Comparison of Simple and Complex Stenting Techniques in the Treatment
of Unprotected Left Main Coronary Artery Bifurcation Stenosis
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We assessed the safety and feasibility of various stenting techniques using the sirolimus-
eluting stent (SES) in the treatment of unprotected left main coronary artery (LMCA)
bifurcation stenoses. One hundred sixteen patients with unprotected LMCA bifurcation
stenoses underwent SES implantation. A simple stenting technique (simple group, n = 67)
across the left circumflex artery (LCx) and a complex technique (complex group) compris-
ing “kissing” stenting (n = 24) or a “crush” (n = 25) technique were used. Baseline clinical
and angiographic characteristics were similar for the 2 groups, except for more multivessel
involvement and narrower LCxs in the complex group. The procedural success rate was
100%. Angiographic restenosis rate at 6 months was lower in the simple group (5.3%) than
in the complex group (24.4%, p = 0.024). In the complex group, restenosis rates were
similar for the kissing (25.0%) and crush (23.8%) techniques (p = 1.0). There were no
incidents of death or myocardial infarction during follow-up (median 18.6 months). Target
lesion revascularization was performed in 6 patients only in the complex group (0% vs
12.2%, p = 0.005). At 18 months, survival rates without target lesion revascularization were
100 = 0% in the simple group and 85.7 = 5.6% in the complex group (p = 0.004). In
conclusion, SES implantation for unprotected LMCA bifurcation stenoses appears to be
safe and effective. Compared with the complex stenting technique, the simple technique
was technically easier and appeared to be more effective in improving long-term outcomes

in patients with normal LCxs.
97:1597-1601)
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The present study evaluated clinical, angiographic, and in-
travascular ultrasound outcomes of various stenting tech-
niques using a sirolimus-eluting stent (SES) in the treatment
of unprotected left main coronary artery (LMCA) bifurca-
tion stenosis.

The study included 116 consecutive patients with de novo
unprotected LMCA bifurcation stenoses who underwent
elective SES implantation from March 2003 to November
2004. Inclusion criteria were symptomatic unprotected
LMCA disease or documented myocardial ischemia and
angiographic evidence of =50% diameter stenosis at the
unprotected LMCA bifurcation that was considered suitable
for stent placement. The LMCA was considered unpro-
tected if there were no patent coronary artery bypass grafts
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to the left anterior descending artery or left circumflex
artery (LCx). Patients with a contraindication for antiplate-
let or anticoagulation therapy or severe left ventricular dys-
function (ejection fraction =40%) were excluded. Informed
written consent was obtained from all patients, in accor-
dance with the Declaration of Helsinki.

Unprotected LMCA bifurcation stenting was performed
as previously described.!-? Lesions were treated with 1 of 2
stenting strategies according to quantitative angiographic
and intravascular ultrasound measurements. The presence
of ostial LCx disease (=50% diameter stenosis) and the
unprotected LMCA bifurcation reference size according to
angiographic and intravascular ultrasound examinations
were important considerations in selecting the stenting strat-
egy. In 67 patients (57.8%) with a normal (<50% diameter
stenosis) or small (=2.0 mm) LCx, a simple stenting tech-
nique across the ostial LCx was used (simple group). Final
kissing balloon inflation was performed in lesions with
significant compromise (=50% diameter stenosis) of the
LCx after simple stenting. Alternatively, a complex tech-
nique such as a kissing stenting or a crush technique was
preferred in 49 patients (42.2%) with a diseased LCx (com-
plex group). In the complex group, 24 patients who had a
relatively large unprotected LMCA that could accommodate
2 stents proximal to the bifurcation received the kissing
stenting technique in an attempt to ensure optimal stent
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expansion and sufficient drug release when using SESs
=3.5 mm in diameter. During kissing stenting, sequential
high-pressure deployment of each stent was performed be-
fore simultaneous kissing balloon dilatation for optimal
stent expansion.? The crush technique was used in 25 pa-
tients with moderately sized, unprotected LMCAs. After the
crush technique, final kissing balloon dilatation was rou-
tinely attempted and was successful in 20 patients (80%) to
ensure optimal stent apposition of the 2 stents at the bifur-
cation.* Intravascular ultrasound was used for guidance be-
fore and after the procedure.

Debulking atherectomy was used in 7 patients (6.0%) to
facilitate stent delivery to the target lesions. An intra-aortic
balloon pump was used in 7 patients (6.0%) for hemody-
namic support. The use of glycoprotein IIb/Illa inhibitors
was left to the operators’ discretion. All patients received
aspirin (200 mg/day) indefinitely and a loading dose of 300
mg of clopidogrel followed by a single 75 mg/day dose for
6 months. In addition, 200 mg of cilostazol was adminis-
tered as a loading dose, followed by 100 mg 2 times daily
for 1 month.> All patients were evaluated clinically by office
visits or telephone interviews at 1, 3, and 6 months after
stenting and then every 4 months. For early detection of
restenosis, repeat coronary angiography was routinely per-
formed 6 months after stenting or sooner if clinically indi-
cated. Target lesion revascularization was performed in
patients with restenosis who had symptoms or objective
evidence of myocardial ischemia.

Coronary angiography was performed after administer-
ing 0.2 mg of intracoronary nitroglycerin. Coronary angio-
graphic results were analyzed by 2 experienced angiogra-
phers who were blinded to the stenting procedures. Using
the guiding catheter for magnification calibration and an
online quantitative coronary angiographic system (ANCOR
2.0, Siemens, Solna, Sweden), minimum lumen diameter,
percent diameter stenosis, and reference vessel diameter
were measured before and after intervention and at follow-
up. Acute gain was calculated as the difference between
minimum lumen diameters before and after the procedure,
and late loss was defined as the difference between mini-
mum lumen diameters after the procedure and at follow-up.
Angiographic restenosis was defined as =50% diameter
stenosis at the target site. An untreated, small LCx with
=50% diameter stenosis after the procedure and at fol-
low-up was not considered restenosed. Pre- and postinter-
vention intravascular ultrasound images were obtained after
administration of 0.2 mg of intracoronary nitroglycerin us-
ing a commercial intravascular ultrasound system (SciMed/
Boston Scientific, Natick, Massachusetts) and motorized
pullback of the ultrasound catheter at 0.5 mm/s. The exter-
nal elastic membrane and lumen cross-sectional areas were
measured with computerized planimetry.® Lesion sites of
the unprotected LMCA bifurcation and ostial left anterior
descending artery were defined as image slices with the
smallest lumen cross-sectional area in the unprotected
LMCA bifurcation and the site within 5 mm of the ostial left

Table 1
Clinical and procedural characteristics
Variable Simple Complex p
Group Group Value
(n = 67) (n = 49)
Age (yrs) 59.6 = 12.0 60.6 = 8.5 0.604

Men 48 (71.6%) 38 (77.6%) 0.473
Cardiac risk factors

Hypertension 34 (50.7%) 17 (34.7%) 0.085
Diabetes mellitus 24 (35.8%) 11 (22.4%) 0.121
Hypercholesterolemia 17 (25.4%) 8 (16.3%) 0.242
(total cholesterol =200 mg/dl)
Current smoker 13 (19.4%) 15 (30.6%) 0.163
Previous percutaneous coronary 8 (11.9%) 9 (18.4%) 0.334

intervention
Acute coronary syndrome
Multivessel involvement (=2
vessels plus left main lesions)
Left ventricular ejection fraction
(%)

34(50.7%) 29 (52.2%)  0.368
46 (68.7%) 42 (85.7%)  0.047

592 =80 615=*73 0.110

Multiple lesion intervention 25(37.3%) 18 (36.7%) 0.949
Debulking atherectomy 4 (6.0%) 3(6.1%) 0.973
Use of glycoprotein IIb/I1la 3 (4.5%) 9 (18.4%) 0.027

inhibitor
Intravascular ultrasound guidance
Total stent length in main vessel
(mm)
Stents used per lesion
Use of intra-aortic balloon pump

60 (89.6%) 43 (87.8%)  0.762
318 + 193 354 = 183 0314

14 =07
5(7.5%)

2.6 £0.8 <0.001
2 (4.1%) 0.697

anterior descending artery, respectively. Plaque burden was
measured as a percentage as 100 X (EEM CSA — lumen
CSA)/EEM CSA, where CSA represents the cross-sectional
area and EEM represents the external elastic membrane.

Data are expressed as mean * 1 SD for continuous
variables and as frequencies for categorical variables. Dif-
ferences between groups were assessed with chi-square or
Fisher’s exact test for categorical variables and Student’s
t test for continuous variables. Survival distributions with-
out target lesion revascularization were estimated according
to the Kaplan-Meier method. Log-rank test was used to
compare survival without target lesion revascularization be-
tween the simple and complex groups. A p value <0.05
indicated a statistically significant difference. Statistical
analysis was performed with SPSS 11 for Windows (SPSS,
Inc., Chicago, Illinois).

Baseline clinical and procedural characteristics for the 2
groups are listed in Table 1. Baseline clinical characteristics
did not differ between groups except for more multivessel
involvement in the complex group. During the procedure,
the complex group was administered more glycoprotein
IIb/IITa inhibitors and was implanted with more stents com-
pared with the simple group. Stent lengths were similar for
the 2 groups. Final kissing balloon inflation after stenting
was performed in 28 patients (41.8%) in the simple group
and 43 patients (87.8%) in the complex group (p <0.001).
No patient in the simple group received provisional stenting
at the LCx during or after the procedure. All procedures
were successfully performed without any incidents of death,
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Table 2 Table 3
Quantitative angiographic analysis results Comparison of complex stenting techniques
Variable Simple Complex p Variable Kissing Crush p
Group Group Value Technique Technique  Value
(n = 69) (n = 49) (n = 24) (n = 25)
Patients with follow-up 57 (85.1%) 41 (83.7%) 0.837 Patients with follow-up 20 (83%) 21 (84%)
angiogram angiogram
LMCA LMCA
Proximal reference diameter 3.61 £0.72 3.77+=0.74 0.240 Proximal reference diameter 4.09 £0.69 346 =0.65 0.002
(mm) (mm)
Distal reference diameter (mm) 2.81 = 0.60 2.75 £ 0.45 0.557 Distal reference diameter (mm) 292 =042 259 £0.42  0.009
Minimal lumen diameter (mm) Minimal lumen diameter (mm)
Before procedure 1.11 £ 047 1.01 =047 0.269 Before procedure 091 =052 1.12*040 0.111
After procedure 297 £0.52 298036 0931 After procedure 297 =035 299 %037 0.837
At follow-up 291 £0.53 2.56 £0.67 0.006 At follow-up 2.58*+0.70 254 =*0.66 0.865
Diameter stenosis (%) Lesion length (mm) 237 *133 28.6 =154 0.253
Before procedure 65.1 £139 682 =151 0254 Acute gain (mm) 2.06 =040 1.87 %049 0.138
After procedure 9.6 £13.8 128 £14.0 0.219 Late loss (mm) 039 +0.67 044 £0.61 0.790
At follow-up 11.3 £ 13.6 23.8+ 184 <0.001 Restenosis 3 (15.0%) 1 (4.8%) 0.343
Lesion length (mm) 258 +17.1 262 * 145 0918 LCx
Acute gain (mm) 1.86 £0.58 1.96 =045 0.295 Distal reference diameter (mm)  2.73 = 0.56 2.56 =040 0.229
Late loss (mm) 0.13 2040 042 *0.63 0.009 Minimal lumen diameter (mm)
Restenosis 0 4 (9.8%) 0.028 Before procedure 148 =0.78 1.30*+047 0.332
LCx After procedure 270 =036 2.60 =044 0.387
Distal reference diameter (mm) 278 £ 0.66 2.64 =049  0.209 At follow-up 203078 191 *0.85 0.646
Minimal lumen diameter (mm) Acute gain (mm) 122 072 130*+046 0.645
Before procedure 225+0.76 1.39 = 0.64 <0.001 Late loss (mm) 0.72 £0.56 0.67 =0.85 0.824
After procedure 221 £0.77 2.65*0.40 <0.001 Restenosis 3 (15.0%) 4 (19.0%) 1.000
At follow-up 1.98 = 0.80 1.97 = 0.81 0.958 Overall restenosis 5 (25.0%) 5 (23.8%) 1.000

Diameter stenosis (%)
Before procedure
After procedure
At follow-up

Acute gain (mm)

Late loss (mm)

Restenosis

Overall restenosis

19.0 21.8 47.8 +21.3 <0.001
201 +22.7 —1.9+13.7 <0.001
26.5+20.6 263+246 0959

—0.04 + 0.66 1.26 + 0.60 <0.001
020+ 059 0.69 +0.72 <0.001
3 (5.3%) 7(17.7%)  0.089
3(53%) 10 24.4%)  0.024

Q-wave myocardial infarction, stent thrombosis, or emer-
gency bypass surgery during hospitalization. Procedure-
related creatine kinase-MB increases =3 times normal oc-
curred in 4 patients (6.0%) in the simple group and in 3
patients (6.1%) in the complex group (p = 1.0).

Results of quantitative angiographic analyses are pre-
sented in Table 2. Angiographic data from the main vessel
did not differ between the 2 groups before and after the
procedure. However, the complex group had more diseased
LCxs before the procedure and achieved more expanded
LCxs after the procedure. Angiographic follow-up at 6
months was performed in 57 patients (85.1%) in the simple
group and 41 patients (83.7%) in the complex group (p =
0.837). At the main vessel, late loss (0.13 = 0.40 vs 0.42 *=
0.63 mm, p = 0.009) and angiographic restenosis rate (0%
vs 9.8%, p = 0.028) were lower in the simple group than in
the complex group. Likewise, late loss at the LCx was lower
in the simple group than in the complex group (0.20 * 0.59
vs 0.69 £ 0.72 mm, p <0.001). Lower late loss in the
simple group, despite worse postprocedural angiographic
outcomes, contributed to the suggestion of lower LCx re-
stenosis than in the complex group (5.3% vs 17.7%, p =

0.089), but that difference did not reach statistical signifi-
cance. Therefore, the simple group showed a lower overall
angiographic restenosis rate than did the complex group
(5.3% vs 24.4%, p = 0.024). Angiographic outcomes for the
2 complex stenting techniques are presented in Table 3.
Except for the large reference diameter of the unprotected
LMCA in the kissing technique group, the 2 complex stent-
ing techniques had similar postprocedural and follow-up
angiographic results at the main vessel and the side branch.

Results of quantitative intravascular ultrasound measure-
ment at the unprotected LMCA bifurcation and the ostial
left anterior descending artery before and after the proce-
dure are listed in Table 4. Before the procedure, lumen
cross-sectional area at the unprotected LMCA bifurcation
was larger in the simple group than in the complex group.
However, postprocedural lumen cross-sectional area at the
unprotected LMCA bifurcation was similar for the 2 groups.
In contrast, after the procedure, lumen cross-sectional area
at the ostial left anterior descending artery was larger in the
simple group than in the complex group, despite a similar
baseline character.

Clinical information was collected on all patients for the
follow-up period (median 18.6 months). Mean follow-up
durations were 18.0 = 5.3 months in the simple group and
18.0 = 5.6 months in the complex group (p = 0.83). No
cases of death, stent thrombosis, or myocardial infarction
occurred during follow-up. Target lesion revascularization
was performed in no patient in the simple group and 6
patients (12.2%) in the complex group (p = 0.005). At 18
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Table 4
Intravascular ultrasound analysis results
Variable Simple Complex p
Group Group Value
(n =21) (n = 18)

LMCA bifurcation
Before procedure

External elastic membrane 21.7 £ 6.0 20.6 = 4.0 0.391
area (mm?)
Lumen area (mm?) 6.2 *22 48 = 1.7 0.003
Plaque burden (%) 70.8 = 8.9 76.1 = 9.1 0.012
After procedure
External elastic membrane 23957 24.0 3.9 0.905
area (mm?)
Lumen area (mm?) 11.7 =27 125 2.7 0.191
Plaque burden (%) 50.2 £ 84 47.7 £ 8.8 0.184
Ostial left anterior
descending artery
Before procedure
External elastic membrane 152 44 144 +33 0.339
area (mm?)
Lumen area (mm?) 45+20 42+ 1.8 0.548
Plaque burden (%) 69.7 = 11.8 70.6 = 9.9 0.707
After procedure
External elastic membrane 18.2 £4.0 177 £ 2.6 0.523
area (mm?)
Lumen area (mm?) 9.7 2.0 80+ 1.7 <0.001
Plaque burden (%) 45.8 £10.2 548 7.5 <0.001
100+ 0 %
100 ¢ ®
. p=0.004
g
T g0 -
g 85.7+5.6 %
7]
g 70
B
= 60 - —e— Simple group
| —0— Complex group
T
0 2 4 6 8 10 12 14 16 18
Months

Figure 1. Kaplan-Meier curves for survival without target lesion revascu-
larization (TLR) at 18 months in the simple and complex groups show a
statistically significant difference between groups (p = 0.004).

months, survival rates without target lesion revasculariza-
tion were 100 = 0% in the simple group and 85.7 = 5.6%
in the complex group (p = 0.004; Figure 1).

The major finding of this study was that percutaneous in-
tervention using the SES appears safe and effective in treat-
ing unprotected LMCA bifurcation stenoses. Such an ap-
proach was not associated with death, myocardial infarction, or
stent thrombosis. In addition, the stenting strategy adopted on
the basis of lesion characteristics affected clinical and angio-

graphic outcomes, which were more favorably associated
with the simple stenting technique than with the complex
stenting techniques.

Some studies have reported that percutaneous interven-
tion for unprotected LMCA bifurcation is safe in low-risk
patients.!-’-10 Nevertheless, because the unprotected LMCA
bifurcation stenosis invariably involves the ostia of 2 major
epicardial arteries (left anterior descending artery and LCx),
in-stent restenosis at the target lesion may lead to serious
adverse cardiac events and often requires bypass surgery
for treatment.® Restenotic rates of unprotected LMCA
bifurcation treatment with drug-eluting stents remain di-
verse.>!1-13 The present study, which had a target lesion
revascularization rate of 5.2% without any incidents of
death or myocardial infarction, suggests that SES implan-
tation may be an effective treatment for unprotected LMCA
bifurcation stenosis.

In the present study, to prevent LCx compromise during
and after the procedure, complex stenting techniques were
used in truly unprotected LMCA bifurcation lesions with
diseased LCxs. Two complex stenting strategies were pre-
determined to ensure complete coverage of the 2 lesions,
optimal stent expansion, and sufficient drug diffusion, i.e.,
kissing stenting after sequential high-pressure dilatation and
a crush technique followed by final kissing balloon infla-
tion.>*14 We found that the long-term outcomes for the 2
complex strategies were acceptable, a finding consistent
with previous results for bifurcation interventions using
drug-eluting stents.!'>-17 Compared with simple stenting,
complex stenting was performed in lesions with narrower
LCxs, which meant that the higher occurrence of LCx re-
stenosis in the complex group could be partly explained by
the greater complexity of the initial lesions. However, lesion
character may not be the only explanation for the higher
restenotic rate in the main vessel and the side branch. Main
vessel angiographic findings did not differ between the 2
groups. Moreover, postprocedural angiographic outcomes
for the LCx were better in the complex group. Intravascular
ultrasound analysis indicated this could be partly attributed
to stent underexpansion distal to the bifurcation. Postproce-
dural intravascular ultrasound measurements showed that
the ostial left anterior descending artery was less dilated in
the complex group than in the simple group. Stent under-
expansion has been considered a significant cause of drug-
eluting stent restenosis in bifurcation and nonbifurcation
lesions.!#18.19 These findings indicate that further studies
are needed to define a dedicated bifurcation stenting strat-
egy using drug-eluting stents, or a new drug-eluting stent
platform, to improve outcomes in true bifurcation lesions at
the unprotected LMCA.

The present study had several limitations. First, the study
population was not large enough to compare the angio-
graphic and intravascular ultrasound results of the stenting
strategies with sufficient statistical power. Second, we could
not perform complete postprocedural intravascular ultrasound
evaluation of the LCx, which was the major restenosis loca-
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tion. Third, because of a nonrandomized study design, selec-
tion bias that was introduced in choosing strategies might
have influenced the outcomes of the 2 stenting strategies.
However, the findings are particularly relevant because
treatment strategies were selected and applied very strin-
gently based on angiographic and intravascular ultrasound
lesion assessments.
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