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Summary 
Introduction: Angioplasty of coronary bifurcation lesions (CBL) using 2-stent techniques represents 5% of percutaneous coronary 
interventions (PCI) being real challenge. This study aimed to evaluate immediate and long-term prognosis of these patients.
Methods: Monocentric retrospective study led between January 2014 and June 2020 including all patients who underwent CBL-PCI 
using a two-stent strategy. A minimum 12-month follow-up was required. Primary endpoint was target lesion failure (TLF), a composite of 
cardiac death, target vessel myocardial infarction (TVMI) and clinically driven target lesion revascularization (TVR). 
Results: 80 patients were included with a  mean age 61.4±11 years old and a gender ratio=3. Diabetes was noted in 66.3%. PCI was 
elective in 85% of cases. Strategies were: T and protrusion (61.3%), DK-Crush (13.8%), T stenting (8.8%), Culotte (6.3%), Mini-Crush (6.3%), 
V stenting (1.3%), SKS (1.3%) and a 3-stent technique (1.3%). Proximal optimization and final kissing balloon techniques were underused 
being performed in 82.5% and 86.3% respectively. Procedural success was achieved in all cases. At 13.5-month follow-up, TLF rate was 
18.8% (cardiac death 1.3%, TVMI 13.8% and TLR 17.5%). Definite or probable stent thrombosis rate was 3.8%. TLF predictive factors were  
bifurcation angle >90° (p=0.001, OR=21.42 [3.3–60]), side branch reference diameter ≤2.5mm (p=0.005, OR=1.23 [2.07–50.7]), a length of 
the main branch lesion ≥25mm (p=0.002, OR=6.50 [1.9–21.19]), and calcifications of the main branch (p=0.019, OR=3.98 [1.28–12.63]).
Conclusion: Two-stent techniques for CBL-PCI were associated with a high adverse events rate at long-term follow-up despite initial 
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Résumé 
Introduction: L’angioplastie des lésions de bifurcation coronaire (LBC) par une technique à 2 stents représente 5 % des 
interventions coronaires percutanées (ICP) représentant un véritable défi. Cette étude visait à évaluer le pronostic immédiat et 
à long terme de ces patients.
Méthodes : Étude rétrospective monocentrique menée entre janvier 2014 et juin 2020, incluant tous les patients ayant bénéficié d’une 
LBC-ICP par 2 stents. Un suivi minimum de 12 mois était requis. Le critère d’évaluation principal était l’échec de la lésion cible (TLF), 
composite de décès cardiaque, infarctus du myocarde du vaisseau cible (TVMI) et revascularisation de la lésion cible (TLR).
Résultats : 80 patients ont été inclus avec un âge moyen 61,4±11 ans. et un genre-ratio à 3. L’ICP était élective dans 85 % des 
cas. Les stratégies étaient : T and protrusion (61,3 %), DK-Crush (13,8 %), stenting en T (8,8 %), Culotte (6,3 %), Mini-Crush 
(6,3 %), stenting en V (1,3 %), SKS (1,3 %) et une technique à 3 stents (1,3 %). Les techniques d’optimisation proximale et de 
kissing-balloon final étaient sous-utilisées, réalisées dans 82,5 % et 86,3 % respectivement. Un succès procédural a été obtenu 
dans tous les cas. Au suivi à 13,5 mois, le taux de TLF était de 18,8% (décès cardiaque 1,3%, TVMI 13,8% et TLR 17,5%). 
Le taux de thrombose de stent était de 3,8 %. Les facteurs prédictifs de TLF étaient un angle de bifurcation >90° (p=0,00, 
OR=21,42 [3,3–60]), un diamètre de référence de la branche latérale ≤2,5mm (p=0,005, OR=1,23 [2,07–50,7]), une longueur 
de la lésion de la branche principale ≥25 mm (p=0,002, OR=6,50 [1,9–21,19]) et des calcifications de la branche principale 
(p=0,019, OR=3,98 [1,28–12,63]).
Conclusion : Les techniques à deux stents pour l’ICP de CBL étaient associées à un taux élevé d’événements indésirables 
à long terme, malgré un succès initial de la procédure chez tous les patients. Une meilleure sélection des patients et des 
techniques rigoureuses pourrait optimiser ces résultats.
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INTRODUCTION 

Angioplasty of coronary bifurcation lesions (CBL) 
represents approximately 15 to 20% of percutaneous 
coronary interventions (PCI) and poses a significant 
challenge in interventional cardiology. The anatomical 
complexity of these lesions contributes to higher 
rates of immediate procedural failure and subsequent 
failures during follow-up (1).
Until the 1980s, CBL were typically addressed 
surgically, but starting from the 1990s, various 
percutaneous treatment techniques rapidly 
developed, including balloon angioplasty, 
debulking, and stenting with the placement 
of one or multiple stents using different 
techniques as well as imaging guidance (2).
Feasibility, effectiveness, and safety of these 
interventional techniques have been extensively 
evaluated in international publications within the 
field of interventional cardiology. Several randomized 
trials comparing different techniques of angioplasty 
for CBL have been published during last years with 
the one-stent technique, known as “Provisional” 
stenting being the gold standard approach according 
to various consensus statements (3–6).
Majority of these studies have shown that a two-
stent strategy does not outperform a provisional 
one-stent strategy in terms of clinical events (7).
Elective or bailout use of a two-stent technique 
remains necessary in 5% of cases, dictated by 
complex anatomy with diffuse atherosclerotic 
involvement of both the main branch and the side 
branch. Experienced operators and meticulous 
technique are necessary when considering a two-
stent strategy for the treatment of CBL to avoid 
short- and long-term pitfalls, mainly driven by the 
demonstrated increased risk of stent thrombosis 
(ST) (3,8–10).
To the best of our knowledge, no study about two-
stent CBL PCI has been published in Tunisia to date. 
Scarcity of data could be explained, among other 
factors, by the lack of reimbursement for such 
procedures by the national health insurance fund.
This study aimed to evaluate immediate and long-
term outcomes of patients treated with two-stent 
techniques for CBL in a Tunisian University Hospital.

METHODS

Study Design and population

This was a monocentric retrospective observational 
study led between January 2014 and June 2020. 
All patients who underwent PCI for de novo CBL using a 
two-stent technique, regardless of clinical presentation 
and whether the indication was elective or bailout. A 
minimum follow-up of 12 months was required. 
Patients who underwent CBL-PCI using bare-metal 
stents, patients treated for in-stent restenosis involving 
the index bifurcation and patients with incomplete 
data (lost medical records, etc.) were excluded.

Study definitions

Bifurcation lesion is “a coronary artery narrowing 
occurring adjacent to, and/or involving, the origin of a 
significant side branch (SB).” A significant SB is a branch 
that you do not want to lose in the global context of 
a particular patient (symptoms, location of ischemia, 
branch responsible for symptoms or ischemia, viability, 
collateralizing vessel, left ventricular function) (11)
Medina Classification : This classification attributes 
a score of 0 or 1 to the 3 segments of a bifurcation 
lesion—proximal main vessel, distal main vessel, 
and side branch—as a binary function dependent 
on an angiographic stenosis of >50% (score 1) or 
<50% (score 0) in each location (12)

Study endpoints

Primary endpoint was the target lesion failure (TLF) 
at 12 months, defined as the composite of cardiac 
death, target vessel myocardial infarction (TVMI), 
or clinically driven target lesion revascularization 
(TLR) (13). Death from cardiac causes was defined 
as any death without a clear non-cardiac cause 
(14). TLR was defined as any repeat percutaneous 
intervention of the target lesion or bypass surgery 
of the target vessel performed for restenosis or 
other complication of the target lesion (13). 
Secondary endpoint was the occurrence of major 
adverse cardiovascular events (MACE) at 12 months, 
defined as the composite of all-cause death, myocardial 
infarction and any repeat revascularization (14). A focus 
on stent thrombosis (ST) and in-stent restenosis (ISR) 
incidence was considered according to the Academic-
Research-Consortium (ARC) criteria (15).
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Statistical analysis 

For all statistical analyses, SPSS version 23 was used. Simple 
and relative frequencies for qualitative variables, means 
with standard deviations or medians with inter-quartile 
intervals for quantitative variables were calculated. Search 
for survival prognostic factors was performed in univariate 
analysis, after transformation of continuous variables into 
categorical variables according to the median or risk levels 
in the literature, by comparing the survival curves by the 
Log rank test. Variables whose degree of significance p was 
<0.10 were included in the multivariate analysis of TLF using 
the Cox model as well as age, sex that were forced into the 
model. Degree of significance p was set at ≤ 0.05. 

RESULTS

80 patients were included. This represented 1.6% 
of total PCI volume (5,042 PCI) performed during 
the 6.5 years investigated period. 

Baseline characteristics

Mean age was 61.4±11 years, ranging from 37 to 82 years. 
Male predominance was evident with a sex ratio of 3.
Diabetes was the most represented cardiovascular 
risk factor (66.3%). 
Acute coronary syndrom (ACS) was the most frequently 
reported clinical presentation (73.8%) followed by 
chronic coronary syndrom (CCS) (26.3%).
Mean LVEF was 49.9±9.7% with extremes ranging 
from 25% to 68%. 
Baseline characteristics are summarized in table 1.
Table 1. Baseline characteristics.

Variable N=80
Age (years) 61.4±11
Male sex 60 (75%)
Diabetes\ 53 (66.3%)
Smoking 46 (57.5%)
Hypertension 44 (55%)
Prior PCI 24 (30%)
Previous myocardial infarction 18 (22.5%)
Prior coronary artery bypass graft 3 (3.8%)
eGFR <60 mL/min/1.73 m2 16 (20%)
Peripheral artery stenosis 6 (7.5%)
Clinical presentation

•	 CCS 21 (26.3%)
•	 NSTEMI 40 (50%)
•	 STEMI 19 (23.8%)

Mean LVEF 49.9 ±9.7%
CCS: Chronic coronary syndrom; eGFR: estimated glomerular filtration rate; LVEF: left 
ventricular ejection fraction; NSTEMI: non-ST Elevation Myocardial Infarction; STEMI: ST 
Elevation Myocardial Infarction; PCI: percutaneous coronary intervention.

Lesion characteristics 
Multivessel disease present in 47.5% of the patients. 
Bifurcation lesions were located as follows: left anterior 
descending (LAD) / diagonal (Dg) artery (n=40, 50%); 
distal left main coronary artery (LMCA) (n=32, 40%); left 
circumflex (LCX) / obtuse marginal (Mg) artery (n=8, 
10%). According to the Medina classification, a true 
bifurcation lesion (type 1.1.1, type 1.0.1, and type 0.1.1) 
was observed in 75 (93.8%) patients.
Angiographic characteristics are detailed in table 2.
Table 2. Lesion characteristics.

Variable N=80
Coronary status

•	 3 vessels 38 (47.5%)
•	 2 vessels 19 (23.8%)
•	 1 vessel 23 (28.7%)

Lesion location
•	 LAD-Dg 40 (50%)
•	 Distal LMCA 32 (40%)
•	 LCX-Mg 8 (10%)

Medina Classification
•	 1-1-1 52 (65%)
•	 0-1-1 19 (23.8%)
•	 1-0-1 4 (5%)
•	 1-1-0 2 (25%)
•	 0-1-0 2 (2.5%)
•	 0-0-1 1 (1.3%)

True bifurcation 75 (93.8%)
Bifurcation angle

•	 ≤70° 41 (51.2%)
•	 >90° 10 (12.5%)

SYNTAX score I
•	 ≤ 22 51 (63.7%)
•	 23 to 32 27 (33.8%)
•	 ≥33 2 (2.5%)

Lesion length
•	 Main branch 22.8±8.8mm
•	 Side branch 15.28±7.61mm

Main branch (MB)

•	 Chronic total occlusion 3 (3.8%)
•	 Moderate-to-severe calcification 14 (17.5%)
•	 Thrombus 7 (8.8%)

Side branch (SB)

•	 Moderate-to-severe calcification 10 (12.5%)
Proximal MB diameter 3.50 ±0.53mm
Distal MB diameter 2.89 ± 0.48mm
SB diameter 2.62 ± 0,47mm
CTO: Chronic total occlusion; Dg: Diagonal; MB: Main branch; LAD: Left anterior descending; 
LCX: Left circumflex; LMCA: Left main coronary artery; Mg: Marginal; SB: side branch.
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Procedural data 
Transradial approach was predominantly used 71.3% and 
a 7 French guiding catheter was needed in 8.7% of cases.
An elective two-stent technique was considered 
after medical discussion in 68 patients (85%). 
In the rest of patients (15%), this strategy was used in a 
bail-out setting motivated by a procedural complication 
such as dissection, occlusion or severe residual stenosis 
after balloon optimization of the side branch.
Most used technique was the T and protrusion (TAP) 
technique in 61.2% of cases followed by the crush 
techniques (Dkcrush and minicrush) in 20% of cases.
Rotational atherectomy was used in 10% of cases. Proximal 
optimization technique and final kissing balloon were 
performed in 82.5% and 86.3% of procedures respectively. 
Procedural success was achieved in all cases. 
Other lesions were treated during the same procedure in 
23 patients (28.7%), Implantation of three stents or more 
was necessary in 28 patients (35%). Revascularization 
was complete in 67 patients (83.8%). 
Procedural characteristics are summarized in the table 3.
Table 3. Procedural data. 

Variable N=80
Vascular  status

•	 Radial 57 (71.3%)
•	 Femoral 23 (28.7%)

Guiding catheter 
•	 6F 73 (91.3%)
•	 7F 7 (8.7%)

GPIIbIIIa inhibitors use 2 (2.5%)
Rotational atherectomy 8 (10%)
MB predilation 38 (47.5%)
SB predilation 47 (58.8%)
MB stent diameter 3.21 ± 0.42mm
MB stent length 30.8 ± 9.36mm
SB stent diameter 2.77 ± 0.40mm
SB stent length 22.71 ± 8.7mm
Total stent lenght 54.88 ± 15mm
Techniques

•	 TAP 49 (61.2%)
•	 DK-Crush 11 (13.8%)
•	 Culotte 5 (6.2%)
•	 T stenting 7 (8.7%)
•	 Mini-Crush 5 (6.2%)
•	 V stenting (2 stents) 1 (1.3%)
•	 SKS 1 (1.3%)
•	 Extended V (3 stents) 1 (1.3%)

Optimisation techniques
•	 First POT 58 (72.5%)
•	 Final POT 34 (42.5%)
•	 FKB 69 (86.3%)

Number of used balloons 5 ± 2
DK-Crush: Double kissing double crush; FKB: Final kissing balloon; MB: Main branch; POT: Proximal 
optimisation technique; SB: Side branch; SKS: Simultaneous kissing stents; TAP: T and Protrusion 

Clinical outcomes
Clinical follow-up was available in 100% of patients 
and angiographic follow-up was available in 32.5% 
of patients. Median follow-up was 13.5 months.
During the follow-up period, 15 (18.8%) TLF occurred: 
1 (1.3%) cardiac death, 11 (13.8%) TVMI, 14 (17.5%) TLR.
The ST and ISR rates were 3.8% and 15% respectively.
Kaplan-Meier curves for TLF and its components at 
one, two and five-year follow-up are shown in figure 1. 

Details of ST are shown in the table 4.

Table 3. Characteristics of patients with stent thrombosis

Pt
Bifurcation 

location 
technique

Stent 
length 
(mm)

Procedural 
cause

DAPT 
Observance Time ARC Clinical 

presentation Evolution

H, 
60 
y

LAD/Dg
TAP
FKB-

49 Under-
expansion,
Geographic 
miss of the 
Dg ostium 

Yes Subacute
(9 days)

Certain Lateral 
STEMI, stent 
thrombosis 

at the level of 
the Dg ostium, 
treated with a 

balloon

Favorable

H, 
54 
y

LAD/Dg
DK-Crush

FKB

76 Longitudinal 
stent 

elongation

Yes Late
(4 

months)

Anterior 
STEMI, 

fibrinolysis 
Residual 
ISR at 

angiographic 
control, 

treated by 
CABG

Favorable

F, 
77 
y

Distal LMCA
DK-Crush

FKB+

102 Excessive  
stented 
length 

(inoperable 
patient due 

to high 
surgical 

risk)

Yes Sudden 
cardiac 
death at 

home

Fatal

DK-Crush: Double kissing double crush; FKB: Final kissing balloon; MB: Main branch; 
POT: Proximal optimisation technique; SB: Side branch; SKS: Simultaneous kissing 
stents; TAP: T and Protrusion 

Figure 1. Time-to-Event Curves for the Primary Composite endpoint 
(TLF: Target Lesion Failure) and its Components.
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Among the 12 cases of ISR, were noted 8 cases of TAP 
technique (66.7%), 3 cases of crush technique (25%) 
and one case of culotte stenting (8.3%). Seven ISR cases 
(58.3%) involved the bifurcation of the distal LMCA, 3 
(25%) the bifurcation of the LAD-Dg  and 2 (16.7%) the 
bifurcation of the LCX-Mg. In almost all cases, ISR was 
focal (type I of Mehran’s classification) (11 cases, 91.6%). 
In 6 cases (50%), ISR involved the two branches of the 
bifurcation and in 4 cases (33.3%) the side branch. Ostia 
were the most frequently affected site (Figure 2).

During the follow-up period, 24 (30%) MACE occurred. 
Mortality rate was 3.8%.
Details of clinical events are shown in table 5.
Table 5. Major Adverse Cardiac Events at 13.5-month median follow-up.
MACE 24 (30%)
TLF 15 (18.8%)
All-cause death 3 (3.8%)
Cardiac death 1(1.3%)
MI 15 (18.8%)
Target vessel MI 11 (13.8%)
Target lesion revascularization 14 (17.5%)

•	 PCI

•	 CABG
CABG: Coronary Artery Bypass Graft surgery; MACE: Major Adverse cardiovascular events; MI: 
myocardial infarction; TLF: target lesion failure; PCI: Percutaneous Coronary Intervention.

Predictive factors for TLF were a bifurcation angle >90° 
(OR=21.42 [3.3–60]; p=0.001),a side branch diameter 
≤2.5mm (OR=11.23 [2.07–50.7]; p=0.005), a main branch 
lesion length ≥25mm (OR=6.50 [1.9–21.19]; p=0.002), 
and severe main branch calcifications (OR=3.98 [1.28–
12.63]; p=0.019) (Figure 3).

DISCUSSION
In this study, outcomes of 80 patients treated with a two-
stent strategy for CBL were investigated. Median follow-
up period was 13.5 months. Techniques deployed 
were TAP (61.2%), DK-Crush (13.8%), T stenting (8.7%), 
Culotte (6.2%), Mini-Crush (6.2%), V stenting (1.3%), 
SKS (1.3%), and a 3-stent technique (1.3%). Initial 
and/or final proximal optimization was performed in 
only 82.5% of cases, and a final kissing balloon was 
performed in 86.3% of procedures. Procedural success 
was achieved in all cases. During the follow-up period, 
15 patients (18.8%) had TLF, and 24 patients (30%) had 
MACE. Rates of cardiac death, myocardial infarction, 
and target lesion revascularization were 1.3%, 13.8%, 
and 17.5%, respectively. Rate of definite and probable 
ST was 3.8%. In this study, significant predictors of 
increased TLF were angle bifurcation >90°, side branch 
diameter ≤2.5mm, main vessel lesion length ≥25mm 
and severe calcifications of MV.
To compare our results with literature, six randomized 
trials were selected: Nordic Baltic Bifurcation Study IV 
(16), British Bifurcation Coronary Study (BBC one) (17), 
European Bifurcation Coronary TWO (EBC II) (18) , Double 
Kissing Crush II study (DK-Crush II) (19), DEFINITION II 
trial (13), Bifurcations Bad Krozingen I (BBK I) (20).
Baseline characteristics: In line with selected studies 
where the mean age ranged generally between 60 
and 70 years, the mean age in this series was 61.4±11 
years. Male predominance is consistent across all 
selected studies with a sex ratio of approximately 3, 
mirroring our series. Diabetes (66.3%) followed by 
tobacco use (57.5%) were the two most prevalent 

Figure 2. In-stent restenosis location (towards the coronary 
bifurcation) and type according to Mehran’s classification.
Dg: Diagonal branch; LAD: Left anterior descending artery; LCX: Left circumflex artery; 
LMCA: Left main coronary artery; Mg: Marginal branch.

Figure 5. Predictive factors according to multivariate analysis for 
target vessel failure at a 13.5 month median follow-up. 
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cardiovascular risk factors in our series, as was 
reported also in several studies conducted on 
Tunisian coronary patients (FAST-MI Tunisia registry 
(21)) contrasting with international studies where 
hypertension and dyslipidaemia are primary (16-20). 
Prevalence of prior myocardial infarction, PCI, and 
coronary bypass history in this study sample were 
similar to that observed in international studies.
Clinical presentation in this series aligns with that 
in the DEFINITION II study (13) and the DK-Crush II 
study (19) where acute coronary syndrome was the 
most frequent presentation.
Mean left ventricular ejection fraction (LVEF) was 
49.9 ± 9.7% in this study, with 10% of patients 
having an LVEF <40%, contrasting with literature 
where it was mostly preserved (16-20).
Angiographic characteristics: Coronary status of 
patients in this study closely resembles that reported 
in the BBK I study (20) with 47.5% of patients with 
three-vessel disease. In this cohort, distal LMCA 
involvement, accounting for 40%, was excluded 
in certain studies such as BBC I (17) EBC II (18), and 
BBK I (20). Additionally, the most frequently treated 
bifurcation by a two-stent technique in the literature, 
as well as in this series, was the LAD-Dg bifurcation. 
A Medina 1-1-1 type bifurcation was the most 
encountered in the literature, mirroring our findings.
Procedural data: TAP (61.2%), followed by Crush 
technique (DK-Crush and Mini-Crush) (20%) were 
the most deployed two-stent techniques. 
According to the 15th consensus document of the 
European Bifurcation Club (EBC) (3) provisional 
stenting of the main branch with the use of a proximal 
optimization technique (POT) is the preferred 
technique for the treatment of CBL as a first-line 
approach. However, in certain cases, stenting of the 
side branch may be considered: - As a bailout after 
provisional stenting of the main branch (10% of 
cases) in the presence of a significant decrease in flow 
in the side branch (TIMI flow <3 and/or myocardial 
infarction in the territory supplied by this branch), 
and/or the presence of significant dissection or 
occlusion of the side branch (10) - Planned in cases 
of complex CBL and significant involvement of the 
side branch. The 12th EBC consensus recommends 
a two-stent strategy in cases of a large side branch 

with a long ostial lesion ≥5mm from the carina and 
difficulty in accessing it (8).
In elective two-stent angioplasty, the most frequently 
used techniques are TAP, culotte, and DK-Crush (5,22). 
Choice depends on the bifurcation angle, size of the 
two branches, and operator experience. Typically, 
T-stenting is preferred for T-shaped angulation >70° 
close to 90° (23,24), while TAP or culotte are preferred 
for Y-shaped angulation (<70°) (23–25) . Culotte and 
Crush techniques are indicated for narrow angle and 
significant diameter of the side branch (23,26,27). 
Proximal optimization technique was performed in 
82.5%. This rate was 100% in the DEFINITION II study (13).  
Non-compliant balloons are usually used for POT [41], but 
recent data suggest that semi-compliant balloons can 
also be used (5,10,28). Proximal optimization technique 
is always recommended regardless of the strategy (10).  
This technique ensures proper stent deployment at 
the appropriate diameter in its proximal portion, thus 
avoiding stent malapposition at this level. 
In two-stent techniques, final kissing balloon is 
mandatory to achieve full stent expansion at both 
ostia, may correct stent deformation and ensure 
optimal stent scaffolding (10,24,29). This was 
performed only in 86.3% of cases in this series.
Optimization of bifurcation angioplasty by intracoronary 
imaging (IVUS or OCT) was not used in this series due to 
lack of resources. Intracoronary imaging techniques not 
only allow more precise evaluation than angiography but 
can also influence angioplasty technique and outcomes. 
Before stent implantation, these techniques allow 
evaluation of longitudinal distribution of atheroma plaque, 
reference diameters of the main and side branches, and the 
ostium of the side branch. After stent implantation, they 
enable analysis of expansion (search for under expansion), 
apposition (search for malapposition), evaluation of the 
side branch ostium (search for stenosis), final vessel sizes 
(over- or under dilation of the stent), and detection of 
dissection or peri-adventitial hematoma (30–32).
Cardiac Events: In the DEFINITION II study (13) which 
is the closest to this study in terms of inclusion and 
exclusion criteria and follow-up duration, results were 
comparable with an all-cause mortality rate of 3.8% vs 
2.7%, cardiac death rate of 1.3% vs 2.1%, and ST rate of 
3.8% vs 1.2%. However, our incidence of TLF was higher 
at 18.8% in this series (13.8% at 12 months) vs 6.1%.
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In the literature, incidence of ST ranges from 1% to 3% for 
CBL, which is comparable to our rate of 3.8% (33,34). ST is 
multifactorial, involving patient- and lesion-related factors, 
procedural factors (underexpansion, incomplete apposition, 
tissue protrusion, dissection), and stent thrombogenicity 
(defective endothelialization by the antiproliferative agent, 
late malapposition) (35,36). Incidence of ISR in this series 
was 16.3% and was even higher in the literature reaching 
26.4% (37). CBL are more prone to stent failure, which can be 
explained by incomplete stent apposition and/or expansion 
at the bifurcation, resulting in delayed endothelialization, 
persistent turbulence, and insufficient scaffolding, leading 
to a higher risk of thrombosis and restenosis (38). It is of note 
that restenosis is more frequently located at the ostium of 
the side branch and the confluence polygon (39,40), data 
that has been corroborated in this series: six cases (50% of 
ISR) at the confluence polygon and four cases at the side 
branch ostium (33.3% of ISR).
Predictive Factors of Target Lesion Failure (TLF): In 
multivariate analysis, predictive factors for TLF were 
a bifurcation angle >90°, lesion length of the main 
branch (BM) ≥25 mm, side branch (BF) diameter 
≤2.5 mm, and significant calcifications of the main 
branch (BM) and the « Crush » technique.
The DEFINITION study (41) defined the complexity 
criteria of a CBL: two major criteria are a stenosis 
≥70% and a side branch lesion length ≥10 mm for 
distal LMCA bifurcation or a stenosis ≥90% and a side 
branch lesion length ≥10 mm for other bifurcations; 
and six minor criteria including moderate to severe 
calcifications, multiple lesions, angle <45°, main 
branch diameter <2.5 mm, thrombus, and main 
branch lesion length ≥25 mm. Complex lesions are 
associated with higher rates of MACE, ST, and TLR (41).
Coronary artery calcification hinders stent delivery, 
associates with stent under-expansion, and may 
impair drug delivery with DES increasing the 
likelihood of ISR and ST (42).
Flow patterns in bifurcations are inherently complex, 
including vortex formation and creation of zones of low 
and oscillating wall shear stress that coincide with early 
intimal thickening. Bifurcation geometry (in particular, 
the angle between the side branches), is of paramount 
importance in creating these proatherogenic conditions. 
A larger value of the angle would increase the disparity in 
wall shear stress between the medial and lateral walls. In 

other words, a larger bifurcation angle, with no change 
in the amount of branch flow, increases the likelihood of 
low and oscillating wall shear stress at the lateral walls. 
Indeed, larger values of this angle have been associated 
with higher degrees of early intimal thickening (43). 
Ormiston et al. reported that a bifurcation angle >70° 
causes stent distortion which is due to underexpansion 
at the side-branch ostium and incomplete apposition 
of the struts wich are not always corrected by kissing 
balloon inflation (44). Adriaenssens et al. showed that 
a large angle is an independent predictive factor of 
angiographic restenosis (45). Several studies reported 
that with an angle > 80° complete apposition of the 
stent struts cannot be obtained with the Crush or culotte 
technique despite a Kissing Balloon (44,46,47).

CONCLUSION
This study demonstrated that a two-stent strategy 
for CBL PCI was feasible with 100% of procedural 
success. However, this was counterbalanced by 
a high TLF and MACE rates reaching 18.8% and 
30% respectively at 13.5-month median follow-up. 
These were supported by ST and ISR high incidence 
that mandates a rigorous patients’ selection and 
optimal techniques that should be performed 
under imaging guidance to tackle these issues and 
improve long-term results.
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