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T he treatment of complex stenoses
involving coronary vessel bifurca-
tions is a challenge for invasive

cardiology. Various techniques have been
developed since the technique of coro-
nary angioplasty was first applied.1,2 The
introduction of intracoronary stents into
everyday clinical practice led to a signifi-
cant increase in the number of successful
treatments of coronary stenoses involving
bifurcated vessels. A variety of techniques

have been developed that use stents ei-
ther only in the main branch or in both
branches.3-6 In spite of this, the restenosis
rate, even with the use of stents, contin-
ues to be high, especially in the branch.7

This, of course, depends on the technique
that is used. In the last two years drug-
eluting stents have made their mark in
the field of invasive cardiology, reducing
restenosis rates by a significant degree.8-10

In this study we report our experience
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Introduction: The use of rapamycin-eluting stents (Sirolimus Eluting Stent, CYPHER, CORDIS Corp) for the
treatment of coronary artery bifurcation lesions has been the subject of recent research. In this paper we
report our experience from the use of the crushing technique in 24 patients, we present the initial angio-
graphic results and the findings from medium-term follow up.
Methods: Stenting using the crushing technique was performed in 24 patients (21 men, 3 women, mean
age 61 ± 2.9 years). Eighteen percent of the patients had diabetes and 9% had a low ejection fraction. In
this technique the dilation of the stent in the secondary branch is carried out with the proximal section of
the stent within the lumen of the main branch, to ensure that it covers the ostium of the secondary branch.
Once the balloon and guide wire have been withdrawn from the stent in the secondary branch the stent in
the main branch is dilated, crushing the struts of the secondary stent against the wall of the main vessel.
Thus 3 rows of metallic struts are created on the wall of the main vessel at the point where the secondary
branch originates. Subsequently, if feasible, the guide wire and balloon are reintroduced into the secondary
branch and a kissing balloon technique is performed simultaneously in the stents of the main and sec-
ondary branches.
Results: In terms of the immediate angiographic result all procedures were completely successful (100%).
No episodes of acute or subacute thrombosis were observed. The mean follow up time was 6.9 ± 3.2
months. One patient had a non-Q infarction 2 weeks after the angioplasty, but no other patient suffered a
major cardiac event. Four patients underwent angiographic re-examination 6 months after the original an-
gioplasty. In one of them there was restenosis (>50%) of the secondary branch (obtuse marginal artery).
The other 3 patients showed no angiographic restenosis.
Conclusions: The immediate and medium-term results of the above techniques appear to be encouraging.
However, we are still awaiting long-term results that will determine the efficacy of the method.
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Figure 1. Stenosis at a bifurcation of the
circumflex artery (Cx) and obtuse marginal
branch (OM).

Figures 2a, b. Implantation of two stents in a parallel arrangement in such a way that the
proximal section of the stent in the secondary branch (OM) protrudes into the main
branch (Cx).

Figure 3. Dilation of the stent in the secondary
branch while the stent in the main branch remains
in its position.

branch originates. Subsequently, if feasible, the guide
wire and balloon are reintroduced into the secondary
branch and a kissing balloon technique is performed
simultaneously in the stents of the main and sec-
ondary branches (Figures 6a-g). The procedure is
carried out under complete antiplatelet treatment
and with the administration of the special antiplatelet
agent reopro.

The above technique was used in 24 patients (21
men, 3 women, mean age 61 ± 2.9 years). Eighteen
percent of the patients had diabetes and 9% had a
low ejection fraction. The patients’ clinical character-
istics are shown in table 1.

Technical details

The stenosis involved a bifurcation of the left anteri-
or descending (LAD) and diagonal (Dg) branches in
13 patients and the circumflex artery (Cx) and obtuse
marginal (Om) branch in 11. Additional angioplasty
in another vessel was performed in 10 patients. A to-
tal of 53 stents were implanted (2.2 stents/patient).
Rapamycin-coated stents (Cypher, CORDIS) were
implanted in 22 patients, while paclitaxel-coated
stents (Taxus, BOSTON Scientific) were used in 2.
The mean length of the stents was 24.75 ± 4.6 mm in
the main vessel and 17.6 ± 3.26 mm in the branch.
The mean stent diameter was 3.2 ± 0.6 mm in the
main vessel and 2.7 ± 0.5 mm in the branch. In all
patients balloon predilatation was performed in both
vessels. Reintroduction of the guide wire into the
branch with application of the kissing balloon tech-
nique was achieved in 5 patients. The technical de-
tails of the procedures are given in table 2.

from the use of the crushing technique in 24 patients,
we describe the initial angiographic results and the
findings from medium-term follow up.

Methods

In the crushing technique the dilation of the stent in
the secondary branch is carried out with the proximal
section of the stent within the lumen of the main
branch, to ensure that it covers the ostium of the sec-
ondary branch (Figures 1, 2a, 2b, 3). Once the bal-
loon and guide wire have been withdrawn from the
stent in the secondary branch the stent in the main
branch is dilated, crushing the struts of the secondary
stent against the wall of the main vessel (Figures 4, 5).
Thus 3 rows of metallic struts are created on the wall
of the main vessel at the point where the secondary



Results

In terms of the immediate angiographic result all pro-
cedures were completely successful (100%). No e-
pisodes of acute or subacute thrombosis were ob-
served. The mean follow up time was 6.9 ± 3.2
months. One patient had a non-Q infarction 2 weeks
after the angioplasty, but no other patient suffered a
major cardiac event (death, infarction, subacute throm-
bosis, target vessel revascularisation). Four patients un-
derwent angiographic re-examination 6-8 months after
the original angioplasty (Figure 6g). In one of them
there was restenosis (>50%) of the secondary branch
(obtuse marginal artery). The other 3 patients showed
no angiographic restenosis.

All the remaining patients are due for repeat an-
giography 6-8 months after the initial angioplasty.

Discussion

The trend until now in the treatment of coronary ves-
sel bifurcation lesions has been to use a single stent
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Figure 4. Dilation of the stent in the main branch,
crushing the struts of the side branch stent against the
wall of the main vessel after removal of the balloon
and guide wire from the stent in the secondary branch.

Figure 5. Final result.

Table 1. Clinical characteristics of the patients.

Stable angina 55%
Unstable angina 43%
Diabetes mellitus 18%
Previous coronary bypass surgery 18%
Ejection fraction <40% 9%

in the main branch, performing simple angioplasty in
the side branch and implanting a stent there only
when this is judged to be essential (provisional side
branch stenting). In reviews from the era of non-elut-
ing stents that technique appears to be superior.6,7

The use of drug-eluting stents, however, has made its
mark throughout the entire spectrum of invasive car-
diology. The same is likely to happen in the treat-
ment of coronary bifurcation lesions. The use of ra-
pamycin-eluting stents (Sirolimus Eluting Stent,
CYPHER, CORDIS Corp) for the treatment of coro-
nary bifurcation lesions has been the subject of re-
cent research. In the Sirius Bifurcation study,11 in-
volving 86 patients, a low restenosis rate (6.1%) was
seen in the main branch, but the restenosis rate in
the secondary branch was higher (22.7%). These per-
centages, of course, are clearly lower than those from
previous studies that used conventional stents. The
main problem is located in a small area of restenosis
at the ostium of the secondary branch. The “crush-
ing” technique was designed to solve this problem
and has shown satisfactory initial results.12,13 The de-
gree of success of the crushing technique in overcom-
ing the problem of restenosis in the ostium of the
side branch will determine its contribution to the
treatment of this difficult class of lesions. When the
lesion in the secondary branch is limited to the os-
tium alone, as happens in the large majority of cases,
it is quite possible for the effect of the drug from the
stent in the main branch to extend that far. However,



when the lesion extends further into the secondary
branch the crushing technique ensures that the os-
tium of the side branch is covered. In any case, the
main factor that determines the choice of stent in
both branches is the size and relative importance of
the secondary branch.

Conclusions

The immediate and medium-term results of the above
technique appear to be encouraging. Even though it de-
mands precision in its application, it is relatively simple
and fast. However, the possible long-term toxicity of the
pharmaceutical substance at the point of bifurcation,

where there are three layers of stent, is so far unknown.
A randomised study comparing implantation of ra-
pamycin-coated stents in both branches using the
crushing technique with the use of a single rapamycin-
coated stent in the main branch and simple angioplasty
in the side branch is the CACTUS study (Coronary Bi-
furcation: Application of the crushing technique using
Sirolimus Eluting Stents). This study, which is currently
at the stage of final evaluation, should provide more an-
swers concerning the long-term prospects for the use of
the method described here. Until now, the use of the
method has depended on the experience of individual
centres and we must await results that will determine its
longer-term efficacy.
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Figure 6. a) Complex lesion in the anterior descending
and diagonal branches. b) Cutting balloon in the diago-
nal. c) Dilation of the stent in the diagonal branch
while the stent in the anterior descending remains in
position. d) Dilation of the stent in the anterior de-
scending, crushing the struts of the stent in the diagonal
branch against the wall of the main vessel after removal
of the balloon and guide wire from the stent in the di-
agonal branch. e) Re-introduction of the guide wire in-
to the diagonal branch and the use of the kissing bal-
loon technique in the anterior descending and diagonal
branches. f) Final result. g) Repeat angiography 8
months after the angioplasty, showing complete paten-
cy of the vessels.
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Table 2. Technical details.

Technical feature Percentage

Vessel LAD – Dg: 13 patients 54%
Cx – Om: 11 patients 46%

Number of stents 53 2.2 stents / patient

Stent length 24.75 ± 4.6 mm (main vessel)
17.6 ± 3.26 mm (branch)

Stent diameter 3.02 ± 0.6 mm (main vessel)
2.7 ± 0.5 mm (branch)

Kissing balloon 5 patients 21%

Stent type Cypher: 22 patients
Taxus: 2 patients

LAD – left anterior descending coronary artery branch, Dg – diagonal branch, Cx – circumflex artery, Om – obtuse marginal branch.


