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Percutaneous coronary intervention (PCl) of lesions at coronary bifurcations poses a
technical challenge. Short-term complications, including periprocedural myocardial
infarction, and long-term complications such as in-stent restenosis and stent thrombosis,
are higher in patients with bifurcation lesions. Techniques for PCl of bifurcation lesions
include stenting of the main branch alone, and the use of two or more stents to cover
the main and side branches. Two- or three-stent techniques include T-stenting, crush,
culotte, simultaneous kissing stents, V-stenting, and Y-stenting. The goal of these tech-
niques is to minimize areas of vessel that are not covered by stent. Dedicated bifurca-
tion stents exist, including stents with apertures that allow standard stents to be placed
within the aperture. Simultaneous kissing balloon angioplasty in the two branches
should be performed to optimize angiographic results. Many studies exist comparing
the different techniques; however, no consensus exists on the preferred method.
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therosclerotic lesions at the bifurcation of
Acoronary arteries may develop because of high-
shear stress from turbulent blood flow. Up to
15% of percutaneous coronary interventions (PCls)
involve bifurcation lesions.! The main complication of

bifurcation PClI is “snow plowing,” when plaque shifts
into the side branch (SB), potentially compromising

it. Bifurcation lesions can increase the complexity of
PCI, because plaque can shift into the SB, potentially
compromising its flow. As a result, rates of resteno-
sis, stent thrombosis, and periprocedural myocardial
infarction (MI) may be higher.!:2 Several options are
available to treat bifurcation lesions, although a con-
sensus on the ideal approach has not been reached.
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The Medina system is a com-
mon classification used to grade
bifurcation lesions.? The three seg-
ments of bifurcation include the
proximal segment of the main ves-
sel (MV), the main branch distal
segment (MB), and the SB. Each is
represented by a score of 0 or 1, in
that order, separated by commas or
periods. A 0 indicates no significant
stenosis and a 1 indicates >50%
stenosis. For example, a bifurca-
tion with stenosis in the proximal
segment and SB is notated as 1.0.1.
Bifurcation lesions have further
been stratified into true and non-
true bifurcation lesions.* A true
bifurcation lesion is one in which
both the proximal or distal MV and
the SB are involved (Medina 0.1.1,
1.0.1, or 1.1.1), whereas all others
are nontrue.

Stenting techniques for bifurca-
tion lesions may also be classified
using the MADS (Main, Across,
Distal, Side) system.> Each letter
of the acronym denotes a different
strategy for the initial stent placed.
M indicates that the first stent is
placed in the proximal MB (not
extending across the SB); A indi-
cates the first stent is in the MV
across the SB; D utilizes a double
stent implantation (either one in
each distal segment not extending
into the MB, or with both stents
extending into the MB); and § indi-
cates that the first stent is implanted
within the SB, usually with protru-
sion into the proximal segment.
Each of these initial strategies can
then be modified with additional
stent implantation.

Outcomes of Coronary

Bifurcation Lesions

PCI of true bifurcation lesions
is associated with a higher rate
of major adverse cardiac events
(MACE) when compared with
nontrue lesions,® driven pre-
dominantly by periprocedural

MIS Among true bifurcations,
SB occlusion has been observed
more frequently in Medina 1.1.1
and 1.0.1 lesions, whereas Medina
1.1.1 and 0.1.1 lesions are associ-
ated with higher risk of MI or
cardiac death.> The RESOLVE
(Risk Prediction of Side Branch
Occlusion in Coronary Bifurcation
Intervention) score has been
developed to predict the risk of
SB occlusion during PCI of bifur-
cation lesions.” RESOLVE scores
range from 0 to 43, and points
are assigned for plaque distribu-
tion on the same side as the SB,
lower Thrombolysis in Myocardial
Infarction (TIMI) flow prior to
stenting, greater stenosis proximal
to bifurcation, higher bifurcation
angle, greater ratio of MV to SB,
and greater stenosis of the SB. The
RESOLVE score has a C-statistic
of 0.77, indicating good predictive
value with the risk of SB occlusion
divided into quartiles.

Evenafter PCI, bifurcationlesions
are at high risk for recurrence of
disease and restenosis.® If stent

contrast load, coronary perforation
leading to cardiac tamponade, and
lower angiographic success.!!

Simple Stenting Versus

Complex Stenting
Bifurcation lesions can be treated
with a one-stent approach or with
multiple stents. The one-stent
approach is preferred, if possible, but
it may lead to plaque shifting into the
SB during MB stenting. Provisional
stenting, or the practice of stenting
an SB only if necessary, may be per-
formed if the angiographic result
is suboptimal (residual SB steno-
sis >50%, fractional flow reserve
<0.75, or <TIMI grade 3 flow).12
Final simultaneous kissing balloon
inflation should be performed after
stenting to maintain SB patency, as
it reduces plaque shifting into the
SB and restenosis.!>14

Various techniques for multi-
stentbifurcation stentinghavebeen
developed, including the crush,

thrombosis occurs in bifurcation
lesions, both in-hospital and long-
term mortality are significantly
higher compared with nonbifur-
cation lesions.® In primary PCI for

culotte, V-stenting, Y-stenting,
simultaneous kissing stenting,
T-stenting, and modified

T-stenting techniques.!> Multiple
studies have compared one-stent
bifurcation PCI (simple stenting)
with multiple stent techniques

ST-elevation MI, the SB originates
from the culprit lesion in 29% of
cases, with SB occlusion occurring
in only 10% of cases.!? PCI of bifur-
cation lesions with chronic total
occlusion is associated with sig-
nificantly higher procedural time,
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(complex stenting). Retrospective
studies reported that complex
stenting did not significantly
change target lesion revasculariza-
tion (TLR) and MACE.!¢ However,
the rate of periprocedural MACE
was increased in patients who
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underwent complex stenting (13%)
compared with simple stent-
ing (0%). This is likely due to the
increased procedural complex-
ity. This is supported by findings
of the Nordic Bifurcation Study,
which found that complex stenting
required higher contrast dose and
fluoroscopy times, and resulted in
higher postprocedural troponin
levels.? Several randomized trials
and observational studies subse-
quently compared complex and
simple stenting with SB angio-
plasty and confirmed the lack of
benefit with complex stenting com-
pared with simple stenting.217-22
The British Bifurcation Coronary
Study reported an increased rate
of periprocedural MI, and a higher
rate of MI after discharge from the
hospital, whereas the Bifurcations
Bad Krozingen trial reported no

difference in MACE at 1 year.?
A meta-analysis of the random-
ized trials reported increased
rates of periprocedural MI and
lack of improvement in long-term
outcomes with multistent strate-
gies.242% A registry of 3162 patients
undergoing bifurcation stenting
reported that, although first-gen-
eration drug-eluting stents (DES)
favored the one-stent technique,

Complex Stenting
Strategies for PCI
of Bifurcation Lesions

T-stenting Technique

A stent is first placed in the
MV across the SB into the MB,
followed by a stent placed in the SB
through the struts of the first stent
(Figure 1).1> However, the ostium

.

outcomes were similar between
one-stent and two-stent techniques
using second-generation DES.30
Nevertheless, complex stenting is
required to obtain optimal angio-
graphic results when the ostium of
the SB is severely diseased.

of the SB is not covered by either
stent, which can result in ostial
restenosis. Modified T-stenting
reverses the order of stent place-
ment, with improved ostial cov-
erage by the SB stent. The T and
protrusion technique also allows

Figure 1. Coronary angiograms. (A) T-stenting. (B) Side-branch stenting. (C) The side branch wire is removed followed by stenting of the main vessel into the main
branch. (D) A guide wire is readvanced into the side branch. (E) Final kissing balloon angioplasty is performed (angioplasty balloons represented by blue area). (F) The
ostium of the side branch (arrow) may not be adequately covered.

A
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ostial stent coverage by first plac-
ing the MB stent (Figure 2).3! The
SB stent is deployed through the
struts of the MB stent followed by
final kissing balloon inflation.

Crush Technique

One stent is placed in the SB
with the proximal segment pro-
truding into the proximal MV
while another stent or balloon is
placed in the MB with the proxi-
mal segment protruding in the
MV and overlapping the SB stent
(Figure 3).32 The SB stent is
expanded first. After the SB bal-
loon and wire are removed, the
MB stent is expanded, causing the
portion of the SB stent in the MV
to be crushed. This differs from
T-stenting in that the SB stent
protrudes into the MB by several
millimeters. The crush technique
resolves the issue of incomplete
SB ostial coverage with T-stenting.
The double kissing (DK) crush

technique is a variation of the crush
technique.?>** The sequence of
events includes stenting of the SB,
balloon crush of the SB stent, kiss-
ing balloon angioplasty, and MB
stenting and a second kissing bal-
loon inflation.

Culotte Technique

This technique also provides com-
plete ostial coverage of the SB. In
the first step, one stent is expanded
in the SB with protrusion into the
MYV (Figure 4)."> A balloon is then
advanced into the MB through the
first stent’s struts and then dilated.
A second stent is expanded within
this opening which covers the MV
and MB. Final Kkissing balloon
angioplasty is performed.

V-stenting Technique

One stent is placed in each
branch without extending into
the MV.153 Two variations of this
technique provide coverage of

the MV. Y-stenting starts off with
V-stenting in the two branches,
and then is followed by a third
stent placed in the MV.3¢ The
simultaneous kissing stent utilizes
the same technique as the V stent
with the exception that the stents
are expanded simultaneously in
the MV and overlap.?”

Single-string Technique

In this technique, the SB stent is
first positioned with a single cell
protruding into the MB.3® Next,
a guide wire is advanced through
this single cell. Following balloon
dilation of this cell, the MB stent
is then expanded within this SB
stent cell. The final step is kissing
balloon inflation. This technique
has the advantage of minimal
overlap, and inflation of the sin-
gle cell (which becomes a “single
string”) pulls the SB stent toward
the MB, ensuring optimal ostial
coverage.

Figure 2. Coronary angiograms. (A) T and protrusion
techniques. (B) A stent is implanted in the main ves-
sel into the main branch. (C) A stent in implanted
through the struts of the main vessel into the side
branch with the proximal segment protruding into
the main vessel. (D) Kissing balloon inflation is per-
formed (angioplasty balloons represented by blue
area). (E) Final angiography reveals full coverage of
the ostium of the side branch.
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Figure 3. Coronary angiograms. (A) Crush technique. (B) The SB stent is deployed while either a stent
or balloon is positioned in the main vessel into the main branch. (C) The balloon in the main vessel-
main branch is deployed to crush the side branch stent, allowing a stent to be positioned in the main
vessel-main branch (angioplasty balloons represented by blue area). (D) After the guide wire in the side
branch is removed, the main vessel stent is deployed, crushing the side branch stent. (E) A guide wire is
readvanced into the side branch. (F) Final kissing balloon angioplasty is performed. (G) Final angiography
reveals full cover of the side branch (angioplasty balloons represented by blue area).

Clinical Data With

Bifurcation Stenting

Studies have been published that
compare a specific complex stent-
ing strategy with another complex
stenting strategy. In nonrandom-
ized studies, simultaneous kiss-
ing stents have a lower rate of TLR;
however, randomized studies have
not reproduced this.3> Although
the culotte technique significantly
reduced the in-stent restenosis rate
compared with the crush tech-
nique, the rate of MACE was not
significantly different.? The Double
Kissing Crush Versus Provisional

Stenting Technique for Treatment
of Coronary Bifurcation Lesions
(DKCRUSH)-I trial demonstrated
that the DK technique improved
long-term (24 mo) MACE and TLR
compared with the standard crush
technique.® The DKCRUSH-III
trial reported a lower rate of MACE

Dedicated Bifurcation Stent

A dedicated bifurcation stent is a
bifurcating stent that extends into
both branches.#? Alternatively, it
may be a single-vessel stent with an
aperture built into the side of the
stent to allow a standard stent to be
advanced into the SB.

g

driven by a lower rate of TLR with
DK stenting compared with culotte
stenting in unprotected left main
bifurcation lesions.404!

Dedicated bifurcation stents have
not been shown to have an advan-
tage over provisional SB stenting.*3
The Polish Bifurcation Optimal
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Figure 4. Coronary angiograms. (A) Culotte technique. (B) The side branch stent is deployed with the
proximal portion protruding into the main vessel. (C) A guide wire is advanced through the struts of
the side branch stent. Then a balloon is advanced on the guide wire. (D) The balloon is inflated through
the side branch stent strut (angioplasty balloons represented by blue area). (E) The main branch stent
is advanced through the side branch stent strut and deployed. (F) Final kissing balloon angioplasty is
performed (angioplasty balloons represented by blue area). (G) Final angiography reveals full coverage

of the ostium of the side branch.

Stenting (POLBOS) I trial com-
pared the BiOSS® Expert (Balton,
Warsaw, Poland) paclitaxel-eluting
dedicated bifurcation stent (DBS)
to standard DES.# Although
MACE rates did not differ, the TLR
rate was higher in the DBS group.
The TRYTON (Prospective, Single
Blind, Randomized Controlled
Study to Evaluate the Safety &
Effectiveness of the Tryton Side
Branch Stent Used With DES in
Treatment of de Novo Bifurcation
Lesions in the Main Branch &

Side Branch in Native Coronaries)
trial reported a numerically higher
periprocedural MI rate with the
Tryton (bare metal stent; Tryton
Medical, Durham, NC) compared
with provisional stenting.#>

Ancillary Techniques for

Bifurcation PCI

Coronary Atherectomy

Small case series of directional and
rotational  atherectomy demon-
strated higher rates of non-Q-wave
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MI.#6-48 Other studies have found
that the risk of SB compromise is
reduced following atherectomy com-
pared with percutaneous translu-
minal coronary angioplasty alone.*
Intravascular ultrasound can be
used to guide atherectomy of left
main coronary artery bifurcation
lesions in order to achieve the mini-
mal residual plaque burden.>°

Drug-eluting Stents
Unsurprisingly, DES stents have
been shown to reduce rates of SB
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restenosis and TLR when compared
with bare metal stents.5! Bifurcation
stenting  with  sirolimus-eluting
stents is associated with lower rates
of TLR compared with paclitaxel-
eluting stents.>? Subgroup analyses of

SB FER of <0.8 was used as a thresh-
old to stent the SB in the FFR group.
The 1-year rates of MACE and TVR
were similar in both groups, suggest-
ing that FFR does not provide any
benefit over standard angiography.

recent clinical trials of biodegradable
polymer stents (bioresorbable stents)
have found that biodegradable poly-
mer stents are associated with simi-
lar or superior long-term efficacy
compared with standard sirolimus-
or everolimus-eluting stents.>>*

Fractional Flow Reserve

The DKCRUSH-VI trial random-
ized patients with true bifurcation
lesions to either angiography-guided
or fractional flow reserve (FFR)-
guided  provisional  stenting.>
Indications for SB stenting in the
angiography group included TIMI
flow <3, dissection >type A, or
ostial SB stenosis >70%, whereas an

Conclusions

Various treatment options are
available for PCI of bifurcation
lesions. The majority of data on
this topic to date indicate that sim-
ple or provisional stenting is asso-
ciated with superior outcomes
compared to complex stenting.
Nevertheless, complex stenting
techniques are necessary in many
cases. In these cases, the ideal com-
plex stenting strategy has yet to be
determined, although some fare
better than others in randomized
trials. Dedicated bifurcation stents
have not demonstrated improved
outcomes compared with current
bifurcation techniques. Further

trials and registry data comparing
techniques are likely to continue to
provide further guidance on the
ideal strategy. ]
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