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The introduction of drug-eluting stents has significantly improved the immediate and long-term
results following treatment of bifurcation coronary lesions. Despite these improvements, few ques-
tions are still without a clear answer. Among them the most important one is the need to use two stents
vs provisional side branch stenting in true bifurcations. At present time the approach most frequent-
ly applied is to stent the main branch stenting to the side branch only for suboptimal results. In situ-
ations when the operator needs two stents as intention to treat we suggest the usage of the “Crush” or
“V” technique. These two approaches have been utilized with good immediate and long-term results
with sirolimus-eluting stents and with polymer-based paclitaxel-eluting stents. The usage of the
“Crush” technique followed by final dilation of the side branch and with kissing balloon inflation has
decreased. We recently evaluated results with this technique in 70 patients treated with sirolimus-elut-
ing stents. The 6-month angiographic follow-up was available in 83 % of the lesions and restenosis rate
was 33% (7% main and side branches and 26 % only side branch). No difference was observed in the
restenosis rate on the main branch between lesions treated with final Kissing balloon inflation and le-
sions without final kissing inflation (4% in the final kissing group vs 8 % in the no final Kkissing group,
p = 1.00). The restenosis rate on the side branch was lower in the final kissing group (17%) in com-
parison to the no final kissing group (42%) (p = 0.046). Similar results are achieved with polymer-
based paclitaxel-eluting stents.

The introduction of drug-eluting stents with selective usage of stenting the main and side branch-
es applying the “Crush” or “V” techniques has significantly improved the results compared to bare

metal stents in bifurcation lesions.
(Ital Heart J 2005; 6 (6): 475-488)

Progress in coronary interventions has
left few areas in need for major improve-
ments: bifurcation lesions, chronic total oc-
clusions, and unprotected left main disease
remain the three fields in search for a major
advance.

The all field of bifurcation lesions is so
different in its inside that most attempts to
compare different studies are almost futile.
Attempts to classify bifurcation lesions!-
are very commendable but suffer all limita-
tions of coronary angiography (different
plaque distribution and extent of disease
when evaluated by intravascular ultra-
sound)’. The lesion itself (the plaque char-
acteristics) acquires, in the context of a bi-
furcation, a unique value. For example, a
soft plaque distributed toward the origin of
the side branch is more prone to shift to-
ward the side branch upon main branch di-
lation than a fibrous plaque. Some of these
factors are unrecognizable at the time of
angiography and therefore cannot be quan-
tified. The lack of possibility of quantifying
anumber of important factors makes the all
field open to more weakness and increases
the difficulties to evaluate and compare re-
sults. This lack of information is introduc-
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ing very important unanswered questions:
- How will behave the side branch follow-
ing main branch stenting?

- Will this behavior be influenced by the
presence of disease at the origin and inside
the side branch?

- How will the plaque composition in the
main and side branches affect the final re-
sult and influence the immediate and long-
term results following a specific approach?
- Is the angle between the main and side
branches important in affecting the imme-
diate results and the fluid dynamics to act
on the long-term results?

Nothing more needs to be added to sup-
port the concept that bifurcation lesions are
by their constitutions a tremendously vari-
able entity. They are perhaps a rare subset
of lesions in which we notice a unique “le-
sion-to-lesion interaction”: the two branch-
es affect each other. In addition, the thera-
peutic strategy adopted on one branch will
affect the other branch.

All these considerations are very impor-
tant because they give to us an overview of
the field and of the knowledge we need to
acquire in order to make statements and
more importantly to plan studies with the
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attempt to evaluate the behavior of all possible impor-
tant variables.

What is available

A small randomized study utilizing sirolimus-elut-
ing stents in bifurcations has given us some important
initial direction to structure our approach for treatment
of bifurcation lesions®. The conclusions are:

e compared to historical studies utilizing bare metal
stents’” 1, a remarkable improvement has been
achieved in the treatment of bifurcation lesions when
one (main branch) or two stents (main branch and side
branch) are implanted;

e the side branch seems the weak ring in the chain in
terms of higher risk of angiographic restenosis (still
around 20%) and a slight higher risk of thrombosis;

* when possible, placement of one single stent on the
main branch gives a similar result of placement of two
stents;

e suboptimal coverage with struts and drugs at the os-
tium of the side branch are possible contributing factors
to side branch restenosis.

In addition to this study a number of reports (at this
time still personal communications or in the context of
presentations on the topic of bifurcation lesions) are
stressing the issue of possible stent recoil at the ostium
of the side branch.

When do we need to stent the side branch?

This question is complex and like many complex
questions they need a simple answer.
e Intention to treat: when the side branch has the size
suitable for stenting and there is = 50% stenosis at the
ostium or near the ostium.
¢ Provisional: when following placement of a stent in
the main branch and following kissing balloon inflation
the side branch has > 50% stenosis or a dissection and
has suitable size for stenting.

A more comprehensive way to answer the question.
The size and the territory of distribution of the side
branch. One element which is not sufficiently clear in
this question is “side branch”. As intuitive can be the
term “side branch” there is a misleading connotation
associated with it. The term “side branch” may convey
a vessel of less importance compared to the main
branch. While this statement may be true in many cas-
es, there are a number of situations in which the side
branch is as important as the main branch regarding the
size and territory of distribution. The left main with the
left anterior descending and the circumflex, the pres-
ence of a large intermediate branch, a large and long di-
agonal branch, a right coronary artery which bifurcates
in a posterior descending artery and a number of pos-
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terolateral branches, a dominant circumflex which bi-
furcates into a distal circumflex and a large obtuse mar-
ginal branch are all examples in which the side branch
is quite different from a standard diagonal branch
which is commonly used to define a side branch and
feel comfortable with this attribute. Before attempting
to answer the above questions we first need to reformu-
late the question:

- Are we dealing with a bifurcation giving origin to a
side branch from the main branch or are we evaluating
an anatomical situation in which there are two branch-
es (a condition in which the term “side branch” may not
appear so appropriate)?

The more the side branch is functionally and
anatomically similar to the main branch, the more like-
ly we may use the two stents.

If the side branch is really a side branch this fact will
influence more the approach to use only one stent in the
main branch and perform a balloon angioplasty for the
side branch. The other condition will make us more
likely to use two stents. This first answer to our original
question is still quite preliminary because, as we will
see later, other factors will affect the very final conduct.

Angle between the main and the side branch and the
amount of disease at the ostium of the side branch. The
other two elements to be taken into account are what is
the angle between the main and the side branch and the
presence of disease (plaque) at the origin of the side
branch.

The angle of origin of the branch (side branch most
of the times) can be: an acute angle, a right angle or an
obtuse angle. This angle will influence how the side
branch ostium will “react” upon positioning a stent on
the main branch. The more the angle between the two
branches is acute, the more likely we will notice a nar-
rowing at the ostium of the side branch following stent-
ing of the main branch. Another element to consider
when looking at the angle between the two branches is
the difficulty to recross into the side branch following
stenting of the main branch. We can say that this diffi-
culty goes into the opposite direction from the one
causing the plaque shift. This statement means that an
acute angle causes more plaque shift or compromise
the ostium of the side branch but should facilitate re-
crossing with a wire into the side branch, while an ob-
tuse angle will be less likely associated with plaque
shift but make wire recrossing more difficult.

The more acute is the angle between the two
branches, the more likely we will use the two stents.
The more difficult we assume will be recrossing into
the side branch, the more likely we will use two stents.

The amount of plaque and the degree of stenosis at
the origin of the side branch are also very important in
our decision-making process. This variable should be
better evaluated knowing other information, such as the
type of atherosclerotic plaque both in the main vessel
and in the side branch and its distribution. Unfortunate-
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ly, angiography gives only a limited insight into these
data and intravascular ultrasound cannot be proposed in
the routine evaluation of bifurcations. We are putting
into play the type of the plaque at the origin of the side
branch in addition to its amount because this parameter
should be taken into account when choosing whether to
predilate and how to dilate the side branch. Before en-
tering into the issue of placing two stents or one stent,
a fibrotic side branch if properly predilated with a cut-
ting balloon may then not need a stent after stenting of
the main branch. For this reason besides the degree of
stenosis at the origin of the side branch another opera-
tional variable to be considered is the extent of im-
provement in the side branch sustained upon initial di-
lation. Along the same concept it is important to take
into account how the side branch deteriorated following
dilation of the main branch. The results achieved fol-
lowing mentioned maneuvers will affect our decisions.

The more severe is the stenosis at the ostium of the
side branch, the more likely we will use two stents. The
less improvement we obtained (sometimes a dissec-
tion) on side branch dilation, the more likely we will
use two stents. The more deterioration at the ostium of
the side branch we had, the more likely we will use two
stents.

The final decision

The decision to use one or two stents or sometimes
even three (in case of a trifurcation) should be taken as
early as possible. An appropriate and timely taken de-
cision will affect the result and help save time and cost
and lower the risk of complications.

What it is important to know is that if we take the
decision to use one stent (on the main branch) there is
almost always the possibility of placing a second stent
on the side branch in case the result is not evaluated as
optimal or adequate. This condition is defined “provi-
sional stenting”!"12, While provisional stenting allows
to defer a decision most of the times after having stent-
ed the main branch and having done a balloon dilation
of the side branch and a kissing balloon dilation of both
branches what does not allow is performance of some
techniques such as “V” stenting or sometimes may
make recrossing with a stent into the side branch a dif-
ficult, if not an impossible task.

All these considerations need to be taken into ac-
count while making the initial decision regarding im-
plantation of two stents or implantation of one stent
with provisional side branch stenting.

The side branch needs to stay open. With few excep-
tions most of the side branches of a bifurcation lesion
need to maintain patency during and by the end of the
procedure. This statement does not mean that each side
branch needs to be treated with balloon inflation or
with stenting.

477

Occasionally some small side branches (usually
< 1.5 mm in diameter), typically in the context of a tri-
furcation or a second subdivision of a diagonal branch,
especially if diffusely diseased and with a small distri-
bution area, do need protection and their closure can be
accepted to minimize the complexity of the procedure.

The strategy to protect a minor side branch is to
place a wire which can be left until the stenting proce-
dure on the main branch has been completed. These
temporary jailed wires can be retrieved without prob-
lems.

Difficult access to the side branch. There are some
circumstances in which, due to the location of the
plaque in the main branch and due to the angulation of
the side branch, a guide wire cannot be advanced in the
side branch. After having attempted different types of
wires with all sorts of curves and all personal tricks the
operator may be left with the impossibility of advanc-
ing a wire in the side branch. As rare as this condition
can be it will happen. At this point few options are
available: 1) abort the procedure because the risk to
loose the side branch will be too high considering also
the size and distribution of the branch (typically an an-
gulated circumflex artery), 2) perform directional
atherectomy on the main branch with the intent to re-
move the plaque which prevents entry toward the side
branch (Fig. 1), 3) dilating the main branch with a bal-
loon with the rationale that the plaque modification and
hopefully a favorable plaque shift will facilitate access
toward the side branch.

Each of the three options has its rationale and the
specific anatomical condition and clinical scenario may
direct the operator to choose one vs the other.

Role of atherectomy debulking. Directional coronary
atherectomy has been considered ideal for bifurcation
lesions. The rationale for plaque removal in this setting
is various and there are a number of positive anecdotal
experiences'31°, In the time of the SOLD Registry
(Stenting after Optimal Lesion Debulking)'? bifurca-
tion lesions were included in this registry and the re-
sults were very encouraging to launch the AMIGO tri-
al (Atherectomy before Multi-Link Improves Lumen
Gain and Clinical Outcomes). Unfortunately this study
failed to support the original findings and hypothesis
even in the subgroup of lesions involving a bifurcation®.
The main problem of directional atherectomy which
may also have affected the results of the AMIGO trial
is that the technique is very operator-dependent and the
amount of tissue removal quite variable depending on
the commitment to perform extensive debulking. In ad-
dition, except for the very recent introduction of the Sil-
ver Hawk device (Fox Hollow Technologies, Redwood
City, CA, USA), no further development in the devices
available were done for a long time period.

Recently a new study named COMBAT which uti-
lizes the Silver Hawk device has been launched in the
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Figure 1. Panels A and B show baseline angiogram of a lesion involving the distal segment of the left main, with a sharp angulation of the circumflex
artery which did not allow wire negotiation at this level. After directional atherectomy was performed in the left anterior descending coronary artery
(panels C and D), wire was advanced and crushing stenting was performed (panel E, arrows point stents positioned in the left anterior descending and

circumflex coronary arteries). Final result is presented in panel F.

United States. Whatever the results will be we suspect
that the competition from the introduction of drug-elut-
ing stents will narrow significantly the area of applica-
tion of this atherectomy.

Despite this concerns and the lack of strong scien-
tific evidence which supports the advantage of plaque
debulking in bifurcation lesions, our experience in this
setting has been favorable and we still occasionally
combine atherectomy and drug-eluting stents when the
anatomical setting is appropriate, such as a left main
stenosis with a large plaque burden demonstrated by in-
travascular ultrasound.
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Role of rotational atherectomy. Rotational atherecto-
my is a procedure which in the last few years has been
used less and less. In most cardiac catheterization labo-
ratories the use of this procedure is nil or < 5% of all in-
terventions. Early reports stated and advantage to facil-
itate stent delivery and expansion with a suggestion for
clinical benefit when employed in lesions which de-
manded the usage of this technology!s. The SPORT
(Stenting POst RoTational atherectomy)? randomized
study utilizing rotational atherectomy and stenting
failed to support any advantage of this technology over
standard stenting. Our interpretation is that a niche
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technology cannot demonstrate its advantage when used
outside the area where should work at its best. Unfortu-
nately due to the randomized design of the SPORT trial
heavily calcified lesions were not included.

All these considerations make us suggest that rota-
tional atherectomy is most probably beneficial and
sometimes essential in heavily calcified bifurcation le-
sions. Most of the times rotablation is simply per-
formed only on the main branch but occasionally (very
rare) also the side branch or only the side branch can be
treated (only one wire is left in place). We think that es-
pecially with usage of drug-eluting stents the lesion
preparation with compliance change of a very calcified
lesion can substantially facilitate stent delivery and
symmetrical stent expansion with more homogeneous
drug delivery!'8-20,

Role of cutting balloon. A number of single center
studies reported the beneficial combination of stenting
preceded by cutting balloon dilation?'->*, Bifurcation
lesions where there is a large plaque mass and fre-
quently fibrotic on the ostium of the side branch seem
an ideal setting for this device®. The REDUCE III
(Restenosis Reduction by Cutting Balloon Evaluation)
evaluated the role of cutting balloon dilation before
stenting vs standard balloon dilation in a variety of le-
sions?®. This trial reported a lower restenosis rate (11.8
vs 18.8%, p = 0.04) when lesions were predilated with
the cutting balloon. The fact that the final lumen diam-
eter post-procedure was larger in the cutting balloon
arm and that the late loss was 0.74 mm for both strate-
gies may make us assume that the main advantage was
toward better stent expansion.

What is the take home message? As we said for ro-
tational atherectomy, it is difficult to demonstrate that a
niche device has an advantage in every lesion. For this
reason we suggest the usage of cutting balloon in mod-
erately calcific and fibrotic lesions, especially the ones
which involve the origin of the side branch. In heavily
calcified lesions the cutting balloon could be the second
step following small burr rotablation. This strategy will
minimize distal embolization and maximize lumen
again thanks to the access to large size cutting balloons.

The major limitation of this statement is the fact that
it is very difficult to establish a priori the lesion char-
acteristics to an extent such to suggest that a particular
lesion will be better prepared with the cutting balloon
rather than with the standard balloon.

Symmetric stent expansion, avoidance of side
branch recoil and stent compression are all attractive
hypotheses which need proper evaluation.

Guiding catheter. Treatment of bifurcation lesions re-
quires frequently simultaneous insertion of two bal-
loons or of two stents, therefore some specific consid-
erations regarding the selection of an appropriate guid-
ing catheter are important. With current available very
low-profile balloons (Maverick, Boston Scientific-
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Scimed, Minneapolis, MN, USA) it is possible to insert
two balloons inside a large lumen 6F guiding catheter.
If two stents are needed some limitations have to be
known. The two stents can only be inserted one follow-
ing the other but not simultaneously. The standard
“Crush” technique and the “V” or “Kissing” stent tech-
nique cannot be performed unless a guiding catheter of
at least 8F is utilized (7F with Taxus but with some dif-
ficulties). A 6F guiding catheter can be utilized if the
operator performs a provisional stenting technique with
a second stent (for the side branch) which is advanced
following positioning of the first stent in the main
branch. Techniques such as the “T” technique, the re-
verse Crush technique, the step Crush technique (see
below for a description of each technique) can all be
used with a 6F guiding catheter.

Two stents by intention to treat. If the operator eval-
uates that a particular bifurcation will need implanta-
tion of two stents, one on the main and the other on the
side branch, the techniques we consider suitable in the
era of drug-eluting stenting are the ones we are de-
scribing below®27-29,

The “V” (Kissing stent) technique

The “V” technique consists of delivery and implan-

tation of two stents together?®3°, One stent is advanced
in the side branch, the other one in the main branch dis-
tally from the origin of the side branch. The main ad-
vantage of the “V” technique is that the interventional
cardiologist will never loose access to any of the two
branches. In addition when a final kissing inflation is
performed there is no need to recross any stent. Figure
2 shows how this procedure is performed. An 8F guid-
ing catheter is needed, when using Taxus stents a 7F
catheter can be utilized if the operator accepts high fric-
tion and very poor visualization.
* Step 1. Both branches are wired and fully predilated. It
is important to perform an adequate predilation in order
to allow stent expansion in the most symmetrical fashion.
* Step 2. The two stents are positioned into the branch-
es with a slight protrusion in the main proximal branch.
Different operators allow a variable amount of protru-
sion creating sometimes a rather long (= 5 mm) double
barrel in the proximal main branch. While we recog-
nize that it is impossible to be so accurate to position
the stent exactly at the ostium of each branch we gen-
erally try to limit the length of the new carina to < 5
mm. Sometimes it is necessary to advance the first stent
more distally into the vessel to facilitate the advance-
ment of the second stent. This maneuver is essential
when the Kissing stent technique is used to stent a tri-
furcation using three kissing stents (9F guiding
catheter). Following accurate stent positioning, always
verified in two projections, each balloon is first inflat-
ed individually at high pressure (= 12 atm).
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Figure 2. Baseline angiogram of the left main coronary artery bifurcation lesion, with two large branches, the left anterior descending and circumflex
coronary arteries, is presented in panels A and B. The V-stenting was used due to the fact that the disease was mainly at the level of the very distal left
main and the angle of the two branches was very favorable for a V-technique. Stent positioning in two projections is shown in panels C and D and stent
deployment and post-dilation with the 4 mm balloons is shown in panels E and F. Final result is presented in panels G and H.

e Step 3. The next step is to inflate both balloons si-
multaneously at 8 atm.

Using the “V” technique a metallic neocarina is cre-
ated within the vessel proximal to the bifurcation. The-
oretical concerns about the risk of thrombosis related to
this new carina have not been confirmed in our and oth-
er operators’ experience. The technique has been suc-
cessfully applied with bare metal stents and with drug-
eluting stents (Cypher and Taxus). The type of lesions
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we consider most suitable for this technique are very
proximal lesions such as bifurcation left main lesions
with a left main artery which is short or free of disease.
Ideally, the angle between the two branches should be
< 90°. The “V” technique is also suitable for other bi-
furcations provided the portion of the vessel proximal
to the bifurcation is free of disease and there is no need
to deploy a stent more proximally. It is quite intuitive
how problematic may result positioning a stent proxi-
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mally to the double barrel with an inevitable bias to-
ward one of the two branches and the high likelihood to
leave a gap.

The Crush technique (side branch stent crushed
by the main branch stent)

The Crush technique was born together with drug-
eluting stents?’. The sirolimus bifurcation study
brought to the attention the emerging new problem of
side branch focal restenosis despite utilization of two
Cypher stents (one in the main branch and the other in
the side branch)®. At that time the “T” technique was
the default approach when two stents were implanted.
The need to guarantee for full coverage of the ostium of
the side branch prompted the idea to allow some pro-
trusion of the side branch stent and then with the stent
in the main branch the protruding segment of the side
branch stent was flattened against the wall of the main
branch between the vessel wall and the main branch
stent, hence the denomination “crushing” or “crush”.
The angiographic results following the initial applica-
tion of this technique, which was at that time solely uti-
lized with the Cypher stent, were quite optimal and we
felt no need for recrossing into the side branch to per-
form a final kissing inflation?’. Despite a good clinical
outcome without any event of stent thrombosis, which
was a quite feared complication due to the triple stent
layer in the main branch, there was a 25% incidence of
focal restenosis at the ostium of the side branch. De-
spite the positive fact that almost half of these patients
were asymptomatic and did not show any evidence of
ischemia we were still seeing what we noticed during
follow-up of the Cypher bifurcation trial.

Since then routine recrossing into the side branch
and inflation of a balloon in the side branch and then
kissing balloon inflation was performed®. The imple-
mentation of final kissing balloon inflation was done in
order to allow better strut contact against the ostium of
the side branch and therefore better drug delivery. The
Crush technique became therefore a sort of simplified
Culottes technique’!??, since performance of the final
kissing inflation restenosis at the ostium of the side
branch seems to be declining (follow-up still in
progress)®. The positive aspect is that whenever
restenosis occurs this narrowing is very focal (< 5 mm
in length) and most of the times not associated with
symptoms or ischemia.

The main advantage of the Crush technique is that
immediate patency of both branches is assured. This gain
is of no little importance especially when the side branch
is functionally relevant or difficult to be wired. The main
disadvantage is that the performance of the final kissing
makes the procedure more laborious due to the need to
recross multiple struts with a wire and a balloon.

Webster et al.33 reported bench-testing with three
different stent platforms (BX Velocity, Cordis J&J
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Company, Express I, Boston Scientific, and Driver,
Medtronic) utilizing the Crush technique. The au-
thors stressed the importance of final kissing bal-
loon inflation and concluded that appropriate side
branch and main vessel post-dilation is needed to
expand the stent at the ostium fully, to widen gaps
between stent struts overlying the side branch (fa-
cilitating subsequent access), and to prevent stent
distortion.

An 8F guiding catheter is needed; when using
Taxus stents a 7F catheter can be utilized if the opera-
tor accepts high friction and very poor visualization.

Below we will describe some modification of the
Crush technique, which allow provisional side branch
stenting and permit performing the same or similar
approach utilizing a 6F guiding catheter.

An example of the Crush stenting is presented in
figure 3.

* Step 1. Both branches are wired and fully dilated. Par-
ticular attention is paid to dilate the side branch and we
frequently utilize a 6 mm long cutting balloon if there
is evidence that the predilating regular balloon does not
fully expand at the ostium of the side branch or upon
deflation of the predilating regular balloon there is
marked recoil of the side branch ostium.

* Step 2. The stent for the side branch is advanced in the
side branch and then the stent for the main branch is ad-
vanced in its branch.

e Step 3. The stents are positioned by pulling the side
branch stent into the main branch for about 5 mm. This
step is verified in at least two projections. It is impor-
tant that the stent in the main branch should always end
more proximally than the stent in the side branch and
protruding in the main branch.

* Step 4. The stent in the side branch is deployed at lest
at 12 atm. The balloon is deflated and removed from the
guiding catheter. An angiogram is taken to verify that
the side branch has a good lumen, normal flow and no
distal dissection or residual lesions. If an additional
stent may need to be implanted in the side branch this
is the time to do it. Following this verification the wire
is removed from the side branch and the stent in the
main branch is fully deployed at high pressure, usually
> 12 atm. Angiogram is taken following removal of the
balloon in the main branch.

* Step 5. A wire is advanced in the side branch. This
maneuver may be time-consuming in the initial experi-
ence with this technique. Lately an average of 2 min of
fluoroscopy was used to complete wire advancement.
Besides trying with the initial wire (Balance Universal,
Guidant, Temecula, CA, USA), the most efficient wire
to cross the struts of the stent toward the side branch is
the Rinato wire (Asahi Intech, Japan). We frequently
try first to cross through the stent struts into the side
branch with the smallest balloon we have on the cath
table, then, if this balloon fails, we use a Maverick 1.5
mm diameter. If the 1.5 mm balloon fails to cross we
consider reposing the wire by recrossing the stent struts
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Diagomal: Cypher 3,033 mem

L&D: Cyphar 3.06%23 mm

Figure 3. Baseline angiogram of a bifurcation lesion, involving the left anterior descending coronary artery (LAD) and a large diagonal branch is pre-
sented in panels A and B (arrows point to the site of stenosis). Following lesion predilation two stents are positioned with the stent in the LAD more prox-
imally than the stent in the diagonal branch (panel C). Side branch stent is inflated first (diagonal branch). Note that a long stent was chosen for diago-
nal branch in order to cover also a lesion distal to the bifurcation site (arrow). Optimal final result (panels D and E) was maintained at 10-month angio-

graphic follow-up (panels F and G).

in another spot. If the problem presents again we then
try a fixed wire balloon, such as an ACE or a PIVOT
(Guidant, Temecula, CA, USA). It is important to per-
form a final dilation on the stent toward the side branch
with a balloon appropriately sized to the diameter of
this branch and inflated at high pressure (usually > 12
atm).

e Step 6. A second balloon is advanced over the wire
which was left in place in the main branch and kissing
balloon inflation is performed at 8 atm.
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Variations of the Crush technique. Reverse Crush
(side branch stent crushed by a balloon). The main pur-
pose to perform the reverse Crush is to allow an oppor-
tunity for provisional side branch stenting. The reverse
Crush can be performed utilizing a 6F guiding catheter.
An example is shown in figure 4.

* Step 1. A stent is deployed in the main branch and bal-
loon dilation with kissing inflation toward the side
branch is performed. It is assumed that the result at the
ostium or at the proximal segment of the side branch is
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Figure 4. An example of an ostial lesion of the left anterior descending coronary artery (LAD), with some distal disease in the left main coronary artery
is presented in panel A (arrow points to the site of stenosis). The distal left main trifurcates, with the large intermediate branch and the smaller circum-
flex branch (LCx). A single 3.5 X 18 mm Cypher stent is implanted in the LAD (panel B) causing compromise of the intermediate branch (panel C,
arrow points to the site of stenosis). Due to the fact that a stent is already in place in the LAD, the reverse Crush technique was utilized for intermediate
branch stenting (panel D, arrows point to the site of stenosis). A stand-by balloon in the LAD is used to crush the protruding part of the stent from the
intermediate branch into the LAD (panel E). The next step is to recross into the intermediate branch and perform kissing inflation (panels F and G).

Final result is presented in panel H.

suboptimal in order for the operator to decide to deploy
a stent at this site.

* Step 2. A second stent is advanced into the side branch
and left in position without being deployed.

e Step 3. A balloon sized according to the diameter of
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the main branch is advanced in the main branch and po-
sitioned at the level of the bifurcation paying attention
to stay inside the stent previously deployed in the main
branch.

* Step 4. The stent in the side branch is retracted about
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3 to 5 mm into the main branch and deployed, the de-
ploying balloon is removed and an angiogram is ob-
tained to verify no distal dissection or distal stent is
needed. If such is the case the wire from the side branch
is removed and the balloon in the main branch is inflat-
ed at high pressure (= 12 atm).

The other steps are similar to the ones described for
the Crush technique and involve recrossing into the side
branch performing side branch dilation and final kissing.

Step Crush (side branch stent crushed by the main
branch stent) (Fig. 5). The main reason to utilize this
technique is to perform the standard “Crush” tech-
nique utilizing a 6F guiding catheter. Operators who
perform the radial approach may be particularly inter-
ested in this technique. The final result is basically
similar to the one obtained with the standard Crush
technique with the only difference that each stent is ad-
vanced and deployed separately in order to use a 6F

“ |
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Figure 5. Baseline angiogram of a bifurcation lesion in the left anterior descending coronary artery (LAD)-diagonal branch (Diag) is presented in
panel A. Rotational atherectomy (Rota) was performed with subsequent complete expansion of the balloon as demonstrated in panels B, C and D. The
next step was to implant a stent in the diagonal branch with the idea not to stent the LAD (panel E). The stent was made protruding in the LAD and the
protruding part was crushed with a 2.75 Maverick balloon (panels F and G). The LAD was then stented (panel H) and this procedure became a classic
Crush technique but now performed in a step fashion with the side branch stented first and the main branch stented second. The final result is demonstra-
ted in panel 1.
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guide. The need for a 6F guide is the only reason to uti-
lize this technique.

e Step 1. Is the same as the standard Crush technique.
* Step 2. A stent is advanced in the side branch pro-
truding into the main branch a few millimeters. A bal-
loon (Maverick) is advanced in the main branch over
the bifurcation.

e Step 3. The stent in the side branch is deployed, the
balloon removed, an angiography is performed: if the
result is adequate the wire is also removed. The main
branch balloon is then inflated to crush the protruding
side branch stent and removed.

* Step 4. A stent is advanced in the main branch and de-
ployed (usually at > 12 atm).

The next steps are similar to the Crush technique
and involve recrossing into the side branch, perform-
ing side branch stent dilation and kissing balloon dila-
tion. The size of the balloon and of the stents is chosen
accordingly to the diameter of the vessels to be stented.
In the event the segment of the vessel proximal to the
bifurcation is relatively small and the operator may fear
the risk that the two balloons inflated simultaneously
may be oversized the kissing inflation is performed at
low pressure (4 atm).

Results following utilization of the Crush technique.
We recently reported®?’ the immediate and 8-month
clinical outcome of a Crush stenting technique in the
first 120 consecutive bifurcation lesions using drug-
eluting stents (sirolimus-eluting stents, n = 74; pacli-
taxel-eluting stents, n = 46).

The Cypher experience. The angiographic results fol-
lowing the initial application of this technique, which
was at that time solely utilized with the Cypher stent,
were quite optimal and we felt no need for recrossing
into the side branch to perform a final kissing inflation.
Despite a good clinical outcome with only two events
of stent thrombosis at the side branch, a quite feared
complication due to the triple stent layer in the main
branch, there was a 25% incidence of focal restenosis at
the ostium of the side branch. Recently we reported
short and intermediate outcome of 73 consecutive bi-
furcations from 70 patients treated with the Crush tech-
nique with sirolimus-eluting stents®*. Angiographic
success was reached in all lesions. Final kissing infla-
tion was performed in 28 lesions (38%), due to the ini-
tial perception that this maneuver was not important.
During hospital stay no patient died; 4 (5.7%) patients
had myocardial infarction unrelated to stent thrombo-
sis. At 6-month follow-up no patients died and the tar-
get lesion revascularization rate was 23%. The 6-month
angiographic follow-up was available in 83% of the le-
sions and the restenosis rate was 33% (7% main and
side branches and 26% only side branch). No differ-
ence was observed in the restenosis rate on the main
branch between lesions treated with final kissing bal-
loon inflation and lesions without final kissing inflation
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(4% 1in the final kissing group vs 8% in the no final kiss-
ing group, p = 1.00). The restenosis rate on the side
branch was lower in the final kissing group (17%) in
comparison to the no final kissing group (42%, p =
0.046). Wire recrossing and inflation of a balloon at the
side branch with a balloon with at least equal diameter
with the stent®3, and then kissing balloon inflation are
recommended. The implementation of final kissing
balloon inflation was done in order to allow better strut
contact against the ostium of the side branch and there-
fore better drug delivery3334. The Crush technique be-
came therefore a sort of simplified Culottes technique.
After the implementation of the final kissing inflation
as part of the refinement of the technique, restenosis at
the ostium of the side branch seems to decline. The pos-
itive aspect is that whenever restenosis occurs this nar-
rowing is very focal (< 5 mm in length) and most of the
times not associated with symptoms or ischemia.

The Taxus experience. Forty-six patients with 46 bifur-
cations were treated. Kissing inflation was performed
in 41 of them (87%). Hospital outcome: Q-wave my-
ocardial infarction none, non-Q wave myocardial in-
farction 2 patients. Only 11 patients were eligible for 8-
month follow-up and the events were quite low, with 1
target vessel revascularization and 1 target lesion revas-
cularization. Angiographic follow-up has only been
performed in 10 patients, with 1 restenosis out of the 8
patients treated with kissing (12%) and 2 restenosis out
of 2 patients treated without kissing.

Conclusions. Even if these results should be consid-
ered preliminary we can say that the adverse events, ex-
cluding the need of revascularization, are very low with
both stents and even without kissing. Final kissing in-
flation, even if it does not eliminate restenosis at the os-
tium of the side branch seems to reduce this event by
2> 50%. When restenosis occurs it is most of the times
located at the ostium of the side branch, it is focal and
frequently occurs without symptoms.

The “T” stenting technique

The usage of the “T” technique is mainly as a tool to
shift from provisional stenting to stenting the side
branch®-¢, We completely replaced the usage of the “T”
technique with the reverse Crush technique. Some oper-
ators still prefer the usage of this classical approach
when two stents are needed following placement of a
stent in the main branch. There are some operators who
prefer not to use the Crush technique at all because of the
concerns of the triple stent layer in the main branch and
because of the difficulties to cross into the side branch.
These operators will use the “T” technique also as a de-
fault technique when they plan to implant two stents.

In our view the “T” technique almost always will
create a small gap between the stent implanted in the
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main branch and the one implanted in the side branch.
When drug-eluting stents are used, this gap may be a
factor contributing to uneven distribution of the drug
and hence ostial restenosis at the side branch. We be-
lieve that this was a possible concurrent cause for the
restenosis we noticed at the ostium of the side branch
when two stents were implanted in the sirolimus bifur-
cation study, as in that study the “T” technique was
used when two stents were implanted®.

“T” technique as part of provisional stenting. When
the operator performs this technique a stent is first ful-
ly deployed in the main branch then, following dilation
of the side branch and kissing balloon inflation (main
and side branch), the operator realizes that the result on
the side branch is suboptimal. At this point a stent is ad-
vanced into the side branch and carefully positioned at
the ostium of the branch. A final kissing inflation is per-
formed. A 6F guiding catheter is sufficient.

Standard “T” technique. This technique is rarely
used any more. The main area of application is when
the operator is treating an ostial lesion of the side
branch. In this specific condition only one stent is
placed at the ostium of the side branch and a balloon is
at times parked in the main branch and sometimes in-
flated at low pressure following the deployment of the
stent in the side branch.

In a classical description the standard “T” tech-
nique consists in positioning a stent first at the ostium
of the side branch being careful not to have the stent
protruding in the main branch. Some operators leave a
balloon in the main branch to help to further locate the
main branch. Following deployment of the stent in the
side branch and removal of the balloon and of the wire
from the side branch, a second stent is advanced in the
main branch. A wire is then readvanced into the side
branch and final kissing balloon inflation is per-
formed.

In the event the stent positioned in the side branch
will protrude too much into the main branch making the
other stent impossible to be advanced, the inflation of a
balloon in the main branch (sometimes starting with a
1.5 mm balloon) will convert this technique into a
Crush or partial Crush technique and allow advance-
ment of a stent in the main branch. When performing
this maneuver it is always important to remove first the
wire from the side branch.

Like the other “T” technique, a 6F guiding catheter
is sufficient.

Modified “T” technique. This technique has com-
pletely been replaced, in our laboratory, by the Crush
technique.

The performance of the modified “T” technique
commits always to stenting the main and side branches
and almost always will leave a small gap between the
struts of the stent in the main and side branch.
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Compared to the other “T” techniques which can be
performed with a 6F guiding catheter, the modified “T”
technique will require at least a 7F guiding catheter.

Following predilation, the performance of this tech-
nique demands advancement of a stent into the side
branch first (without deployment of the stent), then a
second stent is advanced and positioned across the bi-
furcation in the main branch. The stent in the side
branch is deployed and following verification of ade-
quate result the balloon and the wire are removed from
the side branch. Then the stent in the main branch is de-
ployed usually at > 12 atm. A wire is then readvanced
into the side branch and a kissing balloon dilation is
performed (usually at 8 atm).

Associated pharmacological treatment

When performing bifurcation stenting with one or
two stents we do not usually change our protocol of
periprocedural heparin administration (100 U/kg with-
out elective IIb/Illa and 70 U/kg with elective IIb/I11a).
Usage of IIb/I1la is reserved to thrombus containing le-
sions, patients with unstable angina or acute myocar-
dial infarction and it is not associated with the simple
presence of a bifurcation lesion. IIb/Illa inhibitors are
sometimes administered when the final result at the
side branch appears suboptimal and for various clinical
or anatomical reasons the operator feels not necessary
to implant another stent.

We pay a lot of attention to periprocedural prepara-
tion with thienopyridines and in doubt we administer a
600 mg loading dose of clopidogrel in the catheteriza-
tion laboratory?’.

The duration of combined thienopyridine and as-
pirin treatment following stent implantation varies ac-
cording to the length of the stent implanted, the type of
stent used, and the clinical conditions of the patient
(acute coronary syndrome at the time of stenting or di-
abetes mellitus).

In the sirolimus bifurcation study clopidogrel was
continued for 3 months and no late thrombosis was
observed®. All cases of thrombosis occurred during
treatment with clopidogrel and some of them were as-
sociated with an angiographic suboptimal result. The
only case of sudden death (4.5 months post-proce-
dure) occurred while still taking clopidogrel. Unfortu-
nately, the small number of patients enrolled in this
trial does not allow us to draw any conclusion regard-
ing the safety of 3-month clopidogrel administration
in bifurcation lesions, especially when two stents are
used. Our current practice is to administer combined
antiplatelet therapy for at least 3 months for bifurca-
tions treated with one Cypher stent, 6 months for bi-
furcations treated with 2 Cypher or Taxus stents (any
length), and 1 year for more complex cases including
patients with acute coronary syndrome at the time of
stenting and diabetics.
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Conclusions

The introduction of drug-eluting stents has made a
remarkable improvement in the treatment of bifurca-
tion lesions. The sirolimus bifurcation study, with all
the limitations of being the very first study utilizing a
drug-eluting stent, has demonstrated almost suppres-
sion of restenosis in the main branch. As for restenosis
in the side branch which occurred in about 1 out of 5 le-
sions treated, we cannot dismiss the fact that this
restenosis was almost always focal and therefore quite
simple in its treatment. There has been some concern
regarding the numerically high thrombosis rate (3.5%).
We think that the learning curve with this new device
(especially when implanting two stents) may have con-
tributed to these adverse events. We should not also for-
get that the relative low number of patients enrolled in
this study could have contributed, as frequently hap-
pens with a small number of patients in a study, to mag-
nify complications.

The current appropriate application of provisional
stenting and refinement of stent techniques when im-
planting two stents will further improve the results. Fi-
nally the introduction of drug-eluting dedicated stents
for different types of bifurcations may further facilitate
the conquest of one of the most challenging areas in in-
terventional cardiology.

References

1. Lefevre T, Louvard Y, Morice MC, et al. Stenting of bifur-
cation lesions: classification, treatments, and results.
Catheter Cardiovasc Interv 2000; 49: 274-83.

2. Safian RD. Bifurcation lesions. Royal Oak, MI: Physicians’
Press, 2001.

3. Aliabadi D, Tilli FV, Bowers TR, et al. Incidence and an-
giographic predictors of side branch occlusion following
high-pressure intracoronary stenting. Am J Cardiol 1997,
80: 994-7.

4. Louvard Y, Lefevre T, Morice MC. Percutaneous coronary
intervention for bifurcation coronary disease. Heart 2004;
90: 713-22.

5. Fujii K, Kobayashi Y, Mintz GS, et al. Dominant contribution
of negative remodeling to development of significant coro-
nary bifurcation narrowing. Am J Cardiol 2003; 92: 59-61.

6. Airoldi F, Stankovic G, Orlic D, et al. The Crushing tech-
nique for bifurcation lesions: immediate and mid-term clin-
ical outcome. (abstr) J Am Coll Cardiol 2004; 43 (Suppl A):
36A.

7. Al Suwaidi J, Berger PB, Rihal CS, et al. Immediate and
long-term outcome of intracoronary stent implantation for
true bifurcation lesions. J Am Coll Cardiol 2000; 35: 929-36.

8. Al Suwaidi J, Yeh W, Cohen HA, Detre KM, Williams DO,
Holmes DR Jr. Immediate and one-year outcome in patients
with coronary bifurcation lesions in the modern era (NHLBI
dynamic registry). Am J Cardiol 2001; 87: 1139-44.

9. Lefevre T, Louvard Y, Morice MC, Loubeyre C, Piechaud

JF, Dumas P. Stenting of bifurcation lesions: a rational ap-

proach. J Interv Cardiol 2001; 14: 573-85.

Yamashita T, Nishida T, Adamian MG, et al. Bifurcation le-

sions: two stents versus one stent - immediate and follow-

up results. J Am Coll Cardiol 2000; 35: 1145-51.

10.

487

11.

12.

13.

15.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Colombo A, Moses JW, Morice MC, et al. Randomized
study to evaluate sirolimus-eluting stents implanted at coro-
nary bifurcation lesions. Circulation 2004; 109: 1244-9.
Lefevre T, Sengottuvel T, Louvard Y, Dumas P, Monchi M,
Morice MC. Evaluation of sirolimus-eluting stents for the
treatment of bifurcation lesions: a real world study. (abstr) J
Am Coll Cardiol 2004; 43 (Suppl A): 36A.

Mathias DW, Mooney JF, Lange HW, Goldenberg IF, Gob-
el FL, Mooney MR. Frequency of success and complica-
tions of coronary angioplasty of a stenosis at the ostium of
a branch vessel. Am J Cardiol 1991; 67: 491-5.

. Weinstein JS, Baim DS, Sipperly ME, McCabe CH, Lorell

BH. Salvage of branch vessels during bifurcation lesion an-
gioplasty: acute and long-term follow-up. Cathet Cardio-
vasc Diagn 1991; 22: 1-6.

Karvouni E, Di Mario C, Nishida T, et al. Directional
atherectomy prior to stenting in bifurcation lesions: a
matched comparison study with stenting alone. Catheter
Cardiovasc Interv 2001; 53: 12-20.

. Di Mario C, DeGregorio J, Kobayashi Y, Colombo A.

Atherectomy for ostial LAD stenosis: “a cut above”. Cathet
Cardiovasc Diagn 1998; 43: 101-4.

Moussa I, Moses J, Di Mario C, et al. Stenting after Optimal
Lesion Debulking (SOLD) registry. Angiographic and clin-
ical outcome. Circulation 1998; 98: 1604-9.

Moussa I, Di Mario C, Moses J, et al. Coronary stenting af-
ter rotational atherectomy in calcified and complex lesions.
Angiographic and clinical follow-up results. Circulation
1997; 96: 128-36.

. Rihal CS, Garratt KN, Holmes DR Jr. Rotational atherecto-

my for bifurcation lesions of the coronary circulation: tech-
nique and initial experience. Int J Cardiol 1998; 65: 1-9.
Nageh T, Kulkarni NM, Thomas MR. High-speed rotation-
al atherectomy in the treatment of bifurcation-type coronary
lesions. Cardiology 2001; 95: 198-205.

Kurbaan AS, Kelly PA, Sigwart U. Cutting balloon angioplas-
ty and stenting for aorto-ostial lesions. Heart 1997; 77: 350-2.
FurukawaY, AsakuraY, Ishikawa S, et al. Use of the cutting
balloon to facilitate predilatation for stenting of a heavily
calcified coronary lesion: a case report. Japanese Journal of
Interventional Cardiology 1996; 11: 351-5.

Rizik DG, Adem AM, Barman NC. Clinical images. Cutting
balloon before stent: angiographic and IVUS correlation. J
Invasive Cardiol 2003; 15: 234.

Bonan R, Meerkin D. Benefits of cutting balloon before
stenting cut and stent. (comment) J Invasive Cardiol 2003;
15: 629.

Takebayashi H, Haruta S, Kohno H, et al. Immediate and 3-
month follow-up outcome after cutting balloon angioplasty
for bifurcation lesions. J Interv Cardiol 2004; 17: 1-7.
OzakiY, Suzuki T, Yamaguchi T, et al, for the REDUCE III
Study Group. Can intravascular ultrasound guided cutting
balloon angioplasty before stenting be a substitute for drug
eluting stent? Final results of the prospective randomized
multicenter trial comparing cutting balloon with balloon an-
gioplasty before stenting (REDUCE III). (abstr) J Am Coll
Cardiol 2004; 43 (Suppl A): 82A.

Airoldi F, Stankovic G, Orlic D, et al. The modified T stent-
ing technique with crushing for bifurcation lesions: imme-
diate results and 6-month clinical outcomes. (abstr) Am J
Cardiol 2003; 92 (Suppl): 64L.

van Mieghem C, Sianos G, Aoki J, et al. Low repeat revas-
cularization rates following drug-eluting stent implantation
in de novo bifurcation lesions. (abstr) J Am Coll Cardiol
2004; 43 (Suppl A): 36A.

Sharma SK, Duffy M, Lee J, et al. Treatment of true bifur-
cation lesions with the simultaneous kissing stent tech-
nique. (abstr) J Am Coll Cardiol 2004; 43 (Suppl A): 96A.



Ital Heart J Vol 6 June 2005

30.

31.

32.

33.

34.

Schampaert E, Fort S, Adelman AG, Schwartz L. The V-
stent: a novel technique for coronary bifurcation stenting.
Cathet Cardiovasc Diagn 1996; 39: 320-6.

Chevalier B, Glatt B, Royer T, Guyon P. Placement of coro-
nary stents in bifurcation lesions by the “culotte” technique.
Am J Cardiol 1998; 82: 943-9.

Daemen J, Lemos PA, Serruys PW. Multi-lesion culotte and
crush bifurcation stenting with sirolimus-eluting stents:
long-term angiographic outcome. J Invasive Cardiol 2003;
15: 653-6.

Webster MW, Ormiston JA, Currie E, et al. Drug-eluting
stents for coronary bifurcations: bench-top insights into the
“Crush” technique. (abstr) J Am Coll Cardiol 2004; 43
(Suppl A): 36A.

Airoldi F, Colombo A, Michev I, et al. Sirolimus-eluting

488

35.

36.

37.

stents implantation in bifurcational coronary artery lesions
utilizing the “Crush” technique: immediate and mid-term
outcome. J] Am Coll Cardiol 2005, in press.

Carrie D, Karouny E, Chouairi S, Puel J. “T”-shaped stent
placement: a technique for the treatment of dissected bifur-
cation lesions. Cathet Cardiovasc Diagn 1996; 37: 311-3.
Nakamura S, Hall P, Maiello L, Colombo A. Techniques for
Palmaz-Schatz stent deployment in lesions with a large side
branch. Cathet Cardiovasc Diagn 1995; 34: 353-61.
Kastrati A, Mehilli J, Schuhlen H, et al, for the Intracoro-
nary Stenting and Antithrombotic Regimen-Rapid Early
Action for Coronary Treatment Study Investigators. A clin-
ical trial of abciximab in elective percutaneous coronary in-
tervention after pretreatment with clopidogrel. N Engl J
Med 2004; 350: 232-8.



