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CLINICAL SCIENCES

Stenting of Coronary Bifurcation Lesions: Case Series
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Aim. To assess the procedural success and major cardiac event rate after stenting of coronary bifurcation lesions.

Methods. The prospective study included 36 patients with coronary artery bifurcation lesion treated with stenting be-
tween January 1999 and December 2001 at the Institute for Heart Disease, Skopje University Center. There were 23
men and 13 women, with a mean age of 62.5±12.3 years. Seventeen patients had acute myocardial infarction and 19
patients had unstable angina. The follow-up lasted 6 months. The strategy of systematic coronary stenting in the bifur-
cation lesions involving a side branch of >2.2 mm in diameter was prospectively evaluated according to the quantita-
tive coronary angiography (QCA) measurements. Procedural success was defined as a residual stenosis of less than
20%. Major cardiac events included deaths, emergency coronary artery bypass grafting (CABG), Q-wave myocardial
infarction, acute and subacute closure, repeated percutaneous transluminal coronary angioplasty (PTCA), and non-Q
myocardial infarction.

Results. Out of a total of 36 bifurcation lesions, the left anterior descending/diagonal bifurcation lesion was found in 22
patients, circumflex/marginal in 8 patients, posterior descending artery/posterolateral artery in 4 patients, and left main
coronary artery in 2 patients. The main branch of the coronary artery (mean±SD reference diameter, or the diameter of
the normal coronary artery, 2.90±0.36 mm) was stented in 35 patients and the side branch of the main coronary artery
(2.35±0.42 mm reference diameter) in 24 patients. The major cardiac events occured in 3 patients: one had Q-wave
myocardial infarction, one developed acute and subacute closure, and one underwent PTCA. There were no deaths or
emergency CABG.

Conclusion. The development of new surgical strategies and stent design has improved the safety and immediate out-
come of bifurcation stenting, but procedural success still needs to be matched by an equal clinical improvement and
long-term patency.
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A bifurcation lesion of the coronary arteries is de-
fined as the presence of more than 50% of stenosis in-
volving both a parent vessel and the ostium of its side
branch (1). Ballon angioplasty of such stenosis is asso-
ciated with a significant risk of side branch occlusion
through plaque shift, dissection, or elastic recoil of
the treated ostium, and several techniques have been
developed in an attempt to reduce the treatments fail-
ure rate (2). If a stent is to be deployed in the parent
vessel, compression and extrusion of the plaque may
compromise flow in the side-branch, where it origi-
nates from the treated segments. Despite improve-
ment in catheter and balloon design, procedural com-
plications and a disappointingly high restenosis rate
are inherently associated with balloon angioplasty of
coronary bifurcation stenosis (3-6). For this reason, al-

ternative strategies using directional coronary athere-
ctomy have been developed (7-9).

More recently, a plethora of techniques using
single or multiple stent insertion for the treatment of
stenosis at major coronary bifurcations have been de-
scribed (10-15). Although the immediate angiogra-
phic results have made interventionalist feel secure,
the mid- and long-term outcomes have been less cer-
tain. Since there is little information about the deploy-
ment characteristics of stents at bifurcation, there is
also little understanding of potential mechanisms
contributing to the poor subsequent clinical out-
come.

In our study, the strategy of systematic coronary
stenting of bifurcation lesions involving a side branch
of �2.2 mm in diameter was prospectively evaluated
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against the major cardiac event rate following the pro-
cedure.

Patients and Methods

Patients
The prospective study included 36 patients scheduled for

the treatment of bifurcation lesions of the coronary arteries be-
tween January 1999 and December 2001. All patients underwent
percutaneus transluminal coronary angioplasty and stenting, and
were followed-up for 6 months. There were 23 men and 13
women. The mean age of the patients was 62.5±12.3 years. Sev-
enteen patients had acute myocardial infarction, nineteen pa-
tients had unstable angina. All patients had bifurcation lesions of
major coronary arteries and were treated with culotte stent and
T-stent technique. In all cases, both distal limbs of the bifurcations
of coronary arteries were considered suitable for the treatment
with a stent of 3.0 mm in diameter or larger. In 23 patients the bi-
furcation stenosis was part of a multivessel disease, and 10 pa-
tients had impaired left ventricular function. The lesion of coro-
nary artery bifurcation involving left anterior descending and di-
agonal artery was found in 22 patients, of circumflex and mar-
ginal artery in 8 patients, posterior descendent artery and poste-
rior lateral artery in 4 patients, and of left main coronary artery in
2 patients. Procedural success was obtained in 35 patients in both
branches and in 36 patients in the main branch (Table 1).

Patients included in the study met the following criteria: de-
velopment of acute myocardial infarction within 6 h after the on-
set of chest pain, unstable angina pectoris, side branch diameter
>2.2 mm, and lesion of the coronary artery <18 mm.

Patients with calcified lesions and lesion of the coronary ar-
tery >18 mm were excluded from the study.

Procedure

The femoral approach was used in all cases. All patients
were treated with aspirin and 250 mg ticlopidine (Ticlodix,
Hemofarm, Vršac, Yugoslavia) for 30 days. During the proce-
dure, all patients received 10,000 IU of intravenous heparin, with
further doses administered as necessary to obtain an activated
clotting time (ACT) of >300 s. There were no failures in stent de-
ployment during the procedure. Balance middle wave wire was
used for both the distal main vessel and the side branch. Both the
main and side branch were dilated before positioning the main
vessel stent across the origin of the side branch. At this point, ei-
ther the side branch wire was removed or the main vessel stent
deployed, thereby trapping the side branch wire. The side branch
was then rewired through the side of the main vessel stent, using
a third wire if necessary, with subsequent removal of the jailed
wire. Balloon inflation was performed from the main vessel into
the side branch to separate the stent coils away from the side

branch origin. The second stent then was positioned with its
proximal portion in the main vessel and its distal portion in the
side branch. The main vessel wire was removed, thereby pre-
venting the wire becoming trapped between the two stents, and
the second stent was deployed (Figs. 1 and 2).

Finally, the main vessel was rewired through the side of the
side branch stent and a balloon dilatation performed through the
side of the second stent, thereby separating the stent coils to pro-
duce a clear main vessel lumen. T-stenting was performed with
appropriate techniques for treatment of bifurcation lesions.

Major cardiac events included deaths, emergency coronary
artery bypass grafting, Q wave myocardial infarction, acute and
subacute closure, repeated percutaneous transluminal coronary
angioplasty, and non-Q myocardial infarction.
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Table 1. Clinical presentation and risk factors of ishemic
heart disease in 36 patients undergoing stenting of coronary
bifurcation lesion
Characteristics No. of patients

Age (years, mean±SD) 62.5±12.3
Clinical presentation of the patients:
acute myocardial infarction 17
unstable angina 19

Coronary artery bifurcation lesions:
left anterior descending/diagonal bifurcation 22
circumflex/marginal bifurcation 8
and posterior descending artery/posterolateral
bifurcation

4

left main bifurcation 2
Risk factors for ishemic heart disease:
current smoking 15
hypertension 13
diabetes 10
hyperholesterolemia 13
family history 15
previous CABGa 1
previous myocardial infarction 9

aCABG – coronary artery bypass grafting.

Figure 1. Percutaneus transluminal coronary angiography.
Bifurcation stenosis at the junction of left anterior descend-
ing and diagonal arteries.

Figure 2. Percutaneus transluminal coronary angiography
after the surgery. Stent deployment in the left anterior de-
scending artery and “trapping” wire in the diagonal artery.



Results

The left anterior descending/diagonal bifurcation
was involved in 22 patients, circumflex/marginal 8
patients, and posterior descending and posterior lat-
eral artery 4 patients, and left main bifurcation 2 pa-
tients. The reference diameter of the main branch (the
diameter of the normal coronary artery) was 2.9±0.2
mm. The main branch was stented in 35 patients, and
the side branch (2.3±0.4 mm reference diameter) in
24 patients. Procedural success, defined as deploy-
ment of the stent with residual stenosis less than 20%,
was obtained in 24 patients in both branches and in
35 patients in the main branch. The major cardiac
event occurred in 3 patients: one patient had Q-wave
myocardial infarction, one developed acute and sub-
acute closure, and one had to undergo repair with

percutaneous transluminal coronary angioplasty
(Figs. 3 and 4). There were no deaths or emergency
coronary artery bypass grafting.

At 6-month follow-up, 24 patients were symp-
tom-free (no chest pain, dispnea, or breathlessness),
and 12 had recurrent angina pectoris. In 9 of these,
balloon angioplasty with a culotte stent had to be re-
peated. Target lesion revascularization rate was 25%
at 6-month follow-up.

Discussion

Procedural success of coronary stenting in our
study was high, with 24 symptom-free patients at
6-month follow-up, and there were only 3 in-hospital
major cardiac events. Nevertheless, the treatment of
bifurcation lesions of the coronary arteries in the pa-
tients remains complex, with increased potential for
inadequate initial angiographic improvement, in-
creased early complications, such as acute and sub-
acute closure of the coronary vessel, dissection of the
coronary vessel and rupture of the coronary arteries,
and increased restenosis rates (16).

Complications after percutaneous transluminal
coronary angioplasty of bifurcation lesions of the cor-
onary arteries in the patients have been related to ex-
tent of atherosclerosis at the site of origin of the
branch vessel (reviewed in ref. 1).

After placing a stent in the main vessel of a bifur-
cation lesion, it is often necessary to perform further
balloon inflation or stent placement through the stent
struts in order to treat a lesion of the secondary vessel
or side branch. Balloon inflation with dilatation
through the cells of the stent in the main vessel results
in stent strut disfigurement. This disfigurement causes
various degrees of stenosis within the main vessel,
secondary to stent strut deformity. The degree of the
strut deformity, and therefore, stenosis, may vary sig-
nificantly depending on the stent design and struc-
ture.

The STARS Trial (17) concluded that the side
branch occlusion after elective stent placement was
uncommon (5%), which means that the occlusion of
the side branch is rare during the treatment of
bifrcation lesions and is not associated with the final
dissection in the parent vessel. Patients with side
branch occlusion after stenting had more atheroscle-
rotic disease in branch vessel origin, required more
emergency coronary artery bypass grafting, and had
twice the target lesion revascularization rates (22%)
in the parent vessel than patients with no side branch
closure.

The side branch occlusion rate after elective
stent placement in the STARS Trial (17) was 5%, com-
pared with our study where there were no side
branch occlusions.

The National Heart Lung and Blood Institute
(NHLBI) Dynamic Registry (18) showed that, despite
the widespread use of newer percutaneous devices,
treatment of the bifurcation remains difficult and as-
sociated with decreased success rates and increased
complications, compared with nonbifurcation le-
sions.
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Figure 3. Percutaneus transluminal coronary angiography
after the surgery. Stent deployment in the diagonal vessel
with removal of left anterior descending artery wire.

Figure 4. Percutaneus transluminal coronary angiography
after the surgery. Final angiographic appearance of the cu-
lotte stent of left anterior descending artery wire.



Bestent prospective dual-center study (16) show-
ed that using a simple strategy of provisional T-sten-
ting of the side branch in the majority of cases, the
Bestent could be used for treating bifurcation lesions
with a high rate of success and an acceptable rate of
target vessel revascularisation at 6-month follow-up.

The number of patients in the Bestent study (16)
was twice the number of patients in our study. Our
in-hospital outcome data showed no deaths following
bifurcation stenting, compared with 1% deaths in the
Bestent study (16). The acute and subacute closure in
our study was found in a single patient.

At 6-month follow-up period, there were no
deaths and myocardial infarction in our study, as op-
posed to 3% of deaths and 3% of Q-wave myocardial
infarction in the Bestent Study (16). The restenosis
rate was significantly higher in our study (9%) than in
the Bestent study (4%) (16). One of the reasons for sig-
nificantly lower restenosis rate in the Bestent study
was the use of the Medtronic-Bestent endovascular
coronary prosthesis (Medtronic Parkway Northeast,
Minneapolis, MN, USA) in the treatment of bifurca-
tion lesions of coronary arteries, which has restenosis
rate less than 17%. The stents we used in our study
(Crossflex, Johnson & Johnson, Vienna, Austria) have
restenosis rate less than 35%.

The limitations of our study were the small num-
ber of patients and short follow-up period, which
should have lasted at least 12 months. The transca-
theter treatment of bifurcational coronary lesion is
still a subject of controversy. Although coronary sten-
ting of the bifurcations lesions on both lesions is asso-
ciated with optimum immediate procedural success
with current techniques, restenosis rate per lesion is
still high. Improvements in stent design, dedicated
stents or the use of mini and coated stents to treat side
branches are required and could improve the long-
term results.
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