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ABSTRACT



RESUM
E

Background: Results of regular drug-eluting stents (rDESs) in bifurcation treatment are not optimal. The aim of the Polish Bifurcation
Optimal Stenting I (POLBOS I) trial was to compare bifurcation treatment with any rDES vs the dedicated bifurcation paclitaxel-eluting
stent BiOSS Expert (Balton, Poland). The second aim was to study
the effect of ﬁnal kissing balloon (FKB) inﬂation on clinical outcomes.
Methods: Between October 2010 and January 2013 patients with
stable coronary artery disease or noneST-elevation acute coronary
syndrome were assigned 1:1 to 1 of 2 treatment strategies: BiOSS
Expert stent or rDES implantation. Coronary angiography was performed at 12 months. The primary end point was a composite of
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Bifurcation lesions pose a therapeutic challenge during percutaneous coronary intervention (PCI). Their presence is associated with higher rates of periprocedural complications as well
in-stent restenosis and stent thrombosis.1 The use of dedicated bifurcation stents (DBSs) is 1 of the proposed potential
solutions to improve short-term as well as long-term outcomes.
However, there is a paucity of randomized trials with DBSs.2

The aim of the Polish Bifurcation Optimal Stenting I
(POLBOS I) trial was to compare coronary bifurcation
treatment with any regular drug-eluting stent (rDES) vs
stenting of bifurcation lesions with the dedicated bifurcation
paclitaxel-eluting stent BiOSS Expert (Balton, Poland). The
second aim was to study the effect of ﬁnal kissing balloon
(FKB) inﬂation on clinical outcomes.
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Study population and study design
The POLBOS I study was an open-label randomized
controlled trial conducted between October 2010 and January
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cardiac-related death, myocardial infarction (MI), and target lesion
revascularization (TLR) at 12 months.
Results: The BiOSS Expert was implanted in 120 patients
(49.4%), and an rDES was implanted in 123 patients. The target vessel
was the left anterior descending (LAD) artery (52% vs 70%) followed by
the left main stem (LMS) coronary artery (22% vs 15%). In the rDES
group, 38.2% received paclitaxel-eluting stents. There were 3 stent
implantation failures (2 in the rDES group and 1 in the BiOSS Expert
group). Side branch treatment with an rDES was required in 10% of
cases in both groups. At 12 months, the incidence of cumulative major
adverse cardiovascular events (MACE) was similar in both groups:
13.3% vs 12.2% (P ¼ 0.7). The TLR rate was signiﬁcantly higher in the
BiOSS Expert group compared with the rDES group (11.5% vs 7.3%;
P ¼ 0.02). Signiﬁcantly lower rates of restenosis were observed in FKB
subgroups of both the BiOSS Expert (8.1% vs 13.2%; P < 0.05) and
rDES groups (4.9% vs 9.5%; P < 0.05).
Conclusions: MACE rates were comparable between the 2 groups;
however, the TLR rate was higher in the BiOSS Expert group. A more
aggressive protocol yielded better angiographic and clinical outcomes.
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2013 in 4 centres in Poland. The inclusion criteria were stable
coronary artery disease or noneST-segment elevation acute
coronary syndrome (NSTE-ACS), age  18 years, de novo
coronary bifurcation lesion (including unprotected left main
stem [LMS] coronary artery), main vessel (MV) diameter 
2.5 mm, and side branch (SB) diameter  2.0 mm assessed
visually. Main exclusion criteria were ST-elevation myocardial
infarction, Medina 0.0.1 bifurcations, baseline serum creatinine level  177 mmol/L (2.0 mg/dL), inability to receive dualantiplatelet therapy for 12 months, left ventricular ejection
fraction  30%, and lack of informed consent. The institutional review board of each participating centre approved
the study protocol (88/2010; ClinicalTrials.gov Identiﬁer:
NCT02192840).

distal, joined with 2 connection struts at the middle zone
(length, 0.9-1.5 mm) (Fig. 2).3,4
In the rDES group, any rDES available in the participating
catheterization laboratories could be used (operator’s decision).
The following stents were available: paclitaxel-eluting stents
(PESs) (LucChopin2, Balton, Poland; Coroﬂex Please, B.
Braun Medical, Bethlehem, PA; TAXCOR, Eurocor GMBH,
Bonn, Germany; APOLLO, MicroPort, Shanghai, China),
everolimus-eluting stents (EESs) (Xience, Abbott Laboratories,
Abbott Park, IL; PROMUS Element, Boston Scientiﬁc,
Marlborough, MA), sirolimus-eluting stents (CYPHER, Cordis, Miami Lakes, FL; PROLIM, Balton; Orisro BIOTRONIK, Berlin, Germany; Cre8, CiD, Saluggia, Italy),
biolimus A9eeluting stents (BioMime; Meril Lifescience,
Vapi, India; Biomatrix, Biosensors, Singapore), zotarolimuseluting stents (Resolute Integrity, Medtronic, Minneapolis,
MN) and tacrolimus-eluting stents (Optima, CiD).
The default strategy consisted of single stent implantation
in the MVemain branch (MB) across the SB in all patients.
Bifurcation lesions were assessed according to the Medina
classiﬁcation (visual assessment).5 There was no restriction
regarding lesion length. MV predilation or SB predilation, or
both, were performed according to the operator’s decision.
The stent was then implanted in the MV-MB. Next, a
proximal optimization technique (POT) was recommended
(strongly in the rDES group), using a short noncompliant
balloon in the proximal part of the MV stent. This renders the
proximal part of the stent more apposed to the proximal MV,
which has a larger diameter than the ongoing vessel distal to
the bifurcation. The balloon for POT was positioned with the
distal marker in front of the carina.6 After rewiring, SB
postdilation/stent implantation was performed if necessary.
The procedure was completed with FKB dilation. In the
BiOSS Expert group, this step was left to the operator’s

Interventional procedure, device description, and
concomitant medications
After signing the informed consent, patients were
randomly assigned to 1 of 2 treatment strategies: BiOSS
Expert stent implantation or rDES implantation. Patients
randomized to the rDES group underwent a second
randomization: completing the procedure with or without
FKB (Fig. 1). Patients were randomized 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 (randomization, 1:1).
The BiOSS Expert is a coronary dedicated balloonexpandable bifurcation stent. The platform is made of 316L
stainless steel (strut thickness, 120 mm) and is coated with a
biodegradable polymer that elutes paclitaxel (drug concentration, 1 mg/mm2). The rapid exchange delivery system is
compatible with 0.014-inch guidewires and 5F guiding
catheters. The BiOSS Expert consists of 2 parts, proximal and
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Figure 1. Polish Bifurcation Optimal Stenting I (POLBOS I) study ﬂow chart. DES, drug-eluting stent; FKB, ﬁnal kissing balloon; FU, follow-up, ITT,
intention to treat.

Figure 2. (A, B) BiOSS Expert stent crimped on Bottle balloon with visible difference in diameters of proximal and distal parts. The proximal part of
the stent has a larger diameter in relation to the distal part. The stent is available in the following nominal parameters: proximal diameter, 3.254.5 mm; distal diameter, 2.5-3.75 mm; and length, 15, 18, and 23 mm. (C) BiOSS Expert stent has a unique delivery system with 3 markers
(proximal, middle, and distal), which ensures exact stent placement at the point of the bifurcation.
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discretion, whereas in the rDES group it was performed according to the result of the second randomization.
A stent in the SB was implanted only if there was proximal
residual stenosis > 70% after balloon dilation, signiﬁcant ﬂow
impairment after MV-MB stenting, a ﬂow-limiting dissection,
or a combination of these factors.
In patients with NSTE-ACS, a loading dose of clopidogrel
(600 mg) was given, as well as a loading dose of acetylsalicylic
acid (300 mg) if needed. All patients undergoing planned
procedures received acetylsalicylic acid (75 mg/24 h) and
clopidogrel (75 mg/24 h) 72 hours before PCI. Procedures
were performed in a standard way using radial or femoral
access with 6F or 7F guiding catheters. After insertion of the
arterial sheath, all patients received unfractionated heparin
(100 IU/kg). Additional boluses were given to maintain an
activated clotting time > 250 seconds. Dual-antiplatelet
therapy (acetylsalicylic acid 75 mg daily and clopidogrel 75
mg daily) was prescribed for 12 months.
All patients had troponin I (TnI), creatine kinase (CK),
and CK-MB levels assayed before the procedure, as well as 6
and 24 hours afterward. Periprocedural MI (type 4a) was
assessed according to the third universal deﬁnition (the
elevation of TnI values at least 5 times greater than the 99th
percentile of the upper reference limit in patients with normal
baseline values or a rise in TnI values of at least 20% if the
baseline values were elevated and were stable or falling).7
Follow-up
Clinical follow-up was performed with ofﬁce visits or by
telephone at 1 and 12 months after intervention. Adverse
events were monitored throughout the study period. Followup coronary angiography was performed at 12 months unless clinically indicated earlier.
End points
The primary end point was the cumulative rate of major
adverse cardiovascular events (MACE) consisting of cardiac
death, MI, and repeated target lesion revascularization (TLR).
Secondary end points included cardiac death, all-cause death,
MI, TLR, target vessel revascularization (TVR), stent
thrombosis, late lumen loss (LLL), device success, and
angiographic success. Cardiac death included death resulting
from an acute MI, sudden cardiac death, death resulting from
heart failure, and death from cardiac procedures. All deaths
were deemed cardiac related unless proved otherwise. MI was
deﬁned according to the third universal deﬁnition. Clinically
driven TLR was deﬁned as reintervention of the target lesion
because of the presence of a symptomatic stenosis  50%
diameter during follow-up. Angiographically driven TLR was
deﬁned as reintervention caused by 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. LLL was calculated
based on quantitative coronary angiographic analysis (QCA)
results and was deﬁned as the postprocedural minimal luminal
diameter minus the minimal luminal diameter (in millimeters)
at the 12-month follow-up. Device success was deﬁned as
successful deployment of the intended stent in the target site
without a system failure. Angiographic success was deﬁned as
MB diameter stenosis < 20% and SB ostial stenosis < 70%
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without signiﬁcant dissection and ﬂow impairment at the end
of the procedure.
Angiographic analysis
Two orthogonal projections were chosen to visualize the
treated bifurcation. All recordings were obtained after intracoronary administration of nitroglycerin (200 mg). QCA analysis
was performed using the Medis QCA, version 5.0 (software for
single vessel) by 2 researchers independently (JB and DV).
Catheter calibration was performed in all cases. MV (the artery
before SB takeoff), MB (artery beyond the ostium of SB), and SB
(the smaller vessel at the point of vessel divergence) were
analyzed separately according to the European Bifurcation Club
Consensus.8 Lesion length, reference vessel diameter, minimal
lumen diameter (MLD), percent diameter stenosis, acute lumen
gain and LLL were calculated as described previously.9
Statistical analysis
The mean incidence of MACE rates with currently available stents at 1 year is 15%-20%.6 With a test hypothesis of
50% relative reduction, a sample size of 120 patients per
group was needed to achieve 80% statistical power with an
alpha of 0.05 and assuming a dropout rate of 5%.
Continuous variables were presented as mean  standard
deviation. Categorical data were presented as numbers (%).
Continuous variables were compared using an unpaired
2-sided Student t test, and categorical data used the c2 test or
Fisher 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. The
interobserver agreement was tested using Pearson’s coefﬁcient
of correlation. P values of < 0.05 were considered statistically
signiﬁcant. Statistical analyses were performed using SPSS,
version 13.0, for Windows (SPSS, Chicago, IL).
Results
Baseline clinical characteristics
Between October 2010 and January 2013, a total of 243
patients were enrolled and randomly assigned to either the
BiOSS Expert group (n ¼ 120) or the rDES group (n ¼ 123).
Among patients from the rDES group, 61 were randomized to
FKB and 62 to no FKB (Fig. 1). The mean age in the BiOSS
Expert Group was 65.9  10.5 years, and in the rDES group
the mean age was 66.2  9.3 years (P ¼ 0.9). Baseline clinical
characteristics were well matched between the 2 groups;
however, in the BiOSS Expert group more patients presented
with NSTE-ACS (9.2% vs 5.7%; P ¼ 0.02), diabetes (37.5%
vs 25.2%; P ¼ 0.04), and peripheral artery disease (9.2% vs
5.7%; P ¼ 0.02) (Supplemental Table S1).
Angiographic and procedural characteristics
In both groups, lesions were more frequently located in the
left anterior descending (LAD) artery (BiOSS Expert vs rDES:
52.5% vs 69.9%; P ¼ 0.35) than in the LMS coronary artery
(22.5 vs 14.6; P ¼ 0.07), the left circumﬂex artery (17.5% vs
13.0%; P ¼ 0.18), and the right coronary artery (7.5% vs
2.4%; P < 0.01) (Fig. 3A). In the rDES group, the EES
(41.5%) was used most frequently, followed by the PES
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Figure 3. (A) Lesion location. (B) Type of stents in regular DES Group. DES, drug-eluting stent; LAD, left anterior descending; LCX, left circumﬂex
artery; LMS, left main stem; RCA, right coronary artery.

(38.2%). More details including the list of implanted stents
are presented in Figure 3B. No difference between the 2
groups was observed regarding the distribution of true
(Medina 1.1.1, 1.0.1, 0.1.1) and nontrue bifurcations (76.6%
vs 75.6%) (Supplementary Table S2).
The main procedural variables are presented in
Supplementary Table S3. The device success rate in the
BiOSS Expert group was 99.1% (n ¼ 119 of 120), and in the
rDES group it was 98.4% (n ¼ 121 of 123). Mean BiOSS
Expert stent nominal parameters were as follows: proximal
diameter, 3.67  0.34 mm; distal diameter, 2.98  0.33 mm;
and length, 17.44  2.47 mm, whereas the mean maximal
implantation pressure was 15.4  3.3 atm. In the rDES
group, stent nominal parameters were as follows: diameter,
3.24  0.47; length, 20.7  6.78 mm; and mean maximal
implantation pressure, 18.1  2.1 atm. Procedural characteristics in the 2 groups were similar except for rates of FKB
and POT, which were higher in the rDES groupd20.8% vs
49.6% (P < 0.01) and 37.5% vs 69.1% (P < 0.01),
respectively. In both groups, the MV was predilated in two
thirds of cases. The SB required additional balloon dilation in
more than half of lesions in both groups (BIOSS, 55% vs
rDES, 64.2%; P ¼ not signiﬁcant [NS]), and implantation of
an rDES in the SB was required in 13 cases in each group
(BIOSS Expert, 10.8% vs rDES, 10.6%, P ¼ NS).
Clinical outcomes
There was 1 periprocedural MI in the BiOSS Expert group
and 2 in the rDES group (resulting from transient SB occlusion). Additionally, there were 7 cases of an in-hospital
increase of TnI level (maximum, 1.5 ng/mL) in the BiOSS
Expert group and 5 cases in the rDES group. These increases

were asymptomatic, without electrocardiographic changes and
did not require repeated coronary angiography.
Clinical follow-up at 12 months was available in all patients (Table 1). The cumulative incidence of MACE was
similar in the BiOSS Expert and rDES groupsd13.3% vs
12.2% (P ¼ 0.7), respectively. There were 2 nonecardiacrelated deaths (ileus and abdominal aortic aneurysm rupture)
in the BiOSS Expert group and 1 nonecardiac- related death
(gastrointestinal bleeding) and 2 cardiac-related (sudden)
deaths in the rDES group. In the BIOSS Expert group, 1 MI
6 days postoperatively was associated with subacute stent
thrombosis (most probably caused by stent underexpansion),
and in the rDES group there were 2 MIs (both associated with
signiﬁcant restenosis). The TLR rate was signiﬁcantly higher
Table 1. Clinical results
BiOSS Expert
group n ¼ 120
Variable
All-cause death
Cardiac-related death
Myocardial infarction
Stent thrombosis
Cumulative TLR
Clinically driven TLR
TVR
PCI in another vessel

30 d
0
0
2 (1.6%)
0
1 (0.8%)
1 (0.8%)
0
0

12 mo
2* (1.7%)
0
2 (1.6%)
1 (0.8%)
14 (11.5%)
7 (5.8%)
19 (15.8%)
9 (7.5%)

rDES group
n ¼ 123
30 d
0
0
2 (1.6%)
0
0
0
0
0

12 mo
y

3 (2.6%)
2 (1.6%)
4 (3.2%)
0
9 (7.3%)z
4 (3.2%)
12 (9.7%)z
11 (8.9%)

MI, myocardial infarction; PCI, percutaneous coronary intervention;
rDES, regular drug-eluting stent; TLR, target lesion revascularization; TVR,
target vessel revascularization.
* One case of ileus and 1 case of abdominal aorta aneurysm rupture.
y
One case of gastrointestinal bleeding and 2 cases from unknown reasons
(sudden death).
z
P < 0.05.
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in the BiOSS Expert group compared with the rDES
groupd11.5% vs 7.3% (P ¼ 0.02). When considering only
clinically driven TLR, there were 7 cases in the BiOSS Expert
group and 4 cases in the rDES group (5.8% vs 3.2%; P ¼
NS). All cases of TLR were treated by PCI (15 with plain old
balloon angioplasties and 8 with another rDES).
Clinical outcomesdsubgroup analysis
In further analysis, when comparing the BiOSS Expert
group to only the PES subgroup of the rDES group, the rate
of TLR in both groups was comparable (11.5% vs 10.6%;
P ¼ NS). In patients undergoing LMS bifurcation lesion
treatment, the BiOSS Expert was superior to the rDES (TLR,
7.4% vs 11.1%; P ¼ 0.04) (Supplementary Table S4).
Quantitative coronary angiography analysis
Angiographic follow-up at 12 months was performed in
220 patients (90.5%), 109 of whom (90.8%) were randomized to the BiOSS Expert group, and 111 (90.2%) were
randomized to the rDES group. Angiographic data are presented in Supplementary Table S5. The 2 groups were well
matched in baseline QCA characteristics. The immediate
angiographic success rate in both groups was 100%. QCA
revealed that BiOSS Expert stent implantation as well as
rDES implantation caused a signiﬁcant increase of MLD and
decrease of percent diameter stenosis in MV and MB.
However, this procedure did not affect the alpha angle between the MV and SB. When comparing LLL values, there
were signiﬁcant differences in the MV (BiOSS Expert vs
rDES, 0.35 vs 0.25 mm; P < 0.05) and in the MB (0.43 vs
0.30 mm; P < 0.05) but not in the SB (Supplementary
Table S6). The smallest LLL value was observed in the
EES subgroup, and the largest was seen in the PES subgroup
(Fig. 4). LLL values were greater in non-LMS bifurcation
lesions in all subgroups. Among 2118 segments, the interobserver agreement was high (r ¼ 0.87; 95% conﬁdence
interval, 0.85-0.91; P < 0.05).
FKB vs no FKBdsubgroup analysis
Subgroup analysis regarding FKB vs no FKB revealed that
in both groups (BiOSS Expert group and rDES group), FKB
was related to a higher rate of SB stenting, longer ﬂuoroscopy
time, and greater likelihood of the treated lesions being
located in the LMS coronary artery. However, in the FKB
subgroups, there was a signiﬁcantly lower rate of restenosis in
the BiOSS Expert group (8.1% vs 13.2%; P < 0.05) as well as
in the rDES group (4.9% vs 9.5%; P < 0.05) (Pinteraction ¼
0.179). In the rDES group, the rate of restenosis in the
FKB þ POT subgroup was even lower (1 of 42 [2.4%] cases).
The same association was observed in the BiOSS Expert group
(Supplementary Table S7). Additionally, there was a trend for
lower LLL in both the BiOSS Expert group and the rDES
group when POT was applied.
Discussion
To our knowledge, this is the ﬁrst study to compare, in a
randomized design, the performance of a single DBS with
rDES. The main ﬁndings of this study are as follows: (1) the
cumulative MACE rate at 12 months was comparable

Figure 4. Late lumen loss. DES EVER, everolimus-eluting stent; DES
PAX, paclitaxel-eluting stent; LMS, left main stem; MB, main branch;
MV, main vessel; SB, side branch.

between the BiOSS Expert and rDES groups, (2) the TLR
rate was signiﬁcantly higher in the BiOSS Expert group
compared with the rDES group, (3) FKB (especially with
POT) during stent implantation yielded better angiographic
and clinical outcomes, (4) the rate of TLR in the PES subgroup was comparable to that of the BiOSS Expert group, and
(5) the BiOSS Expert provided a single stent bifurcation
treatment option with a high rate of implantation success.
The cumulative MACE rates in the 2 groups were similar
during follow-up. There were 2 deaths (1.6%) of unknown
cause in the rDES group; therefore, they were treated as
cardiac-related deaths (both cases without FKB and possible
late stent thrombosis). The TLR rate was higher in the BiOSS
Expert group than in the rDES group. The TLR rates in both
groups were comparable to those in other studies (6.6%12%).10-12 Interestingly, when taking into account the eluted
drug, the EES subgroup of the rDES group was characterized
by the lowest TLR rate, a ﬁnding consistent with previous
studies showing that “limus”-eluting stents are better than
paclitaxel-eluting ones.13-15 However, in contrast to most
registries, we achieved a very high rate of angiographic followup that is known to increase the rate of TLR. The rates of
clinically driven TLR in our study were markedly lower in the
BiOSS Expert group and in the rDES groups and did not
differ signiﬁcantly. This is comparable to the best results of
rDES in coronary bifurcation treatment.13-15
The LLL results with the BiOSS Expert compare
favourably with the results of previous studies with PESs.
LLL with the BiOSS Expert was 0.43 mm in the MB and
0.35 mm in the MV, whereas the LLL with the PESs,
LucChopin2 stent and the TAXUS LIBERTE (Boston Scientiﬁc) was 0.46-0.59 mm and 0.34 mm, respectively.16,17
Moreover, in our study, LLL was lower than in the original BiOSS Expert Registry (LLL MV, 0.56 mm; LLL MB,
0.26 mm).3 This may be associated with an early phase of
the learning curve and treatment of longer lesions in the
previous work, with the subsequent need to implant additional stents. The current results are similar to those recently
reported by our group on LMS coronary artery treatment.9 A
lower LLL in the LMS subgroup suggests that this stent
might be better suited for bifurcations with a greater difference in diameters between the MV and MB, such as the
LMS coronary artery/LAD artery/left circumﬂex artery
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complex. This hypothesis is also supported by the rate of
TLR in the LMS subgroup (BiOSS Expert vs rDES, 7.4% vs
11.1%; trend in favour of the BiOSS Expert); however, these
observations require further conﬁrmation from adequately
powered randomized trials.
The rates of stent deployment in the SB were low in both
the BiOSS Expert group (10.8%) and the rDES group
(10.6%) despite the fact that > 75% of patients in our study
had true bifurcations. This is in contrast to previous studies of
other DBSs in which stents were implanted in the SB in 20%50% of cases.10,12,18 In addition, there were no real difﬁculties
with rewiring the SB, also suggesting that the BiOSS Expert is
well suited to the provisional T-stenting strategy.4 The device
success rate of the BiOSS Expert was comparable to that of
rDESs and to the implantation success rates of other DBSs
(89.3%-98%),11,12,18 as well as to PCI with LMS coronary
artery bifurcations (98%).10
The higher rate of POT observed in the rDES group could
be caused by the fact that rDES nominal parameters were
chosen according to MB size, and then MV postdilation was
performed using recommendations of the European Bifurcation Club.19 The stepped design of the BiOSS Expert stent
delivery balloon was to theoretically ensure a POT-like effect,
thus allowing operators to frequently omit this part of the
procedure. However, we found that similar to the rDES
group, POT in the BIOSS group was also associated with a
lower rate of restenosis (Supplementary Table S7).
The subgroup analysis regarding FKB vs no FKB, revealing
a signiﬁcantly lower rate of restenosis in the FKB subgroups of
both the BiOSS Expert group and the rDES group, is in
agreement with the results of the Nordic-Baltic Bifurcation
Study III (NORDIC-3), in which FKB reduced angiographic
SB restenosis, especially in patients with true bifurcation
lesions.20
Although the clinical results obtained with the BiOSS
Expert are satisfactory, the BiOSS Expert concept remains
under development. A version of the BiOSS Expert eluting
sirolimus (BiOSS Expert LIM) is already approved for use in
Europe. A more potent drug may provide even better results.21 Indeed, preliminary results with the BiOSS Expert
LIM stent as well as studies using other platforms have
suggested that sirolimus-eluting stents may be more effective
than paclitaxel-eluting ones.22,23 Moreover, BiOSS Expert
stents are made of stainless steel and therefore have relatively
thick struts (naked, 120 mm), which might predispose to
excessive neointimal proliferation. The use of a cobaltchromium alloy allows for thinner stent struts (60-90
mm), which may result in lower LLL. The Intracoronary
Stenting and Angiographic Results: Strut Thickness Effect
on Restenosis Outcome (ISAR-STEREO) trial demonstrated that a thin strut stent had a lower rate of restenosis
than did a thick strut stent of similar design.24 Similar results were found in several other trials,25-27 Therefore, the
next generation of the BiOSS Expert stent will be on a
cobalt-chromium platform.
Study limitations
Although the sample size was relatively small, it is in line
with similar studies found in the literature, was based on
predeﬁned statistical considerations, and primarily affects the
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robustness of observations of subgroup analyses. Furthermore,
although a 100% angiographic follow-up rate was not achieved, the 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 randomization scheme may have potentially
biased the decisions of investigators to randomize patients
with certain angiographic characteristics. Potentially this could
have contributed to the uneven vessel distribution between
groups. Finally, the differences in FKB strategies between the
2 study groups (randomization in the rDES group and
operator choice in the BIOSS group) may also have inﬂuenced
the results.
Conclusions
The success rate of implantation of the BiOSS Expert stent
is high. The cumulative rate of MACE is comparable between
the BiOSS Expert and rDES groups. The TLR rate achieved
with the BiOSS Expert was inferior to that obtained with
“limus”-eluting stents but appeared to be comparable to that
achieved with PESs. The use of FKB and POT during stent
implantation results in more favourable angiographic and
clinical outcomes. The POLBOS I trial sets an important
benchmark for future studies with new generations of BIOSS
stents eluting “limus” drugs and using newer stent materials.
Disclosures
R.J.G. is a medical consultant for Balton Company. The
other authors have no conﬂicts of interest to disclose.
References
1. Chatzizisis YS, Jonas M, Coskun AU, et al. Prediction of the localization
of high-risk coronary atherosclerotic plaques on the basis of low endothelial shear stress: an intravascular ultrasound and histopathology natural
history study. Circulation 2008;8:993-1002.
2. Cervinka P, Bystron M, Spacek R, et al. Treatment of bifurcation lesions
using dedicated bifurcation stents versus classic bare-metal stents. Randomized, controlled trial with 12-month angiographic follow up.
J Invasive Cardiol 2008;10:516-20.
3. Gil RJ, Vassilev D, Michalek A, et al. Dedicated paclitaxel-eluting
bifurcation stent BiOSS Expert(R) (bifurcation optimisation stent system): 12-month results from a prospective registry of consecutive allcomers population. EuroIntervention 2012;3:316-24.
4. Gil RJ, Bil J, Michalek A, Vassiliev D, Costa RA. Comparative analysis of
lumen enlargement mechanisms achieved with the bifurcation dedicated
BiOSS Expert stent versus classical coronary stent implantations by
means of provisional side branch stenting strategy: an intravascular ultrasound study. Int J Cardiovasc Imaging 2013;8:1667-76.
5. Medina A, Suarez de Lezo J, Pan M. [A new classiﬁcation of coronary
bifurcation lesions] [in Italian]. Rev Esp Cardiol 2006;2:183.
6. Lassen JF, Holm NR, Stankovic G, et al. Percutaneous coronary intervention for coronary bifurcation disease: consensus from the ﬁrst 10 years
of the European Bifurcation Club meetings. EuroIntervention 2014;5:
545-60.
7. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal deﬁnition of
myocardial infarction. Circulation 2012;16:2020-35.

678

Canadian Journal of Cardiology
Volume 31 2015

8. Louvard Y, Thomas M, Dzavik V, et al. Classiﬁcation of coronary artery
bifurcation lesions and treatments: time for a consensus! Catheter Cardiovasc Interv 2008;2:175-83.

with the novel Nile PAX dedicated bifurcation polymer-free paclitaxel
coated stents: results from the prospective, multicentre, non-randomised
BIPAX clinical trial. EuroIntervention 2012;11:1301-9.

9. Bil J, Gil RJ, Vassilev D, et al. Dedicated bifurcation paclitaxel-eluting
stent BiOSS Expert Expert(R) in the treatment of distal left main stem
stenosis. J Interv Cardiol 2014;3:242-51.

19. Stankovic G, Lefevre T, Chieffo A, et al. Consensus from the 7th European Bifurcation Club meeting. EuroIntervention 2013;1:36-45.

10. Magro M, Girasis C, Bartorelli AL, et al. Acute procedural and six-month
clinical outcome in patients treated with a dedicated bifurcation stent for
left main stem disease: the TRYTON LM multicentre registry. EuroIntervention 2013;11:1259-69.
11. Onuma Y, Muller R, Ramcharitar S, et al. Tryton I, First-In-Man (FIM)
study: six month clinical and angiographic outcome, analysis with new
quantitative coronary angiography dedicated for bifurcation lesions.
EuroIntervention 2008;5:546-52.
12. Ormiston JA, Lefevre T, Grube E, Allocco DJ, Dawkins KD. First human use of the TAXUS Petal paclitaxel-eluting bifurcation stent. EuroIntervention 2010;1:46-53.
13. Costopoulos C, Latib A, Ferrarello S, et al. First- vs second-generation
drug-eluting stents for the treatment of coronary bifurcations. Cardiovasc Revasc Med 2013;6:311-5.
14. Diletti R, Garcia-Garcia HM, Bourantas CV, et al. Clinical outcomes
after zotarolimus and everolimus drug eluting stent implantation in
coronary artery bifurcation lesions: insights from the RESOLUTE All
Comers Trial. Heart 2013;17:1267-74.
15. Burzotta F, Trani C, Talarico GP, et al. Resolute zotarolimus-eluting
stent to treat bifurcated lesions according to the provisional technique:
a procedural performance comparison with sirolimus- and everolimuseluting stents. Cardiovasc Revasc Med 2013;3:122-7.
16. Buszman P, Trznadel S, Milewski K, et al. Novel paclitaxel-eluting,
biodegradable polymer coated stent in the treatment of de novo coronary lesions: a prospective multicenter registry. Catheter Cardiovasc
Interv 2008;1:51-7.
17. Pregowski J, Witkowski A, Chmielak Z, Kali
nczuk L, Ciszewski A.
Comparison of safety and efﬁcacy of paclitaxel-eluting stents with durable
vs biodegradable polymer implanted in saphenous vein graft lesions.
Nine-month angiographic and intravascular ultrasound follow-up. Postep
Kardiol Inter 2012;4:269-74.
18. Costa RA, Abizaid A, Abizaid AS, et al. Procedural and early clinical
outcomes of patients with de novo coronary bifurcation lesions treated

20. Niemela M, Kervinen K, Erglis A, et al. Randomized comparison of ﬁnal
kissing balloon dilatation vs no ﬁnal kissing balloon dilatation in patients
with coronary bifurcation lesions treated with main vessel stenting: the
Nordic-Baltic Bifurcation Study III. Circulation 2011;1:79-86.
21. Simard T, Hibbert B, Ramirez FD, et al. The evolution of coronary
stents: a brief review. Can J Cardiol 2014;1:35-45.
22. Qian J, Chen Z, Ma J, Ge J. Sirolimus- vs paclitaxel-eluting stents for
coronary bifurcations intervention: a meta-analysis of ﬁve clinical trials.
Catheter Cardiovasc Interv 2012;4:507-13.
23. Gil RJ, Bil J, Vassiliev D, Iñigo Garcia LA. First-in-man study of
dedicated bifurcation sirolimus-eluting stent: 12-month results of BiOSS
LIMÒ Registry. J Interv Cardiol 2015;28:51-60.
24. Kastrati A, Mehilli J, Dirschinger J, et al. Intracoronary stenting and
angiographic results: strut thickness effect on restenosis outcome (ISARSTEREO) trial. Circulation 2001;23:2816-21.
25. Pache J, Kastrati A, Mehilli J, et al. Intracoronary stenting and angiographic results: strut thickness effect on restenosis outcome (ISARSTEREO-2) trial. J Am Coll Cardiol 2003;8:1283-8.
26. Briguori C, Sarais C, Pagnotta P, et al. In-stent restenosis in small
coronary arteries: impact of strut thickness. J Am Coll Cardiol 2002;3:
403-9.
27. Rittersma SZ, de Winter RJ, Koch KT, et al. Impact of strut thickness on
late luminal loss after coronary artery stent placement. Am J Cardiol
2004;4:477-80.

Supplementary Material
To access the supplementary material accompanying this
article, visit the online version of the Canadian Journal of
Cardiology at www.onlinecjc.ca and at http://dx.doi.org/10.
1016/j.cjca.2014.12.024.

