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Abstract 
Background: The multicentre European Bifurcation Club Trial (EBC TWO) showed no significant dif-
ferences in 12-month clinical outcomes between patients randomised to a provisional stenting strategy or 
systematic culotte stenting in non-left main true bifurcations. 
Aims: This study aimed to investigate the 5-year clinical results of the EBC TWO Trial.
Methods: A total of 200 patients undergoing stent implantation for non-left main bifurcation lesions were 
recruited into EBC TWO. Inclusion criteria required a side branch diameter ≥2.5 mm and side branch lesion 
length >5 mm. Five-year follow-up was completed for 197 patients. The primary endpoint was the compos-
ite of all-cause mortality, myocardial infarction, or target vessel revascularisation. 
Results: The mean side branch stent diameter was 2.7±0.3 mm and mean side branch lesion length was 
10.3±7.2 mm. At 5-year follow-up, the primary endpoint occurred in 18.4% of provisional and 23.7% 
of systematic culotte patients (hazard ratio [HR] 0.75, 95% confidence interval [CI]: 0.41-1.38). No sig-
nificant differences were identified individually for all-cause mortality (7.8% vs 7.2%, HR 1.11, 95% CI: 
0.40-3.05), myocardial infarction (8.7% vs 13.4%, HR 0.64, 95% CI: 0.27-1.50) or target vessel revascu-
larisation (6.8% vs 9.3%, HR 1.12, 95% CI: 0.37-3.34). Stent thrombosis rates were also similar (1.9% vs 
3.1%, HR 0.63, 95% CI: 0.11-3.75). There was no significant interaction between the extent of side branch 
disease and the primary outcome (p=0.34).
Conclusions: In large non-left main true bifurcation lesions, the use of a systematic culotte strategy 
showed no benefit over provisional stenting for the composite outcome of all-cause mortality, myocardial 
infarction, or target vessel revascularisation at 5 years. The stepwise provisional approach may be consid-
ered preferable for the majority of true coronary bifurcation lesions. ClinicalTrials.gov: NCT01560455.

KEYWORDS

• ACS/NSTE-ACS 
• bifurcation
• drug-eluting stent
• stable angina 



E
uroIntervention 2

0
2

3
;1

9
:e

2
9

7-e
3

0
4

e298

Abbreviations
ACS acute coronary syndrome
dMB distal main branch
KBI kissing balloon inflation
MACE major adverse cardiovascular events
MI myocardial infarction
MV main vessel
pMB proximal main branch
POT proximal optimisation technique
SB side branch
TLR target lesion revascularisation
TVR target vessel revascularisation

Introduction
The optimal treatment of bifurcation disease has been widely 
debated. Early randomised trials comparing the provisional strat-
egy to routine dual stenting showed that two-stent strategies 
resulted in either no improvement in major adverse cardiovascu-
lar events (MACE)1,2 or increased myocardial infarction (MI)3 and 
mortality4. These studies included first-generation stents implanted 
within smaller-calibre bifurcations, in which side branch (SB) dis-
ease was less likely to be functionally significant. 

EBC TWO addressed these concerns with the use of second-
generation stents, a mean SB stent diameter of 2.7 mm and mean 
SB lesion length of 10 mm5. A total of 200 patients with non-left 
main true bifurcation disease were randomised to either provisional 
stenting (with T-stent placement in the event of significant SB com-
promise) or upfront culotte stenting. Twelve-month MACE rates 
were not significantly different between the provisional and culotte 
cohorts (7.7% vs 10.3%; p=0.53). Significant reductions in radiation 
dose and procedural cost were seen in the provisional group. 

A concordant result was reported by the Nordic-Baltic 
Bifurcation Study IV6. The incidence of MACE at 2-years was 
comparable between the provisional and routine 2-stent strate-
gies (12.9% vs 8.4%, HR 0.63; p=0.12), as was relief of angina. 
The DKCRUSH-II study compared provisional and double kiss-
ing crush (DK-crush) techniques in patients with mean SB lesion 
lengths of 15 mm7. Five-year follow-up showed a trend towards 
reduced MACE with DK-crush (15.7% vs 23.8%; p=0.05). This 
was driven exclusively by reduced target lesion revascularisation 
(TLR; 8.6% vs 16.2%; p=0.03)8, the majority of which was clus-
tered around mandatory 8-month repeat angiography. 

The long-term outcome of provisional versus routine culotte 
stenting for true bifurcation lesions is unknown. Herein we report 
the results from the 5-year follow-up of EBC TWO.

Editorial, see page 277

Methods
STUDY DESIGN
EBC TWO was an international, multicentre, parallel-group ran-
domised trial, designed and performed by the European Bifurcation 
Club. Trial oversight was provided by the Cardiovascular European 
Research Center (CERC, Massy, France). All events were adjudicated 

by an independent Clinical Events Committee and a Data and Safety 
Monitoring Board. Procedural details were analysed at an independ-
ent core lab. The study protocol was approved by the relevant author-
ities in all countries involved. Funding was through an unrestricted 
grant from Terumo Europe, with additional funding for core lab 
analysis provided by Pie Medical Imaging. The trial was registered 
on ClinicalTrials.gov: NCT01560455. The CONSORT checklist 
(Supplementary Appendix 1) was used when writing this manuscript9.

STUDY POPULATION
Patients were recruited if they had non-left main bifurcation dis-
ease (Medina 1,1,1, 1,0,1 or 0,1,1) and all limbs of the bifurcation 
were ≥2.5 mm in diameter. SB ostial disease needed to extend 
≥5 mm in length. 

REVASCULARISATION PROCEDURE
A detailed outline is provided in the primary outcome publica-
tion5. Briefly, provisional stenting began with wire placement into 
the main vessel (MV) and SB. SB predilation was discouraged to 
reduce the risk of dissection. The MV stent was sized to the distal 
main branch (dMB) and deployed with a jailed SB wire in situ. 
Proximal optimisation technique (POT) was recommended prior 
to rewiring the SB via a distal cell. Kissing balloon inflation (KBI) 
was performed with non-compliant balloons sized to the dMB and 
SB. It was suggested to then postdilate the proximal main branch 
(pMB) with the kissing balloon pair or a short non-compliant bal-
loon. Further SB treatment was indicated only in the setting of 
SB Thrombolysis in Myocardial Infarction (TIMI) flow <3, >90% 
ostial SB stenosis, threatened SB closure or SB dissection >type 
A. SB stenting was performed with the T-technique, minimising 
any stent protrusion into the MV. Repeat KBI was mandatory. 

Culotte stenting was ideally performed with the pMB-SB stent 
deployed first, with a jailed wire in the dMB. Following POT, the 
dMB was rewired through a distal cell and dilated. The pMB-dMB 
was then stented, and following an optional POT, the SB rewired 
through a distal cell. Sequential high pressure followed by simul-
taneous low pressure non-compliant KBI was then required. Final 
post-dilation of the pMB was optional. 

Nobori Biolimus-eluting stents (Terumo Corporation) were 
implanted, containing biodegradeable polymer coated onto 112 µm 
stainless steel struts. Aspirin 75-150 mg daily and clopidogrel 
75 mg daily were recommended for a minimum of 12 months, as 
was standard practice at the time.

FOLLOW-UP
Adverse event tracking commenced at randomisation and contin-
ued to the end of the 5-year follow-up period. Patients underwent 
either telephone or hospital follow-up. Routine angiography was 
not performed. 

ENDPOINTS
The primary endpoint was the composite of all-cause mortal-
ity, myocardial infarction (MI), or target vessel revascularisation 
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(TVR) at 5 years. Secondary endpoints included the individual 
components of the primary endpoint and stent thrombosis (based 
on the Academic Research Consortium [ARC] definition)10. The 
influence of SB lesion length on the primary outcome was ana-
lysed. To isolate the specific impact of bifurcation strategy on 
clinical outcomes, bifurcation-related adverse cardiac events (the 
composite of bifurcation-specific procedural acute vessel closure, 
stent thrombosis, Type 1 myocardial infarction and revascularisa-
tion) were also examined. 

MI was defined as per European Society of Cardiology/American 
College of Cardiology (ESC/ACC) guidelines11. Periprocedural 
MI was defined by the elevation of cardiac troponin (cTn) values 
(>5×99th percentile upper reference limit [URL]) in patients with 
normal baseline values (≤99th percentile URL). A rise in cTn val-
ues >20% was required if the baseline values were elevated and 
stable or falling. Additionally, one of the symptoms of myocar-
dial ischaemia, new ischaemic electrocardiogram (ECG) changes, 
angiographic findings consistent with a procedural complication 
or imaging demonstration of a new regional wall motion abnor-
mality were also required. TVR involved revascularisation (PCI or 
coronary artery bypass graft) of the MV±SB or the target vessel, 
which had demonstrated inadequacy with TIMI flow <3, without 
repeat revascularisation. 

STATISTICAL ANALYSIS
Power calculations have been previously documented5. All analy-
sis was performed on an intention-to-treat basis. Continuous 
variables are described by mean and standard deviation, and 
categorical data by raw numbers and percentages. Relationships 
between categorical data were assessed with Pearson’s Chi-
Square or Fisher’s exact test. Continuous variables were assessed 
with the independent samples t-test. The reported results include 
recurrent events for individual endpoints and first event only for 
the composite endpoint. Event-free survival was assessed with 
Kaplan-Meier analysis and the log-rank test used for compar-
ison. Hazard ratios (HR) of time-to-first-event for the primary 
composite and secondary endpoints were generated using a Cox 
regression model. SB lesion length was included as a covariate 
to check for subgroup interaction. Statistical analysis was per-
formed with SPSS V26.0 (IBM).

Results
Two hundred patients were recruited between 2011 and 2014, 
and 197 patients completed 5-year follow-up. Baseline demo-
graphic and procedural details are summarised in Supplementary 
Table 1 and Supplementary Table 2. The mean SB lesion length 
was 10.2 mm. SB stenting was required in 16% of the provisional 
cohort. The rates of final KBI were approximately 95% in both 
groups, and procedural success was ≥97%. Of note, significantly 
more patients in the culotte group underwent additional PCI 
for bystander disease (40.2% vs 23.3%; p=0.01). As previously 
reported, radiation dose and procedural cost were significantly 
lower with provisional stenting.

The cumulative 5-year incidence of the composite primary 
endpoint was not significantly different between the provisional 
and culotte cohorts (18.4% vs 23.7%, HR 0.75, 95% confidence 
interval [CI]: 0.41-1.38) (Central illustration). This was consist-
ent within all individual secondary endpoints (Table 1, Figure 1). 
Progression to SB stent placement in the provisional cohort did not 
significantly impact the incidence of MACE compared to main ves-
sel stenting only (12.5% vs 19.5%, HR 0.72, 95% CI: 0.17-3.09). 
Five-year all-cause mortality was 7.5%, with cardiac mortality at 
3%. Most MI was periprocedural, which occurred at a numerically 
higher rate in the culotte group (10.3% vs 4.9%; p=0.16). The over-
all incidence of Type 1 MI was low at 2.5%. TVR was clinically 
driven in all cases and occurred in 8% of patients; revascularisation 
for de novo disease was more frequent at 12%. Definite/probable 
stent thrombosis occurred in 1.5% of cases. 

The presence of SB disease with a lesion length ≥10 mm did not 
show significant interaction with the primary outcome (Table  2, 
Figure 2). Bifurcation-related adverse cardiac events occurred in 
5.8% of provisional and 7.2% of culotte patients (Table 3, Figure 3). 
There were no significant differences between groups for the indi-
vidual endpoints, and the overall clinical restenosis rate was 3.5% 
at 5 years. The site of bifurcation failure was evenly distributed. 

Discussion
This study provides the longest follow-up of patients undergo-
ing provisional versus culotte bifurcation PCI with contemporary 
stents. The results confirm that systematic culotte treatment does 
not offer any long-term clinical benefit beyond the provisional 
strategy in non-left main lesions (Central illustration). This is in 
concordance with 12-month outcomes and remains true regardless 
of the extent of SB disease. 

Multiple variables influence the results of bifurcation PCI, includ-
ing patient risk factors, equipment, operator expertise and stenting 
technique. Important lesion characteristics include location, MV and 
SB size, Medina class and SB lesion severity and length. EBC TWO 
included 32% acute coronary syndrome (ACS) patients, a high pro-
portion of left anterior descending artery disease (78%) and large-
calibre SBs (mean SB stent diameter >2.5 mm). Patients were also 
required to have significant (>50%) SB stenosis and had a mean 
SB lesion length of 10 mm. Therefore, this cohort was specifically 
selected for disease that was highly likely to be functionally signifi-
cant in both the MV and SB. As such, it is notable that excellent 
clinical outcomes were achieved with MV stenting and KBI alone. 
The fact that the provisional strategy achieved similar outcomes to 
upfront culotte, with only a 16% rate of SB stenting, suggests that 
the overwhelming majority of upfront SB stenting is unnecessary. 
This remains true even when a SB lesion is over 10 mm in length. 
Avoidance of a second stent reduces both procedural cost as well as 
the potential for complications. Of interest, a trend towards favour-
able outcomes was apparent with the provisional strategy for SB 
lesion lengths under 10 mm. These results are largely consistent with 
a network meta-analysis of 21 randomised trials which reported no 
difference in MACE between provisional and culotte techniques12. 
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Whilst 2-stent techniques showed benefit for SB lesion lengths above 
10 mm, these results were driven entirely by studies using DK-crush.

DK-crush is an alternative technique to culotte and has been 
reported to reduce rates of TLR compared to provisional stenting 
for non-left main bifurcations7. However, there are important fac-
tors to consider when comparing data. In DKCRUSH-II, patients 
had a mean SB lesion length of 15 mm, compared to 10 mm in 
EBC TWO, and 29% of provisional patients progressed to sec-
ond stent insertion, compared to 16% in EBC TWO. This sug-
gests greater SB lesion complexity in DKCRUSH-II. Main vessel 
stent post-dilation was more common in the DK-crush group than 
the provisional group (100% vs 87.6%; p=0.008). KBI was per-
formed in only 79.5% of the provisional group in DKCRUSH-II, 
compared to 94% in EBC TWO. Therefore, there were also 
technical differences in the performance of the procedures. 

Finally, follow-up included a scheduled 8-month angiogram for 
DKCRUSH-II patients compared to standard clinical practice in 
EBC TWO. The clustering of TLR events at the time of scheduled 
angiography, with parallel survival curves before and after, results 
in difficulty interpreting this outcome in real-world practice. 

The trend towards increased periprocedural MI with upfront culotte 
stenting in EBC TWO should be interpreted with caution. While 
it may be related to increased procedural complexity, the culotte 
cohort also underwent significantly more bystander disease PCI dur-
ing the index procedure. The clinical significance of periprocedural 
MI based on current definitions is also debatable, and no difference 
in the critical endpoints of cardiac death or Type 1 MI was seen.

It is notable that bifurcation-related adverse cardiac events (6.5%) 
represented a minority of overall MACE (21%) at 5 years. In the 
first instance, this demonstrates that modern PCI techniques offer 

EuroIntervention

CENTRAL ILLUSTRATION Provisional-T versus culotte stenting MACE rates at 5-year follow-up.

No significant difference at 5 years for the composite of all-cause
mortality, myocardial infarction, or target vessel revascularisation

Provisional 18.4% vs Culotte 23.7%, HR 0.75 (95% CI: 0.41-1.38)

Non-left main true 
bifurcation disease
78% LAD/diagonal
≥2.5 mm diameter

≥5 mm branch disease
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CI: confidence interval; EBC: European Bifurcation Club; HR: hazard ratio; LAD: left anterior descending artery; MACE: major adverse 
cardiovascular events; MI: myocardial infarction; PCI: percutaneous coronary intervention; TVR: target vessel revascularisation
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Table 1. Trial endpoints. 

Provisional 
(n=103)

Culotte 
(n=97)

Hazard ratio  
(95% CI)

p-value

Primary endpoint (MACE)
All-cause mortality, MI or TVR 19 (18.4) 23 (23.7) 0.75 (0.41-1.38) 0.36

Secondary endpoints
Mortality All-cause mortality 8 (7.8) 7 (7.2) 1.11 (0.40-3.05) 0.85

Cardiac mortality 3 (2.9) 3 (3.1) 0.93 (0.19-4.59) 0.92

Myocardial infarction All MI 9 (8.7) 13 (13.4) 0.64 (0.27-1.50) 0.30

Periprocedural MI 5 (4.9) 10 (10.3) 0.47 (0.16-1.36) 0.16

Type 1 MI 3 (2.9) 2 (2.1) 1.44 (0.24-8.64) 0.69

Revascularisation All revascularisation events 16 (15.5) 24 (24.7) 0.68 (0.34-1.35) 0.26

Target vessel revascularisation 7 (6.8) 9 (9.3) 1.12 (0.37-3.34) 0.84

Target lesion revascularisation 7 (6.8) 7 (7.2) 1.35 (0.43-4.26) 0.61

Stent thrombosis All stent thrombosis 2 (1.9) 3 (3.1) 0.63 (0.11-3.75) 0.61

Definite/probable 1 (1.0) 2 (2.1) 0.47 (0.04-5.17) 0.54

Possible 1 (1.0) 1 (1.0) 0.97 (0.06-15.4) 0.98

Values are n (%). Recurrent events are included for the secondary endpoints. Hazard ratios are calculated from time-to-first-event only. CI: confidence 
interval; MACE: major adverse cardiovascular events; MI: myocardial infarction; TVR: target vessel revascularisation
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Figure 1. Secondary endpoints at 5 years. MI: myocardial infarction; PCI: percutaneous coronary intervention; ST: stent thrombosis; 
TVR: target vessel revascularisation
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robust long-term results for large-calibre true bifurcation lesions. 
Rates of probable and definite bifurcation stent thrombosis were 
very low in both strategies (0.3% annually), with one event recorded 
in a patient who received an off-protocol bifurcation-specific stent. 
It also emphasises the importance of cardiovascular risk factor opti-
misation for secondary prevention in these high-risk patients. With 
modern advances in medical therapy, including potent P2Y12 inhi-
bition and multipronged lipid management (high intensity statins, 
ezetimibe and proprotein convertase subtilisin/kexin type 9 [PCSK9] 
inhibition), it is likely that adverse event rates have declined further. 

Limitations
The trial was run with an open design, and patient and operator aware-
ness of therapy could theoretically have led to bias in the interpreta-
tion of outcomes. Patients were treated with clopidogrel, and event 
rates may have been reduced by the use of newer P2Y12 agents. The 
duration of dual antiplatelet therapy use over the 5-year period is 
unknown. Use of intracoronary imaging was not recorded. Culotte 
patients underwent significantly greater bystander PCI at the index 
procedure, which may have influenced the overall MACE outcomes.

While the rate of follow-up was high, the overall sample size 
was limited. Only a few trials have reported 5-year outcomes, 
and it may require even longer follow-up and greater patient 

recruitment for small differences between bifurcation strategies to 
become evident13. However, when there are minimal differences in 
outcomes, it is likely that operator proficiency with a given tech-
nique outweighs any intrinsic benefit of a specific strategy. 

Since the completion of EBC TWO, modifications to the culotte 
technique have been recommended. These include minimising stent 
overlap length and performing double kissing balloon inflation after 
rewiring the first stent (DK mini-culotte)14. Benchtop testing has 
identified reduced malapposition and side branch ostial stenosis 
with these adaptations15, although clinical data are lacking. Finally, 
rates of initial and repeat POT were not recorded, and may have 
influenced target lesion failure16. 

Conclusions
In patients with large-calibre (≥2.5 mm) non-left main bifurcation 
lesions with significant side branch disease (lesion length ≥5 mm), 
upfront culotte stenting did not offer any benefit over provisional 
stenting for the composite endpoint of all-cause mortality, myocar-
dial infarction, or target vessel revascularisation at 5 years. Side 
branch lesion lengths ≥10 mm did not influence this finding.

Impact on daily practice
Long-term follow-up of EBC TWO has shown that patients 
with large-calibre non-left main true bifurcation lesions do not 
gain any benefit from systematic culotte stenting over a provi-
sional approach. MACE rates were similar at 5 years, and bifur-
cation-specific adverse cardiac events remained infrequent in 
both cohorts. This study demonstrates that percutaneous coro-
nary intervention offers robust long-term results for the treat-
ment of bifurcation lesions and that the stepwise provisional 
approach should remain the standard technique. 

Table 2. Influence of SB lesion length on the primary endpoint.

Provisional Culotte
Hazard ratio 

(95% CI)
p-value 

(interaction)

SB lesion 
<10 mm 7/59 (11.9) 11/54 (20.4) 0.53 (0.21-1.36)

0.34
SB lesion 
≥10 mm 12/44 (27.3) 12/42 (28.6) 0.99 (0.45-2.21)

Values are n/N (%). CI: confidence interval; SB: side branch
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Figure 2. Influence of SB disease length on the primary endpoint. MACE: major adverse cardiovascular events; PCI: percutaneous coronary 
intervention; SB: side branch
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