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Abstract
Bifurcation coronary artery disease is common as the development of atherosclerosis is facilitated by altered 
endothelial shear stress. Multiple anatomical and physiological factors need to be considered when treating 
bifurcation lesions. To achieve optimal results, various stenting techniques have been developed, each with 
benefits and limitations. In this state-of-the-art review we describe technically important characteristics of 
bifurcation lesions and summarise the evidence supporting contemporary bifurcation techniques.
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Abbreviations
CT computed tomography
DK double kiss
DMV distal main vessel
EBC European Bifurcation Club
FFR fractional flow reserve
IVL intravascular lithotripsy
IVUS intravascular ultrasound
KBI kissing balloon inflation
LAD left anterior descending
LCx left circumflex
LMCA left main coronary artery
MACE major adverse cardiovascular events
MI myocardial infarction
MV main vessel
NC non-compliant
OCT optical coherence tomography
PCI percutaneous coronary intervention
PMV proximal main vessel
POT proximal optimisation technique
PS provisional strategy
RCT randomised control trial
TAP T and protrude
TIMI Thrombolysis in Myocardial Infarction
TLF target lesion failure
TLR target lesion revascularisation
TVF target vessel failure
TVMI target vessel myocardial infarction

Introduction
While atherosclerosis can develop throughout the coronary arterial 
tree, bifurcations are particularly vulnerable. Haemodynamic shear 
stress has been identified as an important risk factor for athero-
sclerosis in addition to traditional systemic comorbidities1,2.

Bifurcations are composed of a proximal main vessel (PMV) 
that divides into 2 smaller branches, referred to as the distal main 
vessel (DMV) and side branch (SB). The carina is the flow-
dividing septum between the 2 branches. Endothelia at the carina 
and adjacent inner walls are subjected to higher shear stress and 
are relatively protected from atherosclerosis. When plaque does 
develop in this region, it tends to be less voluminous3,4. In con-
trast, the endothelia of the opposing lateral walls experience low 
shear stress and oscillatory flow – conditions favouring plaque 
formation2. These cells demonstrate increased expression of pro-
inflammatory proteins and reduced protective enzymes, result-
ing in vulnerability to injury5. There are also data suggesting that 
plaques which develop in regions of low shear stress are more 
likely to possess vulnerable characteristics such as a thin, fibrous 
cap and increased inflammation6,7.

These factors mean that bifurcation lesions are common, 
accounting for approximately 20% of percutaneous coronary inter-
ventions (PCIs)8. It is therefore important for the interventionalist 
to be familiar with the unique challenges of bifurcation disease 

and the available techniques for treatment. This is especially true 
as multiple studies show worse procedural and long-term out-
comes in this cohort9-11.

Bifurcation variables
Bifurcation disease may occur at any branch point in the coro-
nary circulation but is most often encountered in the left main 
coronary artery (LMCA) and left anterior descending coronary 
artery (LAD). When assessing a bifurcation lesion, numerous 
factors must be considered (Central illustration). If PCI is clin-
ically indicated, the first decision is whether the SB requires 
preservation. A significant SB has been defined as one “that you 
do not want to lose in the global context of a particular patient 
(symptoms, location of ischaemia, branch responsible for symp-
toms or ischaemia, viability, collateral vessel, left ventricular 
function, and so forth)”12. As these factors vary between patients, 
it is up to the operator to assess the SB and arrive at an appro-
priate decision. Coronary computed tomography (CT) and inva-
sive fractional flow reserve (FFR) have shown that SB length is 
a better predictor of myocardial mass supplied than SB diame-
ter13. Only 20% of non-left main SBs supply ≥10% of the overall 
myocardial mass.

Defining bifurcation anatomy by the Medina classification 
is useful to assess the distribution of disease14. A score of 1 is 
assigned to any of the PMV, DMV or SB with ≥50% diameter 
stenosis. Lesions involving both the main vessel (MV) and SB 
(Medina classification of 0,1,1, 1,0,1 or 1,1,1) have been associ-
ated with higher 36-month all-cause mortality and major adverse 
cardiovascular events (MACE) following treatment with both 
first- and second-generation drug-eluting stents15,16. 

There are many additional variables not described in the Medina 
classification that also influence outcomes. Calcium remains the 
nemesis of the interventional cardiologist, and is overrepresented 
in bifurcation disease, with a recent registry reporting ≥moderate 
calcification in 33% of cases and increased rates of myocardial 
infarction (MI) and death within this group17. As there are no ran-
domised trials comparing methods of lesion preparation in calci-
fied bifurcation lesions, operators should use the techniques they 
are familiar with. Rotational atherectomy for plaque modification 
is an established therapy18, associated with reduced rates of SB 
compromise compared to the use of scoring or cutting balloons19. 
Early data for orbital atherectomy show 30-day MACE and tar-
get vessel revascularisation (TVR) comparable to non-bifurcation 
procedures20, and acceptable 1-year MACE in a high-risk left main 
cohort21. Intravascular lithotripsy (IVL) offers a novel solution that 
may be delivered over standard coronary wires and performed 
with a protective SB wire in place. Hybrid approaches combining 
rotational atherectomy and IVL have also been reported22.

While the bifurcation angle (defined as subtending the centre-
lines of the DMV and SB) has important technical implications, 
a consistent link with clinical outcomes has not been established23. 
The large COBIS II registry did not show a relationship between 
the bifurcation angle and rates of SB occlusion24. In contrast, 



EuroIntervention 2
0

2
2

;1
8

:e
2

73
-e

2
91

e275

Coronary bifurcation PCI

an observational study by Zhang et al found that wider bifurca-
tion angles (>52°) were predictive of occlusion of smaller calibre 
SBs25. COBIS I identified higher rates of SB stenting in patients 
with acute angles (<50°), but similar rates of MACE and TLR at 
21 months26.

Angulation does appear to influence the suitability and results 
of different bifurcation techniques. A 90° take-off facilitates the 
use of T-stenting, whereas a more acute angle will result in a T 
and protrude (TAP) result. A wide angle has been found to predict 
poor outcomes after culotte stenting27, potentially due to the higher 
degree of stent deformation, and is a setting where outcomes may 
be better with the use of DK-crush28. However, bench studies have 
also shown the potential for incomplete SB stent apposition with 

the crush technique in bifurcations >80° 29,30 (Figure 1). An earlier 
study demonstrated increased MACE with crush stenting in bifur-
cation angles >50° 31, but this was not present in a larger study ana-
lysing outcomes from the DKCRUSH-I database32. While wider 
bifurcation angles have been associated with increased MACE and 
angina in patients treated with either crush or culotte techniques, 
the outcomes of patients treated with only a single stent appear 
unaffected33. Expert consensus is that both very narrow and very 
wide angles increase the likelihood of a poor outcome. The likely 
mechanisms for this are depicted in Figure 2. From a practical per-
spective, widely angulated SBs can be challenging for stent deliv-
ery and may influence the operator to consider upfront stenting 
into an SB at high risk of compromise.

EuroIntervention

CENTRAL ILLUSTRATION Variables involved in bifurcation PCI.

Patient
Age

Acute coronary syndrome
Diabetes

LV function
Multivessel disease

Medication adherence
Bleeding risk

Renal function Outcome
Short- vs long-term
Procedural success

Freedom from angina
Target lesion revascularisation

Procedural MI
Spontaneous MI
Stent thrombosis

Death

Equipment
Stent generation
Open cell design

Stent expansion capacity
NC vs compliant balloons

Balloon sizing
Inflation pressure

Cost
Imaging

Lesion
Location

SB significance
Medina class

DEFINITION criteria
Lesion length

Thrombus
Calcification
Angulation

Size
Tortuosity

Procedure
PS vs 2-stent technique

Lesion preparation method
Jailed SB wire
Post-dilation
POT & KBI

Distal/proximal wire crossing
KBI overlap length

POT position and re-POT
SB stent deployment
SB stent technique

Operator
expertise

KBI: kissing balloon inflation; LV: left ventricular; MI: myocardial infarction; NC: non-compliant; POT: proximal optimisation technique; 
PS: provisional strategy; SB: side branch
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The incidence of acute SB occlusion with MV stenting has been 
reported at approximately 8% and is associated with increased 
rates of cardiac death and MI24. SB ostial stenosis or occlusion 
occurs due to both carinal and plaque shift. Carinal shift occurs 
when the MV stent is oversized for the DMV, leading to displace-
ment of the carina into the SB. This effect is more apparent in 
highly angulated and small-calibre SBs, leading to a thin carinal 
segment appearing as an "eyebrow" sign on intravascular imag-
ing34 (Figure 3). An intravascular ultrasound (IVUS) study demon-
strated that 85% of the loss of SB ostial lumen volume following 
MV stenting was due to carinal shift35. Importantly, FFR studies 
have shown that despite significant angiographic appearances, iso-
lated carinal shift is rarely associated with physiological signifi-
cance36. Plaque shift refers to the displacement of plaque into the 
SB following stent deployment in the MV. IVUS has shown that 
plaque shift is associated with PMV plaque volume decrease, sug-
gesting that the shift tends to occur primarily from the PMV35. 
This is consistent with other reports that PMV disease severity is 
a strong risk factor for SB compromise24,37. Significant SB FFR 
decreases are almost always accompanied by plaque shift36.

While IVUS analysis has demonstrated that angiographic ostial 
SB disease can in fact be a false angiographic appearance gen-
erated by MV plaque, SB ostia with true circumferential plaque 
are much more likely to occlude38. The V-RESOLVE scoring sys-
tem was developed to quantify the risk of SB occlusion following 

MV stenting39. The 6 independent predictors identified for occlu-
sion were greater PMV stenosis, MV plaque distribution ipsilat-
eral to SB, reduced MV Thrombolysis in Myocardial Infarction 
(TIMI) flow before stenting, a bifurcation angle >70°, a larger 
MV:SB ratio and greater SB stenosis. In a validation cohort, the 

Figure 1. Incomplete SB stent apposition with the crush technique. 
SB stent balloon deformation (A) leading to malapposition of the 
SB stent following crush in a wide-angle bifurcation (B, arrow). This 
may be minimised by sequential high-pressure inflations prior to 
KBI. Note the potential for wiring external to the stent if the SB is 
entered distally (Adapted from 29). KBI: kissing balloon inflation; 
SB: side branch

Figure 2. Impact of the bifurcation angle. A) SBs with the same 
diameter possess ostia of different shapes and areas depending on 
their angle of take-off. For the same volume of plaque prolapse, the 
round ostia of wide-angle SBs are more prone to obstruction than the 
elliptical ostia of acute angle SBs. B) Acute angle bifurcation SBs are 
more prone to ostial "pinching" from carinal shift if the DMV is 
over-expanded by stenting. However, due to the elliptical shape and 
larger areas of these SB ostia, this is less likely to be 
haemodynamically significant. C) Increased stent distortion is 
required to accommodate wide-angle bifurcations (star), which may 
lead to poor stent expansion and malapposition. DMV: distal main 
vessel; SB: side branch

Figure 3. IVUS imaging demonstrating carinal shift. A) LAD trifurcation prior to PCI. B) IVUS demonstrating long carina “eyebrow sign” 
(arrow). C) Displacement of carina (arrow) into SB following MV PCI. D) Ostial diagonal “pinching” due to carinal shift (circle). Note mild 
oversizing of DMV (double arrow). (Adapted from 34). DMV: distal main vessel; IVUS: intravascular ultrasound; LAD: left anterior 
descending artery; MV: main vessel; PCI: percutaneous coronary intervention; SB: side branch
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SB occlusion rate was 26% in the high-risk group and 3.5% in the 
low-risk group40.

Important additional properties of the SB to consider are the cal-
ibre and length of the disease. Coronary arteries follow Murray’s 
law, where the PMV diameter3=DMV diameter3+SB diameter3. 
Therefore, a significant size mismatch may be present across the 
bifurcation branches. Accordingly, operators must be aware of 
the overexpansion limits of their stent platform, especially when 
deciding upon a 2-stent strategy.

The distal bifurcation is involved in 60-85% of left main dis-
ease41 and is a location that is associated with poorer outcomes 
following PCI42. There are several unique anatomical factors that 
contribute to this; the vessel calibre is large, and care needs to 
be taken when sizing as diffuse disease may be present along 
the entire shaft. Highlighting this fact, IVUS has revealed that 
ostial LAD lesions are frequently associated with significant 
distal LMCA disease43, not readily apparent on angiography. 
Accordingly, rates of TVR following stenting from the left main 
into the LAD are significantly lower than after ostial LAD stenting 
alone43,44. There is no true SB from the left main as both daugh-
ter vessels are important, and the consequences of occlusion or 
residual stenosis are clinically significant. Fortunately, the risk 
of acute vessel occlusion appears reduced compared to non-left 
main disease24. The angle of separation between daughter vessels 
is generally larger than in non-LM bifurcations45, and the proxi-
mal left circumflex (LCx) is often tortuous. Trifurcation lesions 
are encountered in approximately 10% of cases, and while techni-
cally more complex, long-term outcomes appear similar to those 
for bifurcation disease46. The optimal technique for trifurcations is 
unknown. As every additional procedural step and stent insertion 
increases the chance of complications, operators should deploy the 
simplest strategy that they are experienced in. Finally, the risk of 
intraprocedural longitudinal stent deformation needs to be consid-
ered due to the proximity of the guide to the proximal stent edge, 
especially with thin-strut modern stents.

Preparation for bifurcation lesion treatment is important, not-
ing that longer procedural times and greater contrast use are to 
be expected. While 6 Fr catheters are adequate in most scenar-
ios, the use of 2 simultaneous stents or ≥3 balloons will require 
a 7 Fr system. Adequate guide support is required as advancing 
equipment into angulated vessels and through stent cells can be 
challenging. Low-profile single marker compliant balloons can aid 
when crossing is difficult. Examples include the Ryurei (Terumo) 
and Sapphire II Pro (OrbusNeich) families.

Imaging
Due to the importance of adequate lesion preparation and accu-
rate sizing in all 3 limbs of a bifurcation, intravascular imaging 
is likely to offer even greater benefits than when used in stand-
ard lesions. Recent propensity-matched analysis of the unprotected 
left main cohort within the British Cardiovascular Intervention 
Society National PCI Audit dataset showed a lower rate of in-
hospital MACE (odds ratio [OR] 0.47, 95% confidence interval 

[CI]: 0.37-0.59) and improved 30-day (OR 0.54, 95% CI: 0.43-
0.68) and 12-month (OR 0.66, 95% CI: 0.57-0.77) mortality with 
imaging use47. Even greater mortality benefit was observed in the 
bifurcation subgroup who underwent PCI from the left main into 
the LAD (p for interaction=0.048).

While no specific bifurcation imaging randomised control trials 
(RCTs) have been published, a 3-year follow-up of the ULTIMATE 
trial showed a significant reduction of target vessel failure (TVF) 
with IVUS in the bifurcation subgroup (hazard ratio [HR] 0.48, 
95% CI: 0.27-0.87), in concordance with the finding in the overall 
trial population48. The 5-year results from DKCRUSH-II identified 
a reduced rate of MI in patients who underwent IVUS assessment 
(1.8% vs 5.4%; p=0.043)49. A meta-analysis of left main disease 
has also shown reduced MACE with IVUS guidance50. Dedicated 
IVUS (DKCRUSH-VIII51) and optical coherence tomography 
(OCT) (OCTOBER52 and ILUMIEN IV53) bifurcation studies are 
currently underway. Another more unique application of OCT 
imaging has been the development of online 3D bifurcation mod-
els to confirm distal cell wire crossing. The clinical impact of this 
will be determined in the OPTIMUM trial54.

As both IVUS and OCT provide information regarding plaque 
composition and vessel sizing, it is recommended that opera-
tors use the modality they are most comfortable with. While 
OCT offers superior resolution, the limitations of reduced imag-
ing depth, increased contrast use, and difficulty assessing the left 
main ostium must be kept in mind. It should also be noted that any 
benefit from imaging is implicit on the operator interpreting and 
responding to the information to ensure optimal lesion prepara-
tion, stent coverage and stent expansion.

Bifurcation strategies
A range of strategies have been developed to tackle bifurcation dis-
ease. Many have undergone bench testing in models designed to 
simulate the elasticity of atherosclerotic arterial walls, or through 
computer simulations with computational flow dynamics. However, 
the limitations of these models are important to remember. Coronary 
disease is seldom distributed in an even circumferential pattern, 
and calcification, especially, leads to heterogenous arterial compli-
ance and stent expansion that is neither circular nor complete. Stent 
expansion in vivo into coronary atheroma also provides grip to resist 
stent migration, which is often seen in bench models. Finally, bench 
testing is usually performed under direct visualisation, allowing fine 
control of crossing location and balloon positioning. It is, therefore, 
not currently possible to recreate true representations of bifurcation 
strategy performance in vitro.

PROVISIONAL STRATEGY
The provisional strategy (PS) is the most versatile technique for 
addressing bifurcation lesions (Figure 4A-G). Following wire 
placement into both the DMV and SB, predilation is performed in 
the MV to ensure adequate lesion preparation.

Routine SB predilation is not recommended by the European 
Bifurcation Club (EBC) due to potential SB dissection and 
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occlusion55. In observational studies, SB predilation has not been 
demonstrated to influence the incidence of SB occlusion at the end 
of the case24, but it has been associated with higher crossover to 
SB stenting with an increased risk of TVR56. An RCT comparing 
routine SB predilation to none found that SB TIMI flow <3 follow-
ing MV stent placement was less common in the predilation group 
(4% vs 18%; p<0.001)57. However, 68% of predilation patients still 
required SB post-dilation (for SB stenosis >50% or TIMI flow <3), 

and the time taken to rewire was similar to those patients who had 
not undergone predilation. Rates of SB stenting were low in both 
groups, and final SB residual stenosis and TIMI flow were almost 
identical. A single-centre, observational study has also been per-
formed comparing the strategy of kissing balloon predilation to 
sequential predilation, identifying a lower rate of TIMI flow <3 
in the kissing balloon group and reduced MACE at 6-8 months58. 
More studies are required prior to recommending this approach.

Figure 4. Provisional strategy (A-G), provisional strategy with KBI (A-L) and provisional strategy to DK mini-culotte (A-V). A) Wiring of 
bifurcation lesion. B-C) MV predilation with PMV plaque-shift into SB. D-E) MV stent deployment (sized to DMV to avoid excessive carinal 
shift) with jailed wire in SB. F-G) POT. H) Distal cell rewiring of SB. I-J) NC KBI following initial sequential inflation. K-L) Repeat POT to 
correct mild deformation of PMV stent. M) SB dissection requiring stent. N-O) SB stent deployment with minimal protrusion into MV. 
P-Q) Repeat POT. R) Distal cell rewiring of DMV. S-T) NC KBI following initial sequential inflation. U-V) Repeat POT to correct mild 
deformation of PMV stent. DK: double kiss; DMV: distal main vessel; KBI: kissing balloon inflation; LAD: left anterior descending artery; 
MV: main vessel; NC: non-compliant; PMV: proximal main vessel; POT: proximal optimisation technique; PS: provisional strategy; 
SB: side branch
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Following lesion preparation, stent sizing for the MV should 
match the diameter of the DMV landing zone to avoid excessive 
carinal shift. Due to bifurcation architecture (Murray’s law), this 
will result in a degree of stent malapposition in the PMV, espe-
cially in the setting of a large calibre SB. Accordingly, it is impor-
tant to subsequently expand the proximal section of stent. This 
proximal optimisation technique (POT) is undertaken with a short 
non-compliant (NC) balloon. This will appose the stent and pre-
vent wire passage under the struts during SB rewiring (if required). 
Appropriate POT positioning places the distal balloon shoulder 
immediately proximal to the carina and results in a favourable 
“bay-window” expansion of the stent cells into the SB ostium 
to facilitate re-entry59 (Figure 5). Unfortunately, the relationship 
between the balloon shoulder and marker varies between manu-
facturers, and balloon positioning within the 3-dimensional carina 
guided by 2-dimensional angiography is challenging. Regardless, 
the use of POT has been linked to significant reductions in 
12-month TLF and stent thrombosis60.

Following POT, a decision must be made regarding further 
intervention on the SB (Figure 6). FFR analysis has revealed 
that most jailed SBs do not experience physiologically important 
flow disturbance and that angiographic severity of ostial lesions 
correlates poorly to significant FFR values61. In DKCRUSH-VI, 
using an FFR <0.80 to guide SB intervention rather than an ostial 
stenosis of >70% resulted in a significant reduction of SB stent 
implantation without any worsening of MACE62. In the absence of 
reduced TIMI flow, routine SB balloon dilation has not shown any 
clinical benefit. The NORDIC-Baltic Bifurcation Study III found 
no improvement in 6-month MACE in patients assigned to rou-
tine final kissing balloon inflation (KBI), but also no penalty63. 

A reduced rate of SB stenosis >50% at 8 months was seen in 
patients with true bifurcation disease who underwent KBI (7.6% 
vs 20%; p=0.02), but this did not impact clinical outcomes. The 
THUEBIS study randomised patients to mandatory SB interven-
tion, or intervention only in the event of TIMI flow <264. Final 
SB TIMI 3 flow was similar between both groups, with no differ-
ence in 6-month MACE or need for SB PCI during follow-up. The 
SMART-STRATEGY RCT compared SB intervention for TIMI 
flow <3 vs >75% stenosis for non-LMCA bifurcations, and >75% 
stenosis vs >50% stenosis for LMCA bifurcations65. The 3-year 
follow-up found reduced rates of TVF (11.7% vs 20.8%; p=0.049) 
and cardiac death or MI (0.8% vs 6.2%; p=0.036) with the more 
conservative strategy. The need for a second stent was higher with 
more aggressive SB intervention (30% vs 7%) and associated with 
an HR of 5.42 (95% CI: 2.03-14.5) for TVF66. Contrastingly, the 
PROTECT-SB RCT of 113 patients with non-left main bifurca-
tion disease treated with second-generation stents and low rates 
of 2-stent implantation found no difference in MACE with routine 
KBI at 3 years67.

It should be noted that data beyond 12 months are still limited, 
so it remains unclear whether routine SB dilation through KBI car-
ries any benefit or harm in the longer term. An observational OCT 
study at 6-12 months after stent implantation showed increased 
rates of uncovered struts with subclinical thrombus attachment in 
patients who did not receive KBI68. Based on available studies, 
our recommendation is for non-LMCA SB KBI in the settings of 
TIMI flow <3 and/or acute symptoms or signs of ischaemia. For 
the LMCA bifurcation, >50-75% residual ostial LAD or LCx ste-
nosis should undergo KBI, especially if PCI may be required in 
the future.

SB

Prox MV
Distal MV

Provisional with crossover stenting 
(stent size selected according to 
distal MV)

POT with balloon sized 1:1 according to proximal MV

Imperfect balloon position
(too distal)

Imperfect balloon position
(too proximal)

Perfect balloon position
(immediately proximal to carina and
reaching the proximal stent edge)

Proximal stent
malapposition

(bottle neck shape)

Carina shift
(SB ostium lumen

reduction) Proximal stent
edge dissection

Incomplete expansion at the SB
ostium (no favourable deformation

of the stent’s side cell for
eventual rewiring and dilation)

Distal MV vessel 
overstretch

Figure 5. Importance of appropriate POT balloon placement (reproduced from 55). MV: main vessel; POT: proximal optimisation technique; 
SB: side branch
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If SB intervention is required (Figure 4H-L), the combination 
of POT and a large bend on a new coronary wire should allow 
knuckled entry into the MV stent with minimal chance of wire 
misadventure outside the stent lumen. Rewiring of the SB should 
then be via the most distal cell; this is best achieved by with-
drawing the angulated wire slowly from the DMV and allowing 
it to drop into the SB at the carina. Once the wire tip engages the 
SB, torque in the opposite direction is often required with gentle 
wire advancement to prevent wire prolapse back into the DMV. 
Balloon trackability tends to be optimised when crossing distally, 
and dilation through this cell minimises the metallic neo-carina 
formed and allows for optimal scaffolding of the SB ostium. This, 
in turn, improves the chances of T-stenting with minimal protru-
sion, if required. In the event of difficult SB rewiring, low tip-
load polymer-jacketed wires such as the Whisper MS or Pilot 50 
(both Abbott) are recommended. Occasionally stiffer hydrophilic 
wires or more directional wires may be needed to regain access to 
a calcified jailed ostium. Examples include the Pilot 200 (Abbott), 
Ultimate 3 or Gaia Second (both Asahi Intecc). Dual lumen 
microcatheters can also improve wire control and support69. An 
additional technique involves making a smooth reverse bend in 
a hydrophilic wire and inserting it ahead of the dual lumen micro-
catheter side-port (Figure 7). The system can be advanced beyond 
a highly angulated SB and then withdrawn into it.

The traditional method of SB dilation has been with KBI. 
Without KBI, isolated SB dilation can displace stent struts oppo-
site to the carina and compromise MV stent performance70. 
Despite this concern, 1 randomised trial comparing KBI to sin-
gle balloon SB dilation alone in 244 patients could not identify 
any benefit in clinical endpoints at 12 months4. To perform KBI 

a 2-stage process is preferred, starting with sequential higher-pres-
sure dilation of the DMV and SB, with NC balloons sized accord-
ing to the distal reference diameters to ensure full expansion. 
A lower-pressure simultaneous inflation is then performed to cen-
tralise the neo-carina while maintaining stent apposition. The bal-
loons should be deflated simultaneously to preserve this modified 
architecture. KBI has been found to be effective at restoring SB 
FFR ≥0.75 in 92% of patients with an SB FFR <0.75 following 
MV stenting61. NC balloons are preferred as they are resistant to 
deformation and overexpansion. The COBIS II bifurcation registry 
reported reduced rates of SB dissection (0.1% vs 1.1%; p=0.046) 
and a lower risk of MACE (HR 0.64, 95% CI: 0.46-0.91; p=0.01) 
when NC balloons were used for KBI71.

Despite favourable carinal modification, KBI causes elliptical 
distortion of the PMV stent and can induce stent malapposition72. 
The COBIS registry identified a higher incidence of MACE and 
TLR in patients undergoing KBI, with most TLR occurring in 
the MV (HR 3.39, 95% CI: 1.86-6.19 for KBI group)73. A meta-
analysis of 5 randomised studies showed that KBI significantly 
reduced SB restenosis (OR 0.44, 95% CI: 0.30-0.64) at the cost 
of increased MV restenosis (OR 2.96, 95% CI: 1.74-5.01)74. 
Finally, 5-year follow-up of DKCRUSH-II revealed significantly 
greater TLR in PS patients who underwent KBI (19.4% vs 5.2%; 
p=0.036)49. One method of minimising KBI-induced stent dis-
tortion is to use short balloons to reduce the length of balloon 
overlap into the PMV75. A final POT should also be performed 
to remould the proximal segment of the stent, although a degree 
of residual elliptical distortion may persist76. This repeat POT 
(re-POT) should be positioned proximal to the carina to avoid 
displacement.

MB stent (sizing according
to distal MB diameter)
followed by POT

SB result
evaluation

Optimal result in
the MB obtained

Result obtained in the SB accepted
(keep-it-open principle)

SB rewiring
(aimed at achieving distal rewiring)

Jailed SB deserving further intervention

SB result after ballooning not acceptable

SB stenting

SB dilatation with 
kissing balloon

inflation

SB dilatation with 
kissing balloon

followed by re-POT

SB dilatation with 
SB balloon

followed by re-POT

Figure 6. Possible outcomes of the provisional strategy following MV stent placement and POT (adapted from 59). MB: main branch; 
MV: main vessel; POT: proximal optimisation technique; SB: side branch
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Due to the limitations of KBI, an alternative strategy of POT, 
SB-only dilation and re-POT has been proposed. Bench tests have 
showed encouraging mechanical results77. However, this tech-
nique is highly dependent on achieving both optimal POT place-
ment and distal cell crossing, which may be difficult in practice. 
The final POT should cover the SB ostium to address opposing 
wall stent malapposition induced by SB dilation. In the event of 
a proximal cell crossing into the SB, this can lead to adverse neo-
carinal shift78. Nevertheless, OCT of 106 patients treated with this 
technique showed excellent stent apposition and a low percentage 
of SB ostial obstruction, with only 1 TLR episode at 6 months79. 
The development of ultra-short SB-dedicated balloons may assist 
in minimising MV stent deformation with SB ballooning80 and fur-
ther improve outcomes without necessitating KBI.

It is recommended that the SB wire is jailed until POT and 
rewiring has been successfully completed81. While deploying the 
MV stent with a jailed SB wire has not been shown to reduce rates 
of SB occlusion, it has been associated with increased rates of 
flow recovery24, favourable optimisation of bifurcation geometry 
for SB reaccess and acts as a marker for the SB origin. Extra sup-
port is also provided for SB balloon delivery. Finally, jailed wires 
allow a bailout in case of inability to rewire the SB by providing 
a track for a low-profile balloon to be passed and dilated for flow 
restoration. It is important to note that cases of jailed wire entrap-
ment and fracture have been described. The degree of jailed wire 
damage on removal has been linked to the length of the entrapped 
wire, rather than vascular calcification or stent deployment pres-
sure82. To avoid an excessive length of jailed wire looping around 
the MV stent, a final small retraction of the SB wire has been 
suggested prior to stent deployment83. If resistance is encoun-
tered during jailed wire removal, care should be taken to avoid 
deep guide engagement and excessive force on the wire. The 

advancement of a balloon or microcatheter over the wire can iso-
late traction onto the trapped segment. Polymer-jacketed wires may 
be an attractive option as they are more efficient in crossing SB 
ostia and sustain less overt structural trauma when jailed82. They 
have also been reported to cause less damage to the stent coating 
on wire withdrawal84. However, electron microscopy has revealed 
a loss of polymer coating from these wires85, and there have been 
contradictory reports regarding the clinical significance of this82,86. 
Alternative techniques with jailed balloons87 and microcatheters88 
to protect SB patency have also been described in small studies.

The development of drug-coated balloons (DCBs) has intro-
duced another variable that could improve outcomes with provi-
sional bifurcation stenting. A 2018 meta-analysis of 3 RCTs and 
one observational study found that DCB use in SBs was associ-
ated with reduced late lumen loss, when compared to standard 
balloons, at 9 months89. These results were consistent with the 
BEYOND RCT, published in 2020, that randomised 222 patients 
with true bifurcation disease to DCB or standard balloon SB 
angioplasty following KBI90. SB diameter stenosis was less at 
9 months in the DCB cohort (29% vs 40%; p<0.0001), but clinical 
outcomes were unchanged.

In the event of persistent SB TIMI flow <3, FFR-significant dis-
ease or extensive dissection of the SB following KBI, SB stenting 
should be undertaken. Reported rates of SB stenting vary widely, 
likely due to different thresholds for KBI and balloon sizing. In 
the 2 EBC randomised trials of provisional versus dual-stenting 
strategies, SB stenting rates were low at 1 in 6 91 and 1 in 5 92, 
respectively. If SB stent placement is required, multiple strate-
gies are available, with common options including T-stenting, 
TAP and culotte. These were investigated in the BBK II RCT, 
which assigned 300 patients who required SB stenting following 
a planned PS (for extensive dissection, TIMI<3 or ≥75% stenosis) 

Figure 7. Dual lumen microcatheter facilitated reverse wire technique. 1) In addition to standard tip shaping, a smooth bend is created 
approximately 3 cm from the tip of a polymer-jacketed wire. 2-3) The MV wire is introduced into the distal microcatheter port. The SB wire is 
advanced out of the side port and inserted into the Y-connector ahead of the microcatheter. 4) The microcatheter is advanced beyond the 
bifurcation. 5) Careful simultaneous retraction of the microcatheter and SB wire will lead to intubation of a highly angled SB. 6) The wire may 
then be advanced and the microcatheter removed. (Adapted from69). MV: main vessel; SB: side branch
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to culotte or TAP techniques93. Nine-month angiographic follow-
up revealed an increased binary restenosis rate in the TAP group 
(17% vs 6.5%; p=0.006), predominantly due to differences in the 
SB result, whilst MACE was unchanged. The culotte technique 
may, therefore, be the preferred option when anatomically suitable.

Two-stent strategies
Multiple systematic 2-stent strategies have been described, with 
DK-crush and culotte the most widely used. The selection of strat-
egy is partly determined by the pattern of bifurcation disease. If 
there is minimal concern regarding SB access, the MV may be 
treated first, followed by T/TAP or culotte stenting. In the event 
of expected difficulties with SB access, the SB should be secured 
first, followed by DK-crush, reverse-culotte or reverse-T.

DK-CRUSH
The elegant double kiss modification to the original crush tech-
nique (Colombo et al94) was described by Chen et al in 200595. It 
had been recognised that final KBI was essential to achieve opti-
mal SB stent expansion, but due to the presence of 2 layers of 
struts across the SB ostium, rewiring and balloon delivery was 
often not possible. Even once delivered, balloon expansion was 
frequently suboptimal96. To address this limitation, a sequential 
process of SB optimisation by a double kiss was described. In 
the initial report, the success rate of final KBI was significantly 
greater with double kissing (100% vs 80%; p<0.01)95. The mul-
ticentre DKCRUSH-I RCT compared clinical outcomes between 
DK-crush and classic crush in 311 patients97. The importance of 
final KBI was highlighted by the fact that the 76% of classic crush 
patients who achieved final KBI had significantly lower rates of 
stent thrombosis than those who did not (1.7% vs 5.1%; p<0.001). 
All DK-crush patients achieved final KBI and had a reduced rate 
of MACE at 8 months (11.4% vs 24.4%; p=0.02).

To perform a DK-crush, both the MV and SB are accessed, and 
predilation is performed to ensure lesion preparation (Figure 8). 
A stent is then advanced into the SB and a balloon sized to at 
least the DMV is positioned in the MV across the SB ostium. The 
SB stent is then delivered with approximately 2 mm of protrusion 
into the MV. To optimise ostial stent expansion, the stent delivery 
balloon can then be withdrawn slightly into the PMV and rein-
flated to a high pressure, and/or further NC balloon dilation can be 
performed98. After complete withdrawal of the stent delivery bal-
loon and wire, the MV balloon is inflated to compress the protrud-
ing stented segment. It is also recommended to perform a further 
crush with a short NC balloon sized to the PMV. This is followed 
by rewiring the SB. Unlike in the provisional or culotte strategies, 
rewiring should be through a proximal strut. This is because the 
process of crushing the SB stent can cause malapposition at the 
distal SB wall, and inadvertent wiring of this space will result in 
incomplete SB coverage (Figure 1). Once wiring is accomplished, 
the first KBI is performed. This opens the SB ostium whilst simul-
taneously deflecting the neo-carina away from the MV lumen. 
A stent is then positioned in the MV (sized to the DMV), and the 

SB wire is removed prior to deployment. After stent deployment, 
POT is performed. The SB is rewired and a final KBI and re-POT 
completed.

It is recommended that balloon dilations are done with short NC 
devices at high pressure. Bench testing has demonstrated that at 
wider bifurcation angles, KBI alone may not achieve full expan-
sion of the SB29. Therefore, sequential high-pressure dilations into 
the DMV and SB prior to a lower pressure KBI may offer benefit, 
as with culotte.

Technical advantages of DK-crush over other 2-stent strategies 
include maintenance of the MV wire positioning throughout the 
entire procedure and the ability to accommodate a significant size 
mismatch between the PMV and SB without the need for stent 
overexpansion.

CULOTTE
Culotte was first described by Chevalier et al in 199899 and devel-
oped to ensure complete coverage of the bifurcation. The tech-
nique involves the wiring of both branches, followed by the 
predilation and stenting of the MV. Enough PMV coverage for 
POT is required, which is performed prior to the rewiring of the 
SB through a distal cell. Following balloon dilation into the SB, 
a stent is delivered with some protrusion into the MV. POT of the 
protruding segment is then performed. The DMV is then rewired, 
once again via a distal cell. KBI is used, followed by a final POT 
to optimise the result.

Several modifications have since been described to improve 
outcomes (Figure 4M-V), although clinical data are lacking. The 
‘mini-culotte’ refers to reduced protrusion of the second stent into 
the PMV to minimise the length of double-stent layering100. The 
‘DK culotte’ introduces a KBI after the first rewiring101, in recog-
nition of the beneficial effects of double kissing in DK-crush. In 
bench testing this has been found to minimise neo-carinal forma-
tion and reduce the degree of stent malapposition and SB ostial 
stenosis102.

The culotte avoids formation of a triple-layer stent segment in 
the PMV, although an area of double-stent layers is present. When 
performed optimally, the metal neo-carina is minimised. It is not 
well suited to bifurcations with very wide angles or when there are 
large calibre differences between the PMV and daughter branches.

KBI WITH 2-STENT STRATEGIES
While the role of routine KBI has not been established for the PS, 
it is a mandatory part of all 2-stent strategies and has consistently 
been shown to improve clinical outcomes75,97,99. Difficulty in cross-
ing a stent cell with a balloon may be solved by using low-profile 
single-marker balloons. Re-POT and wiring of a different cell to 
change the balloon approach angle can also assist. If resistance to 
passing the balloon occurs prior to reaching the carina, either wire 
wrap or wire passage under the proximal stent edge should be con-
sidered. As a practical tip, it is often easier to advance NC kissing 
balloons simultaneously through the guide (holding the devices 
together), rather than sequentially.
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COMPARISONS BETWEEN BIFURCATION STRATEGIES
Trials comparing bifurcation strategies are difficult to perform 
for multiple reasons. Each technique has undergone many subtle 
iterations to optimise results, and heterogeneity in implementa-
tion exists between operators. Thresholds for KBI and rates of SB 
stent placement following provisional MV stenting vary widely 
and may influence the results. Drug-eluting stents have also 
undergone generational improvements between studies. Medical 
therapy has evolved with higher potency antiplatelet agents and 
statins now available, and the duration of dual antiplatelet therapy 
(DAPT) differs between trials. As MACE rates have subsequently 
declined, studies are often underpowered for clinical outcomes. 
Observational trials are prone to bias with 2-stent strategies gener-
ally preferred for more complex disease. Trials also vary in their 
inclusion criteria, and caution must be taken when generalising 

results. The significance of endpoints such as TLR can be difficult 
to interpret as the threshold for revascularisation varies between 
centres and can be influenced by the use of routine angiographic 
follow-up. Follow-up has also, generally, been limited to <5 years, 
so truly long-term outcomes are unknown. Finally, it is unlikely 
that any 1 technique offers the best results for all bifurcations. 
Nevertheless, here we discuss the evidence from the major RCTs 
investigating this area (Table 1, Table 2).

STUDIES ADDRESSING PREDOMINANTLY NON-LMCA 
BIFURCATIONS
The Nordic I bifurcation study compared an upfront 2-stent strat-
egy to the PS in 413 patients with all bifurcation types103. A range 
of 2-stent techniques were used with first-generation stents. Only 
4% of the PS group proceeded to SB stenting due to the very 

Figure 8. DK-crush technique. A) Wiring of bifurcation lesion. B-C) MV and SB predilation. D-E) SB stent deployment with crush balloon 
positioned in MV. Stent balloon reinflated to higher pressure more proximally. F-G) Crush balloon inflation with deformation of SB stent. 
H) Proximal cell rewiring of SB stent, away from region of malapposition. I-J) KBI following initial sequential inflation. K-L) MV stent 
deployment, sized to DMV to avoid carinal shift. M-N) POT. O) Proximal cell rewiring of SB stent. P-Q) KBI following initial sequential 
inflation. R-S) Re-POT to correct mild deformation of PMV stent. DK: double kiss; DMV: distal main vessel; KBI: kissing balloon inflation; 
MV: main vessel; PMV: proximal main vessel; POT: proximal optimisation technique; SB: side branch
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high threshold of TIMI 0 flow for this step. The 2-stent strategy 
showed significantly longer procedural times and higher proce-
dural-related biomarker increases. MACE at 6 months was similar 
(3.4% vs 2.9%) and the 8-month quantitative angiography showed 
no difference in the angiographic endpoint of >50% MV stenosis 
and/or SB occlusion (5.1% vs 5.3%) between the 2-stent or PS 
groups. Five-year outcomes were also consistent, showing no dif-
ference in mortality, MI or TVR104.

The BBK trial assessed routine T-stenting compared to the PS 
plus routine KBI in 202 patients105. Only 68% of patients had 
a Medina classification of 1,1,1/1,0,1/0,1,1. KBI was performed 
in all patients and 19% of PS patients proceeded to T-stenting. 
Binary restenosis rates in either the MV or SB were not different 
between the 2 groups at 9 months. Increased initial luminal gain 
with T-stenting was countered by increased in-stent luminal loss 
at follow-up. MACE at 1 year was also not different (12.9% vs 

11.9%; p=0.83), a finding that was similar at 5 years (22.8% vs 
22.9%; p=0.91)106.

The CACTUS trial compared the classic crush strategy to the 
PS in 350 patients107. In total, 94% of patients had true bifur-
cation disease. The rates of KBI were >90% in both groups, 
and 31% of PS patients required SB stent placement. MACE 
at 6 months was not significantly different (15.8% vs 15%; 
p=0.95). While diameter stenosis of the SB was less in the crush 
group immediately following the procedure, this was no longer 
significant at 6 months.

The BBC ONE trial randomised 500 patients to either the PS 
with optional KBI or upfront crush/culotte with mandatory final 
KBI108. A total of 26% of PS patients underwent KBI, and only 
3% progressed to T-stenting. Despite the focus on final KBI, 
only 72% of crush and 89% of culotte cases completed success-
ful KBI. At 9 months, an increased incidence of MACE was 

Table 1. General bifurcation RCTs (PS vs 2-stent).

Variable Nordic BBK CACTUS BBC ONE EBC TWO Nordic-Baltic IV Lin et al DK CRUSH II

n 413 202 350 500 200 450 108 370

Stable/ACS Stable/unstable 
angina or silent 
ischaemia

Stable angina or 
positive stress 
test

Stable/unstable 
angina or silent 
ischaemia

Stable/unstable 
angina or ACS 
(excluding 
STEMI)

Stable/unstable 
angina or ACS 
(excluding 
STEMI)

Stable/unstable 
angina or silent 
ischaemia

Stable/unstable 
angina or silent 
ischaemia

Stable/unstable 
angina or ACS. 
Includes CTO

LMCA 2.0% 0.0% 0.0% 0.0% 0.0% 2.0% 0.0% 16.8%

Stent generation 1st 1st 1st 1st 2nd 1st and 2nd 1st 1st 

Anatomy Any bifurcation Any bifurcation 94% Medina 
1,1,1/1,0,
1/0,1,1

82% Medina 
1,1,1/1,0,
1/0,1,1

100% Medina 
1,1,1/1,0,
1/0,1,1 

100% Medina 
1,1,1/1,0,
1/0,1,1

100% Medina 
1,1,1/1,0,
1/0,1,1

100% Medina 
1,1,1/0,1,1

Average dimensions

PMV (SD) 3.3 mm (0.4) 3.1 mm (0.4) 2.8 mm (0.3) ≥2.5 mm* 3.0 mm (0.3)** 3.2 mm (0.5) 4.0 mm (0.4) 2.8 mm (0.3)

SB (SD) 2.6 mm (0.5) 2.4 mm (0.3) 2.2 mm (0.3) ≥2.25 mm* 2.7 mm (0.3)** 2.4 mm (0.5) 2.8 mm (0.2) 2.3 mm (0.3)

SB disease length (SD) 6.2 mm (4.8) 10.2 mm (4.2) 5.8 mm (4.5) 16 mm (5)*** 10.3 mm (7.2) 7.1 mm (4.5) 12.8 mm (2.9) 15.2 mm (11.9)

PS SB predilation NS NS 90.8% NS NS 64.2% NS 36.8%

KBI 32.0% 100.0% 90.2% 26.0% 94.0% 36.1% 94.4% 79.5%

SB stented 4.3% 19.0% 31.0% 3.0% 16.0% 3.7% 16.7% 28.6%

2-stent Crush var (Crush) 50.0% – (Crush) 100.0% (Crush) 68.0% – (Mini) 21.0% (DK) 65.0% (DK) 100.0%

Culotte 21.0% – – 30.0% 100.0% 66.0% 25.0% –

Other 29.0% T (100.0%) – – – 13.0% 10.0% –

SB stented 95.1% 98.2% 100.0% 98.0% 97.0% 96.5% 94.4% 100.0%

FKBI 74.0% 100.0% 92.1% 72.0% crush/
89.0% culotte

96.0% 91.2% 90.7% 100.0%

MACE definitions Cardiac death, 
non-procedural 
MI, or TVR 

Cardiac death, 
non-procedural 
MI, or TLR

Cardiac death, 
MI (including 
periprocedural), 
or TVR

Cardiac death, 
MI (including 
periprocedural), 
or TVR

Cardiac death, 
MI (including 
periprocedural), 
or TVR

Cardiac death, 
non-procedural 
MI, and TLR

Cardiac death, 
MI (including 
periprocedural), 
or TVR

Cardiac death, 
MI (including 
periprocedural), 
or TVR

Last reported outcomes 
(PS vs 2-stent)

5 years: 
15.8% vs 
21.8%; p=0.15

5 years: 
22.8% vs 
22.9%; p=0.91

6 months: 
15.0% vs 
15.8%; p=0.95

9 months: 
8.0% vs 15.2%; 
p=0.009 
Driven by excess 
procedural MI

12 months: 
7.7% vs 10.3%; 
p=0.53

2 years: 
12.9% vs 8.4% 
(HR 0.63, 
95% CI: 0.35 to 
1.13; p=0.12)

8 months: 
38.9% vs 
11.1%; p<0.01 
Driven by TLR 

5 years: 
23.8% vs 
15.7%; p=0.051 
Trend driven by 
TLR

*as per inclusion criteria. **ave DES diameter. ***ave DES length. ACS: acute coronary syndrome; CI: confidence interval; CTO: chronic total occlusion; DES: drug-eluting stent; DK: double 
kiss; EBC: European Bifurcation Club; HR: hazard ratio; (F)KBI: (final) kissing balloon inflation; LMCA: left main coronary artery; MACE: major adverse cardiovascular events; MI: myocardial 
infarction; NS: non-significant; PMV: proximal main vessel; PS: provisional strategy; RCT: randomised control trial; SB: side branch; SD: standard deviation; STEMI: ST-segment elevation 
myocardial infarction; TLR: target lesion revascularisation; TVR: target vessel revascularisation
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present in the 2-stent group (15.2% vs 8.0%; p=0.009), driven 
by excess MI (predominantly periprocedural; 11.2% vs 3.6%; 
p=0.001). Improvement in angina and quality of life was sig-
nificant in both groups109. Five-year pooled patient-level data 
combining outcomes from the NORDIC I and BBC ONE tri-
als show lower mortality with the PS compared to systematic 
dual-stenting110.

The above studies collectively identified clinical neutrality or 
potential harm when using routine 2-stent strategies in smaller 
calibre bifurcations, where SB disease was less likely to be func-
tionally significant. The mean SB disease length was generally 
≤10 mm and first-generation stents were used.

The EBC TWO study addressed some of these limitations by 
comparing the PS to the culotte technique in 200 patients with true 

bifurcation lesions, with branch diameters ≥2.5 mm and SB lesion 
lengths ≥5 mm91. Rates of KBI were ≥95% in both groups, with 
16% of the PS proceeding to a second stent. MACE at 12 months 
was similar between the PS and culotte (7.7% vs 10.3%; p=0.53), 
as was relief from angina, although the trial was underpowered 
due to a lower-than-expected event rate.

The Nordic-Baltic Bifurcation Study IV included 450 patients 
with true bifurcation disease, visual SB diameters ≥2.75 mm 
and SB lesion lengths up to 15 mm111. Both visual and quanti-
tative comparative analysis (QCA) measurements were reported, 
and notably the average SB diameter by QCA was approximately 
2.4 mm, suggesting that SB diameters may be routinely overes-
timated by operators. SB disease severity was also incongruous, 
with an average visual estimate of 75% and a QCA estimate of 
46%. The PS was performed with 36% receiving KBI and only 
3.7% requiring a second stent. Over 90% of the 2-stent tech-
nique cases achieved final KBI. No difference in periprocedural 
biomarker release was found. The 8-month angiography showed 
increased binary restenosis of the SB in the PS group (20.3% vs 
5.2%; p<0.001). However, MACE at 2 years was 12.9% vs 8.4% 
(HR 0.63; p=0.12) for PS vs routine 2-stent techniques, and no dif-
ference in the improvement of angina was identified.

DKCRUSH-II compared the performance of the PS to DK-crush 
in 370 patients112. All patients had a Medina classification of 1,1,1 
or 0,1,1, with a mean SB disease length of approximately 15 mm. 
In all, 29% of PS patients received an SB stent. Routine 8-month 
angiography showed increased restenosis in both the MV and SB 
with the PS. The incidence of MACE at 12 months was not signif-
icantly different between the groups, although the rate of TVR was 
significantly reduced with DK-crush (6.5% vs 14.6%; p=0.017). 
Findings were similar at 5-year follow-up, with reduced TLR 
with DK-crush (8.6% vs 16.2%; p=0.027) and a low rate of stent 
thrombosis in both groups (2.7%)49. Subgroup analysis showed 
that a reduction in TLR was seen if SB lesion length was >5 mm 
or stenosis was >70%. It is important to note that the majority 
of TLR was heavily focused around the time of study-mandated 
angiographic follow-up, suggesting treatment of angiographic, 
rather than symptomatic, lesions (Figure 9).

These trials predominantly involved LAD/diagonal bifurcation 
lesions. The majority indicated that a provisional approach, under-
taken with a high threshold for SB stenting, offers excellent clini-
cal outcomes with no difference in MACE when compared to the 
routine use of 2 stents. The use of first-generation stents in 2-stent 
techniques was, in fact, associated with increased periprocedural 
MI and increased long-term mortality at 5 years. This effect was 
not present in the more recent EBC TWO and Nordic-Baltic IV 
studies, in which second-generation stents were used with higher 
rates of final KBI. It should be noted that the clinical outcomes 
were similar despite increased acute SB luminal gain in the 2-stent 
groups post-procedure. This reflects the fact that many ostial SB 
stenoses are not haemodynamically significant. In contrast, when 
performed by experienced operators, the optimised DK-crush tech-
nique has shown specific benefits over the PS (when undertaken 

Table 2. LMCA bifurcation RCTs (PS vs 2-stent).

Variable DK-CRUSH V EBC MAIN

n 482 467

Stable/ACS Stable/unstable angina or 
silent ischaemia or MI 
>24 hr before treatment

Stable angina or silent 
ischaemia or ACS 
(excluding STEMI <72 hr 
before treatment)

Trifurcations 17.8% 5.0%

Stent generation 2nd 2nd

Anatomy Medina 1,1,1/0,1,1 Medina 1,1,1/0,1,1

Mean SYNTAX (SD) 31 (8) 23 (6)

Average dimensions

PMV (SD) 3.1 mm (0.5) 3.8 mm (0.7)

SB (SD) 2.7 mm (0.4) 2.7 mm (0.6)

SB disease length (SD) 16.4 mm (13) 6.9 mm (4.9)

PS

SB predilation NS 49.0%

KBI 78.9% 89.0%

SB stented 47.1% 22.0%

2-stent

SB stented 100.0% 94.0%

DK-crush 100.0% 5.0%

Culotte – 53.0%

T/TAP – 33.0%

FKBI 99.6% 93.0%

MACE definitions Cardiac death, target 
vessel MI or clinically 
driven TLR

All-cause death, MI, or TLR

Last reported outcomes 
(PS vs 2-stent)

12 months:
10.7% vs 5.0%; p=0.02
Driven by TVMI (ST)

3 years:
16.9% vs 8.3%, p=0.005
Driven by TVMI (ST) and TLR

12 months: 14.7% vs 
17.7%; p=0.34

ACS: acute coronary syndrome; DK: double kiss; EBC: European Bifurcation Club; 
(F)KBI: (final) kissing balloon inflation; LMCA: left main coronary artery; MACE: major 
adverse cardiovascular events; MI: myocardial infarction; PMV: proximal main vessel; 
PS: provisional strategy; RCT: randomised control trial; SB: side branch; SD: standard 
deviation; ST: stent thrombosis; STEMI: ST-segment elevation myocardial infarction; 
TAP: T and protrude; TLR: target lesion revascularisation; TVMI: target vessel myocardial 
infarction
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with a low threshold for SB stenting) for TVR in patients with 
longer SB lesion lengths (>10 mm)113.

An objective method of assessing bifurcation complexity has 
been developed to better identify patients who may benefit from 
stents to both vessels. The DEFINITION criteria (Figure 10) are 
based on a bifurcation cohort of 1,550 patients114. When applied to 
a validation cohort, the PS resulted in lower rates of in-hospital stent 
thrombosis (ST) and 12-month TLR in simple bifurcations, while 
2-stent techniques achieved a reduction in 12-month cardiac death 
in lesions fulfilling the complex criteria. DEFINITION II was a ran-
domised trial of the PS vs 2 stents on patients with true bifurcation 
(Medina classification of 1,1,1 or 0,1,1) lesions with SB diameters 
≥2.5 mm and meeting DEFINITION criteria for complexity115. Most 
patients had multivessel disease, and the mean SB lesion length was 
approximately 20 mm. SB stenting was performed in 23% of the PS 
group compared to 92% of the 2-stent group. DK-crush was used in 
77.8% of the 2-stent group, and culotte in 17.9%. TLF at 12 months 
was lower in the 2-stent group (6.1% vs 11.4%; p=0.019), driven by 
lower rates of early target vessel myocardial infarction (TVMI) and 
TLR. This study provided additional support for tailoring the bifur-
cation strategy towards each patient.

LMCA-DEDICATED TRIALS
Due to the important differences between left main and non-left 
main bifurcations, several studies have specifically investigated 
this lesion subset.

DKCRUSH-III tackled the question of whether DK-crush or 
culotte offers a better result in the distal LMCA bifurcation28. 

Patients with heavy calcification, LMCA >5 mm diameter or 
a difference in diameter between the LAD and LCx of >1 mm 
were excluded. In the study, 419 patients were randomised, with 
IVUS used in >70%. The culotte group experienced significantly 
increased MACE at 1 year (16.3% vs 6.2%; p=0.001), driven pre-
dominantly by increased TVR (11% vs 4.3%; p=0.016). Three-year 
follow-up revealed increased MACE in the culotte arm (23.7% vs 
8.2%; p<0.001), driven by increased MI (8.2% vs 3.4%; p=0.037) 
in addition to TVR (18.8% vs 5.8%; p<0.001)116. Definite ST was 
significantly elevated with culotte (3.4% vs 0%; p=0.007), with 
all patients still taking DAPT. Prespecified culotte subgroups with 
poorer outcomes included those with a bifurcation angle of >70° 
and complex lesions (per DEFINITION criteria).

Following those results, DK-CRUSH-V compared the PS to 
DK-crush in complex LMCA bifurcation disease in 482 patients117. 
The SB lesion length was ≥10 mm in nearly 50% of cases. The 
rate of SB stenting in the PS group was high at 47%, reflecting 
the severity of the disease. Twelve-month TLF (composite of car-
diac death, target vessel MI or TLR) was increased with the PS 
compared to DK-crush (10.7% vs 5.0%; p=0.02). Significantly 
higher rates of TVMI were driven by definite or probable ST in 
the PS cohort (3.3% vs 0.4%; p=0.02). Three-year TLF remained 
worse with the PS (16.9% vs 8.3%; p=0.005), with significantly 
more TVMI, TLR and stent thrombosis118. POT and KBI were per-
formed less frequently in the PS cohort. Thirty-day stent thrombo-
sis with the PS (2.5%) was associated with both longer SB lesion 
lengths (31.9±13.3 mm vs 12.4±5.6 mm; p=0.004) and wider 
bifurcation angles (110°±23° vs 66.7°±2.5°; p=0.01).

EBC MAIN compared the PS to systematic 2-stent strate-
gies in 467 European patients with LMCA bifurcation disease92. 
SB lesion length averaged only 7 mm, with a requirement for 
SB stenting in 22% of the PS group. Two-stent techniques were 
predominantly culotte or T/TAP, with a 93% rate of final KBI. 
The incidence of MACE at 12 months was similar between both 
the PS and 2-stent groups (14.7% vs 17.7%; p=0.34), with no 
difference in individual endpoints. Improvement in angina and 
reduction of medication use were highly significant regardless of 
randomisation. Stent thrombosis rates were similar at 1.7% for 
the PS and 1.3% for 2 stents. Procedural times and consumables 
used were less with the PS.

Despite seemingly discordant results, these trials are in fact 
complementary, covering a range of both LMCA bifurcation 
complexity and international operator expertise. When compared 
to DK-CRUSH-V, the population studied in EBC MAIN was 
older (71 years vs 64 years), with higher rates of recent myocar-
dial infarction (37% vs 12%). All-cause mortality and MI were 
used as MACE endpoints (rather than cardiac death and TVMI), 
which also likely contributed to the higher reported event rates. 
Patients in DK-CRUSH-V had higher mean SYNTAX scores (31 
vs 23) and longer mean SB lesion lengths (16 mm vs 7 mm), 
which may explain the 2-fold increase in SB stenting with the PS. 
In DK-CRUSH-V, PS patients who did not require an SB stent 
(52.9%) had numerically lower TLF at 1 year (8.6% vs 13.2%; 
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Figure 9. DKCRUSH-II 5-year Kaplan-Meier analysis. 
DKCRUSH-II 5-year Kaplan-Meier analysis showing TLR events 
heavily clustered around the period of mandatory 8-month 
angiographic follow-up (red box). Event rates in both groups appear 
to stabilise after this period. (Adapted from49). DK: double kiss; 
TLR: target lesion revascularisation
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p=0.30) and significantly lower ST (0.8% vs 6.1%; p=0.03) than 
those who did117. PS for complex disease (as per DEFINITION 
criteria) was more likely to progress to SB stenting (64.9% vs 
38.8%; p=0.001), and it was these complex patients who obtained 
the greatest absolute benefit with DK-crush (HR for TLF 0.27, 
95% CI: 0.05-0.54)118.

The low rate of DK-crush (5%) used in the EBC MAIN trial 
demonstrates that European operators are not as familiar with 
this technique. Indeed, each trial result favours the strengths of 
the teams who designed and implemented them, and it is likely 
that each stenting strategy was performed better by its champion 
group. Two-stent techniques remain challenging procedures, and 
in the DK-CRUSH-V trial, the DK-crush patients required sig-
nificantly greater procedural time (82 minutes vs 66 minutes; 
p<0.001) and contrast volume (227 ml vs 191 ml; p<0.001) than 
the PS patients. This is despite only exceptionally high-volume 
operators participating (≥300 PCIs/year for 5 years, including at 
least 20 LMCA PCIs per year), and a requirement for interven-
tionalists to have steering committee reviews of 3-5 DK-crush 
cases prior to commencement. This depth of operator expe-
rience was achievable due to the preference for PCI over sur-
gery in Asian countries. The EBC MAIN trial had a more liberal 

expectation that participating operators would perform >150 
PCIs/year. It is important to remember that any bifurcation tech-
nique can lead to multiple challenges, and even with the seem-
ingly simpler PS, successful stenting of an acutely occluded SB 
can be challenging. Individual physicians must therefore be cog-
nisant of their own experience and limitations when embarking 
on these cases.

Conclusions
For most bifurcation lesions, stepwise provisional stenting 
should be the treatment of choice, with a conservative approach 
to any side branch intervention. As bifurcation lesion complex-
ity increases, the outcomes with 2-stent strategies appear more 
favourable. Operators should familiarise and upskill themselves 
with the 2-stent technique they prefer. The difference between 
techniques may be less important than their fastidious application, 
although the existing data support the application of DK-crush for 
complex left main bifurcation lesions in particular.
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Figure 10. DEFINITION criteria to guide bifurcation stenting strategy. DK: double kiss; LMCA: left main coronary artery; MV: main vessel; 
RVD: reference vessel diameter; SB: side branch
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