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Abstract: Objective: To assess the clinical outcomes of percutaneous coronary intervention (PCl) with single-stent
versus double-stents implantation in distal unprotected left main coronary artery (ULMCA) bifurcation lesions and
evaluate their merits and demerits in this clinical setting. Methods: 88 patients with distal ULMCA bifurcation le-
sions and treated with PCI with single or double stents implantation (50 in the one-stent group and 38 in the two-
stent group) was included. Results: No significant difference in the number of left main and multivessel disease,
stenosis rate of left main, inner diameter of left main vessel, and distal bifurcation angle was noted. The procedural
success rate was 100%. Single-stent group had significantly lower ostial residual stenosis of left anterior descending
and higher ostial residual stenosis of left circumflex as compared to double-stent group. During the hospitalization
period, no major adverse cardiovascular events were observed in the two groups. During the follow-up period, reste-
nosis was observed in 1 case in single-stent group and in 2 cases in double-stent group, respectively. Recurrence of
angina and target lesion revascularization was observed in 6 and 1 case in single-stent group, and 4 and 2 cases in
double-stent group, respectively. There was no acute myocardial infarction, in-stent thrombosis and cardiac death
in both of the groups. Conclusions: Both stenting strategies were feasible for distal ULMCA bifurcation lesions with
a high operation success rate and safety. Single-stent technique had lower ostial residual stenosis of left anterior
descending whereas double-stents technique had lower ostial residual stenosis of left circumflex.
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Introduction

Coronary artery bypass surgery is considered
as the gold standard treatment of unprotected
left main coronary artery (ULMCA) disease
according to current guidelines [1, 2]. With the
extensive off-label use of drug-eluting stents
(DES) for obstructive coronary artery disease,
the interest in stenting unprotected left main
coronary artery disease (ULMCA) has increased
rapidly [3, 4]. Although the introduction of
DES has significantly improved the outcome of
patients with unprotected left main coronary
artery (ULMCA) stenosis treated with percuta-
neous coronary intervention (PCl) [5-8], bifur-
cation lesions still represent a technical chal-
lenge [9]. Bifurcation lesions present a wide
spectrum of anatomical complexity which var-
ies from simple lesions, which may be treated
with a single stent, to complex lesions that
require more complex techniques. Preliminary
studies showed that double kissing (DK) crush

and Culotte stenting were effective for coronary
artery bifurcation lesions [10-13]. Whereas sev-
eral other studies have suggested that the two-
stent strategies may potentially be associated
with adverse clinical outcomes [14-16]. To up
now, it still has not been fully clarified which
stenting strategy should be adopted in distal
ULMCA bifurcation lesions. In the present study,
we aimed to assess and compare the clinical
outcomes of PCI with single-stent versus
double-stent implantation for the treatment of
distal ULMCA bifurcation lesions and evaluate
their merits and demerits in this clinical
setting.

Materials and methods
Patients

The study was approved by the local ethics
committee and was conducted in accordance
with the Declaration of Helsinki. Written
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informed consent was obtained from all sub-
jects. Between May 2009 and May 2013, a
total of 88 patients with distal ULMCA bifurca-
tion lesions confirmed by coronary arteriogra-
phy and treated with interventional therapy
were included. The diagnosis of distal ULMCA
bifurcation lesions was based on coronary
arteriography. The inclusion criteria were: (1)
patients diagnosed with distal ULMCA) bifurca-
tion lesions; (2) patients whose anatomical
structure suitable for stent technique; (3)
patients who denied or cannot tolerate coro-
nary artery bypass surgery. The exclusion crite-
ria were: (1) single left main trunk ostial or mid-
shaft lesions; (2) patients who cannot tolerate
antiplatelet drug therapy; and (3) patients who
underwent acute left main occlusion.

The patients were divided into two groups (each
with 50 and 38 cases, respectively), i.e., the
single stent group comprising of 50 cases
receiving PCI with one stent implantation, and
the double-stent group consisting of 38 cases
receiving double stent implantation.

Preoperative preparation

Preoperatively, all patients were treated with
oral aspirin (100 mg/d) and clopidogrel (75
mg/d) and continued for 3 days or adminis-
tered with 300 mg aspirin combined with 300
mg clopidogrel at draught 12 to 24 hours before
surgery. Preoperative routine test such as
myocardial enzymogram, troponin, hepatorenal
function supplemented with electrocardio-
gram, chest x-ray, and heart color ultrasound
was performed to assess risk factors of coro-
nary heart disease such as diabetes, hyperten-
sion, hyperlipidemia, and smoking.

One-stent or two-stents technique

PCl was performed via transradial approach
or transfemoral approach. Pre-procedural
intravascular ultrasound (IVUS) assessment
and the use of intra-aortic balloon pump (IABP)
were left to the physician’s discretion. The
stenting technique was chosen at the opera-
tor’s discretion based on the coronary arteriog-
raphy results combined with pathologic fea-
tures of distal left main coronary artery bifurca-
tion lesions. A one-stent technique was defined
as a stent crossover technique (from LAD to left
main) with or without a safety coronary wire
jailed in the left circumflex coronary artery
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(LCX), followed by kissing balloon dilatation if
there was < grade Il blood flow of the branch
vessel after releasing the main stent > 75%
diameter stenosis, by visual estimation, at the
ostial LCX. An additional stent was required if
there was obvious residual diameter stenosis,
arteriography examination, at the branch
lesions. Two-stent techniques used in the
present study included mini-crush, culotte,
T-stenting, and V-stenting. Stent release was
obtained at high pressure in both groups. Non-
compliant high-pressure balloon inflation was
used according to the stent apposition condi-
tion. In double-stent group, final kissing balloon
inflations were struggled.

Postoperative management

After the intervention, all patients received 300
mg/day aspirin for one month. Thereafter, they
received 100 mg/day indefinitely for life.
Clopidogrel (75 mg/d) was continued for at
least 12 months, along with other medications
such asp-blockers and angiotensin-converting
enzyme inhibitors (ACEI) according to the judg-
ment of the patient’s condition.

Quantitative coronary angiographic measure-
ments

Matched orthogonal views were used for quan-
titative coronary analysis (QCA) before, post-
procedure, and at follow-up after intracoronary
injection of nitroglycerin (100 to 200 ug).
Coronary angiograms were analyzed offline
with a validated automated edge-detection cor-
onary bifurcation system (CAAS IlI, Pie Medical
Imaging, Maastricht, the Netherlands). Vessel
segments involving bifurcation lesions were
divided into proximal main vessel (MV), distal
MV, and side branch (SB) segments within 5
mm proximal or distal to the stent, and polygon
of confluence (POC). QCA variables included
inner diameter of main vessel and side branch,
stenosis rate of left main, distal bifurcation
angle, ostial residual stenosis of anterior
descending (LAD) and left circumflex (LCX). QCA
analysis was performed by two independent
experienced operators in an angiographic
core laboratory (CCRF [China Cardiovascular
Research Foundation], Beijing, China) unaware
of the treatment allocation. True bifurcation
lesions classified by Medina classification
(4,4,14; 1,0,1; 0,1,1) [17].
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Table 1. Baseline characteristics of patients in two groups

Single-stent group

Double-stent group

ography was sched-
uled at 8 months to 12

(n = 50) (n = 38) P values months after di§charge
Age (yrs) 56.8 + 13.0 62.1+12.7 0.09 ggtTenttZe \At‘;rsep"fsgt ’\ig
Male, n (%) 34 (68.0) 28 (73.7) 0.56 follow-up.
Hypertension n (%) 32 (64.0) 30 (78.9) 0.88
Diabetes mellitus, n (%) 7 (14.0) 6 (15.8) 0.81 Definition
Hyperlipidemia, n (%) 10 (20.0) 11 (28.9) 0.33 Percutaneous Corona-
Current smoker, n (%) 13 (26.0) 10 (26.3) 0.97 ry intervention proce-
Prior MI, n (%) 5(10.0) 4(11.1) 1.00 dural success was de-
LVEF (%) 545+84 53.2+8.1 0.15 fined as Thrombosis In

LVEF, left ventricular ejection fraction; MI, myocardial infarction; Data are presented as

means + SD or percentages.

Table 2. Lesion characteristics, angiographic and procedural characteris-

tics in two groups

Myocardial Infarction
(TIMI) flow grade 3 with
a final residual steno-
sis of < 20% without
death, myocardial in-
farction, or emergency

Single—sﬁent Double—s_tent Pvalues CABG before hospital
group (n =50) group (n = 38) discharge. All deaths
True bifurcation lesions, n 4 (8.0%) 29 (76.3%) <0.01 were considered as
Medina classification, n cardiac in origin unless
1141 2 21 non-cardiac  reasons
1.01 1 1 were indicated. Coro-
011 1 7 nary restenosis was
Left main and multivessel disease, n (%) 41 (82%) 33 (86.8%) 0.54 defined as ve.ssel diam-
Left main stenosis area (%) 749+125 764+138 081 eter stenosis > 50%
Left main vessel diameter (mm) 3.76 + 0.55 3.82+0.33 0.78 mea.sure?d by Q.CA' Myo-
cardial infarction (M)
Distal bifurcation angle (°) 74 £ 15.21 75 + 15.57 0.25 and In-stent thrombo-
Intervention techniques sis was defined accord-
Cross-over 50 (100%) 0 - ing to the Academic
Mini-crush 0 19 (50.0%) - Research Consortium
Culotte 0 14 (36.8%) _ (ARC) definition. Target
T.stent 0 3(7.9%) R lesion  revasculariza-
Vstent 0 2 (5.3%) ) tion (TLR) and TVR
IVUS 3 (6.0%) 2(52%)  1.00 were defined as any
repeat revasculariza-
IABP 0 0 ) tion for target lesions
Double wire protection 34 (68.0%) 38 (100%) 1.00 whose diameter steno-
Maximum release pressure (atm) 16 + 4.56 16 + 3.88 0.86 sis > 50% within 5 mm
Final kissing balloon inflations, n 6 (12%) 37 (97.4%) <0.01 proximal or distal to
Data are presented as means + SD or percentages; IVUS, intravascular ultrasound; IABP, the stent.

intra-aortic balloon pump.

Statistical analysis

Follow-up and clinical evaluation

Clinical follow-up was performed with office
visits or telephone contact at 1, 3, 6, and 12
months. Adverse events such as death, myo-
cardial infarction, target lesion revasculariza-
tion (TLR), angina pectoris and acute in-stent
thrombosis were monitored throughout the
entire study period. A follow-up coronary angi-

14365

SPSS 13.0 (SPSS Inc, Chicago, IL) was used for
was used for data analysis. Qualitative data
were expressed as frequency and percentage.
Chi-square test was used to examine the rela-
tion between qualitative variables. Normally
distributed continuous data are presented as
means + standard deviation (SD) and were
compared using t tests. Non-normally distrib-
uted continuous data are presented as the
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Table 3. Postoperative angiographic outcomes in two groups

Single-stent Double-stent

group (n =50) group (n = 38) Pvalues

Ostial residual stenosis of LAD (%) 4.32 +4.33 9.58 £+ 6.21 0.02
Ostial residual stenosis of LCX 12.67 £10.85 5.61+4.11 0.03
Angiographic success 50 (100%) 38 (100%)

Data are presented as means + SD or percentages; LAD, left anterior descending; LCX,
left circumflex.

Table 4. Clinical events after hospital discharge

Single-stent group  Double-stent group

(n = 50) (n=38) P values
Recurrent angina 6 (12.0%) 4 (10.5%) 1.00
Restenosis 1 (16.7%) 2 (25.0%) 0.46
Total MACE 1(2.0%) 2 (5.3%) 0.32
TVR 1(2.0%) 2 (5.3%) 0.32
Cardiac death 0 0
In-stent thrombosis 0 0
Acute MI 0 0

Data are presented as means + SD or numbers of patients (percentages); MACE, ma-
jor adverse cardiovascular events; TVR, target vessel revascularization; MI, myocardial

respect to the number and
percentage of left main and
multivessel disease, steno-
sis rate of left main, inner
diameter of left main ves-
sel, and distal bifurcation
angle between the two
groups. As for procedural
characteristics, patients in
single-stent group were all
treated with stent cross-
over technique. Whereas
patients in double-stent
group in the present study
were treated mainly with
Mini-crush (19, 50%) and
Culotte techniques (14,
36.8%) followed by T-
stenting (3, 7.9%) and V-
stenting techniques (2,
5.3%). Pre-procedural IVUS
assessment was used in 3

infarction.

median and range, and were compared using
rank sum tests. Independent risk factors were
determined by multiple logistic regression mod-
els. Differences were considered statistically
significant when P < 0.05.

Results

Baseline characteristics

Eighty-eight patients with distal ULMCA bifurca-
tion lesions and treated with PCI were included.
The patients consisted of 50 cases in single-
stent group and 38 cases in double-stent
group. The baseline clinical characteristics of
the patients are summarized in Table 1. There
was no statistically significant difference with
respect to the baseline characteristics between
the single-stent and double-stent groups.

Table 2 shows the lesion characteristics, angio-
graphic and procedural characteristics of the
distal ULMCA bifurcation lesion in the study
groups. Patients in the double-stent group had
more true bifurcation lesions compared to the
single-stent group (29 (76.3%) vs 4 (8.0%))
(P < 0.01). This finding suggests that for distal
ULMCA true bifurcation lesions double-stent
implantation is the primary option. There was
no statistically significant difference with
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of 50 cases (6%) in single-
stent group and 2 of 38
cases (5.2%) in double-
stent group, respectively. No IABP was used
preoperatively. Final kissing balloon inflations
were obtained in 37 of 38 cases (97.4%) in dou-
ble-stent group and 6 of 50 cases (12%) in sin-
gle-stent group. Unsuccessful kissing balloon
inflations was found in 1 case in double-stent
group due to the guide wire failed to pass
through the stent mesh after stent release.

Postoperative angiographic outcome

Table 3 shows postoperative angiographic out-
comes in two groups. The procedural success
rates were all 100% in both groups. Percu-
taneous coronary intervention procedural suc-
cess in our study was obtained as Thrombosis
In Myocardial Infarction (TIMI) flow grade 3
with a final residual stenosis of < 20% without
death, myocardial infarction, or emergency
CABG before hospital discharge. Immediately
after the operation, ostial residual stenosis
of LAD in single-stent group was significantly
lower compared to double-stent group (4.32%
+4.33% vs 9.58% + 6.21%, P < 0.05) (Table 3).
On the contrary, ostial residual stenosis of left
circumflex (LCX) in single-stent group was sig-
nificantly higher than that in double-stent group
(12.67% + 10.85% vs 5.61% + 4.11%, P < 0.05)
(Table 3). During the hospitalization period, no
recurrent angina and MACE such as TVR, acute
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in-stent thrombosis, cardiac death, and Ml was
observed in the two groups. All the cases
achieved the clinical success.

Postoperative follow-up outcome

The postoperative follow-up data was given in
Table 4. During the 6-24 months of postopera-
tive follow-up, restenosis was observed in 1
case in single-stent group and in 2 cases in
double-stent group, respectively. The patient in
single-stent group received TVR with PCI. One
of The patient in double-stent group received
TVR with PCI, while the remaining one received
TVR with CABG. Recurrent angina, TLR was
observed in 6 and 1 case in single-stent group,
and 4 and 2 cases in double-stent group (P >
0.05), respectively. In addition, there was no
acute Ml, in-stent thrombosis and cardiac
death in both of the two groups.

Discussion

Left main disease account for 3% to 5% of the
coronary lesions and are prone to develop fatal
cardiovascular events such as ventricular fibril-
lation, cardiac arrest and cardiac shock due
to interrupted blood flow. ULMCA is generally
divided into three anatomic regions: the ostium
or origin of the left main coronary artery from
the aorta, a mid-portion, and the distal bifurca-
tion portion [18]. Compared with non-bifurca-
tion lesions, ULMCA bifurcation lesions never-
theless represent a technical challenge for the
interventional cardiologist due to ULMCA bifur-
cation has unique features including: (1) larger
lumen diameter and plaque burden; (2) local
greater blood flow and lower stress; (3) greater
distal bifurcation angles; (4) local anatomical
complexity (eg., trifurcation); (5) left main dis-
ease mismatch the branch vessel; (5) disas-
trous consequence occur once branch vessel

was injured.

PCI on lesions located on coronary bifurcations
have been considered a challenging task for
interventionists. Before drug-eluting stents
became available, the restenosis rate was
unacceptably high on both branches regard-
less of the technique used. The availability of
drug-eluting stents (DES), associated with
single-digit angiographic restenosis, prompted
renewed interest in the percutaneous treat-
ment of ULMCA lesions. Several reports have
shown that PCI with single stent was better for
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ULMCA distal bifurcation lesions than double
stents [19, 20], with a 5% lower rate of TVR
[21]. While others reported that the two-stent
techniques for distal ULMCA bifurcation lesions
do not provide any additional advantages com-
pared to the one-stent technique, and may
even be detrimental [22]. In our study, we com-
pared the efficacy of single-stent versus dou-
ble-stent techniques for the treatment of distal
ULMAC bifurcation lesions. We found that all
the cases achieved the instant success after
PCI. There was no MACE in the present study
including TVR, acute in-stent thrombosis, car-
diac death, and MI during the operation and
the hospitalization period in the two groups.
Furthermore, during the 6-24 months of post-
operative follow-up, no significant differences
with respect to the restenosis rate and MACE
between the two groups was observed. These
findings suggested that the two different stent-
ing strategies were both feasible and safe for
distal ULMCA bifurcation lesions with a high
operation success rate and safety. Our findings
were consistent to some of the previous stud-
ies [20, 23] which reported that have suggest-
ed that the two-stent techniques for distal
ULMCA bifurcation lesions do not provide any
additional advantages compared to the one-
stent technique. These might be related to the
use of double wire protection, high-pressure
post dilatation, kissing balloon inflation, and/or
limited number of patients in the present study.
Further studies with a larger sample size, a
longer follow-up or randomized prospected
controlled trial are still needed to confirm
our findings.

According to the results of coronary arteriogra-
phy, the ostial residual stenosis of left anterior
descending in single-stent group was signifi-
cantly lower compared to double-stent group.
On the contrary, ostial residual stenosis of left
circumflex in single-stent group was significant-
ly higher than that in double-stent group. These
findings showed that single-stent technique
had a better ability of attaching stent to vessel
wall of LAD and a lower residual stenosis rate
while double-stent technique had a better abil-
ity of attaching stent to vessel wall of LCX com-
pared to that of LAD. Although the clinical out-
comes in the two-stent techniques during the
hospitalization period and postoperative fol-
low-up period were comparable to the one-
stent technique, they still had their own advan-
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tages and disadvantages. Our findings was con-
sistent with a previous study [24]. Therefore, we
recommend that the optimal stenting strategy
for distal ULMCA bifurcation lesions should be
according to the patient condition and opera-
tor’'s experience. In clinical practice, the accu-
racy of the classification of the bifurcation
lesions is important for clinical physicians to
choose an optimal treatment strategy. In this
study, bifurcation lesions were classified
according to the Medina classification [25]. The
double-stent technique mainly including crush
technique (50.0%) followed by culotte tech-
nique (36.8%) was used mainly in true bifurca-
tion lesions to ensure the complete coverage of
the lesions. The single-stent technique was
technically easier and appeared to be more
effective in improving clinical outcomes in non-
true ULMCA patients with normal LCX.

In conclusion, both stenting strategies were
feasible for distal ULMCA bifurcation lesions
with a high operation success rate and safety.
Single-stent technique had lower ostial residual
stenosis of left anterior descending whereas
double-stents technique had lower ostial resid-
ual stenosis of left circumflex. Further studies
with larger number of patients and longer fol-
low up are still needed to confirm these
findings.

Disclosure of conflict of interest
None.

Address for correspondence: Zesheng Xu, Depart-
ment of Cardiology, Cangzhou Central Hospital, No.
16 Xinhua Middle Road, Cangzhou 061001, China.
Tel: +86-317-2075744; Fax: +86-317-2075746;
E-mail: xuzesheng88@163.com

References

[1] Patel MR, Dehmer GJ, Hirshfeld JW, Smith PK,
Spertus JA; American College of Cardiology
Foundation Appropriateness Criteria Task F,
Society for Cardiovascular A, Interventions,
Society of Thoracic S, American Association for
Thoracic S, American Heart A, the American
Society of Nuclear Cardiology Endorsed by the
American Society of E, Heart Failure Society of
A and Society of Cardiovascular Computed T.
ACCF/SCAI/STS/AATS/AHA/ASNC 2009 App-
ropriateness Criteria for Coronary Revascu-
larization: a report by the American College
of Cardiology Foundation Appropriateness

14368

(2]

(3]

(5]

(6]

(7]

Criteria Task Force, Society for Cardiovascular
Angiography and Interventions, Society of
Thoracic Surgeons, American Association for
Thoracic Surgery, American Heart Association,
and the American Society of Nuclear Cardiology
Endorsed by the American Society of
Echocardiography, the Heart Failure Society of
America, and the Society of Cardiovascular
Computed Tomography. J Am Coll Cardiol
2009; 53: 530-553.

King SB 3rd. 2009 update of the ACC/AHA
guidelines for the management of patients
with ST-elevation myocardial infarction and
guidelines on percutaneous coronary interven-
tion: what should we change in clinical prac-
tice? Pol Arch Med Wewn 2010; 120: 6-8.
Kushner FG, Hand M, Smith SC Jr, King SB 3rd,
Anderson JL, Antman EM, Bailey SR, Bates ER,
Blankenship JC, Casey DE Jr, Green LA,
Hochman JS, Jacobs AK, Krumholz HM,
Morrison DA, Ornato JP, Pearle DL, Peterson
ED, Sloan MA, Whitlow PL and Williams DO.
2009 focused updates: ACC/AHA guidelines
for the management of patients with ST-
elevation myocardial infarction (updating the
2004 guideline and 2007 focused update)
and ACC/AHA/SCAI guidelines on percutane-
ous coronary intervention (updating the 2005
guideline and 2007 focused update) a report
of the American College of Cardiology
Foundation/American Heart Association Task
Force on Practice Guidelines. J Am Coll Cardiol
2009; 54: 2205-2241.

FarooqV, Serruys P, Stone G, Virmani R, Chieffo
A and Fajadet J. Left main coronary artery dis-
ease. Percutaneous interventional cardiovas-
cular medicine. The PCR-EAPCI Textbook 2012;
407-445.

Kim YH, Dangas GD, Solinas E, Aoki J, Parise H,
Kimura M, Franklin-Bond T, Dasgupta NK,
Kirtane AJ, Moussa |, Lansky AJ, Collins M,
Stone GW, Leon MB, Moses JW and Mehran R.
Effectiveness of drug-eluting stent implanta-
tion for patients with unprotected left main
coronary artery stenosis. Am J Cardiol 2008;
101: 801-806.

Meliga E, Garcia-Garcia HM, Valgimigli M,
Chieffo A, Biondi-Zoccai G, Maree AO, Cook S,
Reardon L, Moretti C, De Servi S, Palacios IF,
Windecker S, Colombo A, van Domburg R,
Sheiban |, Serruys PW and Registry D. Longest
available clinical outcomes after drug-eluting
stent implantation for unprotected left main
coronary artery disease: the DELFT (Drug
Eluting stent for LeFT main) Registry. J Am Coll
Cardiol 2008; 51: 2212-2219.

Park SJ, Kim YH, Lee BK, Lee SW, Lee CW,
Hong MK, Kim JJ, Mintz GS and Park SW.
Sirolimus-eluting stent implantation for unpro-

Int J Clin Exp Med 2015;8(8):14363-14370


mailto:xuzesheng88@163.com

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

Two techniques for ULMCA bifurcation lesions

tected left main coronary artery stenosis: com-
parison with bare metal stent implantation. J
Am Coll Cardiol 2005; 45: 351-356.

Seung KB, Park DW, Kim YH, Lee SW, Lee CW,
Hong MK, Park SW, Yun SC, Gwon HC, Jeong
MH, Jang Y, Kim HS, Kim PJ, Seong IW, Park
HS, Ahn T, Chae IH, Tahk SJ, Chung WS and
Park SJ. Stents versus coronary-artery bypass
grafting for left main coronary artery disease.
N Engl J Med 2008; 358: 1781-1792.
Palmerini T, Sangiorgi D, Marzocchi A,
Tamburino C, Sheiban I, Margheri M, Vecchi G,
Sangiorgi G, Ruffini M, Bartorelli AL, Briguori C,
Vignali L, Di Pede F, Ramondo A, Inglese L, De
Carlo M, Bolognese L, Benassi A, Palmieri C,
Filippone V, Barlocco F, Lauria G and De Servi
S. Ostial and midshaft lesions vs. bifurcation
lesions in 1111 patients with unprotected left
main coronary artery stenosis treated with
drug-eluting stents: results of the survey from
the Italian Society of Invasive Cardiology. Eur
Heart J 2009; 30: 2087-2094.

Erglis A, Kumsars |, Niemela M, Kervinen K,
Maeng M, Lassen J, Gunnes P, Stavnes S,
Jensen J and Gallge A. Randomized compari-
son of coronary bifurcation stenting with the
crush versus the culotte technique using siroli-
mus eluting stents: the Nordic stent technique
study. Circ Cardiovasc Interv 2009; 2: 27.
Chen S, Zhang J, Ye F, Chen Y, Patel T, Kawajiri
K, Lee M, Kwan T, Mintz G and Tan H. Study
comparing the double kissing (DK) crush with
classical crush for the treatment of coronary
bifurcation lesions: the DKCRUSH-1 Bifurcation
Study with drug-eluting stents. Eur J Clin Invest
2008; 38: 361.

Adriaenssens T, Byrne RA, Dibra A, lijima R,
Mehilli J, Bruskina O, Schomig A and Kastrati
A. Culotte stenting technique in coronary bifur-
cation disease: angiographic follow-up using
dedicated quantitative coronary angiographic
analysis and 12-month clinical outcomes. Eur
Heart J 2008; 29: 2868-2876.

Mehilli J, Kastrati A, Byrne RA, Bruskina O,
lijima R, Schulz S, Pache J, Seyfarth M,
MaRberg S and Laugwitz KL. Paclitaxel-versus
sirolimus-eluting stents for unprotected left
main coronary artery disease. J Am Coll Cardiol
2009; 53: 1760-1768.

Kim YH, Park SW, Hong MK, Park DW, Park KM,
Lee BK, Song JM, Han KH, Lee CW, Kang DH,
Song JK, Kim JJ and Park SJ. Comparison of
simple and complex stenting techniques in the
treatment of unprotected left main coronary
artery bifurcation stenosis. Am J Cardiol 2006;
97: 1597-1601.

Palmerini T, Marzocchi A, Tamburino C,
Sheiban |, Margheri M, Vecchi G, Sangiorgi G,
Santarelli A, Bartorelli A, Briguori C, Vignali L,

14369

(16]

(17]

(18]

(19]

[20]

[21]

Di Pede F, Ramondo A, Inglese L, De Carlo M,
Falsini G, Benassi A, Palmieri C, Filippone V,
Sangiorgi D, Barlocco F and De Servi S. Impact
of bifurcation technique on 2-year clinical out-
comes in 773 patients with distal unprotected
left main coronary artery stenosis treated with
drug-eluting stents. Circ Cardiovasc Interv
2008; 1: 185-192.

Hoye A, lakovou |, Ge L, van Mieghem CA, Ong
AT, Cosgrave J, Sangiorgi GM, Airoldi F,
Montorfano M, Michev |, Chieffo A, Carlino M,
Corvaja N, Aoki J, Rodriguez Granillo GA,
Valgimigli M, Sianos G, van der Giessen WJ, de
Feyter PJ, van Domburg RT, Serruys PW and
Colombo A. Long-term outcomes after stenting
of bifurcation lesions with the “crush” tech-
nique: predictors of an adverse outcome. J Am
Coll Cardiol 2006; 47: 1949-1958.

Louvard Y, Thomas M, Dzavik V, Hildick-Smith
D, Galassi AR, Pan M, Burzotta F, Zelizko M,
Dudek D, Ludman P, Sheiban |, Lassen JF,
Darremont O, Kastrati A, Ludwig J, lakovou I,
Brunel P, Lansky A, Meerkin D, Legrand V,
Medina A and Lefevre T. Classification of coro-
nary artery bifurcation lesions and treatments:
time for a consensus! Catheter Cardiovasc
Interv 2008; 71: 175-183.

Farinha JB, Kaplan MA, Harris CN, Dunne EF,
Carlish RA, Kay JH and Brooks S. Disease of
the left main coronary artery. Surgical treat-
ment and long-term follow up in 267 patients.
Am J Cardiol 1978; 42: 124-128.

Palmerini T, Sangiorgi D, Marzocchi A,
Tamburino C, Sheiban |, Margheri M, Vecchi G,
Sangiorgi G, Ruffini M and Bartorelli AL. Ostial
and midshaft lesions vs. bifurcation lesions in
1111 patients with unprotected left main coro-
nary artery stenosis treated with drug-eluting
stents: results of the survey from the Italian
Society of Invasive Cardiology. Eur Heart J
2009; 30: 2087-2094.

Chieffo A, Magni V, Latib A, Maisano F, lelasi A,
Montorfano M, Carlino M, Godino C, Ferraro M
and Calori G. 5-year outcomes following percu-
taneous coronary intervention with drug-elut-
ing stent implantation versus coronary artery
bypass graft for unprotected left main coro-
nary artery lesions: the Milan experience. JACC
Cardiovasc Interv 2010; 3: 595-601.
Valgimigli M, van Mieghem CA, Ong AT, Aoki J,
Granillo GA, McFadden EP, Kappetein AP, de
Feyter PJ, Smits PC, Regar E, Van der Giessen
WJ, Sianos G, de Jaegere P, Van Domburg RT
and Serruys PW. Short- and long-term clinical
outcome after drug-eluting stent implantation
for the percutaneous treatment of left main
coronary artery disease: insights from the
Rapamycin-Eluting and Taxus Stent Evaluated
At Rotterdam Cardiology Hospital registries

Int J Clin Exp Med 2015;8(8):14363-14370



[22]

[23]

Two techniques for ULMCA bifurcation lesions

(RESEARCH and T-SEARCH). Circulation 2005;
111: 1383-1389.

Chen SL, Zhang Y, Xu B, Ye F, Zhang J, Tian N,
Liu Z, Qian X, Ding S, Li F, Zhang A, Liu Y and
Lin S. Five-year clinical follow-up of unprotect-
ed left main bifurcation lesion stenting: one-
stent versus two-stent techniques versus dou-
ble-kissing crush technique. Eurolntervention
2012; 8: 803-814.

Salvatella N, Morice MC, Darremont O, Tafflet
M, Garot P, Leymarie JL, Chevalier B, Lefévre T,
Louvard Y and Boudou N. Unprotected left
main stenting with a second-generation drug-
eluting stent: one-year outcomes of the LEMAX
Pilot study. Eurolntervention 2011; 7: 689-
696.

14370

[24]

[25]

Li S, Gai L, Yang T, Wang Y, Liu H and Chen L.
Effects of simple or complex stenting tech-
niques on left main bifurcation lesions. Chin J
Rehabil Theory Pract 2007; 13: 882-883.
Movahed MR. Coronary artery bifurcation le-
sion classifications, interventional techniques
and clinical outcome. Expert Rev Cardiovasc
Ther 2008; 6: 261-274.

Int J Clin Exp Med 2015;8(8):14363-14370



