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Abstract
Although the provisional approach is recommended over a systematic two-stent approach in bifurcation 
lesions, an a priori two-stent approach may be considered in certain specific anatomies in a minority of cases. 
Virtual bench test and intravascular imaging studies have provided essential insights into the technical aspects 
of bifurcation stenting and led to recommendations on how to optimise both the provisional and the two-stent 
strategies. Dedicated bifurcation stents may further optimise the procedural and clinical outcomes of both 
strategies. However, randomised data are sparse and more randomised trials are needed to provide evidence 
as to whether these dedicated devices will indeed improve procedural and clinical outcomes.
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Introduction
Bifurcation lesions are encountered by interventional cardiologists 
in daily clinical practice in approximately 15%-20% of their per-
cutaneous coronary intervention (PCI) cases. Multiple randomised 
trials, comparing a routine two-stent strategy with a provisional strat-
egy (i.e., single stent in the main branch with additional side branch 
stenting only if indicated) have shown comparable efficacy outcomes 
(target vessel/lesion revascularisation rates) between the two treat-
ment strategies1-3. However, the same trials also showed that the pro-
visional strategy resulted in lower rates of periprocedural myocardial 
infarction (MI), less contrast use, lower X-ray doses and shorter pro-
cedural times1-3. Based on these data, the European Bifurcation Club 
(EBC) recommends the provisional strategy as the default strategy 
in the vast majority of bifurcation lesions4. However, there is also 
a consensus that it is reasonable to consider an upfront strategy with 
two stents if a large side branch is involved, if there is extensive side 
branch disease, if side branch occlusion is likely and/or if rewiring is 
anticipated to be difficult4,5. However, it remains a challenge to dis-
tinguish these more complex bifurcation lesions which are likely to 
require complex stenting procedures with multiple stents from the 
more “simple” bifurcation lesions which are likely to be adequately 
treated with the provisional approach. The “DEFINITION” study 
recently proposed a definition to define complex bifurcation lesions. 
However, this DEFINITION “score” needs to be validated in other 
bifurcation databases6. Multiple dedicated bifurcation devices have 
been developed over the last decade, to facilitate both the provisional 
(single) stent strategy and a more complex multi-stent approach. 
Most companies developing such devices have discontinued their 
efforts due to disappointing results and difficulties in improving the 
already excellent outcomes of the current bifurcation treatment using 
conventional newer-generation DES. In this paper we will discuss the 
current challenges of PCI of bifurcation lesions and how bifurcation 
devices may potentially improve procedural and clinical outcomes.

Why do we need dedicated devices to facilitate 
the provisional approach?
Virtual bench tests and intravascular imaging studies have pro-
vided essential insights into how to improve the provisional strategy, 
including rewiring through a distal stent cell7-10, main branch stent 
sizing according to the distal main branch4,11, and the use of the prox-
imal optimisation technique (POT)12. However, challenges remain 
when using the provisional strategy. These include difficulties with 
side branch rewiring, proper stent sizing when there are large diam-
eter differences between the proximal and distal main branch, and 
difficulties in performing final kissing balloon dilatation. Dedicated 
bifurcation stents may be helpful in overcoming these remaining 
challenges, further improving the provisional approach.

How dedicated stents potentially improve the 
provisional stenting strategy
DIFFICULTIES WITH REWIRING
Rewiring the side branch after main branch stent placement 
can sometimes be technically challenging and time-consuming. 

Figure 1. Currently available dedicated bifurcation stents facilitating 
a provisional approach (according to “A” [main across side branch] 
of the MADS classification). A) The Nile stent. B) The BiOSS stent. 
C) The STENTYS stent.

The Nile® stent (Minvasys, Gennevilliers, France) (Figure 1A) and 
the mother-daughter stent platforms (Advanced Bifurcation Systems 
[ABS], Los Angeles, CA, USA) may overcome this problem since 
both stents are advanced over two wires with access to both branches 
throughout the complete procedure. However, advancement over 
two wires may in its own right give rise to other technical problems 
such as wire twist, necessitating re-crossing13,14. These devices also 
tend to be more bulky and have worse crossing profiles than conven-
tional stents. Another solution for difficulty in rewiring is provided 
by the BiOSS® dedicated bifurcation stent (Balton, Warsaw, Poland). 
This stent consists of proximal and distal stent parts, which are con-
nected by only two connecting struts (Figure 1B). When the stent is 
positioned, it automatically “opens” itself towards the side branch 
because of its bending, especially when the proximal-to-distal main 
branch angle is relatively narrow15. This might theoretically sim-
plify the rewiring into the side branch16. The conically shaped self-
expanding nitinol Axxess™ stent (Biosensors Europe SA, Morges, 
Switzerland), which is placed in the proximal main branch up to the 
carina over a single wire, has a big advantage in that it does not cross 
one of the distal branches, leaving both daughter vessels freely acces-
sible after placement (Figure 2)17-20.

DIFFICULTIES IN SIZING APPROPRIATELY
Due to the fractal geometry of the coronary tree, proximal and 
distal diameters are per definition different21,22. Although sizing 
according to the distal diameter with additional POT did provide 
a solution to prevent carina shift while ensuring adequate proximal 
stent expansion and apposition when using conventional stents, it 
might be difficult to achieve optimal results when there is a large 
difference between the proximal and distal diameters. For this rea-
son, the BiOSS stent is mounted on a stepped balloon with a larger 
proximal diameter than the distal part (in a ratio of 1.15-1.30)23. The 
STENTYS stent (STENTYS S.A., Paris, France) proposes a different 
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solution to the problem (Figure 1C). The nitinol stent is deployed by 
retracting a sheath constraining the stent after which it expands itself 
until it reaches the vessel wall. The self-expanding stent adapts its 
calibre to the calibre of the distal and proximal vessel. The proper-
ties of the stent allow it to expand further beyond its indicated vessel 
diameters: the “medium-sized” STENTYS, for instance, suitable for 
vessels with diameters of 3.0-3.5 mm, expands up to 5.3 mm. The 
self-expanding Axxess stent has the obvious advantage that stent siz-
ing can be performed for each bifurcation segment (i.e., proximal 
main, distal main and side branch) separately, with the additional 
advantage that the device fits the natural anatomy of the polygon of 
confluence of the bifurcation core (Figure 2)20.

DIFFICULTIES WITH FINAL KISSING BALLOON DILATATION
Side branch rewiring, needed to perform final kissing balloon dila-
tation, can be technically challenging and is not always possible. 
Furthermore, final kissing balloon dilatation itself might result 
in less favourable results in the proximal main branch, including 
stent strut malapposition and oval-shaped stent distortion when left 
uncorrected. A dedicated stent which does not deform during final 
kissing dilatation or does not need final kissing dilatation might 
not only simplify the procedure, but may also result in favourable 
outcomes. An example of such a device is the STENTYS stent. By 
disconnecting the interconnectors (i.e., the struts connecting subse-
quent hoops) using side branch dilatation, the stent part proximal 
to this disconnection flares open into the side branch ostium, while 
the stent distortions in the main branch which are usually seen after 
side branch dilatation are automatically corrected due to the mem-
ory shape of the stent. For the BiOSS stent, the stent cell opening in 
the connecting middle part might already provide a sufficient open-
ing towards the side branch ostium without overhanging struts such 
that final kissing might be less essential in this device. When no 
additional stents are placed in the daughter vessels, the Axxess stent 
probably does not require final kissing balloon dilatation either.

Treatment of Medina 0,0,1 lesions
A real remaining challenge in bifurcation treatment is how properly 
to treat bifurcation lesions in which only the side branch ostium is 
involved (Medina 0,0,1). When performing ostial stenting, there is 
the potential risk of leaving a gap at the ostium if the stent is placed 
too distally, and there is also the risk of protruding stent struts if 

Figure 2. The conically shaped self-expanding nitinol Axxess stent. 
A) An expanded Axxess stent. The three asterisks indicate the three 
distal markers, while the arrowhead indicates the single proximal 
marker. B) Placement of an Axxess stent in a silicone model. Adapted 
with permission from Dubois and Wijns17.

the stent is placed too proximally. In theory, adequate ostial cover-
age without protruding struts can only be achieved when the distal 
bifurcation angle is 90 degrees. Therefore, Brunel et al proposed the 
“inverted provisional T stenting”, placing a conventional DES from 
the side branch to the proximal main branch, leaving a large amount 
of metal in the non-diseased proximal main branch24. Although none 
of the current bifurcation devices has been specifically designed to 
treat Medina 0,0,1 bifurcation lesions, it has been proposed to treat 
these lesions using the Tryton stent (Tryton Medical, Inc., Durham, 
NC, USA) without an additional main branch stent (as in the Brunel 
technique, but then leaving only a minimal amount of metal). This 
has shown encouraging results in 12 patients25.

Why do we need dedicated devices to facilitate 
a two-stent approach?
Although no-one knows exactly in what percentage of patients with 
bifurcation lesions an a priori two-stent approach is the appropriate 
treatment, it is likely only to be a small minority. So, per definition, it 
will be a challenge to gain enough experience to master one or more 
of these complex two-stent techniques. Furthermore, all two-stent 
techniques have some drawbacks caused by the limitations of con-
ventional stents, such as a limited expansion caused by the cell size 
through which the second stent is crossed in culotte, or the three lay-
ers of struts when using crush. Therefore, there is an unmet need for 
a dedicated stent which simplifies the two-stent approach. This stent 
should ideally fulfil the following criteria: the device should have 
a short learning curve, it should simplify the procedure (i.e., shorter 
procedural times, less contrast use), should adjust to the wide variety 
of bifurcation anatomies (including a wide range of distal bifurca-
tion angles), should improve procedural success rates, should have 
a predictable acute result in the side branch, and should ensure long-
term patency of the side branch without jeopardising the acute and 
long-term results in the main branch. Although a true “bifurcated” 
(Y-shaped) stent has always been “every interventionalist’s dream”26 
because of its potential to solve all problems at once (Figure 3), such 
devices have turned out to be very bulky and, because they had to be 
advanced over two wires, there was a chance of wire wrap and mis-
alignment. Such stents are currently no longer under development27-31.

How dedicated stents potentially improve  
a two-stent strategy
To the best of our knowledge, only two bifurcation stents facilitat-
ing the two-stent approach are currently under clinical investiga-
tion: the Tryton Side Branch Stent™ (Tryton Medical, Inc.) and 
the mother-daughter stent platform (Advanced Bifurcation Systems 
[ABS], Los Angeles, CA, USA).

The mother-daughter stent platform (currently only available in a 
bare metal version) consists of a mother stent (deployed in the main 
branch) and a daughter stent (deployed in the side branch), and 
could be considered as a systematic T-stent strategy (Figure 3). This 
device, advanced over two wires, is unique because the side branch 
stent deployment is performed simultaneously with the deployment 
of the proximal part of the main branch stent14. In theory, this will 
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Figure 3. The Medtronic Y-shaped bifurcation-dedicated stent (BDS) 
(Medtronic Inc., Santa Rosa, CA, USA). Although it is “every 
interventionalist’s dream” to have one device to solve all problems at 
once and to treat the entire bifurcation, such devices are no longer 
under development. From Lefèvre et al26 with permission.

lead to better alignment of the side branch stent at the ostium with-
out leaving a gap between both stents9. However, clinical experi-
ence is very limited, and more studies are needed14. The Tryton stent 
(currently available in bare metal only) facilitates an inverse culotte 
technique (according to the MADS classification32), in which the 
side branch is treated first (Online Figure 1)33,34. The stent is availa-
ble mounted on a stepped balloon with different proximal and distal 
diameters, obeying the fractal geometry of the coronary tree21,22,34. 
Furthermore, the special design of the stent with a minimal amount 
of metal with large stent cells in the (proximal) main branch zone 
allows easy delivery of a DES in the main branch without restrict-
ing the stent expansion to a certain limit, as seen with the culotte 
technique (the so-called “napkin-ring effect”)35,36.

The use of the Tryton has been shown to be feasible with a deliv-
ery success rate of around 96%37-39. The Tryton IDE trial showed 
that the use of the Tryton resulted in a predictable result at the side 
branch in terms of post-procedure in-segment percentage diame-
ter stenosis (Tryton 11.98±9.64% vs. provisional 30.51±17.19%, 
p<0.001)39. However, the primary clinical non-inferiority endpoint 
of the Tryton IDE trial was not met due to a numerically higher rate 
of periprocedural myocardial infarction (MI). This difference in 
periprocedural MI might be explained by the inclusion of relatively 
small side branches in the trial (approximately 60% did not meet 
the inclusion criterion of side branch diameter <2.5 mm). Future 
studies are needed to confirm that there is no increased risk of 
periprocedural MI when using this device in sufficiently sized side 
branches (i.e., >2.5 mm) and to assess whether the device needs 
a drug coating to improve its efficacy.

Combined use of dedicated bifurcation stents 
with bioresorbable scaffolds
The use of a bioresorbable scaffold (BRS) as the main branch stent 
in provisional bifurcation treatment might result in favourable long-
term results, especially at the side branch ostium. The mechanism 
of this potential benefit could be due to the resorption of the jailed 
side branch struts. The hypothesis is that this would in turn elimi-
nate the potential trigger for late stent thrombosis (ST) and prevent 

late side branch restenosis caused by the jailed non-apposed side 
branch struts, as occurs with metallic stents.

However, when a two-stent approach is deemed necessary it has 
been reported that the currently available BRS could be prone to 
strut fracture when the scaffold is dilated with an oversized balloon 
(during fenestration and/or with the POT technique) or when final 
kissing balloon dilatation is performed using balloons at high pres-
sure40. Our group has tested one of the “hybrid” approaches, com-
bining the Absorb BVS (Abbott Vascular, Santa Rosa, CA, USA) in 
the main branch with the Tryton dedicated bifurcation stent as side 
branch treatment. However, the initial results were not favourable 
enough to recommend this approach being used on a large scale in 
daily clinical practice41.

Future perspectives
The Tryton IDE trial has made it clear how difficult it is to select 
appropriately the bifurcation lesions which fulfil the predefined 
inclusion criteria. Since visual estimation has proved to be inaccu-
rate, future bifurcation trials may base patient eligibility on a core 
lab QCA analysis confirmation of the angiographic inclusion cri-
teria (or, even better, intravascular ultrasound). Furthermore, more 
studies such as DEFINITION are needed to evaluate further which 
bifurcation lesions are “complex” and may benefit from a two-
stent approach. Dedicated devices facilitating a two-stent strategy 
should be compared with a two-stent approach using contempo-
rary DES in these complex bifurcation lesions, whereas dedicated 
stents facilitating the provisional strategy should be compared with 
a provisional approach using contemporary DES in the remaining. 
It is conceivable that dedicated devices can only compete with con-
temporary, tubular DES if they are at least comparable in terms of 
strut thickness, polymer biocompatibility, and drug efficacy, so that 
the specific stent design provides an advantage which will improve 
procedural and clinical outcomes.

Conclusions
Dedicated bifurcation stents may be helpful to simplify the proce-
dure and to improve clinical outcomes further after both the pro-
visional approach and the two-stent approach to treat bifurcation 
lesions. More randomised trials comparing these devices with con-
temporary DES are needed to evaluate their potential benefit in 
daily clinical practice.
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Online Figure 1. Two dedicated bifurcation devices which facilitate the two-stent approach: the mother-daughter stent platform (Advanced 
Bifurcation Systems [ABS], Los Angeles, CA, USA) (A-D) and the Tryton Side Branch Stent™ (Tryton Medical, Inc., Durham, NC, USA) 
(E-H). A) Positioning of the mother-daughter stent platform with proximal alignment of the daughter balloon catheter with the mother balloon 
catheter. B) Inflation of the daughter catheter. Note that not only the daughter stent is deployed, but also the proximal part of the mother stent 
is deployed by the proximal part of the daughter balloon catheter. This will, in theory, prevent the occurrence of gap formation at the side 
branch ostium, which often occurs when conventional stents are used. C) Subsequent deployment of the mother stent by inflating the mother 
balloon. D) Final kissing balloon dilation by inflating both mother and daughter balloons simultaneously, without the need for rewiring or 
advancing additional balloons. E) Positioning of the Tryton stent, after wiring both branches, by using the two middle markers on the delivery 
system. F) Inflation of the Tryton stent (note the stepped delivery balloon). G) Deployment of a conventional main branch stent (after POT, 
after wiring of the distal main branch and after removal of the “trapped’” main branch wire). H) After side branch rewiring, final kissing 
balloon inflation.


