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Treatment of bifurcation coronary lesions remains a difficult 
area, in which best practice is yet to be fully established. 

Randomized trials of all-comer bifurcation lesions have dem-
onstrated that there is no advantage to systematic dual drug-
eluting stent strategies. However, these trials included a high 
proportion of patients with no disease in the side branch (SB) or 
relatively small SB vessels.1–10

See Editorial by De Luca

Expert consensus suggests that large caliber bifurcation 
lesions with significant ostial SB disease probably warrant 
an upfront 2-stent strategy, but this consensus has not been 
tested.11 This trial was designed to assess the hypothesis that 
large true bifurcations with significant SB ostial disease are 
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Conclusions—When treating complex coronary bifurcation lesions with large stenosed SBs, there is no difference between 
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better treated with a systematic culotte technique than with 
the provisional T-stent approach (hereafter referred to as 
provisional-T).

Methods
The study was an investigator-led prospective randomized multi-
centre trial devised by and run through the European Bifurcation 
Club (www.bifurc.net) in 6 European countries. The trial was 
administered and overseen by a Clinical Research Organization 
(Cardiovascular European Research Center) and the data were 
seen, assessed, and adjudicated by a Clinical Events Committee 
and a Data and Safety Monitoring Board. The study proto-
col was approved by the relevant authorities in all countries in-
volved in the study. The trial was registered on clinicaltrials.gov 
(NCT01560455).

Study Population
Patients requiring percutaneous coronary intervention (PCI) 
were eligible for the study if they were aged ≥18 years and 
had true bifurcation coronary artery disease (both main vessel 
[MV] and SB >50% narrowed) in which both the MV and SB 
reference diameters were ≥2.5 mm, with SB ostial disease ≥5 
mm in length. These were therefore patients in whom the SB 
could be (1) capable of causing angina and (2) a potential tar-
get for intervention. Main exclusion criteria were unprotected 
left main stem narrowing ≥50%, acute ST elevation myocar-
dial infarction (MI), cardiogenic shock, chronic total occlu-
sion of either vessel, additional type C lesion requiring PCI, 
left ventricular ejection fraction ≤20%, platelet count ≤50×109/
mm3, and patient life expectancy <12 months or known relevant 
allergies. Patients who consented to the study were randomized 
via a secure website using standard random number generation 
methodology with stratification by center. All patients gave 
informed consent.

Revascularization Procedure
Patients were assessed for angina status (Canadian Cardiovas-
cular Society [CCS]) and antianginal medications. Aspirin 75 
to 160 mg daily was continued if the patient was established 
(>3 days) on this medication. If not, oral aspirin 300 mg was 

given ≥3 hours before PCI. Clopidogrel 75 mg daily was con-
tinued if the patient was established (>3 days) on this medi-
cation. If not, clopidogrel 600 mg was given ≥3 hours before 
PCI. Intravenous unfractionated heparin 70 IU/kg was given 
at the start of the procedure with additional dosing as neces-
sary to maintain the activated clotting time ≥200 s during the 
procedure. Additional antiplatelet agents could be used at the 
discretion of the operator. Blood for serum creatine kinase and 
troponin levels was taken at the start of the procedure. PCI 
was undertaken via the access site of choice of the operator. 
NOBORI biolimus-eluting stents (Terumo Corporation) were 
used. Minimum operator volume was 150 PCI per annum. 
Hemostasis technique and use of vascular closure devices were 
at the discretion of the operator. Creatine kinase and troponin 
were taken 16 to 22 hours post PCI. Aspirin 75 to 160 mg daily 
and clopidogrel 75 mg daily were given for a minimum of 12 
months.

Provisional-T Group
Patients randomized to the provisional-T arm of the study fol-
lowed an algorithm determining the procedural steps:

Coronary guide wires were passed to the MV and SB. MV 
preparation was at the operator’s discretion. SB predilatation 
was discouraged unless considered essential. The MV was 
stented with a wire jailed in the SB. Stent diameter was chosen 
according to the diameter of the distal MV segment. Proximal 
optimization treatment of the MV stent with a balloon size 
according to the proximal MV diameter was encouraged but 
was not mandatory. The SB vessel was then rewired, aiming 
for a distal cell crossing, after which a kissing balloon dilata-
tion was performed with two, ideally noncompliant, balloons 
size appropriately for the SB and distal MV. Finally, the proxi-
mal stented portion of the MV was postdilated either with the 
kissing balloon pair to low pressure or with a short noncompli-
ant balloon of the correct size. After these steps, the SB was not 
treated further unless one of the following conditions existed:
•	 <thrombolysis in myocardial infarction 3 flow in the SB
•	 >90% ostial pinching of the SB
•	 threatened SB vessel closure
•	 SB vessel dissection >type A

Under these conditions, the operator was free to implant 
a second stent in the SB as a T-stent, such that there was no, 
or minimal, stent strut overhang into the MV. Other tech-
niques were not permitted. After T-stenting, repeat kissing 
balloon inflation was mandatory.

Culotte Group
Patients randomized to the culotte arm of the study followed 
an algorithm determining the procedural steps:

The MV and SB were both wired. Lesion preparation in both 
vessels was according to operator preference. The SB was then 
ideally stented first, from before the bifurcation in the MV, to 
beyond the diseased segment of the SB, with a wire jailed in the 
MV. After an optional proximal optimization treatment, the MV 
was then rewired (through a distal stent strut where possible) and 
after the removal of the jailed wire, balloon dilatation was made 
to open the stent struts. The SB wire was then removed (to pre-
vent metal-to-metal jail) and the MV was stented from before the 
bifurcation to beyond the diseased segment in the MV, according 

WHAT IS KNOWN

•	For the treatment of coronary bifurcation lesions, a 
provisional strategy is superior to systematic 2 stent 
techniques for the most bifurcation lesions.

•	However, complex anatomies with large side branch-
es with significant ostial disease length are consid-
ered by expert consensus to warrant a 2-stent tech-
nique upfront.

WHAT THE STUDY ADDS

•	When treating complex coronary bifurcation lesions 
with large side branches and significant ostial dis-
ease, there is no difference between a provisional 
T-stent strategy and a systematic 2-stent culotte in a 
composite end point of death, myocardial infarction, 
and target vessel revascularization at 12 months.
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to the diameter of the distal vessel. After a further optional proxi-
mal optimization treatment, the SB was then rewired, and high 
pressure (eg, 20 atm) individual noncompliant balloon inflations 
were made in each vessel at the bifurcation point according to 
the diameter of the branch vessel to ensure good stent strut sepa-
ration. Finally, a lower pressure kissing inflation was made at 
the bifurcation. A final proximal optimization treatment in the 
stented segment proximal to the bifurcation was optional.

Follow-Up
Adverse event tracking began at randomization and continued 
to the end of the 12-month follow-up period in a cohort block. 
Patients underwent either telephone or hospital follow-up at 
6 and 12 months. At 12 months, CCS grade and antianginal 
medication were also assessed.

End Points

Primary End Points
The primary end point of the study was a composite of all-
cause death, MI, and target vessel revascularization at 12 
months.

Secondary End Points
These were the individual components of the primary end 
point, angina status (CCS), and angina medication.

Procedural End Points
These were procedural success, completion of kissing bal-
loon inflations per protocol, in-hospital major adverse cardiac 
event, procedure duration, fluoroscopy time, x-ray dose, and 
estimated cost.

Definitions

Myocardial Infarction
Typical rise and fall of biochemical markers of myocardial 
necrosis with ischemic symptoms or ECG changes as per 
European Society of Cardiology/ American College of Car-
diology guidelines.12 Periprocedural MI is arbitrarily defined 
by the elevation of cTn values (>5×99th percentile URL) in 
patients with normal baseline values (≤99th percentile URL) 
or a rise of cTn values >20% if the baseline values are ele-
vated and are stable or falling. In addition, either (1) symp-
toms suggestive of myocardial ischemia, (2) new ischemic 
ECG changes, or (3) angiographic findings consistent with 
a procedural complication or (4) imaging demonstration of 
new loss of viable myocardium or new regional wall motion 
abnormality are required.13

Target Vessel Revascularization
This comprised target vessel revascularization by PCI or 
coronary artery bypass graft of either the MV or the SB 
or target vessel inadequacy—<thrombolysis in myocardial 
infarction 3 flow in either MV or SB after appropriate vaso-
dilators on a repeat angiogram, without attempted repeat 
intervention.

Procedural Success
Thrombolysis in myocardial infarction 3 flow and <30% resid-
ual stenosis in the MV and thrombolysis in myocardial infarc-
tion 3 flow in the SB.

In-Hospital Major Adverse Cardiac Event
Death, MI, or target vessel revascularization during the index 
admission.

Procedure Duration
Time from initial infiltration of local anesthetic to removal of 
guiding catheter.

Procedure Fluoroscopy Time
Duration of x-ray screening and acquisition.

Diamentor
x-ray dose area product (cGy·cm2).

Procedure Cost
The difference in procedural cost was assessed using a com-
posite of the number of guidewires, balloons and stents opened 
or used, and procedural time.

Angina Index
Angina medication scoring system, scoring 1 for GTN spray, oral 
nitrate, β-blocker, calcium antagonist, nicorandil (max score 5).

Medina Classification
This classification attributes a score of 0 or 1 to the 3 segments 
of a bifurcation lesion—proximal MV, distal MV, and SB—as 
a binary function dependent on an angiographic stenosis of 
>50% (score 1) or <50% (score 0) in each location.14

Statistical Methods
The NORDIC (The Nordic Bifurcation Study), BBC ONE 
(British Bifurcation Coronary: Old, New, and Evolving Strat-
egies) and CACTUS (Coronary Bifurcations: Application of 
the Crushing Technique Using Sirolimus-Eluting Stents) trials 
combined yielded a rate of death, MI, or target vessel revas-
cularization of ≈10% for the provisional T-stent strategy at 1 
year.1,7,10 For the larger caliber bifurcations with ostial SB dis-
ease included in this study, the rate of this composite primary 
end point at 12 months was expected to be 25% using a pro-
visional-T technique. The complete lesion coverage culotte 
technique was anticipated to result in a lower rate of death, MI, 
or target vessel revascularization of 10%, based on previous 
understanding of the technical aspects of stent implantation. 
Using these estimates, a 2-sided significance (1−α) of 95% 
and 80% power, a sample size of 200 patients was required.

The primary composite end point was compared using a 
hazard ratio and 95% confidence interval from a Cox regres-
sion model with the treatment group as the only covariate. 
Differences in categorical variables between the 2 groups were 
analyzed with the χ2 test or Fisher exact test. Continuous vari-
ables were analyzed with the Student t test, and treatments were 
compared with a log-rank test and Kaplan–Meier survival curve. 
Individual components of the primary end point and secondary 
end points were summarized by the treatment group. Analyses 
were done on an intention-to-treat basis using SAS 9.4 software.

Results
Between April 2011 and January 2014, 200 patients were ran-
domized to the trial across 20 European centers in 6 countries 
(Figure 1). One hundred three patients were randomized to the 
provisional-T group and 97 patients to the culotte group. One 
patient in the culotte group did not undergo treatment because 
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a pressure wire study at the time of the procedure confirmed 
that the stenosis in the MV was not significant.

Patient demographics and clinical features are shown in 
Table 1. Most patients had an elective presentation. There was 
a high prevalence of diabetes mellitus in both the groups.

Procedure characteristics are shown in Table 2. In the provi-
sional-T group, 16% of patients underwent SB T-stent implanta-
tion. Two patients in the culotte group only had a stent placed in 
the MV. One patient in the provisional-T group lost antegrade flow 
in the SB. Mean SB stent diameter was significantly greater than 
2.5 mm confirming investigator adherence to protocol. Procedural 
success was high, as was completion of kissing balloons in both 
the groups. Procedure duration, fluoroscopy time, and estimated 
consumable costs all favored the provisional-T approach.

Quantitative coronary angiography results from an inde-
pendent core laboratory are shown in Table 3. SB lesion length 
averaged over 10 mm in both the groups, confirming good 
adherence to inclusion criteria. Diameter stenosis was signifi-
cantly less after culotte stenting in both the SB (Table 3).

Follow-up was complete for 98% and 100% of patients in 
the provisional-T and culotte groups, respectively.

The primary end point outcomes are shown in Table 4 and 
Figure 2. There was no statistical difference between the 2 groups 
for the primary composite end point of death, MI, or target vessel 
revascularization: 7.7% in the provisional-T group versus 10.3% 
in the culotte group (hazard ratio, 1.02; 95% confidence interval, 
0.78–1.34; P=0.53). There was also no significant difference in 
the rates of the components of the primary end points between the 
2 groups. There were over twice as many periprocedural infarc-
tions in the culotte group as in the provisional group. Stent throm-
bosis was also numerically more frequent in the culotte group.

CCS grade was ≥2 in 66.5% of patients preprocedure and 
improved to 6% in both the groups at 12-month follow-up with 
no intergroup difference (provisional-T 6.0% versus culotte 
6.2%; P=0.99). Similarly, the mean (±SD) angina index was 
1.37±0.99 preprocedure and 1.03±0.06 at 12-month follow-up 
(P<0.01), with no intergroup difference (provisional-T 1.00 
versus culotte 1.06; P=0.80).

Discussion
In this randomized trial of true bifurcations (involving large 
SBs with significant length ostial disease), we found no differ-
ence in the composite end point of death, MI, or target vessel 

revascularization at 12 months between a provisional T-stent 
approach and a systematic 2 stent culotte strategy.

Regardless of randomized technique allocated, freedom 
from major adverse cardiovascular events at 1 year was good, 
and both techniques were effective at relieving angina, as has 
been noted previously.15

Figure 1. Flow of patients through the trial. FU indicates follow up.

Table 1.  Patient Characteristics and Clinical Features

Provisional-T (n=103) Culotte (n=97)

Age, y mean (SD) 62.9 (10.8) 63.5 (12.1)

Male (%) 87 (85%) 76 (78%)

Diabetes mellitus 26 (25%) 30 (31%)

Hypertension 65 (63%) 66 (68%)

Smoking 58 (56%) 49 (50%)

Family history 49 (48%) 48 (49%)

Hypercholesterolaemia 72 (70%) 70 (70%)

Creatinine >200 mmol/L 0 (0%) 1 (1%)

Previous MI 40 (39%) 40 (41%)

Previous PCI 41 (40%) 40 (41%)

Peripheral vascular disease 6 (6%) 8 (8%)

Left ventricular function

 � Unknown 25 (24%) 10 (10%)

Good (EF >50%) 59 (57%) 65 (67%)

Moderate (30%–50%) 18 (17%) 20 (21%)

Poor (<30%) 1 (1%) 2 (2%)

Presentation

 � Stable coronary disease 71 (69%) 66 (68%)

 � ACS 32 (31%) 31 (32%)

Diseased territories >70%

 � Single vessel 77 (76%) 61 (65%)

 � Two vessel 18 (17%) 27 (29%)

 � Three vessel 6 (6%) 5 (5%)

Site of bifurcation disease

 � LAD 80 (78%) 75 (77%)

 � Circumflex 16 (15%) 18 (19%)

 � RCA 6 (6%) 4 (4%)

Bifurcation lesion characteristics

 � True bifurcation 103 (100%) 97 (100%)

Type (Medina classification)

 � 1,1,1 83 (81%) 66 (68%)

 � 1,0,1 6 (6%) 7 (7%)

 � 0,1,1 12 (12%) 23 (24%)

Adverse lesion features

 � Calcification ≥moderate 20 (19%) 17 (17%)

 � Tortuosity ≥moderate 10 (10%) 15 (15%)

ACS indicates acute coronary syndrome; Cx, circumflex; EF, ejection fraction; 
LAD, left anterior descending; MI, myocardial infarction; PCI, percutaneous 
coronary intervention; and RCA, right coronary artery.
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Procedural success was higher than in previously reported 
trials of complex stenting techniques.8 In the combined BBC 
ONE and NORDIC trials, the technical success among com-
plex patients was 94% and kissing balloon success was 75%. 
The reason for the higher rate of success in this study prob-
ably relates to several factors—first, the SBs were larger and 
this may have facilitated recrossing; second, use of the culotte 
rather than the crush technique; and third, the expertise of 
the operators who all have a special interest in bifurcation 
treatment.

In terms of consumables, the culotte strategy was associ-
ated with increased procedural time, x-ray dose, and cost. This 
replicates findings from previous studies.1–8 Periprocedural 
MI was numerically more prevalent after culotte stenting. 
This probably relates to repeat instrumentation and dilata-
tion of vessels in the more complex procedure. Whether small 
degrees of cardiac enzyme release are prognostically impor-
tant is debated.16

Most previous bifurcation trials have favored the provi-
sional approach but have included lesions with small or non-
diseased SB.1–10 In the DK-CRUSH-II study (Double Kissing 
Crush Versus Provisional Stenting Technique for Treatment of 

Coronary Bifurcation Lesions), the provisional strategy com-
pared with the DK Crush technique had higher rates of both 
MV and SB restenosis at 8-month angiographic follow-up 
but no increase in major adverse cardiac event at 12 months. 
Nearly 30% of the provisional strategy patients received a SB 
stent, and this group had significantly lower rates of final kiss-
ing inflation.17 Expert consensus opinion has suggested that 
complex lesions (large SB with significant length ostial dis-
ease) are best treated with a planned 2 stent strategy.11 In the 
EBC TWO trial (European Bifurcation Coronary TWO), this 
hypothesis was tested in these complex lesions using contem-
porary practice. Even with these complex lesions, only 16% of 
the provisional group received a SB stent. This reflects good 
adherence to the provisional-T strategy protocol. It also con-
firms that the provisional SB stent rate remains low using a 
stepwise provisional approach with noncompliant kissing bal-
loon inflations, even among patients in whom the SB is large 
and the disease length is significant.1,7,9,10,18,19

In this trial, culotte was the planned 2-stent strategy. This 
technique has been compared with other 2-stent strategies 
and represents contemporary practice.20,21 There are theoreti-
cal advantages of the culotte over a provisional-T strategy in 
lesions with large SB, such as SB protection and full ostial 
coverage.22–24 In left main bifurcation, lesions culotte tech-
nique has compared favorably with the provisional strategy 
but was associated with increased major adverse cardiac 
event (mainly because of increased target vessel revascular-
ization) when compared with the DK crush technique.21,25,26 
The 2 kissing balloon inflations intrinsic to the DK crush 
technique may improve ostial SB stent apposition resulting 
in less restenosis. In our trial, quantative coronary analysis 
in the culotte group showed greater acute gain in both the SB 
and the MB, possibly because of less stent distortion in the 

Table 2.  Procedure Characteristics

Provisional-T 
(n=103) Culotte (n=97) P Value

Access site

 � Femoral 38 (37%) 42 (43%) 0.335

 � Radial 65 (63%) 55 (57%)

Sheath gauge

 � 6F 75 (73%) 63 (65%) 0.539

 � ≥7F 28 (27%) 33 34%)

Glycoprotein inhibitor use  4 (4%) 7 (7%) 0.302

Main vessel stent  103 (100%) 96 (99%) 0.485

Mean stent diameter 
(mm, SD)

3.06 (0.32) 3.03 (0.33) 0.393

Stent length (mm, SD) 23.4 (4.8) 22.9 (5.1) 0.352

Side branch stent 16 (16%) 94 (97%) <0.001

Mean stent diameter 
(mm, SD)

2.61 (0.29) 2.72 (0.25) 0.125

Stent length (mm, SD) 19.9 (6.8) 20.7 (5.5) 0.606

Total stented length  
(mm, SD)

33.6 (17) 51.8 (20) <0.001

Total no. of stents (SD) 1.6 (0.8) 2.5 (0.7) <0.001

Kissing balloons inflation 97 (94%) 93 (96%) 0.749

Procedural success 100 (97%) 95 (98%) 1

Procedure time (min, SD) 67.8 (25.6) 82.5 (38.8) <0.001

Fluoroscopy time  
(min, SD)

20.1 (10.1) 26.6 (17.1) <0.001

Diamentor (cGy·cm2, SD) 11 447 (8866) 18 362 (31 779) 0.035

Contrast volume (mL, SD) 245.9 (98.8) 269.3 (120.3) 0.13

Procedural cost (Euros) 2257 3263 <0.001 Table 3.  Quantative Coronary Analysis of the Lesions

Provisional-T 
(n=103)

Culotte 
(n=97) P Value

Lesion length

  Main vessel (mm, SD) 18 (6.7) 18 (8.8) 0.972

  Side branch (mm, SD) 9.7 (7.1)) 10.8 (7.3) 0.310

Diameter stenosis

 � Main vessel Pre (%, SD) 51.3 (21.1) 47.7 (20.5) 0.220

 � Main vessel Post (%, SD) 10.8 (7.6) 8.0 8.3) 0.572

 � Side branch Pre (%, SD) 54.1 (15.6) 54.8 (13.9) 0.734

 � Side branch Post (%, SD) 31.2 (13.8) 25.1 (11.1) <0.001

Minimal lumen diameter

 � Main vessel Pre (mm, SD) 1.1 (0.50) 1.10 (0.49) 0.758

 � Main vessel Post (mm, SD) 2.46 (0.46) 2.33 (0.38) 0.022

 � Main vessel acute gain 
(mm, SD)

1.34 (0.61) 1.23 (0.51) 0.170

 � Side branch Pre (mm, SD) 0.96 (0.37) 0.93 (0.31) 0.543

 � Side branch Post (mm, SD) 1.53 (0.43) 2.03 (0.35) 0.981

 � Side branch acute gain 
(mm, SD)

0.57 (0.5) 1.10 (0.39) 0.980
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MB and less recoil in the SB. However, the culotte technique 
was associated with increased procedural time, x-ray dose, 
cost, and periprocedural MI. Despite quantative coronary 
analysis superiority and these initial procedural investments, 
there did not seem to be any long-term advantage with the 
culotte as there was no difference in the composite end point 
at 12 months (Figure 2).

Postprocedural cardiac enzyme data were available 
for 94% of patients. As seen in previous trials, the rate of 

periprocedural MI was increased in the culotte group, reflect-
ing the increased procedural complexity.1,7 Whether it is nec-
essary or sensible to include periprocedural MI in a composite 
end point alongside is controversial.27

Stent thrombosis rates were low overall, although there 
was a nonsignificant increase in the culotte group in keeping 
with previous studies.7,8,10 Even with the high rates of final 
kissing balloon inflation and 12 months of dual antiplatelet 
therapy, the risk of stent thrombosis in bifurcations persists.28

Revascularization rates were numerically higher in the 
provisional-T group, but remained infrequent in either group 
despite the complex bifurcation lesions studied.

Nobori stent is stainless steel with biolimus A9 drug and 
biodegradable polymer, coated only on the abluminal side 
only. The stent has compared favorably to second-generation 
everolimus-eluting stents.29,30

Study Limitations
The study is underpowered (our clinical event rates were low: 
we had expected a 25% rate in the provisional arm). The null 
hypothesis that the 2 groups are the same was not disproven. 
We have aimed to answer an important clinical question in a 
group of patients with lesion characteristics that are difficult 
to recruit. For the study to be powered adequately, larger num-
bers of patients would need to be recruited.

This trial had an open design that meant the operators, and 
patients were aware of received treatment. This could have led 
to theoretical bias in interpreting clinical outcomes. Telephone 
follow-up was complete, but it is possible that it did not cor-
rectly identify all clinical end points. By using clinical follow-
up alone, the trial reflects current clinical practice but lacks 
angiographic follow-up data. Follow-up in this trial was only 
to 12 months, so it is not possible to comment on long-term 
outcomes from these treatment strategies.

Table 4.  Trial End Points

Provisional-T 
(n=103)

Culotte 
(n=97)

P 
Value

Primary end point

 � Death, myocardial infarction or 
target vessel failure at 12 mo

8 (7.7%) 10 (10.3%)  0.530

Secondary end points

 � Death 2 (2.0%) 1 (1.1%)  0.596

 � Periprocedural (inpatient) 0 0

 � Subsequent 2 1

 � Myocardial infarction 5 (4.9%) 10 (10.3%) 0.143

 � Periprocedural (inpatient) 4 10

 � Subsequent 1 0

 � In-hospital MACE 5 (4.9%) 10 (10.3%) 0.143

 � Target vessel revascularization 3 (2.9%) 1 (1.0%) 0.621

Stent thrombosis

 � Definite/Probable (ARC) 1 2 0.357

 � Possible 0 1

ARC indicates Academic Research Consortium; and MACE, major adverse 
cardiac event.

Figure 2. Primary end point at 12 months.
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All patients received a combination of aspirin and clopi-
dogrel antiplatelet therapy. Current guidelines suggest that 
the patients with acute coronary syndrome might have been 
treated with the newer agents (ticagrelor or prasugrel).

Conclusions
For the treatment of coronary bifurcation lesions with large 
SB (≥2.5 mm) with significant length ostial disease (≥5 mm), 
a systematic 2 stent culotte technique compared with a pro-
visional-T strategy is associated with increased procedural 
time, x-ray dose, cost, and periprocedural MI. In addition, 
there is no difference between the groups in terms of the com-
posite end point of death, MI, or target vessel revasculariza-
tion at 12 months. The provisional T-stent strategy remains 
the technique of choice for bifurcation lesions of all types.

Acknowledgments
The contribution of all the patients who willingly participated in this 
study is gratefully acknowledged. The participation of the following 
centers is also gratefully acknowledged through the principal investiga-
tor at each site: Belgrade (Department of Cardiology, Clinical Centre 
of Serbia, and Medical Faculty, University of Belgrade), Dr Stankovic 
(n=28); Brighton (Sussex Cardiac Centre), Dr Hildick-Smith (n=23); 
Cordoba (Reina Sofia Hospital, Department of Cardiology, University 
of Cordoba), Dr Pan (n=20), Fontaine-des-Djon (Department of 
Cardiology, Clinique de Fontaine-les-Djon), Dr Brunel (n=18), 
Toulouse (Department of Cardiology, Rangueil Hospital) Prof Carrié 
(n=16); Aarhus (Department of Cardiology, Aarhus University 
Hospital), Dr Maeng (n=14); Belfast (Royal Victoria Hospital) Dr 
Spence (n-11); Glasgow (Golden Jubilee National Hospital) Prof 
Oldroyd (n=11); Massy (Institute Cardiovasculaire Paris Sud) 
Dr Hovasse (n=10); Milan (San Raffaele Scientific Institute) Dr 
Chieffo (n=10); Bristol (Bristol Heart Institute) Dr Baumbach (n=7); 
Birmingham (Queen Elizabeth University Hospital) Dr Doshi (n=5); 
Coventry (Walsgrave Hospital) Dr Been (n=5); Wolverhampton (Heart 
and Lung Hospital) Dr Cotton (n=5); Barcelona (Barcelona Del 
Mar Hospital) Dr Serra (n=5); Badelona (Hospital Germans Trias i 
Pujol) Dr Mauri (n=3); Barcelona (Thorax Institute, Hospital Clinic, 
University of Barcelona) Dr Massotti (n=2); LasPalmas (Hospital 
Doctor Negrin, University of Las Palmas of Gran Canaria) Dr Medina 
(n=1); Quincy (Hospital Claude Galien) Dr Unterseeh (n=1). The con-
tribution of the following individuals is also gratefully acknowledged: 
Prof Martine Gilard, Dr Philippe Garot, Dr Stéphanie Cook (Clinical 
events Committee), Prof Yves Louvard, Prof Thierry Lefevre, Jens 
Lassen, Dr Olivier Darremount, Dr Manual Pan, Dr Goran Stankovic, 
Dr Miroslav Ferenc, Dr Remo Albiero (Steering Committee), and the 
Cardiovascular European Research Centre (Study Coordination, and 
Management, CoreLab Analysis).

Sources of Funding
The EBC TWO was funded by an unrestricted grant from Terumo 
Europe. Additional funding for CoreLab analysis was from Pie 
Medical Imaging.

Disclosures
Dr David Hildick-Smith has served on an Ad Board for Terumo and is 
a member of the Cardiovascular European Research Center (CERC).

References
	 1.	 Steigen TK, Maeng M, Wiseth R, Erglis A, Kumsars I, Narbute I, Gunnes P, 

Mannsverk J, Meyerdierks O, Rotevatn S, Niemelä M, Kervinen K, Jensen 
JS, Galløe A, Nikus K, Vikman S, Ravkilde J, James S, Aarøe J, Ylitalo 
A, Helqvist S, Sjögren I, Thayssen P, Virtanen K, Puhakka M, Airaksinen 
J, Lassen JF, Thuesen L; Nordic PCI Study Group. Randomized study on 
simple versus complex stenting of coronary artery bifurcation lesions: the 

Nordic bifurcation study. Circulation. 2006;114:1955–1961. doi: 10.1161/
CIRCULATIONAHA.106.664920.

	 2.	 Colombo A, Moses JW, Morice MC, Ludwig J, Holmes DR, Jr, Spanos 
V, Louvard Y, Desmedt B, Di Mario C, Leon MB. Randomized study 
to evaluate sirolimus-eluting stents implanted at coronary bifurca-
tion lesions. Circulation. 2004;109:1244–1249. doi: 10.1161/01.
CIR.0000118474.71662.E3.

	 3.	 Pan M, de Lezo JS, Medina A, Romero M, Segura J, Pavlovic D, Delgado 
A, Ojeda S, Melián F, Herrador J, Ureña I, Burgos L. Rapamycin-eluting 
stents for the treatment of bifurcated coronary lesions: a randomized com-
parison of a simple versus complex strategy. Am Heart J. 2004;148:857–
864. doi: 10.1016/j.ahj.2004.05.029.

	 4.	 Brar SS, Gray WA, Dangas G, Leon MB, Aharonian VJ, Brar SK, Moses 
JW. Bifurcation stenting with drug-eluting stents: a systematic review and 
meta-analysis of randomised trials. EuroIntervention. 2009;5:475–484.

	 5.	 Jensen JS, Galløe A, Lassen JF, Erglis A, Kumsars I, Steigen TK, 
Wiseth R, Narbute I, Gunnes P, Mannsverk J, Meyerdierks O, Rotevatn 
S, Niemelä M, Kervinen K, Nikus K, Vikman S, Ravkilde J, James S, 
Aarøe J, Ylitalo A, Helqvist S, Sjögren I, Thayssen P, Virtanen K, Puhakka 
M, Airaksinen J, Thuesen L; Nordic-Baltic PCI Study Group. Safety in 
simple versus complex stenting of coronary artery bifurcation lesions. The 
nordic bifurcation study 14-month follow-up results. EuroIntervention. 
2008;4:229–233.

	 6.	 Maeng M, Holm NR, Erglis A, Kumsars I, Niemelä M, Kervinen K, Jensen 
JS, Galløe A, Steigen TK, Wiseth R, Narbute I, Gunnes P, Mannsverk J, 
Meyerdierks O, Rotevatn S, Nikus K, Vikman S, Ravkilde J, James S, 
Aarøe J, Ylitalo A, Helqvist S, Sjögren I, Thayssen P, Virtanen K, Puhakka 
M, Airaksinen J, Christiansen EH, Lassen JF, Thuesen L; Nordic-Baltic 
Percutaneous Coronary Intervention Study Group. Long-term results af-
ter simple versus complex stenting of coronary artery bifurcation lesions: 
Nordic Bifurcation Study 5-year follow-up results. J Am Coll Cardiol. 
2013;62:30–34. doi: 10.1016/j.jacc.2013.04.015.

	 7.	 Hildick-Smith D, de Belder AJ, Cooter N, Curzen NP, Clayton TC, Oldroyd 
KG, Bennett L, Holmberg S, Cotton JM, Glennon PE, Thomas MR, 
Maccarthy PA, Baumbach A, Mulvihill NT, Henderson RA, Redwood SR, 
Starkey IR, Stables RH. Randomized trial of simple versus complex drug-
eluting stenting for bifurcation lesions: the British Bifurcation Coronary 
Study: old, new, and evolving strategies. Circulation. 2010;121:1235–
1243. doi: 10.1161/CIRCULATIONAHA.109.888297.

	 8.	 Behan MW, Holm NR, Curzen NP, Erglis A, Stables RH, de Belder 
AJ, Niemelä M, Cooter N, Chew DP, Steigen TK, Oldroyd KG, 
Jensen JS, Lassen JF, Thuesen L, Hildick-Smith D. Simple or com-
plex stenting for bifurcation coronary lesions: a patient-level pooled-
analysis of the Nordic Bifurcation Study and the British Bifurcation 
Coronary Study. Circ Cardiovasc Interv. 2011;4:57–64. doi: 10.1161/
CIRCINTERVENTIONS.110.958512.

	 9.	 Ferenc M, Gick M, Kienzle RP, Bestehorn HP, Werner KD, Comberg T, 
Kuebler P, Büttner HJ, Neumann FJ. Randomized trial on routine vs. pro-
visional T-stenting in the treatment of de novo coronary bifurcation le-
sions. Eur Heart J. 2008;29:2859–2867. doi: 10.1093/eurheartj/ehn455.

	10.	 Colombo A, Bramucci E, Saccà S, Violini R, Lettieri C, Zanini R, Sheiban 
I, Paloscia L, Grube E, Schofer J, Bolognese L, Orlandi M, Niccoli G, 
Latib A, Airoldi F. Randomized study of the crush technique versus pro-
visional side-branch stenting in true coronary bifurcations: the CACTUS 
(Coronary Bifurcations: Application of the Crushing Technique Using 
Sirolimus-Eluting Stents) Study. Circulation. 2009;119:71–78. doi: 
10.1161/CIRCULATIONAHA.108.808402.

	11.	 Lassen JF, Holm NR, Stankovic G, Lefèvre T, Chieffo A, Hildick-Smith 
D, Pan M, Darremont O, Albiero R, Ferenc M, Louvard Y. Percutaneous 
coronary intervention for coronary bifurcation disease: consensus 
from the first 10 years of the European Bifurcation Club meetings. 
EuroIntervention. 2014;10:545–560. doi: 10.4244/EIJV10I5A97.

	12.	 Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial infarc-
tion redefined–a consensus document of The Joint European Society of 
Cardiology/American College of Cardiology Committee for the redefini-
tion of myocardial infarction. J Am Coll Cardiol. 2000;36:959–969.

	13.	 Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White 
HD, Thygesen K, Alpert JS, White HD, Jaffe AS, Katus HA, Apple FS, 
Lindahl B, Morrow DA, Chaitman BA, Clemmensen PM, Johanson P, 
Hod H, Underwood R, Bax JJ, Bonow RO, Pinto F, Gibbons RJ, Fox 
KA, Atar D, Newby LK, Galvani M, Hamm CW, Uretsky BF, Steg PG, 
Wijns W, Bassand JP, Menasché P, Ravkilde J, Ohman EM, Antman EM, 
Wallentin LC, Armstrong PW, Simoons ML, Januzzi JL, Nieminen MS, 
Gheorghiade M, Filippatos G, Luepker RV, Fortmann SP, Rosamond WD, 
Levy D, Wood D, Smith SC, Hu D, Lopez-Sendon JL, Robertson RM, 

D
ow

nloaded from
 http://ahajournals.org by on M

ay 22, 2019



8    Hildick-Smith et al    EBC TWO 

Weaver D, Tendera M, Bove AA, Parkhomenko AN, Vasilieva EJ, Mendis 
S; Writing Group on the Joint ESC/ACCF/AHA/WHF Task Force for 
the Universal Definition of Myocardial Infarction; ESC Committee for 
Practice Guidelines (CPG). Third universal definition of myocardial in-
farction. Eur Heart J. 2012;33:2551–2567. doi: 10.1093/eurheartj/ehs184.

	14.	 Medina A, Suarez de Leso J, Pan M. A new classification of coronary 
bifurcation lesions. Rev Esp Cardiol (Engl Ed). 2006;59:183.

	15.	 Sirker A, Sohal M, Oldroyd K, Curzen N, Stables R, de Belder A, 
Hildick-Smith D. The impact of coronary bifurcation stenting strategy on 
health-related functional status: a quality-of-life analysis from the BBC 
ONE (British Bifurcation Coronary; Old, New, and Evolving Strategies) 
study. JACC Cardiovasc Interv. 2013;6:139–145. doi: 10.1016/j.
jcin.2012.10.010.

	16.	 Moussa ID, Klein LW, Shah B, Mehran R, Mack MJ, Brilakis ES, Reilly 
JP, Zoghbi G, Holper E, Stone GW. Consideration of a new definition 
of clinically relevant myocardial infarction after coronary revasculariza-
tion: an expert consensus document from the Society for Cardiovascular 
Angiography and Interventions (SCAI). J Am Coll Cardiol. 2013;62:1563–
1570. doi: 10.1016/j.jacc.2013.08.720.

	17.	 Chen SL, Santoso T, Zhang JJ, Ye F, Xu YW, Fu Q, Kan J, Paiboon C, 
Zhou Y, Ding SQ, Kwan TW. A randomized clinical study comparing 
double kissing crush with provisional stenting for treatment of coro-
nary bifurcation lesions: results from the DKCRUSH-II (Double Kissing 
Crush versus Provisional Stenting Technique for Treatment of Coronary 
Bifurcation Lesions) trial. J Am Coll Cardiol. 2011;57:914–920. doi: 
10.1016/j.jacc.2010.10.023.

	18.	 Lefèvre T, Louvard Y, Morice MC, Loubeyre C, Piéchaud JF, Dumas 
P. Stenting of bifurcation lesions: a rational approach. J Interv Cardiol. 
2001;14:573–585.

	19.	 Niemelä M, Kervinen K, Erglis A, Holm NR, Maeng M, Christiansen 
EH, Kumsars I, Jegere S, Dombrovskis A, Gunnes P, Stavnes S, Steigen 
TK, Trovik T, Eskola M, Vikman S, Romppanen H, Mäkikallio T, Hansen 
KN, Thayssen P, Aberge L, Jensen LO, Hervold A, Airaksinen J, Pietilä 
M, Frobert O, Kellerth T, Ravkilde J, Aarøe J, Jensen JS, Helqvist S, 
Sjögren I, James S, Miettinen H, Lassen JF, Thuesen L; Nordic-Baltic 
PCI Study Group. Randomized comparison of final kissing balloon dilata-
tion versus no final kissing balloon dilatation in patients with coronary 
bifurcation lesions treated with main vessel stenting: the Nordic-Baltic 
Bifurcation Study III. Circulation. 2011;123:79–86. doi: 10.1161/
CIRCULATIONAHA.110.966879.

	20.	 Kervinen K, Niemelä M, Romppanen H, Erglis A, Kumsars I, Maeng 
M, Holm NR, Lassen JF, Gunnes P, Stavnes S, Jensen JS, Galløe 
A, Narbute I, Sondore D, Christiansen EH, Ravkilde J, Steigen TK, 
Mannsverk J, Thayssen P, Hansen KN, Helqvist S, Vikman S, Wiseth 
R, Aarøe J, Jokelainen J, Thuesen L; Nordic PCI Study Group. Clinical 
outcome after crush versus culotte stenting of coronary artery bifur-
cation lesions: the Nordic Stent Technique Study 36-month follow-up 
results. JACC Cardiovasc Interv. 2013;6:1160–1165. doi: 10.1016/j.
jcin.2013.06.009.

	21.	 Tiroch K, Mehilli J, Byrne RA, Schulz S, Massberg S, Laugwitz 
KL, Vorpahl M, Seyfarth M, Kastrati A; ISAR-LEFT MAIN Study 
Investigators. Impact of coronary anatomy and stenting technique on 
long-term outcome after drug-eluting stent implantation for unprotected 

left main coronary artery disease. JACC Cardiovasc Interv. 2014;7:29–36. 
doi: 10.1016/j.jcin.2013.08.013.

	22.	 Ormiston JA, Webster MW, El Jack S, Ruygrok PN, Stewart JT, Scott D, 
Currie E, Panther MJ, Shaw B, O’Shaughnessy B. Drug-eluting stents for 
coronary bifurcations: bench testing of provisional side-branch strategies. 
Catheter Cardiovasc Interv. 2006;67:49–55. doi: 10.1002/ccd.20453.

	23.	 Hoye A, van Mieghem CA, Ong AT, Aoki J, Rodriguez Granillo GA, 
Valgimigli M, Tsuchida K, Sianos G, McFadden EP, van der Giessen 
WJ, de Feyter PJ, van Domburg RT, Serruys PW. Percutaneous therapy 
of bifurcation lesions with drug-eluting stent implantation: the Culotte 
technique revisited. Int J Cardiovasc Intervent. 2005;7:36–40. doi: 
10.1080/14628840510011225.

	24.	 Kaplan S, Barlis P, Dimopoulos K, La Manna A, Goktekin O, Galassi A, 
Tanigawa J, Di Mario C. Culotte versus T-stenting in bifurcation lesions: 
immediate clinical and angiographic results and midterm clinical follow-
up. Am Heart J. 2007;154:336–343. doi: 10.1016/j.ahj.2007.04.019.

	25.	 Chen SL, Xu B, Han YL, Sheiban I, Zhang JJ, Ye F, Kwan TW, Paiboon C, 
Zhou YJ, Lv SZ, Dangas GD, Xu YW, Wen SY, Hong L, Zhang RY, Wang 
HC, Jiang TM, Wang Y, Chen F, Yuan ZY, Li WM, Leon MB. Comparison 
of double kissing crush versus Culotte stenting for unprotected distal left 
main bifurcation lesions: results from a multicenter, randomized, prospec-
tive DKCRUSH-III study. J Am Coll Cardiol. 2013;61:1482–1488. doi: 
10.1016/j.jacc.2013.01.023.

	26.	 Chen SL, Xu B, Han YL, Sheiban I, Zhang JJ, Ye F, Kwan TW, Paiboon 
C, Zhou YJ, Lv SZ, Dangas GD, Xu YW, Wen SY, Hong L, Zhang RY, 
Wang HC, Jiang TM, Wang Y, Sansoto T, Chen F, Yuan ZY, Li WM, Leon 
MB. Clinical Outcome After DK Crush Versus Culotte Stenting of Distal 
Left Main Bifurcation Lesions: The 3-Year Follow-Up Results of the 
DKCRUSH-III Study. JACC Cardiovasc Interv. 2015;8:1335–1342. doi: 
10.1016/j.jcin.2015.05.017.

	27.	 Cockburn J, Behan M, de Belder A, Clayton T, Stables R, Oldroyd K, 
Curzen N, Hildick-Smith D. Use of troponin to diagnose periprocedur-
al myocardial infarction: effect on composite endpoints in the British 
Bifurcation Coronary Study (BBC ONE). Heart. 2012;98:1431–1435. 
doi: 10.1136/heartjnl-2012-302211.

	28.	 Iakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, Stankovic G, 
Airoldi F, Chieffo A, Montorfano M, Carlino M, Michev I, Corvaja N, 
Briguori C, Gerckens U, Grube E, Colombo A. Incidence, predictors, 
and outcome of thrombosis after successful implantation of drug-eluting 
stents. JAMA. 2005;293:2126–2130. doi: 10.1001/jama.293.17.2126.

	29.	 Smits PC, Hofma S, Togni M, Vázquez N, Valdés M, Voudris V, Slagboom 
T, Goy JJ, Vuillomenet A, Serra A, Nouche RT, den Heijer P, van der Ent 
M. Abluminal biodegradable polymer biolimus-eluting stent versus du-
rable polymer everolimus-eluting stent (COMPARE II): a randomised, 
controlled, non-inferiority trial. Lancet. 2013;381:651–660. doi: 10.1016/
S0140-6736(12)61852-2.

	30.	 Natsuaki M, Kozuma K, Morimoto T, Kadota K, Muramatsu T, Nakagawa 
Y, Akasaka T, Igarashi K, Tanabe K, Morino Y, Ishikawa T, Nishikawa 
H, Awata M, Abe M, Okada H, Takatsu Y, Ogata N, Kimura K, Urasawa 
K, Tarutani Y, Shiode N, Kimura T; NEXT Investigators. Biodegradable 
polymer biolimus-eluting stent versus durable polymer everolimus-eluting 
stent: a randomized, controlled, noninferiority trial. J Am Coll Cardiol. 
2013;62:181–190. doi: 10.1016/j.jacc.2013.04.045.

D
ow

nloaded from
 http://ahajournals.org by on M

ay 22, 2019




