nine
patients (79.7%) underwent elective PCI for stable coronary artery
disease, while 15 patients presented with unstable angina (n=10,
13.5%) or NSTEMI (n=5, 6.8%).
ANGIOGRAPHIC AND PROCEDURAL CHARACTERISTICS
Mean SYNTAX score was 22.4±4.4. Lesion characteristics are
also presented in Table 1 and Medina classification (on QCA)
is presented in Table 2. “True” bifurcation lesions (i.e., Medina
0,1,1; 1,0,1 or 1,1,1) accounted for 56.8% (n=42). The BiOSS
LIM stent was implanted from the LM towards the LAD in the
majority of cases (90.5%). The main procedural variables are presented in Table 3. Device success rate was 98.6%. There was only
one delivery failure in which the stent was deformed due to heavy
calcification, but did not fall from the balloon. After safe retrieval
of this stent and further predilatation, the patient was successfully
treated with a new BiOSS LIM stent. The MV was predilated
in half of the cases. In four patients (5.4%) it was necessary to
implant a regular DES as second stent in the MB because of a diffuse lesion not completely covered by the BiOSS stent (n=1) or
because of a distal dissection (n=3). Additional balloon dilatations
of the SB were performed in one third of the cases while a consequent implantation of a regular DES in the SB was performed in
14.9% of cases (n=11). The rate of POT use was 24.3%, whereas
the rate of FKB use was 47.3%.
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Baseline clinical characteristics

Table 3. Procedural characteristics.
n=74 (%)

Parameter

n=74 (%)

67±9

Device success

73 (98.6)

17 (23)

MV predilatation

38 (51.4)

Hypertension

65 (87.8)

SB predilatation

14 (18.9)

Hypercholesterolaemia

63 (85.1)

Both branches predilatation

Diabetes type 2

26 (35.1)

Nominal stent diameter in MV, mm

Prior MI

41 (55.4)

Nominal stent diameter in MB, mm

Age, years
Women, n (%)

Prior PCI

40 (54.1)

CABG

15 (20.3)

Peripheral artery disease

4 (5.4)

Chronic kidney disease

11 (14.9)

EuroSCORE II

1.65±1.4%

Clinical indication for
PCI

planned PCI

59 (79.7)

UA

10 (13.5)

NSTEMI

5 (6.8)

STEMI

0

Baseline angiographic characteristics
SYNTAX score

n=74 (%)
22.42±4.38

Multivessel disease

61 (82.4)

Functional LIMA on LAD
Lesion type

8 (10.8)
A

0

B1

26 (35.2)

B2

36 (48.5)

C

12 (16.3)

CABG: coronary artery bypass graft; LAD: left anterior descending artery;
LIMA: left intramammary artery; MI: myocardial infarction;
NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous
coronary intervention; STEMI: ST-elevation myocardial infarction;
UA: unstable angina

CLINICAL OUTCOMES
There was one (1.4%) periprocedural MI due to a transient SB
occlusion. Additionally, five (6.7%) cases of in-hospital increase
of TnI level (max 1.2 ng/ml) were registered. These were asymptomatic, without ECG changes and did not require a repeat coronary angiography (i.e., did not meet the criteria of the third
universal definition).

Nominal stent length, mm

Baseline
n=74 (%)

1,1,1

19 (25.7)

Post-procedure
n=74 (%)
0

26 (35.1)

FKB

35 (47.3)

POT

18 (24.3)

Additional stent in SB*

11 (14.9)

Additional stent in MB*

4 (5.4)

Fluoroscopy time, min

16.7±8.7

Contrast volume, ml

152±56

Vascular access radial/femoral

45 (60.8)/29 (39.2)

Guiding catheter 6 Fr/7 Fr

59 (79.7)/15 (20.3)

*Additional classic drug-eluting stent. FKB: final kissing balloon;
MB: main branch; MV: main vessel; POT: proximal optimisation
technique; SB: side branch

Clinical follow-up at 12 months was available in all patients
(Table 4). The cumulative incidence of MACE was 9.5% (n=7).
There were no (cardiac) deaths, no strokes and no stent thromboses. One patient with diffuse in-stent restenosis experienced an MI
(12-month MI rate: 2.7%). TLR was performed in five patients
(6.8%), two of which were with POBA and three with another
DES. Four (5.4%) of them were clinically driven.
QUANTITATIVE CORONARY ANGIOGRAPHY ANALYSIS
QCA data using bifurcation software are presented in Table 5.
The immediate angiographic success rate was 100%. QCA analysis revealed that the BiOSS LIM implantation caused a significant
increase of MLD and decrease of %DS in the MV as well as in the
MB. Both the distal bifurcation angle (between MB and SB) and

Table 4. Clinical results.
30 days
n=74 (%)

12 mo
n=74 (%)

MACE

1 (1.4)

7 (9.5)

Death

0

0

0

Cardiac death

0

0

1 (1.4)

2 (2.7)

Endpoints
Follow-up
n=63 (%)

1,0,1

12 (16.2)

0

0

MI

0,1,1

11 (14.9)

0

1 (1.6)

Stroke

0

0

0

0

1,0,0

15 (20.3)

0

0

ST

1,1,0

10 (13.5)

0

0

TLR

0

5 (6.8)

2 (3.2)

TVR

0

9 (12.2)

2 (2.7)

7 (9.5)

0,1,0

7 (9.5)

0

0,0,1

0

9 (12.2)

10 (15.9)

PCI in another vessel

0,0,0

0

65 (87.8)

50 (79.3)

MACE: major adverse cardiovascular events; MI: myocardial infarction;
PCI: percutaneous coronary intervention; ST: stent thrombosis;
TLR: target lesion revascularisation; TVR: target vessel revascularisation

Medina classification was based on QCA assessment.

4

3.32±0.33
17.57±2.81

SB post-dilatation

Table 2. Medina classification changes.
Medina type

9 (12.2)
4.05±0.32

EuroIntervention 2016;12:1246-1254
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the proximal MV to SB angle were not affected by the procedure.
Acute lumen gain was 1.66±0.61 mm in the MV, 0.98±0.54 mm in
the MB, and 0.15±0.61 mm in the SB.
Twelve-month follow-up angiography was available in 70 patients
(94.6%). Follow-up QCA analysis could be performed in 63
(90%) cases. Seven cases had to be excluded due to inadequate
view of the bifurcation, overlapping vessel segments, or presence
of angiographic guidewires. LLL was 0.13±0.18 mm in the MV,
0.18±0.12 mm in the MB, and 0.08±0.06 mm in the SB (Table 5).

Table 6. TLR cases.

RESTENOSIS PATTERN
In one case the in-stent restenosis pattern was diffuse, while there
was a focal restenosis in four of five (80%) cases. Restenosis was
mainly located in the MB and in the SB. In four of five (80%)
restenosis cases, a BiOSS LIM stent with a proximal diameter of
3.5 mm was implanted. Moreover, in four of five (80%) restenosis
cases there was a second stent implanted in the SB, in which FKB
was not performed except for one case. Moreover, POT was not
performed in four (80%) restenosis cases (Table 6).
To verify whether the mid zone of the BiOSS LIM stent (at the
position of the two joining struts) was a “weak” point prone to

Table 5. Quantitative coronary angiographic data analysis.
Pre-stenting

Post-stenting

FU

Main vessel
MV lesion length, mm

7.57±2.54

MV – RVD, mm

3.69±0.34

3.66±0.43

3.69±0.45

MV - %DS

56.4±16.4%

10.2±5.1%*

14.8±9%**

MLD, mm

1.62±0.65

3.28±0.41*

3.16±0.51

ALG, mm

1.66±0.61

LLL, mm

0.13±0.18

Main branch
MB lesion length, mm

9.10±5.45

MB – RVD, mm

2.74±0.31

2.82±0.34

2.88±0.33

MB - %DS

43.1±19.4%

10.5±5.2%*

18.3±15.9%**

MLD, mm

1.54±0.49

2.52±0.32*

2.35±0.51**

ALG, mm

0.98±0.54

LLL, mm

0.18±0.12

Side branch
SB lesion length, mm

3.47±3.17

SB – RVD, mm

2.34±0.42

2.22±0.51

2.27±0.53

SB - %DS

38.8±19.7%

28.7±18.2%*

33.9±19%

MLD, mm

1.44±0.56

1.59±0.58

1.51±0.60

ALG, mm

0.15±0.61

LLL, mm

0.08±0.06

Angle MV-SB, degrees

118±32

113±24

112±26

Angle MB-SB, degrees

96±34

91±29

91±31

Contour corrected

12±7.5%

8±5%

9±6%

* p<0.05 for pre vs. post. ** p<0.05 for post vs. FU. ALG: acute lumen gain; FU: follow-up;
LLL: late lumen loss; MB: main branch; MLD: minimal lumen diameter; MV: main vessel;
RVD: reference vessel diameter; SB: side branch; %DS: % diameter stenosis

No.
Time to TLR, months

1.

2.

3.

4.

5.

6

9

11

6

12

Type

focal

focal

focal

diffuse

focal

BiOSS stent diameter, mm

3.5×3

3.5×2.75

3.5×3

BiOSS stent length, mm

18

18

15

FKB

+

–

POT

–

–

DES in SB

+

Medina type at baseline
Medina type at FU

3.5×2.75 4.25×3.75
18

18

+

–

+

–

+

–

–

+

+

+

0,1,1

1,0,1

1,0,1

1,0,1

1,1,1

0,0,1

0,1,0

0,0,1

0,1,1

0,0,1

MLD-POB in MV at FU, mm

–

–

–

–

–

MLD-POB in MB at FU, mm

–

2.31

–

4.09

–

MLD-POB in SB at FU, mm

3.4

–

4.3

0.84

5.02

Treatment

DES

POBA

DES

DES

POBA

DES: drug-eluting stent; FKB: final kissing balloon; FU: follow-up; MB: main branch;
MLD-POB: distance between minimal lumen diameter and point of bifurcation in cases
with %DS ≥50%; MV: main vessel; POBA: plain old balloon angioplasty; POT: proximal
optimisation technique; SB: side branch

restenosis, we analysed the distance in each stent segment between
the MLD and POB using QCA. The middle zone is located bilaterally 1.2 mm from the POB to the MV-MB. Figure 2 shows a scatter plot with the distance from the POB on the horizontal axis
and the %DS at the MLD site in each segment on the vertical
axis, indicating that the middle zone is not prone to restenosis (i.e.,
>50% restenosis).

Discussion
The use of the BiOSS LIM stent for treatment of distal LM stenosis was associated with a high rate of device and angiographic success in a cohort with high-risk patients and lesions. At 12-month
follow-up, the cumulative MACE rate was 9.5% without cardiac
death or definite ST. The TLR rate was 6.8%, while the MI rate
was 2.7%.
The vast majority of the included patients had concomitant
comorbidities such as hypertension, diabetes, prior MI or prior
CABG: these rates were at least comparable to studies with different DBS6,7 as well as to those in the paper by Bil et al analysing
the performance of the BiOSS Expert stent in distal LM stenosis8.
It is worth mentioning that the implantation success rate of the
BiOSS LIM stent in the current registry seems to be superior to
other DBS in non-LM bifurcations7,12-17 as well as in LM bifurcations6. This suggests that the BiOSS stent is a user-friendly device.
This might be explained by the lack of issues such as guidewire
criss-crossing, improper device orientation or larger device profiles. Moreover, there was a relatively lower rate of SB stent
implantation (14.9% of cases) than in other studies (30-50%)6,12,15.
This might have been caused by the fact that this stent may
provoke less carina displacement, because of the specific design
of the BiOSS stent (with differences in proximal and distal diameters), adapting to the natural bifurcation geometry. However,
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Figure 2. Restenosis pattern. A) Bifurcation scheme showing the mean distance between POB and MLD location at follow-up. B) Scatter plot
showing no binary restenosis cases in the middle zone of the stent. MB: main branch; MLD: minimal lumen diameter; MV: main vessel;
POB: point of bifurcation; SB: side branch

the lower SB stenting rate might also be explained by the lower
rate of side branch involvement, which was 56.8% on QCA in our
study6,18-20. No apparent difficulties with rewiring of the SB were
observed in our study, confirming the hypothesis that the BiOSS
LIM stent is well-suited to the provisional T-stenting strategy20.
In the present paper, we found less periprocedural MI (1.4%)
and increased levels of TnI (6.7%) compared to those we found
in the BiOSS Expert LM registry (15.1% in-hospital increase of
TnI, of which 9.4% met the criteria of periprocedural MI)8, which
might be explained by the more aggressive protocol with higher
rates of FKB used in the previous study.
The MACE rate in our current study was 9.5%, and the rate
of TLR was 6.8%. In the first-in-man BiOSS LIM registry, these
rates were 11.7% (MACE) and 8.3% (TLR)21; in the BiOSS Expert
stent in LM study the rates were both 9.3%8. The somewhat higher
rates of MACE and TLR in the FIM BiOSS LIM registry compared to the present paper might be explained by the difference in
sirolimus concentration of the current BiOSS LIM stent. Initially,
the concentration of sirolimus was 1 µg/mm2, while the concentration of the current version is 1.4 µg/mm2. This hypothesis is
supported by the late lumen loss values obtained in the currently
presented population. The LLL values we found in the current registry (MV: 0.13 mm, MB: 0.18 mm, SB: 0.08 mm) were smaller
than those obtained in the BiOSS LIM registry in non-LM lesions
(MV: 0.35 mm, MB: 0.34 mm, SB: 0.18 mm)21 as well as in the
paclitaxel-eluting BiOSS Expert in LM study (MV: 0.20 mm,
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MB: 0.26 mm, SB 0.13 mm)8. These data might also suggest that
the change of the drug (from paclitaxel to sirolimus) is associated
with lower LLL and that the potential benefit of BiOSS over conventional DES might be greater in the LM (with more significant
differences in diameters between the MV and the MB) than in
non-LM bifurcation lesions22.
The TLR rate was comparable to other studies with values
within the range of 6.6%-12%6,7,14-16. However, in other studies
there were higher rates of predilatation and post-dilatation, as well
as FKB7,12-16. Worth mentioning is the fact that the complexity of
the coronary anatomy (SYNTAX score 22.4±4.4) was higher in
our study compared to other trials6. Moreover, in the original paper
of Serruys et al, the 12-month cumulative rate of MACE in a population of patients with low SYNTAX score (0-22) was 14.7% and
with intermediate SYNTAX score (23-32) was 16.7%1. A recent
study by Moynagh et al showed that the endpoint rate, defined as
target vessel failure (cardiac death, target vessel MI, and clinically
driven TLR), in LM with PES stenting was 16.3% and with EES
stenting 7.6%23. Compared to these historical cohorts, the results
of the BiOSS LIM we found seem to be favourable, although randomised data are needed to prove that.
Worth stressing is the fact that our LM study population was
of intermediate to high complexity. To summarise the criteria for
complex LM bifurcation lesions, we can use criteria proposed by
Chen et al in the DEFINITION trial, which are as follows: Medina
1,1,1/0,1,1 with side branch diameter minimally 2.5 mm, side
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branch %DS ≥70% as well as SB lesion length ≥10 mm. Although
the rate of true bifurcation was higher in the TRYTON LM registry (84% vs. 57%), in our study the SYNTAX score was higher
(20 vs. 23 points)24.
Importantly, the pattern of restenosis did not reveal the middle
zone (with only the two connection struts) to be the “weak point” of
the BiOSS LIM stent. The MLD sites were located significantly further away from the POB at follow-up than pre-procedure (Figure 2).
The restenosis cases were more frequently observed in stents with
smaller nominal parameters (>50% restenosis in stents with proximal diameter ≤3.75 mm vs. >3.75 mm was 16.7% vs. 5.6%, respectively). Apart from the smaller nominal stent diameter, restenosis
was associated with double stenting and the low rate of FKB and
POT. Interestingly, the same pattern of restenosis was observed
in the BiOSS Expert stent in LM registry8. These results were in
agreement with the results of the NORDIC 3 study, in which FKB
reduced angiographic side branch restenosis, especially in patients
with true bifurcation lesions25 as well as with the results of the
POLBOS I study, in which POT in the BiOSS group was associated
with a lower rate of TLR26. The POT technique ensures better stent
apposition in the MV, and improves the flow to the SB. This technique is recommended by the EBC27. Moreover, Kim et al as well
as others have shown that the one-stent technique is better than the
two-stent technique in distal LM treatment28,29.
QCA analyses were performed with dedicated bifurcation software. Dedicated bifurcation 2D QCA software is recommended
since it was proven to be superior to straight vessel QCA applied
in bifurcations30. Furthermore, a recent study has shown excellent
inter-observer variability when using this software, even in distinct core labs31. Dedicated software enables integrated assessment
of the reference function including the MV step-down, measurement of angulations between vessels and reporting in segmental
models. Compared with the single-vessel analysis we performed
in the BiOSS Expert stent in LM registry8, it enabled us to evaluate the MLD site relative to the POB. Furthermore, it allowed
a more detailed analysis of bifurcation segments and angles.

Limitations
The present study has the limitations of a registry. These cases are
selected and therefore may not reflect an “all-comer” LM bifurcation lesion population. There was no control group to compare
the use of this dedicated bifurcation stent and stenting with other
devices and techniques. Moreover, the number of patients enrolled
in the registry was relatively low, and more studies, including randomised trials, are needed to draw more definitive conclusions.
QCA was not possible in 100% of the cohort for the reasons
explained above. The use of intravascular imaging (IVUS) techniques was not available in the majority of cases and not systematically analysed.

Conclusions
The use of the BiOSS LIM stent for treatment of distal LM stenosis is feasible and results in good acute angiographic results.

The safety of the procedure and 12-month clinical outcome are
acceptable in this high-risk PCI group. At 12-month follow-up, the
cumulative MACE rate was 9.5% with no cardiac death or definite stent thrombosis. The TLR rate was 6.8% (n=5) and the MI
rate was 2.7% (n=2). The 12-month QCA results of the MB were
excellent and comparable with LLL values of best-in-class DES in
non-bifurcation lesions.

Impact on daily practice
This report has shown that implantation of the dedicated bifurcation BiOSS LIM stent in distal left main stenosis in patients
with a moderate SYNTAX score is safe and effective. Also,
these results suggest that the sirolimus-eluting BiOSS LIM
stent has better results than the paclitaxel-eluting BiOSS Expert
stent. This stent might pose an interesting option in coronary
bifurcation treatment, especially when there is a large difference in the diameter between the main vessel and the main
branch.
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Abstract
Aims: The aim of the POLBOS II randomised trial was to compare any regular drug-eluting stents (rDES)
with the dedicated bifurcation sirolimus-eluting stent BiOSS LIM for the treatment of coronary bifurcation lesions. The secondary aim was to study the effect of final kissing balloon inflation (FKBI) on clinical
outcomes.

Methods and results: Between December 2012 and December 2013, 202 patients with stable coronary
artery disease or non-ST-segment elevation acute coronary syndrome were randomly assigned 1:1 to treatment of the coronary bifurcation lesions either with the BiOSS LIM stent (n=102) or with an rDES (n=100).
Coronary re-angiography was performed at 12 months. The primary endpoint was the composite of cardiac
death, myocardial infarction (MI), and target lesion revascularisation (TLR) at 12 months. The target vessel was located in the left main in one third of the cases (35.3% in BiOSS and 38% in rDES). Side branch
treatment was required in 8.8% (rDES) and 7% (BiOSS). At 12 months, the cumulative MACE incidence
was similar in both groups (11.8% [BiOSS] vs. 15% [rDES, p=0.08]), as was the TLR rate (9.8% vs. 9%
[p=0.8]). The binary restenosis rates were significantly lower in the FKBI subgroup of the BiOSS group
(5.9% vs. 11.8%, p<0.05).

DOI: 10.4244/EIJY15M11_11

Conclusions: MACE rates as well as TLR rates were comparable between the BiOSS LIM and rDES. At
12 months, cumulative MACE incidence was similar in both groups (11.8% vs. 15%), as was the TLR rate
(9.8% vs. 9%). Significantly lower rates of restenosis were observed in the FKBI subgroup of the BiOSS
group.

*Corresponding author: Department of Invasive Cardiology, Central Clinical Hospital of the Ministry of Interior, 137 Woloska
Street, 02-507 Warsaw, Poland. E-mail: scorpirg@gmail.com
© Europa Digital & Publishing 2016. All rights reserved.
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clinical trial
POLBOSPOLBOS
II clinicalII trial

INTERVENTIONAL PROCEDURE, DEVICE DESCRIPTION AND
CONCOMITANT MEDICATION
After signing informed consent, patients were randomly assigned
to one of two treatment strategies, BiOSS LIM stent implantation or rDES implantation. Patients randomised to the rDES group
underwent a second randomisation: completing the procedure
with or without FKBI (Figure 1). Patients were randomised by
telephone call to an external office, where the random allocation
sequence was generated, and the participants were assigned using
a sealed opaque envelope system (randomisation 1:1).
The BiOSS LIM is a coronary, dedicated balloon-expandable
bifurcation stent. The platform is made of 316L stainless steel
(strut thickness 120 μm) and is coated with a biodegradable polymer that elutes sirolimus (drug concentration: 1.4 µg/mm2). The
rapid exchange delivery system is compatible with conventional
0.014” guidewires and 5 Fr guiding catheters. The BiOSS LIM

Enrolment

Excluded (n=64):
– not meeting inclusion criteria (n=45)
– refused to sign informed consent (n=19)
Randomised
(n=202)

Allocation

STUDY POPULATION AND STUDY DESIGN
The POLBOS II trial was a randomised, open-label, controlled
study conducted between December 2012 and December 2013
in four centres in Poland and in one centre in Spain. The inclusion criteria were: stable coronary artery disease (CAD) or nonST-segment elevation acute coronary syndrome (NSTE-ACS), age
≥18 years, de novo coronary bifurcation lesion (including unprotected left main stem), main vessel (MV) diameter ≥2.5 mm and
side branch (SB) diameter ≥2.0 mm on visual estimation. Main
exclusion criteria were: ST-segment elevation myocardial infarction (STEMI), Medina 0,0,1 bifurcations, baseline serum creatinine
level ≥177 µmol/L (2.0 mg/dl), inability to take dual antiplatelet
therapy for 12 months, left ventricular ejection fraction ≤30%, and
the lack of informed consent. The institutional review board of
each participating centre approved the study protocol (88/2010,
ClinicalTrials.gov Identifier: NCT02198300).

Assessed for eligibility
(n=266)

BiOSS LIM® group
n=102

Follow-up

Methods

POLBOS II
Study flow chart

Observation (n=102)

Analysis

Drug-eluting stents (DES) started being used in coronary bifurcations in the early 2000s and clearly improved midterm angiographic and clinical outcomes compared with bare metal stents1.
However, bifurcation lesions still pose a therapeutic challenge
during percutaneous coronary interventions (PCI). Therefore, the
use of dedicated bifurcation stents (DBS) is one of the proposed
potential solutions to improve short-term as well as long-term outcomes. However, up to now only two randomised trials comparing
DES with DBS have been published, one with the BiOSS Expert®
stent (Balton, Warsaw, Poland), and one with the Tryton Side
Branch Stent (Tryton Medical, Durham, NC, USA)2,3.
The aim of the POLBOS II (POLish Bifurcation Optimal
Stenting) trial was to compare the use of any regular drug-eluting
stent (rDES) with a dedicated bifurcation sirolimus-eluting stent
BiOSS LIM® (Balton) for the treatment of coronary bifurcation
lesions. The secondary aim was to study the effect of final kissing
balloon inflation (FKBI) on clinical outcomes.

Analysed ITT
(n=102)

Lost to FU (n=1)
1 non-cardiac death

Regular rDES group
n=100
FKBI
n=49

EuroIntervention 2016;12:e1404- e1412

Introduction

no FKBI
n=51

Observation (n=100)
Lost to FU (n=3)
3 sudden deaths of unknown reason

Analysed ITT
(n=100)

Figure 1. POLBOS II - study flow chart. FKBI: final kissing balloon
inflation; FU: follow-up; ITT: intention-to-treat; rDES: regular
drug-eluting stent

consists of two parts, proximal and distal, joined with two connection struts at the middle zone (length: 0.9-1.5 mm, depending
on stent size)4,5.
In the rDES group, the use of any approved regular DES available in the participating cathlabs was allowed at the discretion
of the operator. The following stents were available: paclitaxeleluting stents (PES) (Luc-Chopin2® [Balton], Coroflex® Please
[B. Braun, Melsungen AG, Melsungen, Germany]), everolimuseluting stents (EES) (XIENCE® [Abbott Vascular, Santa Clara,
CA, USA], PROMUS [Boston Scientific Corp., Marlborough,
MA, USA]), sirolimus-eluting stents (SES) (PROLIM® [Balton],
Orsiro [Biotronik, Bülach, Switzerland], Cre8™ [CID, Saluggia,
Italy]), Biolimus A9-eluting stents (BES) (BioMime™ [Meril,
Vapi, Gujarat, India], BioMatrix™ [Biosensors, Singapore]), and
zotarolimus-eluting stents (ZES) (Resolute Integrity [Medtronic,
Minneapolis, MN, USA]).
The default strategy in both treatment groups consisted of the
provisional strategy. A single stent was implanted in the MV-main
branch (MB) across the SB in all patients. Bifurcation lesions were
assessed according to the Medina classification (visual assessment)6. There was no restriction regarding lesion length. MV predilatation and/or SB predilatation was performed according to the
operator’s decision. The stent was then implanted in the MV-MB.
Next, the proximal optimisation technique (POT) was recommended, utilising a short non-compliant balloon in the proximal
part of the MV stent. The balloon for POT was positioned with the
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distal marker in front of the carina7. After rewiring, SB post-dilatation/stent implantation was performed if indicated. A stent in the
SB was implanted only if there was >70% residual stenosis in the
SB and/or significant flow impairment (TIMI 0-1) after MV-MB
stenting and/or a flow-limiting dissection.
The procedure was completed with FKBI dilatation. In the
BiOSS group this step was left to the operator’s discretion, while
in the rDES group it was performed according to the result of
a second randomisation.
Procedures were performed according to local standards via radial
or femoral access using 6 or 7 Fr guiding catheters. Pharmacological
treatment was according to the most recent guidelines.
Troponin I (TnI), creatine kinase (CK) and creatine kinase-myocardial band (CK-MB) were measured pre-procedure and after six
and 24 hours post procedure in all patients. Periprocedural myocardial infarction (type 4a) was defined according to the third universal definition8.
FOLLOW-UP
Clinical follow-up was performed with office visits or by telephone at one and 12 months after intervention. Adverse events
were monitored throughout the study period. Follow-up coronary
angiography was performed at 12 months, unless clinically indicated earlier.
ENDPOINTS
The primary endpoint was the cumulative rate of major adverse cardiovascular events (MACE) consisting of cardiac death, myocardial
infarction (MI) and target lesion revascularisation (TLR). Secondary
endpoints included cardiac death, all-cause death, MI, TLR, target
vessel revascularisation (TVR), stent thrombosis (ST), late lumen
loss (LLL) and device success. Cardiac death included death resulting from an acute MI, sudden cardiac death, death due to heart failure and death due to cardiac procedures. All deaths were deemed
cardiac unless proven otherwise. MI was defined according to the
third universal definition8. Clinically driven TLR was defined as
reintervention of the target lesion due to presence of a symptomatic
≥50% diameter stenosis during follow-up. Angiographically driven
TLR was defined as reintervention due to angiographic detection of
significant restenosis (≥70%) in a patient who was clinically asymptomatic. TVR was defined as any revascularisation of any segment
of the index coronary artery. LLL was calculated based on quantitative coronary angiographic (QCA) results and was defined as the
post-procedural minimal luminal diameter minus the minimal luminal diameter (in millimetres) at 12-month follow-up. Device success
was defined as successful deployment of the intended stent in the
target site without a system failure.
ANGIOGRAPHIC ANALYSIS
Two orthogonal projections were chosen to visualise the treated
bifurcation. All recordings were performed after intracoronary
administration of nitroglycerine (200 μg). QCA analysis was performed using the dedicated bifurcation software CAAS 5.11 (Pie
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Medical Imaging BV, Maastricht, The Netherlands). Calibration
was performed using the guiding catheter in all cases. The three
bifurcation segments (MV, MB, SB) were analysed separately
according to the European Bifurcation Club (EBC) consensus document9. The following parameters were reported: lesion
length, reference vessel diameter (RVD), minimal lumen diameter (MLD). Percentage diameter stenosis (%DS), acute lumen gain
(ALG) and LLL were calculated as described previously10. The
point of bifurcation (POB) was determined automatically by the
software and defined as the mid-point of the largest circle that can
be fitted in the bifurcation area, touching all three contours, as previously described11.
STATISTICAL ANALYSIS
Continuous variables were presented as mean±SD. Categorical
data were presented as numbers (%). Continuous variables were
compared using an unpaired Student’s two-sided t-test, and categorical data using the χ2 test or Fisher’s exact test, as appropriate. If distribution was not normal (verified with the Shapiro-Wilk
test), Wilcoxon signed-rank tests and Mann-Whitney U tests were
used. P-values of <0.05 were considered statistically significant.
Statistical analyses were performed using R 3.0.2 for OS (R
Foundation, Vienna, Austria).

Results
BASELINE CLINICAL CHARACTERISTICS
Between December 2012 and December 2013, a total of 202
patients were enrolled and randomly assigned to either the BiOSS
group (n=102) or the rDES group (n=100). Among patients from
the rDES group, 49 were randomised to FKBI and 51 to no FKBI
(Figure 1). The mean age was 67.2±8.8 years in the BiOSS group
and 66.6±9.0 years in the rDES group (p=0.93). Baseline clinical characteristics were well matched between the two groups,
although there were more patients with diabetes type 2 in the
BiOSS group (44.1% vs. 32%, p=0.01), and more patients with
peripheral artery disease in the rDES group (3.9% vs. 9%, p=0.03)
(Table 1).
ANGIOGRAPHIC AND PROCEDURAL CHARACTERISTICS
Lesions were located in the left anterior descending artery (LAD)
in almost half of the cases (BiOSS vs. rDES: 44.1% vs. 43%,
p=0.9), and in the left main (LM) in about one third of the cases
(BiOSS vs. rDES: 35.3% vs. 38%, p=0.84). The rest were located
in either the left circumflex artery (LCx) (BiOSS vs. rDES: 15.7%
vs. 15.0%, p=0.88) or the right coronary artery (RCA) (BiOSS
vs. rDES: 4.9% vs. 4%, p=0.9). In the rDES group, EES (46%)
were used most frequently, followed by SES (24%). More details
are presented in Figure 2A-Figure 2C. No difference between the
two groups was observed regarding the distribution of true (i.e.,
Medina 1,1,1, 1,0,1, 0,1,1) and non-true bifurcations (Table 2).
The main procedural variables are presented in Table 3. The
device success rate was 99% in both groups. Mean BiOSS
Expert nominal stent diameters were 3.74±0.45 mm (MV) and
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Table 3. Procedural characteristics.

BiOSS group rDES group
Baseline clinical characteristics

n=102 (%) n=100 (%)

Age, years

67.2±8.8

BiOSS group rDES group
n (%)
n (%)

Parameter

66.6±9.0

Successful implantation

101 (99)

99 (99)

57 (55.9)

77 (77)*
29 (29)*

Women, n (%)

24 (23.1)

25 (25)

MV predilatation

Hypertension

86 (84.3)

81 (81)

SB predilatation

40 (39.2)

Hypercholesterolaemia

85 (83.3)

81 (81)

Both branches predilatation

24 (23.5)

27 (27)

–

3.35±0.51*

Diabetes type 2

45 (44.1)

32 (32)*

Nominal stent diameter, mm

Prior MI

44 (43.1)

48 (48)

Nominal stent diameter in MV, mm

3.74±0.45

–

53 (52)

57 (57)

Nominal stent diameter in MB, mm

3.03±0.43

–

13 (12.7)

16 (16)

Nominal stent length, mm

Prior PCI
CABG
Peripheral artery disease
Chronic kidney disease
History of smoking
Clinical indication
for PCI

UA
NSTEMI

7 (7)

POT

38 (37.3)

68 (68)*

26 (26)

FKBI

34 (32.7)

49 (49)*¶

Additional stent in SB

9 (8.8)

7 (7.0)

Dissection requiring an additional
stent in MV-MB

5 (4.9)

6 (6.0)

12.6±10.7

12.7±5.7

78 (76.9)

75 (75)

9 (8.8)

11 (11)

15 (14.3)

14 (14)

0

0

Fluoroscopy time, min
Contrast volume, ml
Vascular access femoral/radial

Baseline angiographic characteristics n=102 (%) n=100 (%)

Lesion type

Guiding catheter 6 Fr/7 Fr

17.53±3.47 18.21±2.35

Multivessel disease

74 (72.6)
A

54 (54.0)

11 (10.8)

STEMI
SYNTAX score

50 (49.0)

9 (9)*

1.35±1.1% 1.42±1.3%
planned PCI

17.83±2.69 19.94±6.32*

SB post-dilatation

4 (3.9)
21 (20.6)

EuroSCORE II

2 (2)

B1

45 (44.1)

40 (40)

B2

28 (27.5)

39 (39)*

C

26 (25.5)

19 (19)

131±45

134±37

36.3%/63.7%

19%/81%

95.1%/4.9%

100%/0%

*p<0.05. ¶FKBI was performed according to randomisation in the
rDES group and according to the operator’s discretion in the BiOSS
LIM group. FKBI: final kissing balloon inflation; MB: main branch;
MV: main vessel; POT: proximal optimisation technique;
rDES: regular drug-eluting stent; SB: side branch

68 (68)

3 (2.9)
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Table 1. Baseline population characteristics.

and 37.3% vs. 68% (p<0.01), respectively. In both groups, the MV
was predilated in more than half of the lesions (BiOSS 55.9% vs.
rDES 77%, p=0.03), and the implantation of an additional rDES in
the SB was required in nine cases (8.8%) in the BiOSS group and
in seven cases (7%) in the rDES group (p=0.9).

*p<0.05. CABG: coronary artery bypass graft; MI: myocardial infarction;
NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous
coronary intervention; rDES: regular drug-eluting stent;
STEMI: ST-elevation myocardial infarction; UA: unstable angina

3.03±0.43 mm (MB). Mean stent length was 17.83±2.69 mm,
while the mean maximal implantation pressure was 14.3±4.5 atm.
In the rDES group nominal stent parameters were as follows:
diameter 3.35±0.51 mm, length 19.94±6.32 mm and mean maximal implantation pressure 17.2±3.7 atm. Procedural characteristics
in the two groups were similar, except for rates of FKBI and POT,
which were higher in the rDES group, 32.7% vs. 49% (p<0.01)

CLINICAL OUTCOMES
There was one (1%) periprocedural MI in each group (due to transient SB occlusion and/or atherosclerotic debris embolisation).
Additionally, there were six (5.9%) patients in the BiOSS group
and eight (8%) in the rDES group with in-hospital increased TnI
levels (max 1.9 ng/ml). These were all asymptomatic, without

Table 2. Medina classification according to QCA.
Medina type

Baseline

Post-procedure

Follow-up

BiOSS n=102 (%) rDES n=100 (%) BiOSS n=102 (%) rDES n=100 (%)

BiOSS n=86 (%)

rDES n=85 (%)

1,1,1

42 (41.2)

40 (40)

0

0

3 (3.5)

3 (3.5)

1,0,1

12 (11.8)

14 (14)

0

0

1 (1.2)

1 (1.2)

0,1,1

25 (24.5)

28 (28)

0

0

1 (1.2)

1 (1.2)

1,0,0

4 (3.9)

5 (5)

0

0

4 (4.7)

3 (3.5)

13 (15)

1,1,0

17 (16.8)

0,1,0

2 (1.9)

0

0,0,1

0

0

0,0,0

0

0

0

0

1 (1.2)

0

0

0

3 (3.5)

1 (1.2)

10 (9.8)

8 (8)

6 (7)

8 (9.4)

92 (90.2)

92 (92)

67 (78)

68 (80)

rDES: regular drug-eluting stent
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A

Lesion location in BiOSS group
LCx
16%

RCA
5%

B

Lesion location in rDES group

LAD
44%

C

LM
38%

LAD
43%

Types of drugs in rDES group
6% 2%

RCA
4%

LCx
15%

LM
35%

D

Late lumen loss

22%
0.32

0.28

0.26

0.23

0.16
46%

24%

MV

MB

0.14
SB

Figure 2. POLBOS II trial results. A) Lesion location in the BiOSS group. B) Lesion location in the rDES group. C) Types of drugs in regular
DES group. D) Late lumen loss after 12 months.
ECG changes and did not require repeat coronary angiography
(i.e., they did not meet the criteria of MI type 4a).
Clinical follow-up at 12 months was available in all patients
who were alive (Table 4). The cumulative incidence of MACE
was numerically lower in the BiOSS group although it did not
reach statistical significance (11.8% in the BiOSS group vs. 15%
in the rDES group, p=0.09). In the BiOSS group one non-cardiac
death (secondary to a malignancy) occurred, whereas cardiac death
occurred in three patients in the rDES group (all sudden deaths of
unknown cause). One case of definite ST was observed in each
group, both subacute. The TLR rate was comparable between both

Figure 3. MLD distribution in the BiOSS LIM stent after 12 months.
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groups (BiOSS group vs. rDES group: 9.8% vs. 9.0%, p=0.8).
When considering only clinically driven TLR there were five
(4.9%) cases in the BiOSS group and three (3.0%) cases in the
rDES group (p=NS). Also, there was a trend towards a lower TLR
rate in the LM subgroup in the BiOSS group (8.3% vs. 10.5%).
Moreover, in the PES subgroup of the rDES group the TLR rate
was 22.7%, whereas in the “olimus” subgroup it was only 5.1%.
Detailed data concerning the type of restenosis with regard to
DES type in the rDES group are presented in Appendix Table 1,
Appendix Table 2. Figure 3 shows the position of the MLD sites,
with their corresponding diameter stenosis values, relative to the
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Table 5. Angiographic data.

BiOSS group n=102 (%) rDES group n=100 (%)

BiOSS group

rDES group

3.59±0.23

3.48±0.29

30 days

12 mo

30 days

12 mo

Pre-intervention

2 (1.9)

12 (11.8)

2 (2)

15 (15)

MV - RVD, mm

All-cause death

0

1 (1)

0

3 (3)

MV - %DS

61±14

59±16

Cardiac death

0

0

0

3 (3)

MV - MLD, mm

1.4±0.24

1.43±0.27

MI

1 (1)

2 (1.9)

1 (1)

3 (3)

MB - RVD, mm

3.01±0.12

3.07±0.23

Definite ST

1 (1)

1 (1)

1 (1)

1 (1)

MB - %DS

48±16

49±16

Cumulative TLR

1 (1)

10 (9.8)

1 (1)

9 (9)

MB - MLD, mm

1.56±0.18

1.57±0.19

Clinically driven TLR

1 (1)

5 (4.9)

1 (1)

3 (3)

SB - RVD, mm

2.45±0.39

2.34±0.34

TVR

1 (1)

14 (13.7)

1 (1)

12 (12)

54±24

45±18

0

8 (7.8)

0

6 (6)

1.13±0.2

1.29±0.16

76±21

69±23

MACE

PCI in another vessel

MACE: major adverse cardiovascular events; MI: myocardial infarction; PCI: percutaneous
coronary intervention; rDES: regular drug-eluting stent; ST: stent thrombosis; TLR: target
lesion revascularisation; TVR: target vessel revascularisation

POB for each bifurcation segment separately. It shows that the
middle zone is not more susceptible to restenosis than the segments more proximal to or distal from the POB.
QCA ANALYSIS
Angiographic follow-up at 12 months was performed in 182
patients (90.1%), of whom 92 (90.2%) were randomised to the
BiOSS group and 90 (90%) to the rDES group. Follow-up QCA
analysis was performed in 171 (84.7%) cases. Eleven cases had to
be excluded due to an inadequate view at the bifurcation lesion,
overlapping vessel segments, or the presence of angiographic
guidewires. Angiographic data are presented in Table 5. The
two groups were well matched in baseline QCA characteristics.
Quantitative angiographic analysis revealed that the BiOSS LIM
stent as well as rDES implantation caused a significant increase
of MLD and decrease of %DS in the MV and MB. However, this
procedure did not affect angle alpha between the MV and SB.
When comparing LLL values, there were no significant differences in the MV (BiOSS vs. rDES: 0.28 vs. 0.23 mm, p=NS), in
the MB (0.32 vs. 0.26 mm, p=NS) as well as in the SB (0.16 vs.
0.14 mm, p=NS) (Figure 2D). Within the rDES group, the smallest
LLL values were observed in the EES subgroup, and the largest in
the PES subgroup (Appendix Table 3). LLL values were greater in
non-LMS bifurcation lesions in all subgroups.
FKBI VS. NO FKBI – SUBGROUP ANALYSIS
Subgroup analysis regarding FKBI versus no FKBI revealed
that in both groups (BiOSS group and rDES group) FKBI was
related to a higher rate of SB stenting, longer fluoroscopy time and
a greater likelihood of the treated lesions being located in the LM.
However, in the FKBI subgroup there was a significantly lower
rate of restenosis in the BiOSS group (5.9% vs. 11.8%, p<0.05).
Such an association was not present in the rDES group (10.2%
vs. 7.8%, p=NS). Moreover, the POT technique has a more pronounced effect on the TLR rate than the FKBI and in both groups
was significantly associated with a lower rate of TLR (in the

SB - %DS
SB - MLD, mm
Angle MV-SB
Angle MB-SB

87±23

76±23

MV lesion length, mm

9.3±3.4

9.7±3.7

MB lesion length, mm

8.3±2.9

9.8±3.4

SB lesion length, mm

4.2±2.1

3.9±2.8

3.68±0.19

3.53±0.25
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Table 4. Clinical results.

Post-intervention
MV - RVD, mm
MV - %DS

11±4

8±9

MV - MLD, mm

3.28±0.15

3.25±0.19

MV - ALG, mm

1.88±0.19

1.82±0.24

MB - RVD, mm

3.1±0.38

3.15±0.32

14±12

13±8

MB - %DS
MB - MLD, mm

2.67±0.27

2.74±0.21

MB - ALG, mm

1.11±0.16

1.17±0.18

SB - RVD, mm

2.41±0.14

2.39±0.22

32±19

28±21

SB - MLD, mm

1.64±0.2

1.72±0.15

SB - ALG, mm

0.51±0.16

0.43±0.18

Angle MV-SB

79±21

79±23

Angle MB-SB

86±23

66±23

3.72±0.13

3.57±0.19

19±6

15±10

MV - MLD, mm

3.0±0.17

3.02±0.21

MB - RVD, mm

3.12±0.28

3.18±0.23

SB - %DS

Follow-up
MV - RVD, mm
MV - %DS

MB - %DS

24±12

22±13

MB - MLD, mm

2.35±0.32

2.48±0.28

SB - RVD, mm

2.43±0.14

2.37±0.18

39±19

33±17

SB - %DS
SB - MLD, mm

1.48±0.2

1.58±0.18

Angle MV-SB

78±18

76±14

Angle MB-SB

84±19

69±19

ALG: acute lumen gain

BiOSS group: 5.3% vs. 12.5%, p<0.05 and in the rDES group:
2.9% vs. 25%, p<0.01). Additionally, there was a trend towards
lower LLL in both the BiOSS group and the rDES group when
FKBI and POT were applied (Appendix Table 1).

15

e1409

POLBOS II clinical trial
EuroIntervention 2016;12:e1404- e1412

e1410

Discussion
The main findings of this study are as follows: 1) the 12-month
cumulative MACE rates were comparable between the BiOSS
LIM and the rDES treatment groups; 2) TLR rates were also comparable between BiOSS LIM and rDES; 3) FKBI did not improve
outcomes in rDES, although this was underpowered; 4) a subgroup of patients in whom POT with FKBI was performed showed
better angiographic and clinical outcomes; 5) the BiOSS LIM provides a single stent bifurcation treatment option with a very high
rate of implantation success.
The BiOSS stent is a stainless steel construction based on the
physiological concept of the coronary bifurcation anatomy and the
coronary blood flow. Results of the BiOSS Expert Registry evaluating the BiOSS paclitaxel-eluting stent were encouraging and,
subsequently, the randomised POLBOS I trial comparing BiOSS
Expert with rDES was conducted3,12. However, in the meantime
many studies have shown paclitaxel-eluting stents to be inferior to
“olimus”-eluting stents13. Therefore, a new version of the BiOSS
stent, the BiOSS LIM, eluting sirolimus, was designed. After
near completion of the POLBOS I trial, the POLBOS II trial was
started, in which the sirolimus-eluting BiOSS LIM was compared
with rDES.
The results of both POLBOS I and POLBOS II have shown that
the BiOSS stent performs very well in distal LM stenosis14. There
was no difference between sirolimus- and paclitaxel-eluting BiOSS
stents. This suggests that the design of the BiOSS stent itself plays
a crucial role. Also, lower LLL values in the LM subgroup suggest
that this stent might be better suited for bifurcations with a greater
difference in diameters between MV and MB, such as the LMS/
LAD/LCX bifurcation (Appendix Table 3). These results were also
initially observed in registries of the BiOSS stents in the LM10,15.
The stepped design of the BiOSS stent delivery balloon was
created, theoretically, to ensure an FKBI- and POT-like effect, thus
allowing operators frequently to omit this part of the procedure.
During analysis of the current data we indeed found that the percentages of FKBI and POT were relatively low. These data suggest that the operators also had the perception that the features
of the BiOSS stent design might remove the need for POT and/
or FKBI as procedural steps during PCI of bifurcation lesions.
Unfortunately, in the subgroup of patients treated with BiOSS
in whom FKBI and POT were not performed, we found worse
clinical outcomes and a trend towards higher LLL values. This
unfavourable outcome might be due to the fact that the semi-compliant delivery balloon is not as efficient in POT as the recommended non-compliant balloon catheter (according to the EBC).
Also, in the distal part of the stent the semi-compliant delivery
balloon might not keep its parameters (it might gain too much in
diameter) and cause the plaque shift as well as the carina shift.
Therefore, the use of FKBI might restore the correct anatomical
conditions in the bifurcation and improve the outcome. The impact
of FKBI on clinical outcomes found in both POLBOS trials was
in agreement with NORDIC III study findings, in which FKBI
reduced angiographic side branch restenosis, especially in patients
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with true bifurcation lesions3,16. However, to the best of our knowledge, we show for the first time the importance of POT as the final
part of coronary stent implantation in bifurcation lesions. It should
be stressed that in our study POT had a more pronounced positive effect on TLR rates (5.3% with POT vs. 12.5% without POT,
p<0.05, in the BiOSS group; and 2.9% with POT vs. 25% without
POT in the rDES group, p<0.01).
Importantly, the pattern of restenosis did not reveal the middle zone (with only the two connection struts) as a “weak point”
of the BiOSS LIM stent. The MLD sites were located significantly further away from the POB at follow-up than pre-procedure
(Figure 3).
BiOSS stents are made of stainless steel and therefore have relatively thick struts (120 µm without polymer), which might predispose to excessive neointimal proliferation. The ISAR-STEREO
trial demonstrated that a thin-strut stent had a lower rate of restenosis than a thick-strut stent of similar design17. Similar results
were found in several other trials18-20. During recent years the
industry has applied platinum chromium and cobalt-chromium
alloys to achieve stents with so-called thin struts (i.e., <90 µm)21.
Although the clinical results obtained with the BiOSS Expert
are satisfactory, the BiOSS concept remains under development
(Appendix Table 4). The next generation of the BiOSS stent, made
of cobalt-chromium with a strut thickness of 70 µm, but with the
same sirolimus concentration and biodegradable polymer, is currently under development. The results obtained in the POLBOS I
and II trials are very consistent. The results of the BiOSS LIM
stent (even without optimisation) were comparable to rDES. It is
assumed that only the thin-strut BiOSS version may achieve better results. Therefore, it was decided to prepare a new randomised,
international study – POLBOS III, where the newest thin-strut
BiOSS version will be compared with the most tested representatives of “olimus” stents (EES, ZES).
STUDY LIMITATIONS
The POLBOS II trial has several limitations that should be
acknowledged. First of all, the sample size was relatively small.
Furthermore, a 100% angiographic follow-up rate could not be
achieved, although a follow-up rate of 90% is in line with similar
studies. The use of multiple stent types and drugs in the control
group is also a limitation, although this aspect of the design was
intended to replicate real-world clinical practice. The predictable
randomisation scheme may potentially have biased the decisions
of investigators to randomise patients with certain angiographic
characteristics. Finally, the differences in FKBI/POT strategies
between the two study groups (randomisation in the rDES group
and operator choice in the BiOSS group) may also have influenced
the results.

Conclusion
The success rate of implantation of the BiOSS LIM stent is very
high. The cumulative rate of MACE is comparable between
BiOSS and rDES groups. The TLR rate achieved with the BiOSS
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Impact on daily practice
This trial has shown that implantation of the dedicated bifurcation BiOSS LIM stent is safe and effective. Also, the results for
MACE and TLR rates were comparable between the BiOSS
LIM and rDES groups. Therefore, this stent might be an alternative in some cases of coronary bifurcation treatment, especially when there is a large difference in diameter between the
main vessel and the main branch.
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Appendix Table 1. Details of TLR cases.
DES group
No.

FU (mo)

DES (type, size)

Location

Medina at FU

FKBI

POT

SB DES

Treat

1

11

SES, 3×18 mm

LM

0,0,1

–

–

–

POBA

2

11

PES, 4×15 mm

LM

1,0,0

–

+

–

DES

3

12

EES, 2.75×18 mm

LCx

1,1,1

–

–

–

DES

4

12

PES, 2.5×16 mm

LCx

0,0,1

+

–

–

DES

5

12

PES, 3.5×22 mm

LAD

0,0,1

+

–

–

DES

6

12

PES, 3.5×20 mm

LM

1,1,1

+

–

–

CABG

7

9

EES, 2.75×18 mm

LAD

0,0,1

+

–

–

DEB

8

1

ZES, 2.75×22 mm

LAD

1,1,1

+

–

–

POBA

9

12

PES, 3×15 mm

LM

0,0,1

–

+

–

DES

No.

FU (mo)

BiOSS size

Location

Medina at FU

FKBI

POT

SB DES

Treat

1

12

3.5×2.75×18 mm

LAD

1,0,1

–

–

–

DES

2

7

3.75×3×23 mm

LAD

1,1,0

–

–

–

DES

3

12

4.25×3.5×18 mm

LAD

0,1,1

+

–

–

DES

4

12

4.25×3.5×18 mm

LAD

1,0,0

–

+

–

POBA

5

5

4.25×3.5×15 mm

LM

1,1,1

–

–

–

CABG

6

5

4.25×3.5×23 mm

LM

1,1,1

–

+

–

CABG

7

12

3.75×3×15 mm

RCA

1,1,1

–

–

–

DES

BiOSS group

8

3

3.5×3×23 mm

LAD

0,0,1

+

–

–

DES

9

12

3.5×3×15 mm

LAD

0,0,1

–

–

–

POBA

10

5

3.5×2.75×18 mm

LM

0,1,1

–

–

–

DES

Appendix Table 2. Target lesion revascularisation.
Stent type
BiOSS

Total population
n
10/102

rDES

9/100

Paclitaxel

5/22

LM subgroup
%

n

9.8%

3/36

9%
22.7%

Non-LM subgroup
%
8.3%

n

%

7/66

10.6%

4/38

10.5%

5/62

8%

1/5

20%

4/17

23.5%

Everolimus

2/46

4.3%

1/16

6.25%

1/30

3.3%

Sirolimus

1/24

4.2%

1/11

9.1%

0/13

0%

Biolimus

0/6

0%

0/4

0%

0/2

0%

Zotarolimus

1/2

50%

1/2

50%

0/0

0%

“Olimus”

4/78

1/62

1.6%

5.1%

3/38

7.9%

LM: left main; rDES: regular drug-eluting stent
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Appendix Table 3. Late lumen loss.
Late lumen loss (mm)
Stent type

Total population

LM subgroup
SB

Non-LM subgroup

MV

MB

MV

MB

BiOSS

0.28±0.12

0.32±0.16

0.16±0.1

0.15±0.14

0.2±0.1

rDES

0.23±0.14

0.26±0.15

0.14±0.06

0.17±0.13

0.21±0.14

Paclitaxel

0.39±0.2*

0.46±0.17* 0.14±0.05

0.32±0.17* 0.38±0.23* 0.09±0.04

0.42±0.21

Everolimus

0.14±0.07* 0.15±0.08* 0.13±0.07

0.12±0.06

0.14±0.06

0.12±0.09

0.15±0.08* 0.16±0.09* 0.13±0.07

Sirolimus

0.26±0.14

0.18±0.15

0.24±0.11

0.17±0.06

0.32±0.13

Biolimus

0.15±0.13* 0.20±0.18* 0.13±0.08

0.13±0.11

0.18±0.12

0.12±0.09

0.20±0.14* 0.25±0.15* 0.16±0.08

Zotarolimus

0.29±0.11

0.29±0.11* 0.32±0.15* 0.18±0.04

0.29±0.18
0.32±0.15

0.16±0.1
0.18±0.04

MV

MB

SB

0.12±0.1

SB

0.36±0.14

0.38±0.12

0.18±0.07

0.13±0.07

0.26±0.16* 0.29±0.14* 0.14±0.08

–

0.48±0.15* 0.15±0.09
0.34±0.21

0.15±0.09

–

–

*p<0.05 when compared to corresponding BiOSS LIM LLL value. LM: left main; MB: main branch; MV: main vessel; rDES: regular drug-eluting stent;
SB: side branch

Appendix Table 4. Clinical outcomes of BiOSS studies.

MACE

POLBOS II

FIM registry

LMS registry

BiOSS Expert n=120 (%)

BiOSS LIM n=102 (%)

BiOSS LIM n=60 (%)

BiOSS LIM n=74 (%)

16 (13.1)

12 (11.8)

6 (10)

7 (9.5)

All-cause death

2 (1.7)

1 (1)

1 (1.7)

0

Cardiac death

0

0

0

0

MI

2 (1.6)

2 (1.9)

1 (1.7)

2 (2.7)

Definite ST

1 (0.8)

1 (1)

0

0

14 (11.5)

10 (9.8)

5 (8.3)

5 (6.8)

7 (5.8)

5 (4.9)

1 (1.7)

3 (4.1)

19 (15.8)

14 (13.7)

7 (11.7)

9 (12.2)

9 (7.5)

8 (7.8)

8 (13.3)

7 (9.5)

Cumulative TLR
Clinically driven TLR
TVR
PCI in another vessel

2

POLBOS I
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