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Evaluation and treatment of coronary 
bifurcation disease: current strategies 
and new technologies

  review

Coronary bifurcation lesions make up 15–20% of all percutaneous coronary interventions and remain a 
therapeutic challenge. Drug-eluting stents are the preferred stent choice for these interventions. Four 
large randomized trials (NORDIC, CACTUS, BBC One and BBK) have shown the provisional strategy to be 
the default for the majority of bifurcation lesions. In approximately 20% of cases, the two-stent strategy 
to bifurcation disease is preferred. The four main two-stent strategies are: T‑stent, mini-crush, 
V‑stent/simultaneous kissing stents and culotte. Three main subsets of emerging stent technologies are 
being developed to address the unique nature of bifurcation lesions. These include stents facilitating 
access to the side branch after stenting the main vessel, devices designed to stent the side branch first 
and devices made to specifically scaffold the ostium of the bifurcation. Use of fractional flow measurements, 
intravascular ultrasound and optical coherence tomography can be of use in the treatment of bifurcation 
lesions.
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Coronary bifurcations remain a challenging 
lesion subset, representing 15–20% of all percu-
taneous coronary interventions [1–3]. Because of 
their unique pathological geometries, bifurcations 
have been the center of recent bench and clini-
cal research [4–6]. These lesions often supply large 
areas of myocardium, suffer from higher risks of 
stent thrombosis and symptomatic restenosis, 
and are often the reason why bypass surgery is 
chosen over percutaneous coronary interventions 
[7–9]. The predominant challenge of unprotected 
left main stenting has been that the bifurca-
tion is involved in 80–90% of left main lesions. 
Furthermore, procedural obstacles are consider-
able. There have been numerous techniques that 
have been proposed for treating bifurcations, none 
completely avoiding the limitations of these slot-
ted-tube stent platforms, which were not designed 
for complex, variable branching geometries [10–12]. 
New technologies have developed to address these 
issues of complex lesion anatomy [13–16]. Emerging 
use of optical coherence tomography (OCT), 
intravascular ultrasound (IVUS) and fractional 
flow reserve (FFR) is helping to provide a better 
understanding of bifurcation disease pathology 
and stent deployment in these lesions [5,17–19]. 
This review will focus on the current treatment 
of bifurcation disease with the available stents, dis-
cuss emerging technologies and examine the use of 
IVUS, OCT and FFR in optimizing bifurcation 
management.

Drug-eluting stents versus bare 
metal stents
Coronary bifurcation stenting outcomes have 
improved substantially, primarily a result of potent 
drug-eluting stents (DES) that inhibit neointimal 
accumulation [20]. Registry data from bare metal 
stents (BMS) and DES studies of bifurcations 
illustrate the marked improvements in major 
adverse cardiac events (MACE) and target lesion 
revascularization (TLR) [21–24]. There are no large 
bifurcation-specific trials of DES versus BMS, 
although the SCANDSTENT trial of BMS ver-
sus sirolimus-eluting stents did examine a subset 
of 126 patients with bifurcations [25]. Sirolimus-
eluting stent implantation reduced restenosis rates 
significantly at both the main branch (MB) (4.9 vs 
28.3%; p < 0.001) and the side branch (SB) (14.8 
vs 43.4%; p < 0.001). MACE was also signifi-
cantly reduced (9 vs 28%; p = 0.009) (Figure 1) [15]. 
Given these data, DES have become the default 
strategy for bifurcation lesions [2,15,20,26–29].

Single MB stent versus two-stent 
approach
Although in the past there had been consider-
able debate about whether a single MB stent 
was preferred over a two-stent approach (SB 
and MB stents), multiple randomized trials 
have confirmed that a provisional strategy is 
appropriate and should be the default strategy 
for the majority of bifurcations. The first trial to 
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examine this issue in a randomized fashion was 
the sirolimus-eluting stents implanted at coro-
nary bifurcation lesions reported in 2004 [30]. 
Since, there have been four large contemporary 
randomized studies examining this issue [31–34]. 
These studies confirm that a two-stent strategy 
does not reduce TLR, compared with a single 
MB stent, but does increase contrast, fluoroscopy 
time and periprocedural myocardial infarction 
rates (Figure 2) [31,32]. 

The NORDIC study was a randomized trial 
designed to compare MB + SB and SB stent-
ing [32]. Four hundred and thirteen patients 
presenting with true bifurcation disease were 
enrolled. The patients were then randomized 
to any two-stent MB + SB stenting or MB only 
stenting. Only 5% of the patients in each ran-
domized group crossed over to the unassigned 
therapy. For the two-stent treatment group, 
any two-stent technique could be employed. 
Evaluating the outcomes of NORDIC, fluor-
oscopy and procedural times were significantly 
longer in the MB + SB stenting group. Also the 
MB + SB stenting group required more con-
trast and showed a creatine kinase‑MB eleva-
tion (>3‑times upper limit of normal) to be 
significantly greater (18 vs 8%; p = 0.011). At 
8 months the MB angiographically showed low 
rates of restenosis in both groups (MB = 4.6 
vs MB + SB = 5.1%; p = 0.84). The SB res-
tenosis rate was acceptable in both groups 
as well (MB = 19.2% vs MB + SB = 11.5%; 
p = 0.062). There was no significant differ-
ence in composite MACE, TLR, death or 
myocardial infarction (MI). Stent thrombo-
sis after 16 months was low in both groups 

(MB = 1.0% vs MB + SB = 0.5%; p = ns) [35]. 

At 5‑year follow-up, the NORDIC Bifurcation 
study continued to show low rates of MACE 
between both study groups (MACE-free sur-
vival 85.5% MB vs 80.1% MB + SB; p = 0.16) 
(Figure 3). These rates did not differ significantly 
between the simple versus complex stent-
ing groups. Stent thrombosis rates were not 
increased in the two-stent technique [36].

 In the CACTUS study, 350 patients were 
randomized to a single MB stent or the stand-
ard-crush technique. The authors found that 
6‑month mortality, MI, TLR and overall 
MACE were not different. Stent thrombosis 
was 1.7 and 1.1% in the crush and provisional 
group, respectively, and restenosis rates were 
equivalent (binary restenosis of 4.6 vs 6.7% 
in the MB and 13.2 vs 14.7% in the SB for 
crush vs provisional) [31]. Although the two-
stent crush approach offered no advantage to 
a single MB stent, it was also true that if two 
stents were necessary, there was not a penalty 
in terms of higher incidence of adverse events 
at 6 months. Unlike the NORDIC trial, the 
CACTUS study was notable as 31% of the pro-
visional stent group had previously undergone 
SB stenting. The criterion for crossing over from 
a one- to a two-stent approach was less strin-
gent than NORDIC: two stents being allowed 
with >50% residual SB stenosis, grade C or 
greater dissection, or less than Thrombolysis 
in Myocardial Infarction (TIMI) 3 flow. In the 
BBK study the crossover rate from provisional 
to two stents was nearly 19% and for the BBC 
One study, much like NORDIC, was only 3%. 
The periprocedural MI rate in the BBC One 
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Figure 1. Qualitative trend of registration data comparing drug-eluting stents and bare 
metal stents for treatment with one- and two-stent disease. TLR and MACE rates are both 
lower in drug-eluting stents versus bare metal stents in one- and two-stent disease [29].
MACE: Major adverse cardiac event; TLR: Target lesion revascularization.
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study for the complex lesion group however was 
high at 11.2% [29,33,34].

Another explanation for why the provisional 
approach was so effective, but a potential defi-
ciency of these trials, may have been based on 
lesion selection. In general, studies of provisional 
stenting include focal SB stenoses [32,37,38]. This 
lesion selection is a major shortcoming of these 
studies. It is known that SB lesions with more 
than focal lesion length are much less likely to 
respond to balloon dilation. Also, if the SB is large 
a two-stent strategy will often be required [29].

There are two provisional techniques for 
true bifurcation lesions and a recent trial sug-
gests a third approach [1–4,27,29,39]. The stand-
ard approach includes wiring both branches, 
predilating the MB and then stenting the MB 
while jailing the SB wire. Many have suggested 
it is preferable to not predilate the SB, because 
predilatation would further distort the carina 
(carinal shift) that occurred after MB dilata-
tion. Furthermore, predilatation may cause dis-
section, increasing the probability of tracking 
subintimally when reaccessing the SB. Also, pre-
dilatation increases the probability that a more 
proximal MB cell will be crossed, rather than 
recrossing into the SB distally, which enhances 
ostial SB support [10]. If the SB is not com-
promised, a final high-pressure dilation of the 
MB stent should be performed in most cases. 
The size of the balloon and inflation is based 
on the desired ending size of the MB. If after 
stent deployment or high-pressure dilatation SB 
compromise occurs, the SB is rewired through 
the struts of the stent and dilated, followed by 
a final kissing inflation (FKI). The proximal 
optimization technique can be undertaken if 
the SB is difficult to reaccess. If a threat of SB 
closure persists, then bailout stenting using a 
T‑stent approach of the SB is appropriate. A 
culotte or reverse crush technique can also be 
utilized for threatened SB closure as well [27,29].

The second provisional technique is the keep 
it open (KIO) approach. The KIO’s main indica-
tion is to employ it when the SB is diffusely dis-
eased with the goal being to simply maintain its 
patency, avoiding a periprocedural MI. The KIO 
technique includes wiring both the MB and SB 
and then completely treating the MB, without 
recrossing into the SB or dilating it, thereby 
avoiding dissection and vessel closure [1,2,27,29].

Costa recently reported the INSIDE II trial,  a 
prospective, randomized, single center trial com-
paring single versus double stenting techniques 
in more complex bifurcations with long SB 
plaque. In this trial the SB was first predilated. 

If the dilation was successful, patients were 
randomized to a one- versus two-stent tech-
nique (majority of two-stent techniques were 
T‑stenting). The study showed that a strategy 
of SB predilatation prior to a decision on single- 
versus two-stent technique was acceptable even 
in very complex disease [39].

How necessary is the FKI with the provi-
sional approach? The need for a FKI is indis-
putable when the SB has been dilated through 
the struts of the MB stent, a maneuver that 
invariably distorts the MB stent, causing a 
reduction in stent minimal area [40]. Less cer-
tain is whether a kissing inflation should be 
performed in all bifurcations when the SB has 
not been dilated through the struts of the MB 
stent. The NORDIC III trial examined this 
issue [41]. Four hundred patients treated with 
a provisional stent approach were randomized 
to routine/uniform versus a selective kissing 
inflation strategy. There was no difference in 
clinical outcomes; however, restenosis of the SB 
was lower when a FKI was employed. In par-
ticular, patients with true bifurcation disease 
showed a reduced rate of restenosis of the SB 
when FKI was undertaken (7.6% FKI vs 20.0% 
no FKI; p = 0.024). Furthermore, FFR can be 
of use to quantify the need to postdilate the SB 
lesion. If the result of the FFR of the SB lesion 
is >0.80, the intervention can be considered 
to not need further dilatation of the SB. For 

0

2

4

6

8

10

12

4.8
3.8

8.9

5.6 5.8

1.9

1.0

10.9

BBC One BBK CACTUS NORDIC I

One stent

Two stents

Bifurcation stent trial

E
ve

n
t 

ra
te

 (
%

)

Figure 2. Two-stent versus provisional stent strategy target lesion 
revascularization in the BBC One, BBK, CACTUS and NORDIC I studies. 
Results show that a two-stent strategy does not significantly reduce target lesion 
revascularization [29].
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a FFR <0.80 dilatation with a balloon can be 
considered [42–44].

Another practical consideration is the jail-
ing of the SB wire. In the TULIPE study, trap-
ping the SB wire was an independent predictor 
of lower TLR (odds ratio: 4.2) [37]. Jailing the 
guidewire behind the MB stent may facilitate 
rewiring the SB by reducing the angle between 
the SB and MB, helping to maintain SB patency 
and serving as a target for rewiring; practical 
considerations include the type of wire to jail. 
In general any nonhydrophilic workhorse wire 
is acceptable, particularly those with a core to tip 
design. Hydrophilic wires are not utilized, given 
the risk of stripping the lubricious coating/jacket 
during retraction of the wire. Although there are 
rare case reports of the guidewire being retained 
during the jailing maneuver, successful utiliza-
tion of the technique is simplified by trapping 
only a small amount of wire just proximal to the 
radiopaque tip; moreover, if substantial resist-
ance does occur during withdrawal, threading 
a rapid exchange balloon over the jailed wire up 
to the proximal end of the MB stent can but-
tress the wire, allowing for easy removal [29]. 
Attention to the guiding catheter should also 
take place ensuring dissection of the proximal 
vessel does not occur. 

Two-stent approaches
In many cases, including during SB abrupt 
closure, a two-stent strategy is unavoidable in 
order to avoid a MI periprocedurally by main-
taining SB patency. At times, it is also diffi-
cult to achieve acceptable angiographic results 
when the SB disease is extensive and this issue 

is particularly important when the SB size itself 
is significant (usually >2.5 mm). When these 
issues of large SB size and heavy burden of SB 
plaque length is present, an elective two-stent 
strategy may be best. Additionally, the SB angle 
may be such that rewiring the branch may be 
difficult. When this issue arises, two-stent 
approaches may provide the extra benefit of not 
sacrificing SB access until the SB is secured. 
The two-stent approaches utilized with cur-
rently available include: T‑stent, mini-crush, 
V‑stent/simultaneous kissing stents (SKS) and 
culotte stenting. FKI is considered important 
in all approaches and recent bench and in vivo 
research is working to explain the mechanisms 
[4,45–48]. An article by Latib et al. in 2010 visu-
ally outlines many of the techniques described 
below [49].

�� T‑stent
The T‑stent without crush is the most conven-
tional of the two-stent strategies [1,7,8,37,50–55]. 
The classic T‑stent approach, used in an elec-
tive manner, involves placing the SB stent 
first. When the SB stent is placed, care should 
be taken to avoid stent protrusion into the 
MB. After SB stent placement, the SB wire is 
removed, the MB is stented. FKI takes place 
once the SB is reaccessed. The T‑stent tech-
nique advantage is its simplicity. A disadvan-
tage of the standard T‑stenting technique is 
that in some cases the ostium of the SB will 
not be fully covered. Also, excess stent can be 
seen to extend into the MB. One variation of 
the standard T‑stent was reported by Rizik and 
colleagues who described a self-aligning T‑stent 
approach, a technique which leverages the con-
cept of the blocking balloon first reported by 
Dardas et al. and Schwartz et al. for isolated 
ostial SB disease [12,56,57]. Twenty six patients 
were described in the study. In these patients 
further ostial stenting during the initial proce-
dure was required in only 15%. Two patients 
angiographically had restenosis in SB ostia, 
which led to TLR [12].

In the reverse T approach, the MB is initially 
stented followed by stenting of the SB [1]. The 
most frequently utilized reverse  T technique 
employed is the T‑stent and small protrusion 
(TAP). In this approach, the MB is stented, 
the SB is dilated through the struts of the MB 
stent and then the SB stent is positioned such 
that only 1–2  mm of the proximal portion 
of the SB stent is positioned within the MB 
stent  [49,58,59]. A MB balloon is left uninflated 
during SB-stent deployment. The deployment 
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balloon is retracted slightly and kissing infla-
tion is performed. A FKI may be performed 
with two noncompliant balloons. The TAP 
technique was reported to have a high success 
and long-term outcome in the report by Burzotta 
and colleagues who reported a TLR of 6.8% in 
73 patients with very complex bifurcation dis-
ease [58]. Al Rashdan reported similar excellent 
results in 156 patients using the TAP [50].

Finally, a ‘cone crush’ modified T‑stent tech-
nique has been described by Rajdev and col-
leagues. For the ‘cone crush’ technique, the SB 
stent is aligned with a MB device (stent or MB 
blocking balloon). The SB stent is deployed 
while the MB device stays uninflated. The SB 
deployment balloon is then taken back several 
millimeters and again high pressure inflation 
takes place. This second inflation works to cre-
ate an ostial flare or cone [60]. Afterwards, a stent 
is deployed in the MB and the SB is reaccesssed 
for the FKI. 

�� Stent crush
To prevent the incomplete coverage of the SB 
ostium associated with standard T‑stenting, 
Colombo described the crush technique [22,59]. 
In the original description, the approach 
involved crushing 5–10 mm of the proximal 
SB stent within the MB artery. This led to sub-
stantial distortion within the SB ostium and the 
MB as well. A modification of the technique, 
the mini-crush involves crushing only 1–2 mm 
of stent within the MB [22]. Ormiston demon-
strated in an in vitro model that the mini-crush 
compared with the standard crush substantially 
enhanced ostial SB expansion and minimized 
MB distortion and underdilataion [61,62]. In 
the mini-crush technique, the SB stent is posi-
tioned with 1–2 mm of stent protruding into the 
MB, such that the proximal portion of the SB 
osmium is barely covered. Following, deploy-
ment of the SB stent, angiography is performed 
to ensure no distal dissections within the SB 
followed by withdrawal of the SB wire. In the 
classic crush manner, the SB stent is crushed 
with the MB stent. Following stenting of both 
branches, the SB is rewired, dilated to high pres-
sure with a noncompliant balloon, followed by 
a FKI. This two-step inflation technique sig-
nificantly improves ostial expansion compared 
with a single kissing inflation [62]. In addition, 
successfully recrossing and dilating the crushed 
SB stent is essential. Restenosis and stent throm-
bosis are much higher when a FKI is not per-
formed [63]. IVUS has demonstrated significant 
underdilation of both branches when a FKI is 

not performed [63,64]. In the CACTUS trial, the 
performance of FKI compared with no FKI was 
associated with a lower incidence of in-hospital 
and follow-up MI (7.5% with FKI vs 29.0% 
without; p = 0.001), TLR (6.3% with FKI vs 
12.9% without; p = 0.25) and angiographic res-
tenosis in the MB (4.7% with FKI vs 16.0% 
without; p = 0.03) and the SB (11.9% with FKI 
vs 36.0% without; p = 0.001), as well as a lower 
incidence of stent thrombosis (0.9% with FKI 
vs 6.5% without; p = 0.06) [30].

The crush technique may have several advan-
tages including that access to either branch is not 
surrendered until stents are deployed and com-
plete coverage of the SB ostium is ensured. The 
greatest challenge involves rewiring and redilat-
ing the crushed SB stent. If a standard workhorse 
wire does not cross, hydrophilic wires can be 
helpful. Often an appropriately sized workhorse 
balloon will not cross into the SB, but a rapid 
exchange 1.5 mm balloon nearly always does, 
allowing for subsequent delivery of larger bal-
loons. Also, after leaving the initial wire in place, 
a second buddy wire can be placed in the SB and 
may provide adequate support to cross into the 
SB. Rarely, a fixed- wire balloon is necessary. 
Finally, using balloons sized to each branch is 
essential as under sizing the MB balloon dur-
ing the FKI leads to distortion and suboptimal 
expansion and apposition of the MB stent.

There are many variations on the crush 
theme. In the standard crush, the SB is crushed 
with the MB stent, whereas in the ‘step crush’ 
the SB stent is crushed by a MB balloon, which is 
then followed by the MB stent [65]. Except for not 
inflating the MB balloon with SB stent deploy-
ment, the mini-crush technique is much like the 
self-aligning T‑stent approach described above 
[12]. The DK crush or ‘sleeve technique’ was 
described by Jim as a variation to the step crush. 
In the sleeve technique, after the SB crush with 
the MB balloon, SB reaccess occurs followed by 
a kissing inflation [66–68]. The next steps in the 
technique are identical to step crush. The reverse 
crush or internal crush, a technique not often 
employed in contemporary practice, involves 
stenting the MB, followed by stenting of the 
SB, removal of the SB wire, then crushing the 
proximal SB stent edge with a MB balloon [69].

Chen et al. recently published results from the 
DKCRUSH‑II trial [70]. This trial compared a 
provisional stenting approach to the DK crush 
technique described above. Acute closure of the 
SB after provisional stenting was found to be 
1.62%. Additional stenting was required in the 
SB in the provisional stenting group in 28.6%. 
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Compared to provisional stenting, DK crush 
showed a significant reduction in TLR (4.4% 
DK crush vs 13.0% provisional; p  =  0.005) 
(Figure 4) and TVR (6.5% DK crush vs 14.6% 
provisional; p = 0.017). No significant difference 
in MACE was observed between the two groups. 
To date, this trial is the first randomized study 
to demonstrate a two-stent strategy to have an 
advantage over provisional stenting [70].

�� V & SKS stenting
The V or SKS technique is a simple two-
stent approach to bifurcation disease that has 
the advantage of maintaining access to both 
branches at all times [71–73]. The technique is 
best for Medina 0,1,1 lesions, where the bulk 
of the plaque is distal to the carina. Although 
there are reports of treating longer proximal seg-
ments of disease with long ‘double-stent barrels’, 
most operators prefer to have minimal overlap 
of the proximal stents. The technique forms a 
stent double barrel in the proximal portion of 
the lesion by aligning the stents’ proximal edges 
creating a neocarina. The technique is consid-
ered the SKS approach if the neocarina extends 
5 mm or more into the MB [1,74,75]. Further post-
dilatation can be completed as necessary. The 
techniques should end with a FKI. The V or 
SKS approach was studied in 200 consecutive 
patients by Sharma et al. [74]. Success during the 
procedure was 99% for the SB and 100% for the 
MB. Initial clinical success was 97%. MACE 
rates were low: in hospital MACE was 3% and 
30‑day MACE was 5%. Practical considerations 
include selecting an adequately sized guiding 
catheter (generally 8  F allows optimal visu-
alization) and sequentially inflating the stents 

rather than simultaneously deploying them. A 
particular challenge with the V‑stent is a proxi-
mal dissection. If this dissection does occur, a 
proximal bailout stent is difficult to place with 
an inevitable bias toward one branch. A better 
approach would be to extend the double barrel 
proximally by adding two more stents, or con-
verting the V technique into a crush technique 
by compressing the SB stent with a balloon in 
the MB. Frequently during rewiring, the wire 
crosses from the lumen of one stent to the other; 
IVUS is essential, confirming that the correct 
lumen has been accessed.

�� Culotte stent
The culotte technique may be the most chal-
lenging of the two-stent strategies, but provides 
superior coverage of the carina and SB ostia. 
In this approach, the initial stent is placed in 
the most angulated vessel (generally the SB). 
The MB is then rewired through the struts of 
the first stent and is then subsequently dilated 
and stented. Following placement of the second 
stent, the first stent is reaccessed and dilated. 
Using noncompliant balloons, separate high-
pressure inflations are performed in each stent 
followed by a FKI of 10–12 atm. This technique 
is typically best for large vessels. Generally the 
first stent should be at least 3 mm in diameter 
though this technique can be used for SB vessel 
diameters as low as 2.5 mm [76–78]. 

The NORDIC group compared the culotte 
with the crush technique in a randomized trial [79]. 

A total of 424 patients with a bifurcation lesion 
were randomized to crush (n = 209) and culotte 
(n = 215) stenting. At 6 months there were no sig-
nificant differences in MACE rates between the 
groups – crush 4.3% and culotte 3.7% (p = 0.87). 
Procedure and fluoroscopy times and contrast vol-
umes were similar in the two groups. A total of 
324 patients had a quantitative coronary assess-
ment at the index procedure and after 8 months. 
The angiographic endpoints of in-segment and 
in-stent restenosis of main vessel and/or SB after 
8 months were found to be 12.1 versus 6.6% 
(p = 0.10) and 10.5 versus 4.5% (p = 0.046) in the 
crush and culotte groups, respectively. The culotte 
group was more likely to have a FKI compared 
with the crush group. Because of the short follow-
up and significantly less FKI in the crush group, 
there are insufficient clinical data to recommend 
one technique over another based solely on lower 
event rates, although angiographically, there was 
a trend toward less in-segment restenosis and sig-
nificantly reduced in-stent restenosis following 
culotte stenting. 
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Emerging stent technologies 
Much research and development has been 
undertaken to develop stent technologies unique 
to bifurcation disease. Currently, approximately 
19 devices dedicated to bifurcation disease are 
available in Europe or are undergoing investi-
gation [15]. The first generation of these dedi-
cated bifurcation devices were difficult to use. 
The newer devices have shown a trend toward 
improvements in their deliverability. Most of the 
devices available have only been studied in first-
in-man reports or short follow-up studies. The 
stent devices can be divided into three broad 
categories, all of which share a common goal of 
allowing easier SB access but differ in ostial cov-
erage of the SB. These three categories are: stents 
that facilitate access to the SB after stenting the 
MB (e.g., Xience SBA); devices made to stent 
the SB first (e.g., Tryton Side-Branch Stent™, 
Tryton Medical, Inc., NC, USA); and devices 
made to scaffold the ostium of the bifurcation 
with stent into the MB and SB (e.g., Axxess Plus) 
[13–15]. See Table 1 for a summation of 11 devices 

currently being used clinically or undergoing tri-
als. The three prototypical stents are reviewed 
below (Figures 5 & 6).

Axxess Plus stent is a self-expanding device 
made from nitinol (nickel–titanium). It is a 
drug-coated stent eluting abluminal Biolimus 
A9™, which is a sirolimus analog. The strut 
thickness is 0.006 inches. The stent has a 
conical design that allows it to expand into the 
unique anatomies of bifurcation lesions. Three 
radiopaque markers facilitate placement while a 
fourth maker denotes the proximal end of the 
stent. The delivery system makes use of a sin-
gle wire exchange system. The stent is designed 
to cover the proximal portion of the disease 
and usually additional stents need to be placed 
in the MB and the SB. The Axxess stent was 
evaluated in the DIVERGE study. In this study, 
302 patients were treated with Axxess stent and 
the sent was placed successfully in 96.7% of the 
patients. Additional stents in one branch were 
needed in 21.7% of patients and additional stents 
were needed in both branches 64.7% of the time. 

Table 1. Dedicated bifurcation devices.

Stent system Company Category† Drug coated French 
size

Mechanism Trial Ref.

Antares® TriReme Medical, 
Inc., CA, USA

1 No 6 Single balloon and 
inflation, rapid 
exchange, peel away 
lumen for second wire

TOP [100]

Abbott Vascular 
Xience™ SBA

Abbott Vascular, CA, 
USA

1 Everolimus 7 Double balloon and 
wire, single inflation

FRONTIER
(for BMS version)

[84]

Y-Med 
sideKicK™

Y‑Med, CA, USA 1 No 5 MB fixed wire, rapid 
exchange SB wire, 
steerable SB wire

Solar RJ sideKicK [101]

Invatec 
Twin-Rail™

Invatec, Italy 1 No 6 Dual balloon, single 
inflation

Lefevre [102]

Minvasys Nile 
Croco®

Minvasys, France 1 Paclitaxel in 
newer 
generation

6 Dual balloon, two 
catheters

Nile Croco Registry 
and Del Blanco 
et al.

[103]

Taxus Petal (AST 
Petal)

Boston Scientific, 
MA, USA

1
Provides 2 mm 
coverage into SB

Paclitaxel 7 Dual balloon, dual wire, 
single inflation

Ormiston et al. [104]

Stentys Stentys, Inc., NJ, USA 1 Paclitaxel in 
newer 
generation

6 Single wire, second 
separate wire needed 
for SB, self-expandable

OPEN‑1 [105]

Tryton Side 
Branch Stent™

Tryton Medical, NC, 
USA

2 No 5/6 Single balloon, 
single wire

Tryton Side Branch 
study, Magro et al. 

[82]

Cappella 
Sideguard®

Cappella Medical 
Devices, Ireland

2 No 6 Single balloon, single 
wire, self-expandable

Mamas et al. [106]

Devax 
AXXESS™

Devax, Inc., CA, USA 3 Biolimus A9 7 Single wire, 
self-expandable

DIVERGE [81]

Medtronic 
Bifurcation Stent

Medtronic, MN, USA 3 No 6 Dual balloon, dual wire, 
single inflation

BRANCH [107]

†See text for category explanation.
BMS: Bare metal stent; MB: Main branch; SB: Side branch. 
Data taken from [14].
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During the 9-month follow-up a MACE rate 
of 7.7% (0.7% death, 3.3% non-Q-wave MI, 
1.0% Q-wave MI and 4.3% TLR) was observed. 
Subacute and late stent thrombosis rates were 0.7 
and 0.3%, respectively. The total restenosis rate 
was 6.4% (4.4% SB and 3.6% MB) [14,15,80,81]. 

The Tryton Side-Branch Stent (Tryton 
Medical, Inc.) is a BMS made of cobalt chro-
mium. It is employed in a facilitated culotte 

approach. It is made up of three zones. The 
distal SB zone is similar to a standard slotted 
stent tube design. The central transition zone 
consists of three panels; this zone has very high 
radial strength helping to optimally support the 
SB ostium. The proximal main vessel zone has 
a very open architecture and consists of three 
fronds that proximally terminate in a circum-
ferential band. It uses a single balloon and a 
single rapid wire exchange system. Four radio 
opaque markers help guide stent placement, 
which is similar to the culotte method. Using a 
6 F guide after optional MB and SB predilation, 
the stent is distally advanced over the SB wire 
until two middle markers span the carina. The 
Tryton stent is then deployed and afterwards the 
SB wire is moved through the transition zone of 
the stent into the MB. In the MB a workhorse 
stent is then placed. Lastly, the SB is rewired and 
a FKI takes place (Figure 7) [82,83].

Magro et al. recently presented a two-center 
registry analysis of the Tryton stent [82]. The 
authors looked at 6‑month follow-up of the 
first 100 coronary bifurcation lesions assigned 
to treatment with the Tryton stent. The stent 
was placed successfully in all but one lesion and 
angiographic success was 95%. A total of 9% of 
the lesions were in the left main artery. The TLR 
was 4%, MI 3% and cardiac death 1% (the car-
diac death patient presented in cardiogenic shock 
prior to stent placement). MACE-free survival at 
6 months was 94%. There were no cases of stent 
thrombosis. Though only a registry analysis, the 
real world results at 6 months were encouraging 
[82]. The stent is currently undergoing a large 
randomized trial comparing the Tryton stent to 
provisional stenting. A drug-eluting form of the 
Tryton stent is currently not available. 

The Xience SBA stent (Abbott Vascular, 
CA, USA) is a stent system that primarily cov-
ers the MB but helps preserve access to the SB. 
In its earlier form, it was a BMS known as the 
FRONTIER or Pathfinder system. Originally, 
the BMS form was studied in 105 patients for the 
FRONTIER stent registry. In this study there 
was a high procedural success rate of greater than 
90%. However, there was a high MACE rate 
driven largely by long-term TLR. MB restenosis 
was found to be 25.3% while SB restenosis was 
29.1%. Overall, the restenosis for any branch 
was 44.8%. To deal with these restenosis issues, 
the platform has now been converted to an 
everolimus DES similar to the Xience V® [14,84].

The Xience SBA stent is a cobalt chromium 
dual-wire stent system coated with everolimus. 
The system uses two wires and there is a dual 

Figure 5. High rates of procedural success for the DIVERGE study, Tryton 
Side-Branch Stent™ 6‑month registry and the FRONTIER stent registry. 
Follow-up time was 6 months for Tryton and FRONTIER and 9 months for 
DIVERGE [81,82,84].
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Figure 6. Major adverse cardiac event rates and target lesion 
revascularization for three stent systems. The FRONTIER/Pathfinder stent 
system is now being converted to a drug-eluting stent form known as the Xience™ 
SBA stent system to better deal with the high MACE, TLR and overall restenosis 
rates [81,82,84].
MACE: Major adverse cardiac event; TLR: Target lesion revascularization.
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lumen catheter with a mandrel that helps 
advance the dual wires side by side to avoid wire 
trapping. This mandrel helps with the crossing 
profile of the stent system by allowing for single 
tip delivery of the balloons/stents. The MB bal-
loon is attached to the rapid exchange lumen, 
while the SB balloon has its attachment to the 
over the wire lumen. The DES is attached to 
both of these balloons which allows easy access 
for the SB balloon to exit through the stent. 
Further helping its user profile, both balloons are 
also attached proximally to a common inflation 
lumen [14,85].

To use, the Xience SBA system is positioned 
just proximal to the bifurcation lesion. The 
mandrel is then unlocked allowing for a second 
wire to be placed in the SB. Next the entire sys-
tem is advanced to cover the bifurcation area. 
With a single step inflation, the two balloons are 
inflated delivering the MB stent and establishing 
the side access for the SB. Afterwards, the clini-
cal decision can be made for further stenting of 
the SB in a T‑stent technique or simply finish-
ing with a FKI. This system was compared with 
standard provisional T‑stenting technique. The 
total time of deployment was similar for the two 
study groups, but time to achieve MB stenting 
was less in the Xience system. This decreased 
time led to less fluoroscopy and contrast use for 
the Xience system [85].

Drug-eluting balloons
Drug-eluting balloons (DEBs) have shown 
some promise in treating small-vessel and in-
stent restenosis lesions [86–88]. They are particu-
larly attractive for patients with contraindica-
tions to long-term dual antiplatelet therapy. The 
first generation DEB had a difficult time being 
delivered to complex lesions such as those in 
bifurcation disease. Second generation DEBs, 
although still rigid, have better crossing pro-
files. In a recent small feasibility study utilizing 
four different DEBs, Sgueglia et al. examined 
14 patients with bifurcation disease undergo-
ing provisional stenting. The DEB was used 
during FKI. All but one case were performed 
transradially. Procedure and angiographic suc-
cess rate was 100%. At a mean follow-up of 
238 days all patients were free of major cardiac 
events and were asymptomatic [16]. Although 
only a small study, these results point toward 
future larger studies utilizing DEB (KISSING 
DEBBIE study) [16]. Results from the DEBIUT 
study recently showed a strong favorable trend 
in TLR and MACE rates using DEB in the MB 
and SB in bifurcation disease [89].

Overall approach
The key to the therapy of bifurcations is the 
SB [90]. This is particularly true now that the 
reintervention rates in the MB with DES are 

Figure 7. Placement of a Tryton Side-Branch Stent™. (A) Original image of left anterior 
descending artery diagonal bifurcation (arrowhead) prior to intervention. (B) Placement of a Tryton 
stent to the sidebranch after predilatation. Image depicts the side branch portion, transitional zone 
and main branch portion of the Tryton stent. (C) Placement of the main branch left anterior 
descending artery stent through the Tryton stent. (D) Finishing angiogram of the bifurcation lesion 
after final kissing balloon inflation.
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quite low. There are a number of questions to 
ask in each bifurcation intervention and they 
predominantly involve the SB. Firstly, does the 
ostium of the SB have disease, in other words, 
is this a true bifurcation lesion? How clinically 
important is the SB? What is the SB diameter 
and the amount of myocardium subtended? 
Will the SB cause angina if restenosis occurs 
or if an inadequate initial result is obtained? 
Dauerman and colleagues found that if the 
SB was less than 2.5 mm in diameter, it was 
unlikely to cause the need for repeat revascu-
larization [91]. Is there a high risk that the SB 
will close with main vessel stenting, and if it 
closes, will it be recrossable? Is the SB of such 
size and the lesion geometry of such complex-
ity, that giving up access to the SB should be 
avoided? Even with todays tools, SBs close and 
cannot be reaccessed, potentially resulting in 
significant myocardial damage. How long is 
the SB disease? If only confined to the ostium 
and short in length, the likelihood that a second 
stent will be necessary is unlikely. Finally, is the 
SB dilatable and will lesion modification with 
a cutting balloon or rotablator be necessary for 
complete expansion? Does a new dedicated 
bifurcation stent need to be used? All these 
issues will establish the side-branch strategy 
and determine whether a second side-branch 
stent is necessary. 

Use of imaging techniques such as IVUS 
can be invaluable in these complex subsets, 
particularly in verifying that optimal stent 
expansion has been achieved. Costa et  al. 
examined 25 crush stents by IVUS, demon-
strating incomplete stent apposition in the 
main vessel segment proximal to the carina in 
more than 60% of lesions. A minimum lumen 
area of <5 mm was found in 76% of the SB 
stents [64,92]. These ultrasound studies argue 
for meticulous two-step dilatation of the SB. 
Often an optimal angiographic result at the 
SB was frequently found to be inadequate by 
IVUS, necessitating further dilatation of the 
SB [2,93]. The physiologic severity of the SB 
stenosis following MB stenting is frequently 
overestimated, resulting in crossover to a two-
stent approach when a provisional strategy was 
initially chosen. Fractional flow measurements 
can be useful in these circumstances, demon-
strating no significant lesion in most circum-
stances [94,95]. OCT, particularly as it becomes 
more prominent and widely adopted in clini-
cal practice, can be useful evaluating for stent 
strut malaposition. OCT decreases the signifi-
cant strut artifacts seen with IVUS suggesting 

it can provide a more accurate assessment of 
stent appostion [19,96,]. Mario et al. recently out-
lined how OCT can be used for bifurcation 
lesions [97].

Although there are no compelling randomized 
data demonstrating the superiority of one of the 
two-stent approaches, there are data suggest-
ing that the angle of the SB does have a signifi-
cant impact on the outcome of two-stent tech-
niques [10]. Dzavik et al. studied the outcomes 
of 133 patients undergoing crush stenting [98]. 
The patients were divided into those with a low-
bifurcation angle (<50° angle) and those with a 
high-angle (>50°). MACE occurred more fre-
quently in the high-angle group (22.7 vs 6.2%; 
p = 0.007). Bifurcation angle ≥50° (p = 0.004), 
no final kissing balloon inflation (p = 0.012), 
and creatinine clearance <40 ml/min (p = 0.031) 
independently predicted MACE. A subsequent 
study by this group extended these observations 
to both culotte stenting as well [99].

Conclusion
Coronary bifurcations remain a challenging 
lesion subset, constituting 15–20% of all cor-
onary percutaneous interventions. Although 
current drug-eluting slotted tube stent plat-
forms were not designed for bifurcating lesion 
geometries, their application in this lesion sub-
set has been become very effective, particularly 
compared with BMS. There is now consensus 
that the provisional approach, with MB stenting 
only, is the preferred strategy for the majority of 
bifurcations, although when SB stenting is neces-
sary, outcomes are acceptable. In patients having 
true bifurcations (Medina 1,1,1), large, stentable 
SBs (>2.5 mm) and nonfocal proximal/ostial 
plaque disease, an initial two-stent strategy is 
often preferred and acceptable. Which two-stent 
approach to employ is less certain. Use of new 
stent technologies can be considered at this time. 
Meticulous attention to optimal stent dilation 
is more important than the particular two-stent 
technique chosen. Finally, generous utilization 
of IVUS, OCT, and FFR may enhance decision 
making and optimal stent deployment. 

Future perspective
Treatment of bifurcation disease is an evolv-
ing field. The stents that are currently widely 
adopted are made of a slotted tube platform and 
were not designed for the complex anatomical 
challenges provided by bifurcation lesions. Over 
the course of the next several years, we believe 
bifurcation treatment will evolve to use stent 
platforms designed specifically for bifurcations 
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with close attention paid to the carina of the 
lesion. The ideal stent platform would be drug 
coated, easy to place and have a low TLR of 
both the MB and SB. OCT, as it progresses 
towards more routine use and availability, could 
provide valuable information about the bifurca-
tion lesion prior to and after stent deployment. 
We foresee a future of a fusion of dedicated 
bifurcation stents with placement guided by 
intracoronary imaging. 
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Executive summary

Drug-eluting stents versus bare metal stents
�� Drug-eluting stents are the preferred stents for bifurcation disease.

Single main branch stent versus two-stent approach
�� NORDIC, CACTUS, BBK and BBC One showed the two-stent approach does not reduce target lesion revascularization compared with 

the provisional approach but does increase contrast use, fluoroscopy time and periprocedural myocardial infarction rates.
�� Final kissing inflation is important in the provisional approach.

Two-stent approaches
�� Two-stent strategy is unavoidable in some cases due to abrupt closure of side branch (SB), severe disease in the SB or when the SB is 

large subtending a large area of myocardium.
�� T‑stent:

–	 Most conventional two-stent strategy.

�� Stent crush:
–	 Most used modification is mini-crush.

�� V and simultaneous kissing stenting:
–	 Maintains access to both branches at all times.

�� Culotte stent:
–	 May be the most challenging of the two-stent strategies.

–	 May provide superior coverage of the carina.

Emerging stent technologies
�� There are three broad categories for devices currently in development for bifurcation disease:

–	 Stents facilitating access to SB after main branch stenting (e.g., Xience™ SBA).

–	 Devices made to stent the SB first (e.g., Tryton).

–	 Devices made to scaffold both the main branch and the ostium of the bifurcation lesion (e.g., Axxess Plus).

Drug-eluting balloons
�� Drug-eluting balloons have recently shown some promise in small vessel disease.
�� Drug-eluting balloons have become easier to deliver.

Overall approach
�� Key to bifurcation disease is the side branch:

–	 Does the ostium of SB have disease?

–	 How clinically important is the SB?

–	 High risks for SB closure after stenting?

–	 Is the SB stentable?

–	 Does a new bifurcation device need to be considered?

�� Consider the utility of imaging:
–	 Intravascular ultrasound.

–	 Optical coherence tomography.
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