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ercutaneous coronary intervention (PCl) of
bifurcation lesions is challenging and associ-
ated with higher rates of in-stent restenosis
(ISR), with the ostial side branch (SB) the most
common site of ISR." Early clinical trial data favored a
provisional stenting approach, demonstrating improved
clinical outcomes with provisional stenting compared
with a routine two-stent approach."? However, contem-
porary randomized trial data have suggested improved
outcomes with certain two-stent techniques, where the
double-kiss (DK) crush technique is superior to provi-
sional stenting for selected true bifurcation lesions.*
Bifurcation lesions are defined as Medina 1,1,1
or 0,1,1 with the SB > 2.5 mm in diameter. The
DEFINITION study further defined a bifurcation lesion
as complex if it met one major criterion plus any two
minor criteria, where major criteria included either
left main (LM) lesion with SB > 70% and > 10 mm in
length or non-LM lesion with SB > 90% and > 10 mm
in length. Minor criteria included moderate to severe
calcification, multiple lesions, active thrombus, bifur-
cation angle < 45°, main branch (MB) reference diam-
eter < 2.5 mm, and MB lesion length > 25 mm.? This
article reviews provisional versus two-stent techniques
for bifurcation lesions, including T stent, T and small
protrusion (TAP), culotte, mini crush, and DK crush
techniques. Table 1 outlines a side-by-side comparison
of the techniques.

PROVISIONAL STENTING
Provisional stenting involves stent implantation in the
main vessel (MV) across the SB ostium with stenting of
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the SB only in case of suboptimal results of the SB. As the
first step in bifurcation PCl, it is advisable to wire both
the MV and SB with two 0.014-inch coronary guidewires.
The MV is predilated and adequate lesion preparation
is performed at the operator’s discretion. Intracoronary
imaging is advised to evaluate the bifurcation anatomy
to ascertain plaque morphology and the distribution and
extent of disease, which informs stent selection. Routine
balloon dilation of the SB is not advised to reduce risk
of dissection, which would then necessitate SB stenting;
however, the use of a small balloon for predilation of the
SB ostium may be considered if difficulty in rewiring the
SB is anticipated or if the ostium is heavily calcified. Then,
based on the diameter of the distal MV, the appropriate
size stent is deployed at nominal pressure in the MV across
the SB ostium. Nominal pressure deployment reduces the
risk of SB ostium deterioration and prevents damage to
the trapped wire in the SB. A mandatory proximal opti-
mization technique (POT) is performed in the proximal
MV with a balloon of the same diameter as the proximal
MV diameter and above the bifurcation of the MV and SB.
Removal of the SB wire should be done prior to POT to
avoid trapping the wire behind the stent. At this point, the
results are evaluated using angiography and intracoronary
imaging. If the MV stent is not satisfactory, then high-pres-
sure dilations should be performed. If the SB is satisfactory
(not having any of the following: > 75% residual stenosis,
dissection, thrombolysis in myocardial infarction [TIMI]
flow grade < 3 in an SB > 2.5 mm, or fractional flow reserve
[FFR] < 0.80), then the procedure is complete.

If the SB is not satisfactory, then a kissing balloon infla-
tion (KBI) is performed next. The SB is rewired via the
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TABLE 1. COMPARISON OF PROVISIONAL AND TWO-STENT TECHNIQUES

Stent Guiding Provisional  Ideal Bifurcation Preserved Guidewire Preserved Guidewire Ideal MB and SB
Technique = Catheter (F) SB Stenting Angle Access in SB Access in MB Diameters
Provisional | 6 - - - - -

T stent 6 Yes >70° No Yes Similar or discrepant
TAP 6 Yes >70° No Yes Similar or discrepant
Culotte 6 Yes >70° No No Similar

Mini crush | 7 No >70° No Yes Similar or discrepant
DKcrush |7 No >70° No Yes Similar or discrepant
Abbreviations: DK, double kissing; MB, main branch, SB, side branch; TAP, T and small protrusion.

distal stent strut (either with a new wire or with the MV
wire via “pullback” technique). If KBI is performed, then
final POT of the proximal MV is necessary. If the SB is
unsatisfactory (> 75% residual stenosis, dissection, TIMI
flow grade < 3 in an SB = 2.5 mm, or FFR < 0.80) and a
stent is needed, then T stent, TAP, or a culotte technique
may be performed at this point.®

The decision to treat the SB (whether with balloon
angioplasty or stent) is challenging, especially because
many SBs supply only a small amount of myocardium
and many moderate stenoses are not flow-limiting.
Discordance between lesion severity by angiography and
functional lesion significance often leads to overtreat-
ment of the SB in angiography-guided intervention.
FFR-guided SB stenting has been described and may
improve outcomes. The DKCRUSH-VI study compared
angiography- and FFR-guided provisional SB stenting in
320 patients undergoing bifurcation PCl with provisional
SB stenting.® There was a trend toward less frequent SB
intervention (balloon or stent) in the FFR-guided group
(56.3% vs 63.1%; P = .07), although there was no differ-
ence in 1-year major adverse cardiac events. Criteria have
been proposed to define lesions that require final KBI:
> 75% residual stenosis at the SB, TIMI flow grade < 3, or
FFR < 0.80. Therefore, either technique (FFR-guided pro-
visional SB stenting or performing final KBI of all angio-
graphically significant ostial SB lesions) is acceptable.

Provisional stenting may be performed with a 6-F
system, although there is a low threshold to use a 7-F
or greater system to accommodate simultaneous use
of two stents or balloons or if rotational atherectomy
with a 2 1.75-mm burr is necessary. The key techni-
cal aspects in provisional stenting to achieve optimal
results include POT, optimal distal strut SB rewiring,
and KBI. POT is necessary to optimize stent expan-
sion and apposition at the proximal MV and has been
shown to improve clinical outcomes.” Positioning of the
POT balloon markedly affects procedural outcome and

should be placed immediately proximal to the carina,
and dilation should cover to the proximal stent edge.®
If the stent is underexpanded (which should be
assessed with intracoronary imaging), a noncompliant
balloon is preferred. When the SB is rewired, either a
new wire can be placed in the SB or the MV wire can be
switched and pulled back and placed into the SB. If the
MV wire is used, the “pullback rewiring” technique is
performed aiming at the distal strut, which allows better
strut clearance from the SB ostia. Leaving the jailed wire in
place during SB rewiring can assist as a marker for the SB.
KBI is optional in provisional stenting; however, KBl is
necessary to correct MV stent deformation if any SB bal-
looning across the stent struts was performed. There is
no adverse effect of routine KBI in MV stenting of bifur-
cation lesions, as demonstrated by the Nordic Ill study.’
Two noncompliant balloons sized according to the distal
reference diameters of the MV and SB are positioned
across the carina with a short overlap. During KBI, both
balloons are simultaneously inflated and subsequently
simultaneously deflated. An additional KBI technique
involves sequentially inflating each balloon in each of
the MV and SB at high pressure, and then both balloons
are simultaneously inflated at low pressure (8 atm) then
simultaneously deflated. KBI can cause proximal MV
stent deformation, especially with longer balloon overlap.
This deformation must be corrected with a final POT.

TWO-STENT APPROACHES

There are various two-stent techniques with differ-
ent levels of complexity and indications, including the
T-stent, TAP, culotte, mini crush, and DK crush tech-
niques, as described herein.

T-Stent Technique

The T-stent technique is favored for its simplicity but
is reserved for bifurcation lesions with angles close to 90°.
Provisional T stenting is used as a bailout method when
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the SB is deemed unsatisfactory after MV stenting.
Following KBI during provisional stenting as described
previously, both balloons are removed, and a stent is
advanced down the SB wire and positioned at the SB
ostium, ensuring that it does not protrude into the MV.
The stent is deployed at nominal pressure, and then KBI
is performed. Although this technique is simple and less
laborious than crush techniques, the primary disadvan-
tage is inadequate coverage of the ostium of the SB,
leaving a gap between the stent implanted in the MB
and the stent in the SB, which increases the risk for osti-
al restenosis at the SB.

TAP Technique

The TAP technique evolved to ensure complete stent
coverage at the SB ostium. This technique is versatile and
can be used in bifurcation lesions with more acute angles
(70°-90°). Provisional TAP is a bailout method when the
SB is deemed unsatisfactory after MV stenting. Following
KBI as previously described in provisional stenting, both
balloons are removed, and a stent is advanced down the
SB wire and positioned just across the ostium of the SB
with 1- to 2-mm stent protrusion into the MV. The stent
is deployed at nominal pressure, and KBI is performed.
Although this technique ensures complete stent cover-
age at the SB ostium, the primary disadvantage is the for-
mation of a neocarina at the bifurcation, which increases
the risk for in-stent restenosis and stent thrombosis.
Simultaneous inflation and deflation of the balloons is
especially critical to avoid carinal shift."

Classic Crush and Mini Crush Techniques

The crush techniques for stenting bifurcation lesions
have evolved since its introduction in 2003 by Colombo
et al,"" with multiple variations in the technique hav-
ing been described thereafter, including DK crush, mini
crush, and nano crush. Significant ISR has been observed
in about one-quarter of patients receiving bifurcation
stenting, mostly due to SB stenting challenges, leading
the investigators to develop the crushing technique to
minimize the incomplete coverage of SB ostium." In the
classic crush technique, both the MB and SB are wired
and predilated. The first stent is advanced into the SB
but left undeployed, and then the second stent is passed
into the MB. The SB stent is retracted so that the proxi-
mal marker is seen protruding 4 to 5 mm from the carina
into the main proximal vessel to ensure complete cover-
age of the SB ostium. The SB stent is then deployed, and
the stent balloon is removed followed by the SB wire.
Afterward, the MB stent is deployed, crushing the SB
stent against the wall, leaving three layers of stents in the
proximal portion of the MV and the SB ostium.
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The classic crush technique provides a simple approach
that enables complete coverage of the SB ostium and
avoids the challenging delivery of an SB stent through the
MB stent. However, some disadvantages have been report-
ed, including the difficulty of using 6-F guide catheters
to accommaodate delivering two stents simultaneously.
Another disadvantage is missing the final KBl as a standard
part of the procedure, which would require wiring the
SB through the MB stent. ISR was noted in 37.9% of the
patients without KBl compared to 11.1% with KBI."

Three years after the introduction of classic crush tech-
nique, a modified version was proposed by Galassi and
colleagues called mini crush.' In this technique, the two
major differences from the classic crush technique were
minimal protrusion of the SB stent into the MV, extend-
ing only 1 to 2 mm instead of 4 to 5 mm, and jailing the
SB wire. They proposed positioning the SB stent about
1 to 2 mm into the MB, deploying the SB stent, and then
crushing that stent using a balloon in the MB while jailing
the SB wire. Afterward, an MB stent is delivered and then
deployed, followed by rewiring the SB and removing the
jailed wire, followed by final KBI. In that study by Galassi
et al, the restenosis rate was only 2% in the SB and 12.2%
in the MB.” One of the major advantages with minimal
protrusion of the SB stenting is reducing the distortion of
SB stenting and minimizing the number of stent layers at
the SB ostium, facilitating the rewiring of the SB again while
keeping a jailed SB wire to maintain an access to the SB.

DK Crush Technique

The challenges seen with the SB rewiring in the clas-
sic crush technique have led to the development of a
modified approach to increase the success of SB rewir-
ing for KBI and subsequently correct for any SB stent
distortion. The DK crush technique was first described by
Chen et al and Jim et al.™'> In this technique, after wiring
both the SB and MB, a stent is delivered to the SB and
positioned about 3 to 5 mm into the MV while a balloon
is delivered to the MB. The stent in the SB is deployed,
then the SB stent balloon and wire are removed first, and
then the MB balloon is inflated to crush the SB stent.
After crushing the SB stent, a wire is delivered into the
SB and the first KBl is performed, and then the wire and
the balloon from the SB are withdrawn. Next, the stent is
delivered to the MB and deployed across the bifurcation.
The second SB rewiring is performed and then another
KBI. Eventually, another variation was recommended
by applying POT to the MB stent before and after KBI
to optimize stent geometry and facilitate wiring of the
SB through the stent struts.” The DK crush technique
is characterized by higher rates of success of SB wiring
compared to classic crush techniques and subsequently
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lower rates of SB stent restenosis or thrombosis.'>'41>17

On the other hand, the major drawback of the DK crush
technique is the need to rewire the SB twice.

Culotte Technique

Culotte stenting is one of the modified techniques
for two-stent bifurcations, especially when the angle
between the MB and SB is < 70° and there is no signifi-
cant size mismatch between the MB and the SB."®"
Compared to crush techniques, stent distortion and the
risk of missing parts of the lesion is minimized by the
culotte technique. One downside associated with this
technique is the need for two layers of stent in the proxi-
mal segment of the MB, which increases the risk of ISR.2

The technique starts with wiring both the SB and the
MB, then predilation of the SB is performed first, fol-
lowed by delivering a stent to the SB and positioning the
stent about 5 mm back into the MB. After deploying
the SB stent, poststenting balloon dilation is performed,
and the wire from the MB is removed. The MB is rewired
again through the struts of the SB stent, followed by
serial balloon dilations of the MB to open the SB stent
struts more; the MB stent is delivered while maintain-
ing the overlap between the two stents in the proximal
MB. Prior to deploying the MB stent, it is important
to remove the SB wire to avoid jailing a wire between
two stents. After removing the stent balloon from the
MB, POT is performed, followed by rewiring of the SB
through the distal stent strut, KBI, and then final POT
to ensure more optimization of the proximal segments
where the two stents overlap.!

CONCLUSION

With increasing complexity of coronary interventions,
bifurcation stenting techniques have become crucial in
the management of complex bifurcation coronary lesions.
There is a wide array of options and approaches when it
comes to treating such lesions, including provisional stent-
ing, TAP, crush techniques, and the culotte technique. The
key in management lies in tailoring the technique based
on the patient’s anatomy and the clinical scenario. m
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