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Percutaneous transluminal balloon coronary angioplasty (PTCA) of coronary bifurcations
is associated with a low success rate, high rate of complications, and high incidence of
target vessel revascularization (TVR). The strategy of systematic coronary stenting in
bifurcation lesions involving a side branch ≥ 2.2 mm in diameter was prospectively
evaluated in a single-center observational study during a 35-month inclusion period. All
patients meeting these criteria were consecutively included. Bifurcation lesions and
treatment were predefined in the study. The study included 366 patients (12.1% of PTCA)
with 373 bifurcation lesions, mean age 63.7 6 11.6 years, 79.2% male, 46.7% with
unstable angina, and 8.3% acute MI. The left anterior descending/diagonal bifurcation
was involved in 55.2% of cases, circumflex/marginal 22.2%, PDA/PLA 10.4%, left main
bifurcation in 6.8%, and others 5.4%. The main branch (2.78 6 0.42 mm reference
diameter) was stented in 96.3% of cases and the side branch (2.44 6 0.43 mm) in 63.2%
(the two branches were stented in 59.5% of cases). Procedural success was obtained in
96.3% in both branches and 99.4% in the main branch. At1-month follow-up, The major
cardiac event rate (MACE) was 4.8% (death 1.1%, emergency CABG 0.6%, Q-wave MI
0.9%, acute or subacute closure 1.4%, repeat PTCA 1.1%, and non-Q–wave MI 2.3%). At
7-month follow-up, the total MACCE rate was 21.6%, including a TVR rate of 17.2%.
Analysis of the 7-month outcome according to two study periods (period I, 1 January 1996
to 31 August 1997, 182 patients; period II, 1 September 1997 to 30 June 1998, 127 patients)
showed that the TVR rate decreased from 20.6% to 13.8% (P 5 0.04) and the MACE rate
from 29.2% to 17.1% (P < 0.01) in period I and II, respectively. This was associated by
univariate analysis with an increasing use of tubular stents deployed in the main branch
(94.2% vs. 59.1%, P < 0.001) and kissing balloon inflation after coronary stenting (75.4%
vs. 18.1%, P < 0.001). Bifurcation lesions are frequent. Procedural success of coronary
stenting is high with a low rate of in-hospital MACE. TVR rate at follow-up is relatively low.
In-hospital and follow-up results are influenced not only by the learning curve but also by
the use of tubular stents in the main branch and final kissing balloon inflation. Cathet.
Cardiovasc. Intervent. 49:274–283, 2000. © 2000 Wiley-Liss, Inc.
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INTRODUCTION

Percutaneous transluminal coronary angioplasty of
coronary bifurcations using balloon angioplasty has al-
ways been a difficult challenge [1–4]. It has been asso-
ciated with a low procedural success and high complica-
tion and restenosis rates despite refinement of the
technique using kissing balloon inflation [5–13]. Initiated
in 1991, the first attempts at treating bifurcation lesions
with first-generation stents (Palmaz-Schatz, Cook)
proved unsatisfactory, as the small side branches were
sacrificed in some cases or laboriously dilated through
the struts of the stent [14–18]. The PS 153 permitted
access to the side branch, but results were unpredictable
[19,20]. In some cases, treatment was performed by
cross-shaped implantation of two Cook stents. However,

the passage of the second stent into the first one was less
than predictable [21] and coil stents resulted sometimes
in plaque protrusion after deployment. Moreover, it be-
came evident that the presence of a large atheromatous
plaque at the site of the bifurcation was associated with
a deterioration (snow-plow effect) or even an occlusion
of the side branch after stent implantation, even when no
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lesion was observed at the ostium of the side branch prior
to stenting. This phenomenon has been shown to be more
frequent after stent implantation than after balloon PTCA
[4,13,15,22,23]. The development of very low profile
balloons and second-generation stents, combined with
the efficacy of the ticlopidine-aspirin association, have
altered the everyday practice in coronary angioplasty to
the extent that coronary stenting has become a routine
technique with highly predictable results in the majority
of cases. For this reason, we decided to carry out a
prospective study in order to evaluate the feasibility,
safety, and midterm outcome of coronary stenting in the
treatment of bifurcation lesions.

MATERIALS AND METHODS

In order to classify the results and technical approach,
a classification of bifurcation lesions and treatments was
undertaken prior to the beginning of the study. The
technique and stents used in the study evolved, due on
the one hand to the fact that new stents became available
during the study and went through a prospective bench
test and on the other hand to the systematic analysis of all
cases (procedure and outcome) by another physician at
least.

Lesion Classification

Only lesions involving a side branch$ 2.2 mm in
diameter by visual assessment were considered bifurca-
tion lesions. Because previous classifications of bifurca-
tion lesions were not completely satisfactory in the era of
stenting, we developed a new classification taking into
account their angulation and the precise location of the
plaque (Figs. 1 and 2), which may have an impact on the
technical approach, immediate result, and target vessel
revascularization. Angulation (Y-shaped or T-shaped) of
the bifurcation lesion is an important issue because it
may influence the technique used as well as the proce-
dural success rate. In Y-shape lesions (, 70° angle) the
risk of a snow-plow effect seems to be higher than in
T-shape lesions; furthermore, it is difficult to achieve
perfect coverage of the side-branch ostium using T-
stenting (one stent at the ostium of the side branch,
another in the main branch covering the ostium). Con-
versely, T-shaped lesions are generally perfectly treated
using T-stenting. Location of the plaque burden is also a
very important issue: Type 1 lesions were defined as true
bifurcation lesions involving the main branch, proximal
and distal, and the ostium of the side branch. Type 2
lesions involve only the main branch at the bifurcation
site and not the ostium of the side branch. Nevertheless,
severe ostial stenosis or sometimes occlusion of the side
branch due to a snow-plow phenomenon may be ob-
served after stent implantation (Fig. 3). Type 3 lesions

are located in the main branch proximal to the bifurca-
tion. They are frequently associated with a deterioration
of the ostium of one or two branches when the stent is
placed only at the site of the lesion proximal to the
bifurcation (Fig. 4). In type 4 lesions, only the ostium of
each branch of the bifurcation is involved with no prox-
imal disease, whereas in type 4A and 4B lesions, the
ostium of either the main (4A) or the side branch (4B) is
involved.

Treatment Classification

We defined four groups of treatment (A, B, C, D) as
shown in Figures 5 to 8. Type A treatment consists in
positioning two stents in a T-shape [24,25] configuration
at the coronary bifurcation, beginning with the side
branch. Type B treatments also consist in the placement
of two stents in a T-shape configuration. However, the
main branch is stented first and the second stent is then

Fig. 1. Classification of bifurcation lesions according to their
angulation.

Fig. 2. Classification of bifurcation lesions according to their
morphology.
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placed in the side branch through the struts of the first
stent. In some cases, the guidewire in the side branch
may be voluntarily jailed during the procedure. In type C
treatment, the trousers stent technique is performed [26].
Type D treatments consist in the placement of a stent at

each ostium of the bifurcation (kissing stent), a third stent
being implanted proximally when necessary [27]. We did
not use the Y-stent technique described by Khoja et al.
[28], which is an interesting but complex variant of type
D treatment. The V-technique [29], which is also a type
D treatment developed for peripheral arteries, was not
considered for this study. In the majority of cases, selec-
tion of the treatment strategy was made by at least to
operators.

Patients

All consecutive patients meeting the predefined crite-
ria of bifurcation lesion according to this classification

Fig. 3. Snow-plough effect in type 2 lesions according to
different strategies.

Fig. 4. Snow-plough effect in type 3 lesion according to dif-
ferent strategies.

Fig. 5. Type A treatment (T-stenting beginning with the side
branch).

Fig. 7. Type C treatment (trouser stent).

Fig. 6. Type B treatment (T-stenting beginning with the main
branch).
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were prospectively included in this study from January
1996 to November 1998. Only patients with acute MI
complicated by cardiogenic shock were excluded. Clin-
ical follow-up was prospectively conducted at 1 and 7
months. Coronary angiography was performed at fol-
low-up in cases of clinical or documented ischemia by
exercise or thallium or echo stress test. Reference diam-
eter of the artery, percentage of stenosis, and minimal
luminal diameter were measured off-line by quantitative
coronary analysis before, after PTCA, and at follow-up.
EKG, CPK, and CPK MB measurements were performed
in all cases 24 hr after PTCA or every 6 hr in case of
chest pain.

Definitions

Unstable angina was defined as rest angina, new onset,
or recent aggravation of effort angina within 7 days.
Stable angina was documented by stress test echo dobut-
amine or thallium stress test. Procedural success was
defined as angiographic success by QCA analysis with-
out any complication within 24 hr. Non–Q-MI was de-
fined as CPK or CPK MB elevation. 3 times the upper
value. Major cardiac events (MACE) at 1 month were
defined as major complications including death, acute Q-
or non–Q-wave MI, repeat PTCA, or stroke. In the ab-
sence of systematic angiographic follow-up, subacute
occlusion of the stented artery was defined as the occur-
rence of sudden death, clinical symptoms of infarction
associated with ECG changes, or with a significant CPK
elevation (. 3 times the normal value) during the first-
month follow-up. Access site complications were defined
as the occurrence of hematoma, pseudoaneurysm, arte-

riovenous fistula, or retroperitoneal hematoma requiring
surgical repair or blood transfusion. MACE at 7-month
follow-up was defined as major complication including
death, Q- or non–Q-wave myocardial infarction, stroke,
and TVR. TVR was defined as repeated coronary inter-
vention in the same or adjacent vessel segment by repeat
PTCA or elective CABG within 7-month follow-up.

Protocol

The patient received a bolus of 100 unit/kg of heparin
in combination with 250- to 500-mg IV aspirin at the
beginning of the procedure. The activated clotting time
(ACT) was checked at 3 min and 1 hr (Hemocron) and
adjunctive heparin was administered when necessary in
order to obtain an ACT$ 300 sec. Selection of the
femoral or radial approach using 6 to 8 Fr guiding
catheters was left to the operator’s discretion. When the
femoral approach was used, the artery was closed at the
end of the procedure using Techstar or Prostar device.
Pre- and postprocedural intracoronary vasodilators were
routinely administered. Following the procedure, 250 mg
of ticlopidine per day was administered in patients, 80
kg body weight and 500 mg per day in patients$ 80 kg
for 1 month. One hundred to 160 mg of aspirin was
administered daily. Blood analysis (white cells, platelet
count, and liver enzyme measurement) was performed at
15 days in all patients.

Statistics

Data included baseline characteristics of patients, in-
formation on PTCA procedure, in-hospital, 1-month, and
final follow-up. Statistical analysis was carried out using
SAS 6.08 software. Data were summarized using the
means and standard deviation for continuous variables
and frequency for categorical variables. Univariate anal-
ysis was performed using the Student’st-test or chi-
square when appropriate. Because of changes in tech-
nique and stent availability during the study, data were
analyzed according to an arbitrary division of patients
into two periods: the first 20 months (1 January 1996 to
31 August 1997) and the last 15 months of inclusion (1
September 1997 to 30 November 1998).

RESULTS

From January 1996 to November 1998, 366 consecu-
tive patients (373 bifurcation lesions) were included in
the study. Treatment of bifurcation lesions accounted for
12.1% of all PTCA procedures over the study period. The
clinical characteristics of the patients are summarized in
Table I. Bifurcation location and type are summarized in
Table II. According to the classification, lesions were
type 1 (50.7%) and Y-shape (79%) in the majority of
cases. Treatments used are summarized in Table III with

Fig. 8. Type D treatment (one stent at each ostium and one
proximal stent when necessary).
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few differences between the intended and actual treat-
ments. The main branch was stented in 96.3% of cases
and the side branch in 63.2% (two branches stented in
59.5% of cases). Procedural success was obtained in both
branches in 96.3% of cases and in the main branch in
99.4% (Table IV). QCA analysis showed that stenosis
decreased from 76.4%6 15.9% to 10.4%6 11.8 % and
from 64.0%6 26.5% to 15.5%6 18.8 % in the main and
side branch, respectively. The various stents used for
treatment of the bifurcation lesions are shown in Figure
9. In the majority of cases, the main branch was stented
with a Bestent, whereas the side branch was stented with
an AVE or a GFX microstent. Patients had a short
hospital stay and low rate of in-hospital complications
(Table V). The 1-month outcome is summarized in Table
VI. The 7-month outcome of the first 283 patients in-
cluded in this series is summarized in Table VII. Total
MACE occurred in 21.6% of cases, including a 17.2%
rate of TVR. Results according to lesion types are sum-
marized in Table VIII.

Comparison between the two inclusion periods (Table
IX and X) showed a decrease in the MACE rate from
29.2% to 17.1% (P , 0.01) at 7-month follow-up and a
decrease in TVR rate from 20.6% to 13.8% (P 5 0.04).
The clinical characteristics of the patients were compa-
rable in the two periods but the technical approach was

significantly different (more frequent use of kissing bal-
loon inflation after coronary stenting and tubular stents in
the main branch in period II).

DISCUSSION

This study shows that, in routine practice, coronary
lesions involving a bifurcation are frequent (12.1% of
PTCA procedures in this study). The majority are type 1
and Y-shape. They can be treated with coronary stenting
using various techniques (mostly type A or B treatment
during the study) with a high rate of success and a low
rate of complications. Throughout the study, the 1- and
7-month outcomes changed dramatically, probably re-
lated to a higher rate of kissing balloon inflation after
stent implantation and broader use of tubular stents (usu-
ally Bestent) implanted in the main branch. During the
study, the improvement in in-hospital outcome and
1-month outcome was associated with a decrease in
MACE and especially TVR at 7 months. The influence of

TABLE I. Study Population

Patients/bifurcation 366/373
Age (years) 63.76 11.6
Male gender (%) 79.2
Stable angina (%) 31.7
Unstable angina (%) 46.7
Silent ischemia (%) 13.3
Acute MI (%) 8.3
Post-MI (%) 11.7
Restenosis (%) 2.3
Post-CABG (%) 2.6

TABLE II. Bifurcation Location and Type

Location
LAD/Circumflex (%) 6.8
LAD/Diagonal (%) 55.2
Circumflex/Marginal
(%) 22.2
PDA/PLA (%) 10.4
Other (%) 5.4

Type
Y-shape (%) 76.1
T-shape (%) 23.9
Type 1 (%) 50.7
Type 2 (%) 12.5
Type 3 (%) 10.5
Type 4 (%) 13.7
Type 4 bis (%) 12.0

LAD 5 left anterior descending; PDA5 posterior descending artery;
PLA 5 posterolateral artery.

TABLE III. Approach and Treatment Type

Intended Real

Femoral approach (%) 69.8 69.8
Radial approach (%) 29.9 29.9
Humeral approach (%) 0.3 0.3
Guiding catheter size

6 Fr (%) 83.2 81.0
7 Fr (%) 7.7 7.7
8 Fr (%) 9.1 10.3

Rotative atherectomy
Main branch (%) 2.2 2.8
Side branch (%) 1.1 1.1

Stent
Stent main branch (%) 50.5 36.8
Stent side branch (%) 2.8 3.7
Stent 2 branches (%) 46.7 59.5
Treatment type A (%) 44.1 44.5
Treatment type B (%) 39.9 38.3
Treatment type C (%) 3.5 4.1
Treatment type D (%) 12.5 13.1

TABLE IV. Procedure and In-Hospital Results

Procedural success main branch (%) 99.4

Procedural success two branches (%) 96.3
Stent failure side branch (%) 6.7
Stent failure main branch (%) 0.3
Emergency CABG (%) 0.6
ReoPro (%) 2.4
Access site complication (%) 0.6
Repeat PTCA (%) 1.1
Acute Q-wave MI (%) 0.6
Acute non–Q-wave MI (%) 2.3
Death (%) 0.9
MACE (%) 4.0
Hospital stay (days) 3.66 3.6
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the learning curve was probably significant, especially
with respect to the selection of treatment strategies for
different lesion types during this observational study.

The more frequent use of the radial approach and 6 Fr
guiding catheters in period II was probably related to the
increased confidence that we gained in treating this le-
sions and also to the use of very low profile balloon
catheters (monorail Viva balloons, Boston Scientific),
which permitted kissing balloon inflation through 6 Fr
guiding catheters.

Technical Implications of Study

The choice of the stent to be implanted in the main
branch faces two contradictory issues: good plaque cov-
erage and easy access to the side branch [30]. For this last
reason, over the course of the study we increasingly tried

to stent the main branch with second-generation tubular
stents when they became available (Bestent in the ma-
jority of cases), because we observed that it was associ-
ated with a rapid and nearly 100% successful access to
the side branch and we never observed any plaque pro-
trusion. The bench study that we used during the study to
test stent deformation and treatment types (Figs. 10 and
11) and sometimes angiography revealed that opening

Fig. 9. Stent used in the main branch and the side branch.

TABLE V. Quantitative Angiography

Reference diameter
Main branch before bifurcation (mm) 3.096 0.39
Main branch (mm) 2.786 0.42
Side branch (mm) 2.446 0.43

Stenosis before PTCA
Main branch (%) 76.56 15.9
Side branch (%) 64.16 26.6

Stenosis after PTCA
Main branch (%) 10.46 11.8
Side branch (%) 15.66 18.7

TABLE VI. One-Month Follow-up (Cumulated)

Acute or subacute closure (%) 1.4
Non–Q-wave MI (%) 2.3
Q-wave MI (%) 0.9
Death (%) 1.1
CABG (%) 0.6
MACE (%) 4.8

TABLE VII. Total Events at 7-Month Follow-Up
(First 283 Patients)

Q-wave MI (%) 1.1
Non–Q-wave MI (%) 3.0
Death (%) 3.6
TVR (%) 17.2

Restenosis main branch (%) 3.1
Restenosis side branch (%) 6.0
Restenosis two branches (%) 8.1
PTCA (%) 14.4
CABG (%) 2.8

MACE (%) 21.6

TABLE VIII. Results According to Lesion Type

Type 1 Type 2 Type 3 Type 4 Type 4 A,B

Lesions 149 44 37 48 42
Final kissing balloon

inflation (%) 40.1 47.7 40.5 66.7 45.2
Stent main branch (%) 28.9 59.1 56.8 27.1 35.7
Stent side branch (%) 2.0 0 0 4.2 16.7
Stent 2 branches (%) 67.8 40.9 43.2 68.8 45.2
Angiographic success

main branch (%) 99.3 100 100 100 100
Angiographic success

2 branches (%) 95.3 94.4 89.1 100 100
In-hospital MACE (%) 4.0 4.5 2.7 4.2 0
TVR at 7 months (%) 18.1 21.6 6.9 21.9 20.0
Total MACE at 7

months (%) 21.9 27.6 11.4 28.2 22.2
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the struts of a tubular stent to give access to the side
branch in Y-shaped lesions was associated with an at-
traction of the opposite wall of the stent, resulting in a
narrowing of the main branch. This phenomenon can
explain the relatively high rate of subacute thrombosis in
the first phase of the study where final kissing inflation
was rarely used. For this reason, we strongly recommend
that the procedure be completed with final dilatation of
the stent in the main branch at least or, even better, with
kissing balloon inflation.

The classification of lesions and treatments used in this
study was very useful, because it helped to define treat-
ment strategies. T-shaped lesions are very different from
Y-shaped lesions. For example, it is usually easy to cover
perfectly the ostium of the side branch in the case of
T-shaped lesions by positioning a tubular stent (especial-
ly with markers) at the ostium of the side branch using
type A treatment. Conversely, for Y-shaped lesions, os-
tial coverage of the side branch may be either incomplete
or, on the opposite, associated with an excess of metal on
the carena. This problem can be solved using type C
treatment, although, as observed in the bench study, it

involves an excess of metal at the level of the carena and
in the proximal part of the bifurcation, which may result
in subacute occlusion and restenosis. For this reason we
usually used type B treatment in Y-shape lesions when
access to the side branch was easy.

Preferred Strategies After Completion of Study
Depend on Bifurcation Anatomy

Type 1 lesions are the most difficult to treat because
the plaque involves the whole bifurcation and they are
usually Y-shape. The strategy is to wire first the most
difficult branch first (usually the side branch) and then
the main branch with minimal torquing in order to avoid
guidewires crossing. ACS Balance middle-weight guide-
wires were used in the majority of cases. The treatment
strategy was selected after predilatation. In the case of a
T-shape lesion with difficult access to the side branch and
long or dissected side-branch lesion, we use type A
treatment. The first stent is implanted in the side branch,
the guidewire in the side branch is withdrawn and the
main branch is stented. In the majority of cases, we used
a Bestent for the two branches (Fig. 12). When visual-
ization of the origin of the side-branch ostium was in-
complete, we use preferably (Fig. 13) an AVE microstent
or a GFX stent in the side branch. Given that, even if it
protrudes slightly into the main branch, the smooth shape
of the struts permits easy placement of a second stent in
the main branch and also slight mobilization of the stent
after balloon inflation in the main branch. In all cases, the
procedure is completed with kissing balloon inflation.

When the angulation is Y-shape and access to the side
branch is easy with a short ostial lesion, we use type B
treatment, stenting first the main branch and performing
kissing balloon inflation after rewiring the side branch. A
second stent can be implanted at the ostium of the side
branch when the result is not adequate with balloon
PTCA alone. Using type B treatment, the guidewire in
the side branch can be jailed when rewiring this branch
seems difficult (Fig. 14). This helps to keep the side
branch open and also to modify favorably the angle
between the two branches. In such a case, the guidewires
are exchanged after stenting the main branch. We had
only one case of guidewire rupture with a PT Graphic
guidewire (Scimed, Boston Scientific) and we stopped
using it for bifurcation stenting.

Types 2, 3, and 4A (in the main branch) lesions are
usually treated with type B treatment by implanting a
stent in the main branch that covers the ostium of the side
branch: coil stent or multicellular stent at the beginning
of the study, then tubular stents that permit access to the
side branch (Bestent or Duet stent). Ostial stenosis or
sometimes occlusion of the side branch by plaque shift-
ing occurs frequently (Fig. 4). In such cases, a second
guidewire is placed in the side branch and dilatation is

TABLE IX. Procedure and In-Hospital Events

Period I Period II
P

value

Period of inclusion
1 January 1996 to
31 August 1997

1 September 1997 to
31 November 1998

Patients 182 191
Radial approach (%) 19.4 38.7 ,.001
6 Fr catheter (%) 73.1 92.7 ,.001
Final kissing

balloon (%) 18.1 75.4 ,.001
Tubular stent main

branch (%) 59.1 94.2 ,.001
Procedural success

two branches (%) 96.3 95.9 NS
Use of ReoPro (%) 4.7 1.0 0.06
SAT (%) 1.9 0.5 NS
Q-wave MI (%) 1.3 1.0 NS
Non–Q-wave

Q MI (%) 4.9 2.6 NS
CABG (%) 1.3 0 NS
Death (%) 1.3 0.5 NS
MACE (%) 5.1 4.2 NS

TABLE X. Total Events at 7-Month Follow-up

Period I Period II P value

Patients 182 127
TVR (%) 20.6 13.8 0.04

PTCA (%) 16.8 12.2 NS
CABG (%) 3.8 1.6 NS

Death (%) 4.6 2.1 NS
Non–Q-wave MI (%) 3.5 1.8 NS
Q-wave MI (%) 1.9 1.0 NS
MACE (%) 29.2 17.1 ,0.01
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Fig. 10. T-stenting with two Jostents in the bench test. From
left to right: deployment of the stent in the main branch. After
opening the strut toward the side branch, deformation of the
stent opposite to the origin of the side branch, associated with

partial covering of the side branch. Deployment of the stent at
the origin of the side branch. After kissing-balloon inflation:
correction of the deformation of the stent in the main branch.

Fig. 11. Deformation of the Bestent in the bench test. From left to right: deployment of the
Bestent in the main branch. Deformation of the stent in the main branch after opening the strut
toward the side branch. Result after kissing balloon inflation.

Fig. 12. Type 1 lesion of the LAD diagonal bifurcation, A2 treatment. The lesion is T-shaped.
From left to right: implantation of a Bestent at the origin of the side branch. Implantation of a
Bestent in the main branch. Kissing balloon inflation. Final result.
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performed through the struts of the stent. A kissing
balloon inflation is performed in order to restore the
shape of the main branch stent. Usually, it is not neces-
sary to implant a second stent in the side branch.

Type 4 lesions are managed with type D treatment
(simultaneous placement of two stents at each ostium)
using two Bestents (markers) if the lesion remains lo-
cated at the ostium after predilatation by kissing balloon
inflation (Fig. 15).

Type 4B lesions (branch ostial lesion) can be treated
using one wire and one stent with good immediate
results, but perfect positioning of the stent is crucial
and there is a serious risk of snow-plow effect (espe-
cially when the lesion is Y-shaped) in the main branch
leading to PTCA and sometimes stenting of a previ-
ously healthy branch. Therefore, there is a risk of
stenosis in the main branch at follow-up. In this re-
spect, the role of debulking [31,32] in order to de-

Fig. 13. Type 1 lesion of the LAD diagonal bifurcation in acute MI. Type A treatment. From left
to right: implantation of an AVE microstent at the origin of the side branch. Implantation of a
Bestent in the main branch. Result after kissing balloon inflation.

Fig. 14. Type 2 lesion of the distal RCA, B3 treatment. From
left to right: implantation of a 15-mm stent in the PDA with a
jailed guidewire in the PLA (T-shape bifurcation). Occurrence of
an ostial stenosis in the PLA (snow-plow effect). The guidewire

in the PDA is removed and placed in the PLA through the strut
of the stent. Then the jailed wire is placed in the PDA. Implan-
tation of a Bestent 8 mm in the PLA with kissing balloon infla-
tion. Angiographic result.

Fig. 15. Type 4 lesion of the LAD circumflex bifurcation. From left to right: kissing balloon
inflation. Simultaneous implantation of two Bestents at the ostium of each branch. Immediate
result.
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crease the risk of plaque shifting in the main branch
must be evaluated.

In routine practice, lesions in coronary bifurcations are
frequent (12.1% of PTCAs during the study). They are
usually Y-shaped and type 1. Coronary stenting provides
increased safety for percutaneous treatment of these
high-risk lesions. The majority of them can be currently
treated with 6 Fr guiding catheters with a low risk of
access site complications. The procedural success rate is
high (96% for the two branches) with a low in-hospital
complication rate and a short hospital stay. The risk of
major cardiac events at 1- and 7-month follow-up is
influenced by the learning curve and especially by use of
the kissing balloon technique at the end of the procedure
as well as utilization of a tubular stent (mainly Bestent)
in the main branch. Probably for the same reasons, the
improvement in 1-month outcome in the second period
of our study was associated with a lower and very ac-
ceptable rate of target vessel revascularization at
7-month follow-up.

REFERENCES

1. Zack PM, Ischinger T. Experience with a technique for coronary
angioplasty of bifurcational lesions. Cathet Cardiovasc Diagn
1984;10:433–443.

2. Pinkerton CA, Slack JD, Van Tassel JW, Ort CM. Angioplasty for
dilatation of complex coronary artery bifurcation stenosis. Am J
Cardiol 1985;55:1626–1628.

3. Mathias DW, Niooney JF, Lange HW. Frequency of success and
complications of coronary angioplasty of a stenosis at the ostium
of a branch vessel. Am J Cardiol 1991;67:491–498.

4. Meier B, Grüntzig AR, King SB Ill, et al. Risk of side branch
occlusion during coronary angioplasty. Am J Cardiol 1984;53:
10–14.

5. Bonzel T, Wollschlager H, Kasper W, Meinertz T, Just H. The
sliding rail system (“monorail”): description of a new technique
for intravascular instrumentation and its application to coronary
angioplasty. Z Kardiol 1987;76:780–789.

6. Finci L, Meier B, Divernois J. Percutaneous transluminal coronary
angioplasty of a bifurcation narrowing using the kissing wire
monorail balloon technique. Am J Cardiol 1987;60:375–376.

7. Myler RK, McConahay DR, Stertzer SH, et al. Coronary bifurca-
tion stenosis: the kissing balloon probe technique via a single
guiding catheter. Cathet Cardiovasc Diagn 989;16:267–278.

8. O’Keefe JH Jr, Holmes DR Jr, Reeder GS, et al. A new approach
for dilation of bifurcation stenoses: the dual Probe Technique.
Mayo Clin Proc 1989;64:277–281.

9. Ciampricotti R, El Gamal M, Vangelder B, Bonnier J, Taverne R.
Coronary angioplasty of bifurcational lesions without protection
of large side branches. Cathet Cardiovasc Diagn 1992;27:191–
196.

10. George BS, Myler RK, Stertzer SH, et al. Balloon angioplasty of
bifurcation lesions: the kissing balloon technique. Cathet Cardio-
vasc Diagn 1986;12:124–138.

11. Castriz JL, Canales ML, Reynolds DW. Kissing balloon technique
in complex PTCA. Cathet Cardiovasc Diagn 1993;28:358–369.

12. Oesterle SN, McAuley B, Buchbibder M, Simpson JB. Angio-
plasty in coronary bifurcations: single-guide, two-wire technique.
Cathet Cardiovasc Diagn 1986;12:57–63.

13. Vallbracht C, Kober G, Kaltenbach M. Double long-wire tech-
nique for percutaneous transluminal coronary angioplasty for nar-
rowings at major bifurcations. Am J Cardiol 1987;60:907–909.

14. Iniguez A, Macaya C, Alfonso F, et al. Early angiographic
changes of side branches arising from a Palmaz-Schatz stented
coronary segment: results and clinical implications. J Am Coll
Cardiol 1994;23:911–915.

15. Fischman DL, Savage MP, Leon MB, et al. Fate of lesion-related
side branches after coronary artery stenting. J Am Coll Cardiol
1993;22:1641–1646.

16. Arora RR, Raymond RE, Dimas AP, Bhadwar K, Simpfendorfer
C. Side branch occlusion during coronary angioplasty: incidence,
angiographic characteristics, and outcome. Cathet Cardiovasc Di-
agn 1989;18:210–212.

17. Weinstein JS, Baim DS, Sipperly ME, et al. Salvage of branch
vessels during bifurcation lesion angioplasty: acute and long-term
follow-up. Cathet Cardiovasc Diagn 1991;22:1–6.

18. Pan M, Medina Alfonso Suarez de Lezo S, Romero M, et al.
Follow-up patency of side branches covered by intracoronary
Palmaz-Schatz stent. Am Heart J 1995;129:436–440.

19. Nakamura S, Hall P, Maiello L, Colombo A. Techniques for
Palmaz-Schatz stent deployment in lesion with a large side
branch. Cathet Cardiovasc Diagn 1995;34:353–361.

20. Teirstein PS. Kissing Palmaz-Schatz stents for coronary bifurca-
tion stenosis. Cathet Cardiovasc Diagn 1996;37:307–310.

21. Mazur W, Grinstead C, Hakim AH, et al. Fate of side branches
after intracoronary implantation of the Gianturco-Roubin Flex-
Stent for acute or threatened closure after percutaneous translu-
minal coronary angioplasty. Am J Cardiol 1994;74:1207–1210.

22. Vetrovec GW, Cowely MJ, Wolfang TC, Ducey KC. Effects of
percutaneous transluminal coronary angioplasty on lesion-associ-
ated branches. Am Heart J 1985;109:921–925.

23. Boxt LM, Meyerovitz MF, Taus RH, Ganz P, Freidman PL, Levin
DC. Side branch occlusion complicating percutaneous translumi-
nal coronary angioplasty. Radiology 1986;161:681–683

24. Carrie D, Karouny E, Chouairi S, Puel J. “T”-shaped stent place-
ment: technique for the treatment of dissected bifurcation lesions.
Cathet Cardiovasc Diagn 1996;37:311–313.

25. Carison TA, Guarneri EM, Stevens KM, Norman SL, Schatz RA.
“T-stenting”: the answer to bifurcation lesions? Circulation 1996;
94:I86–I87.

26. Fort S, Lazzam C, Schwartz L. Coronary9Y’ stenting: a technique
for angioplasty of bifurcation stenosis. Can J Cardiol 1996;12:
678–682.

27. Colombo A, Gaglione A, Nakamura S, Finci L. “Kissing” stents
for bifurcation coronary lesion. Cathet Cardiovasc Diagn 1993;
30:327–330.

28. Khoja A, Ozbek C, Bay W, Heisel A. Trouser-like stenting: a
technique for bifurcation lesions. Cathet Cardiovasc Diagn 1997;
41:192–199.

29. Schampaert E, Fort S, Adelman A, Schwartz L. The V-stent: a
novel technique for coronary bifurcation stenting. Cathet Cardio-
vasc Diagn 1996;39:320–326.

30. Vogt P, Eeckhout E, Stauffer J, et al. Stent shortening and elon-
gation: pitfalls with the Wiktor coronary endoprosthesis. Cathet
Cardiovasc Diagn 1994;31:233–255.

31. Mansour M, Fishman RF, Kuntz RE, et al. Feasibility of direc-
tional atherectomy for the treatment of bifurcation lesions. Coron
Art Dis 1992;3:761–765.

32. Lewis BE, Leya FS, Johnson SA, et al. Assessment of outcome of
bifurcation lesions and non-bifurcation lesions treated in the CA-
VEAT trial. J Invas Cardiol 1995;7:251–258.

Stenting of Bifurcation Lesion 283


	INTRODUCTION
	MATERIALS AND METHODS
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Figure 7.
	Figure 8.

	RESULTS
	Table 1.
	Table 2.
	Table 3.
	Table 4.

	DISCUSSION
	Figure 9.
	Table 5.
	Table 6.
	Table 7.
	Table 8.
	Table 9.
	Table 10.
	Figure 10.
	Figure 11.
	Figure 12.
	Figure 13.
	Figure 14.
	Figure 15.

	REFERENCES

