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A B S T R A C T   

Background: The jailing strut configuration with link-free and distal guidewire recrossing (LFD) at the side branch 
orifice (SBO) reduces incomplete stent apposition (ISA) after kissing balloon technique (KBT) in crossover 
stenting of coronary bifurcation lesions (CBLs). However, data regarding vascular healing after KBT are lacking. 
We investigated vascular healing 9 months after crossover stenting followed by KBT with optical coherence 
tomography (OCT) guidance in a prospective multicenter registry. 
Methods: Fifty-nine patients with CBLs (LFD, 35 patients; non-LFD, 24 patients) were studied. The jailing 
configuration of the SB and the wire-recrossing position, incidence of ISA and uncovered struts, and neointima 
unevenness score (NUS) in the main vessel (MV) after 9 months were determined by off-line 3D-OCT in the core 
laboratory. 
Results: The ISA rate was significantly higher at the SB ostium and distal MV after KBT in the non-LFD group, 
compared to the LFD group. After 9 months, incidence of ISA (18.3 ± 18.2 vs. 6.0 ± 8.7%, p < 0.01) and un-
covered struts (8.7 ± 9.9 vs. 4.7 ± 7.3 %, p = 0.08) were higher at the SB ostium with higher SB restenosis in the 
non-LFD group. In distal MV, NUS was significantly higher (3.1 ± 1.1 vs. 2.5 ± 0.6, p < 0.05). In true-CBLs, an 
increase in uncovered struts and ISA rate was prominent in the proximal MV and opposite SB. No differences 
were observed in the 9-month clinical outcomes. 
Conclusion: Visualization of the wire recrossing point and the SB-jailing strut pattern by OCT plays an important 
role to optimize the KBT in CBL stenting, resulting in favorable mid-term vascular healing.   

Abbreviations: PCI, Percutaneous coronary intervention; OCT, optical coherence tomography; LFD, link-free and distal guidewire recrossing; SB, side branch; MV, 
main vessel; ISA, incomplete stent apposition; KBT, kissing balloon technique; CBLs, coronary bifurcation lesions; NUS, neointima unevenness score; POT, proximal 
optimization technique; LA, lumen area; SA, stent area; NIA, neointima area; NIT, neointima thickness; SEI, stent eccentricity index; QCA, quantitative coronary 
angiographic analysis; DS, diameter stenosis; MSA, Minimum stent area; WSS, wall shear stress; MEI, minimum expansion index; SBO, side branch orifice. 
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1. Introduction 

Coronary bifurcation lesions (CBLs) represent 15–20% of all percu-
taneous coronary interventions (PCIs) [1]. In the treatment of CBLs, 
stent requires modification of the cylindrical geometry to fit the nature 
tapering anatomy of the CBL [2]. This modification includes proximal 
optimization technique (POT), standard post dilatation, isolated short 
balloon SB angioplasty, and kissing balloon technique (KBT) [3]. 

Under current guidelines, the provisional single-stent strategy is the 
default stenting technique [4]. After crossover drug-eluting stenting 
(DES), wire recrossing to the jailed side branch (SB) near the carina is 
recommended before KBT to remove metal struts at the SB ostium and to 
reconstruct the natural shape and restore rheology at CBLs [2]. PROPOT 
randomized trial, which compared KBT and POT followed by SB an-
gioplasty in a provisional single-stent strategy, showed no difference in 
the rate of strut malaaposition or in that of SB-jailing struts [5]. Angi-
ography is inherently limited in the visualization of both the carina and 
the stent structure to achieve an appropriate wire recrossing point [2]. A 
recent randomized clinical trial evaluating angiography and 3-dimen-
sional optical frequency domain imaging (3D-OFDI) guided PCI for 
CBLs demonstrated the superiority of 3D-OFDI guided PCI in terms of 
the reduction of acute incomplete stent apposition (ISA) rate [2]. We 
reported the association between the location of the link and wire 
recrossing position after crossover stenting before KBT and ISA rate 
using the provisional single-stent strategy [6]. It was found that link-free 
and distal wiring (LFD) was related to the reduction of ISA immediately 
after KBT [6]. However, there are no data concerning the effect of ISA on 
vascular healing after KBT. The main objective of the present study was 

to investigate the influence of wire-recrossing point and stent link 
location on 9-month vascular healing assessed by follow-up optical 
coherence tomography (OCT) imaging. 

2. Methods 

2.1. Study design 

The 3D-OCT bifurcation registry is a multicenter prospective registry 
that enrolled patients with de novo CBLs with SBs with a diameter of at 
least 2 mm treated with OCT-guided PCI in 10 participating hospitals 
from June 2014 to December 2015. Inclusion and exclusion criteria, 
procedure and OCT acquisition were shown in a previous article [6]. 
Based on the Helsinki Declaration in 1975, the study protocol was 
approved by the medical ethics committee at all institutions. Informed 
consent was obtained from all individual participants included in the 
study. 

2.2. 3D OCT reconstruction and angiographic analysis in core-laboratory 

In this follow-up OCT study, details of wire recrossing position and 
jailing configuration in the 3D-OCT bifurcation registry were used [6]. 
Briefly, the link-connecting type had a link to the carina, while the link- 
free type had no link to the carina [6]. The larger area enclosed by both 
the carina and the stent strut, with at least one distal top of the stent 
hoop located on the SB ostium, was defined as the distal cell. The small 
triangular area enclosed by the most distal hoop and the carina was 
defined as the far distal cell, which was included into the distal rewiring 

Fig. 1. Patients flow chart. OCT = optical coherence tomography.  
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in this study [6]. In the present study, patients were divided into two 
groups depending on the jailing configuration and rewiring position as 
follows: LFD group with both link-free (LF) type and distal (D) guidewire 
recrossing; and the non-LFD group which included all other cases [6]. 
The inter- and intra-observer agreement on the rewiring position were 
0.9093 and 0.8638, respectively. 

Frame-by-frame cross-sectional images were analyzed on each frame 
at the bifurcation segment and at 1-mm intervals 5-mm proximal and 
distal to the bifurcation. ISA was defined when the distance between the 
strut marker and the lumen contour was greater than the specific strut 
thickness plus the axial resolution of the OCT (14 μm) [6]. The lumen 
area (LA), stent area (SA), neointima area (NIA), and neointima thick-
ness (NIT) were measured. The NIA was calculated as SA minus LA. The 
same definition was applied for ISA, non-apposed SB struts, and un-
covered struts at four segments: (1) the proximal MV (extending 5-mm 
proximal to the first cross-section where the SB was visible),(2) two 
sides of bifurcation (divided into two 180◦ halves toward or opposite the 
ostium of the SB), and (3) distal MV (extending 5-mm from the last cross- 
section in which the SB was visible) [6]. To assess stent asymmetry 

expansion, the average stent eccentricity index (SEI) was determined by 
dividing the minimum stent diameter by the maximum stent diameter in 
the proximal and distal MV. We also evaluated the neointima uneven-
ness score (NUS) to assess uneven neointimal distribution within the 
proximal and distal MVs. NUS was calculated using a previously re-
ported method [7,8]. Neointima tissue type was defined as a homoge-
neous and heterogeneous pattern. For quantitative coronary 
angiographic analysis (QCA), bifurcation-dedicated tools (QAngio XA 
version 7.3, Medis Specials, Leiden, the Netherlands) was used. 

2.3. Clinical outcome 

Nine-month clinical follow-up data were obtained from all patients. 
Cardiac death, myocardial infarction (MI), target lesion revasculariza-
tion (TLR, defined as repeated PCI or coronary artery bypass grafting to 
the target lesion), stent thrombosis (Academic Research Consortium 
definitions), and the composite end points of major adverse cardiovas-
cular events (MACE, defined as cardiac death, MI, TLR, and stent 
thrombosis) were evaluated. 

2.4. Statistical analysis 

The results are expressed as the mean ± standard deviation for 
continuous variables and as percentages for categorical data. We per-
formed the Pearson bivariate analysis, chi-square test, and Fisher’s exact 
test for categorical analysis between the groups. An unpaired t-test, 
Mann–Whitney U test, analysis of variance with post-hoc Tukey’s test, 
and Kruskal-Wallis test were used for continuous variables. 

Inter- and intra-observer agreement for assessment of jailing 
configuration was assessed by the kappa statistic. Statistical significance 
was set at p < 0.05. The analyses were performed using the SPSS 

Table 1 
Patient and lesion characteristics.   

LFD 
(n = 35) 

Non-LFD 
(n = 24) 

p-value  

Male 27 (77) 16 (67)  0.37 
Age 69 ± 10 73 ± 7  0.07 
Hypertension 30 (86) 22 (92)  0.94 
Dyslipidemia 29 (83) 16 (67)  0.15 
Diabetes mellitus 16 (46) 11 (46)  0.99 
Current smoking 21 (60) 12 (50)  0.45 
Target vessel 

Left main coronary artery 14 (40) 8 (33)  
Left anterior descending artery 16 (46) 10 (42)  0.59 
Right coronary artery 3 (9) 2 (8)  
Left circumflex artery 2 (6) 4 (17)  

Medina bifurcation class 
(0–0–1) 1 (3) 2 (8)  
(0–1–0) 7 (20) 13 (54)  
(0–1–1) 4 (11) 4 (17)  0.05 
(1–0–0) 2 (6) 1 (4)  
(1–0–1) 5 (14) 1 (4)  
(1–1–0) 6 (17) 2 (8)  
(1–1–1) 10 (29) 1 (4)  

True bifurcation lesion 19 (54) 6 (25)  <0.05 
Quantitative coronary angiography 

Proximal main vessel 
Reference diameter, mm 3.0 ± 0.5 3.2 ± 0.8  0.33 
Diameter stenosis 

Before, % 31.2 ± 23.9 22.4 ± 27.6  0.21 
After, % 8.7 ± 9.2 3.9 ± 5.8  <0.05 

Distal main vessel 
Reference diameter, mm 2.4 ± 0.5 2.5 ± 0.7  0.76 
Diameter stenosis 

Before, % 41.5 ± 19.6 48.9 ± 21.8  0.15 
After, % 10.8 ± 8.8 13.9 ± 10.3  0.24 

Side branch 
Reference diameter, mm 2.3 ± 0.5 2.4 ± 0.7  0.54 
Diameter stenosis 

Before, % 28.4 ± 22.6 25.5 ± 18.5  0.62 
After, % 21.0 ± 14.4 30.0 ± 17.1  <0.05 

Lesion length in MV, mm 22.7 ± 11.4 23.8 ± 11.9  0.77 
Lesion length in SB, mm 12.1 ± 7.4 10.0 ± 5.9  0.36 
Angle, proximal and distal MV, ◦ 153.2 ± 19.5 158.2 ± 18.0  0.39 
Angle, proximal MV - SB,◦ 147.0 ± 22.6 141.6 ± 18.2  0.35 
Angle, distal MV - SB,◦ 59.3 ± 24.0 60.1 ± 16.5  0.89 

N(%), LFD = link-free on carina and distal guidewire recrossing, MV = main 
vessel, SB = side branch. 

Table 2 
Procedure characteristics.   

LFD 
(n = 35) 

Non-LFD 
(n = 24) 

p-value  

Implanted stent type 
Xience 7 (20) 8 (33)  
Ultimester 3 (9) 1 (4)  0.69 
Nobori 8 (23) 5 (21)  
Resolute 11 (31) 8 (33)  
Promus 6 (17) 2 (8)  
3-link platform DES 7 (20) 8 (33)  0.25 

Stent size in main vessel 3.0 ± 0.4 3.0 ± 0.5  0.82 
Stent length in main vessel 24.0 ± 7.0 24.0 ± 7.4  0.84 
Proximal optimization technique 16 (46) 7 (29)  0.20 
POT balloon diameter 3.5 ± 0.3 3.5 ± 1.0  0.99 
Recross wire attempt for side branch 
− 1 27 (77) 19 (79)  
− 2 7 (20) 4 (17)  0.92 
− ≧3 1 (3) 1 (4)  

Reclosing in distal cell 35 (100) 16 (67)  <0.01 
Link free to carina 35 (100) 2 (8)  <0.01 
KBT balloon diameter in MV 3.1 ± 0.4 3.0 ± 0.6  0.60 
KBT balloon pressure in MV 9.9 ± 3.4 9.1 ± 2.3  0.34 
KBT balloon diameter in SB 2.3 ± 0.4 2.3 ± 0.5  0.80 
KBT balloon pressure in SB 8.1 ± 3.0 8.4 ± 2.5  0.34 
Bailout stent for SB 0 (0) 1 (4)  0.41 
Re-POT 7 (20) 4 (17)  0.91 
Contrast amount, ml 149 ± 50 159 ± 48  0.39 
Radiation time 39 ± 21 30 ± 14  0.05 

DES = drug eluting stent, KBT = kissing balloon technique, LFD = link-free on 
carina and distal guidewire recrossing, MV = main vessel, POT = proximal 
optimization technique, SB = side branch. 
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software (version 21.0, SPSS Chicago, IL, USA). 

3. Results 

3.1. Patient, lesion, and procedure characteristics 

The patient flowchart is shown in Fig. 1. Patient and lesion charac-
teristics and pre-/post-procedure QCA are shown in Table 1. Regarding 
lesion characteristics, true-CBLs were less frequently observed in the 
non-LFD group than in the LFD group (25% vs. 54%, p < 0.05). Pro-
cedure characteristics is displayed in Table 2. 

The rate of link free to carina immediately after crossover stenting (8 
vs. 100%, p < 0.01) or recrossing in the distal cell to the SBs (67 vs. 
100%, p < 0.01) was significantly lower in the non-LFD group. Radia-
tion time was numerically shorter in the non-LFD group (30 ± 14 vs. 39 
± 21 min, p = 0.05). 

In QCA, immediately after PCI, % diameter stenosis (DS) at SB was 
larger in non-LFD- than LFD group (30.0 ± 17.1 vs. 21.0 ± 14.4 mm, p 
< 0.05) and smaller in proximal MV (3.9 ± 5.8 vs. 8.7 ± 9.2 %, p <
0.05), respectively (Table 1). 

3.2. OCT analysis in core-laboratory 

Immediately after the procedure, the incidence of ISA was 

significantly higher in the non-LFD group than in the LFD group at the 
SB ostium (13.4 ± 8.6 vs. 4.2 ± 4.4 %, p < 0.01) as well as in the distal 
MV (10.9 ± 15.5 vs. 2.6% ±4.6 %, p < 0.05) (Fig. 2a). The ISA rate 

Fig. 2. ISA rate immediately after PCI (a) and ISA rate 9 months after PCI (b) in each segment such as proximal MV (light green box on left), opposite SB and SB 
ostium (light gray box in center), and distal MV (beige box on right). Red bars indicate LFD group, and black bars display non-LFD group. PCI = percutaneous 
coronary intervention, ISA = incomplete stent apposition, MV = main vessel, SB = side branch, LFD = link-free type and distal guidewire recrossing. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Table 3 
Nine-month OCT analysis.   

LFD 
(n = 35) 

Non-LFD 
(n = 24) 

p-value  

Incident of thrombus 4 (11) 3(13)  0.60 
Proximal MV 

Average stent area, mm2 8.1 ± 2.7 8.5 ± 3.5  0.67 
Average neointima area, mm2 0.6 ± 0.6 0.4 ± 0.6  0.17 
Average neointima thickness,μm 95.4 ± 55.6 71.0 ± 34.0  0.07 
Average lumen area, mm2 7.5 ± 2.7 8.1 ± 3.7  0.49 
Neointima type: hetero 4(11) 3 (13)  0.60 

Bifurcation segment 
Neointima type: hetero 4(11) 4 (16)  0.42 

Distal MV 
Average stent area, mm2 6.2 ± 1.7 6.3 ± 2.2  0.94 
Average neointima area, mm2 0.6 ± 0.7 0.5 ± 0.4  0.48 
Average neointima thickness,μm 107.5 ± 58.2 88.8 ± 49.3  0.21 
Average lumen area, mm2 5.6 ± 1.7 5.7 ± 2.3  0.77 
Neointima type: hetero 5 (14) 2 (8)  0.40 

LFD = link-free on carina and distal guidewire recrossing, MV = main vessel, 
OCT = Optical coherence tomography. 

M. Yamawaki et al.                                                                                                                                                                                                                            



IJC Heart & Vasculature 40 (2022) 101034

5

tended to be higher at opposite of SB (3.4 ± 7.1 vs. 1.4 ± 3.2 %, p =
0.16). Average SEI was similar between non-LFD- and LFD group in 
proximal MV (0.85 ± 0.07 vs. 0.86 ± 0.07, p = 0.61), and tended to be 
higher in distal MV (0.90 ± 0.04 vs. 0.87 ± 0.06, p = 0.06). Minimum 
stent area (MSA) immediately after PCI was significantly smaller in the 
distal MV than in the proximal MV (5.6 ± 1.9 vs. 7.5 ± 2.7 mm2, p <
0.001). Lesions with MSA < 4.5 mm2 were more frequently observed in 
the distal MV than in the proximal MV (33 % vs. 9 %, p < 0.01). 

Nine-month OCT data are shown in Table 3. Actual follow-up du-
rations was 309 ± 46 days in non-LFD group and 310 ± 31 days in LFD 
group (p = 0.95). No difference was observed between the two groups 
regarding average SA, NA, NIT, and LA, as well as the incidence of 
thrombus and type of neointima proliferation. 

Fig. 2b illustrates the incidence of ISA at 9 months. ISA rate was 
numerically higher in non-LFD than LFD group in proximal MV (2.8 ±
7.6 vs. 0.7 ± 1.8 %, p = 0.18), and significantly higher at SB ostium 
(18.3 ± 18.2 vs. 6.0 ± 8.7 %, p < 0.01, Fig. 2b). The incidence of un-
covered struts at 9 months is shown in Fig. 3. Uncovered strut rates were 
numerically higher in the proximal MV (9.2 ± 14.0 vs. 5.4 ± 8.7 %, p =
0.19) and at the SB ostium (8.7 ± 9.9 vs. 4.7 ± 7.3 %, p = 0.08). NUS, 
demonstrated in Fig. 4, was significantly higher in the distal MV (3.1 ±
1.1 vs. 2.5 ± 0.6, p < 0.05). Fig. 5 displays representative cases of LFD 
(5A) and non-LFD (5B and 5C). Figs. 6, 7 and Fig. 8 represents the sub- 
analysis by true-CBLs. After PCI in patients with non-true-CBLs, ISA rate 
was higher in non-LFD than LFD group at SB ostium (right part in light 
gray box in Fig. 6a) and distal MV (beige box in Fig. 6a). This difference 
was significantly pronounced in those with true-CBLs (SB ostium: 15.8 

± 11.5 vs. 4.3 ± 3.9 %, p < 0.01; distal MV: 19.9 ± 22.1 vs. 2.6 ± 3.8 %, 
p < 0.01, Fig. 6a). In true-CBLs, ISA rate at opposite of SB was signifi-
cantly higher in non-LFD group (9.2 ± 12.9 vs. 1.5 ± 2.8, p < 0.05, left 
part in light gray box in Fig. 6a). The ISA rate after 9 months is shown in 
Fig. 6b. In true-CBLs, the higher incidence of ISA is still observed in the 
non-LFD group both at opposite SB (1.9 ± 4.8 vs. 0.04 ± 1.2 %, p <
0.05, left part of light gray box in Fig. 6b) and ostial SB (28.1 ± 24.1 vs. 
5.6 ± 7.3 %, p < 0.01, right part of light gray box in Fig. 6b). Regarding 
uncovered strut rates after 9 months (Fig. 7), non-LFD in true-CBLs was 
numerically greater in proximal MV (p = 0.06, light green box in Fig. 7), 
and significantly higher in the opposite of SB (p < 0.01, left part of light 
gray box in Fig. 7). NUS in the distal MV was significantly higher in the 
non-LFD group than in the LFD group (p < 0.05, beige box in Fig. 8). 

3.3. Clinical and angiographic outcome in 9 months 

SB restenosis was numerically higher in the non-LFD group than in 
the LFD-group (25% vs. 6%, p = 0.08); however, no statistically sig-
nificant differences in MACE were observed between the two groups 
(Table 4). A sub-analysis of %DS comparing LFD- and non-LFD groups by 
true-CBLs is shown in Table 5. No difference was observed in MV. For 
SB, immediately after and 9 months after PCI, %DS in non-LFD with 
true-CBLs was significantly higher than that in other conditions (p <
0.05). 

Fig. 3. The incidence of uncovered strut at 9 months in each segment such as proximal MV (light green box on left), opposite SB and SB ostium (light gray box in 
center), and distal MV (beige box on right). Red bars indicate LFD group, and black bars display non-LFD group. Same abbreviations are used as Fig. 2. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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4. Discussion 

The present study is the first to evaluate the influence of wire- 
recrossing point to jailed SB on 9-month vascular healing, as assessed 
by OCT, in patients undergoing single crossover stenting with final KBT. 

Our data indicated the following points in non-LFD, compared with 
LFD: (1) ISA rate was significantly higher at the SB ostium and distal MV 
immediately after KBT (2) after 9 months, the incidence of ISA and 
uncovered struts was higher in SB with a numerically higher rate of SB 
restenosis, and (3) uneven neointima proliferation was observed in 
distal MV. 

4.1. Midterm result in SB 

After 9 months, the ISA rate remained significantly higher at the SB 
ostium in the non-LFD group. In true-CBLs, this trend was obvious at the 
ostial SB, and uncovered struts were more frequently observed at the 
opposite of SB in the non-LFD group. Furthermore, non-LFD patients 
with true-CBLs displayed a higher %DS at SB. 

Neointimal coverage was delayed in the malapposed strut at the SB 
orifice. Uncovered struts have been recognized as risk factors for 
thrombosis formation after DES implantation [7]. The coexistence of 
high and low wall shear stress (WSS) and an increase in its oscillation 
behind the SB-jailed strut might activate platelet deposition, thrombus 
formation, and neointimal proliferation [9]. A recent OCT study 
revealed that thrombus formation in SB-jailed and floating struts in the 
bifurcation core, and the degree of intimal coverage of the SB-jailed strut 
depended on the performance of the final KBT [10]. Despite these 
accumulated data, the clinical benefit of SB opening by KBT after 
crossover single stenting has been debated [11,12]. 

The operator cannot completely control the link position in front of 
the SB orifice. Our registry data suggested a potential limitation of 
routine performance of KBT in terms of complete elimination of ISA, 
uncovered strut, and uneven neointimal proliferation after 9 months. 
However, 3D-OCT-guidance might be an effective modality to confirm 
the avoidance of proximal wire-recrossing. Furthermore, in complex 
true CBLs, appropriate lesion modification to avoid carina shift and 
optimal POT might create a workspace for optimal re-wiring to SB 

Fig. 4. (a) Neointima unevenness score at 9 months in each segment such as proximal MV (light green box on left), SB (light gray box in center) and distal MV (beige 
box on right). NUS was not analyzed due to lack of SB strut opened by KBT in bifurcation core segment, (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 
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Fig. 5. Representative cases in LFD 
group (A) and non-LFD group (B) (C). 
(a) Before KBT, link connecting crowns 
was not located (A) and located on ca-
rina (B)(C) (yellow arrows). The guide-
wire was inserted in distal cell of 
crossover stent (blue arrows). (b) 
Immediately after KBT, struts at SB 
orifice were completely removed, and 
stent apposition was optimally achieved 
(A). However, in case (B) and (C), strut 
removal was incomplete, and ISA was 
observed at both the proximal MV and 
SB ostium (B) and at the SB ostium (C) 
(yellow circle). (c) After 9 months, neo-
intimal coverage was well observed (A), 
whereas not well observed, and ISA 
remained in the proximal MV and SB 
orifice (B) (C) (yellow circle). Same ab-
breviations are used as Fig. 2. KBT =
kissing balloon technique. (For inter-
pretation of the references to colour in 
this figure legend, the reader is referred 
to the web version of this article.)   
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[13,14]. Despite these techniques, when the most distal stent link is in 
contact with the rim of the carina, consensus report on the use of OCT in 
CBLs by European and Japanese Bifurcation Club recommended that a 
second distal compartment is considered as the optimal cell, and in the 
presence of multiple second distal compartment, the larger compart-
ment should be selected [15]. Otherwise, a novel balloon push-fold 
method that removes jailed SB struts may be an option when the 
guidewire crosses the proximal cell [16]. OCT optimization of complex 
bifurcation for routine use or ad-hoc evaluation of selected patients 
dependent on the results of ongoing Optical Coherence Tomography 
Optimized Bifurcation Event Reduction Trial (OCTOBER) [17]. 

4.2. Midterm result in MV 

In the present study, non-LFD was associated with a numerically 
higher incidence of ISA and uncovered struts in proximal MV and 
significantly uneven neointimal proliferation in distal MV after 9 
months. 

We speculated that, in the non-LFD condition, the SB KBT balloon 
might not effectively scaffold the strut on the vessel wall between the 

proximal MV (the side of the SB) and the SB ostium because of the 
deformation connected with the stent link and the potential existence of 
plaque and calcification in true-CBLs. As a result, although the acute 
result of ISA rate was comparable, stent strut might not be effectively 
embedded in the plaque, and the vascular response of neointimal pro-
liferation might be moderate after 9 months. 

In the distal MV, the acute ISA rate was higher in the non-LFD group. 
Interestingly, ISA was comparable to the coverage of neointima prolif-
eration after 9 months. However, in the non-LFD group, uneven neo-
intimal growth was observed. After bifurcation stenting in the MV, local 
flow hemodynamics occurred with low WSS in the lateral wall and high 
WSS in the carina [18]. Low WSS facilitates the migration of smooth 
muscle progenitor cells from the bone marrow to the stented site, 
leading to the acceleration of neointimal growth [18]. This mechanism 
might explain the comparable ISA rate in distal MV after 9 months. A 
previous OCT study investigating vascular response 6 months after DES 
implantation indicated that thrombus formation was associated with a 
smaller SEI and greater NUS [7]. Neointima proliferation was inversely 
correlated with SEI, which was explained by uneven drug delivery to the 
vessel wall induced by ISA and asymmetric stent expansion [7]. In our 

Fig. 6. ISA rate immediately after PCI (a) and ISA 9 months after PCI (b) in proximal MV (light green box on left), opposite SB and SB ostium (light gray box in 
center), and distal MV (beige box on right) by true CBLs. Red bars indicate LFD group, and black bars display non-LFD group. CBLs = coronary bifurcation lesions. 
Same abbreviations are used as Fig. 2. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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study, the average SEI tended to be higher in non-LFD in the distal MV, 
however, NUS was greater. We speculated that the higher incidence of 
ISA immediately after KBT in distal MV was more likely to contribute to 
uneven neointimal proliferation than stent asymmetry expansion. In 
addition, ISA remained after 9 months at the SB ostium, leading to local 
flow disturbance and uneven neointimal proliferation in the distal MV. A 
previous virtual simulation study on CBLs-PCI comparing proximal (sub- 
optimal) and distal (optimal) re-wiring demonstrated that proximal re- 
wiring was associated with the formation of longer new metallic ca-
rina after strut-opening, which induced a wider area of low WSS and 
recirculation at both the new carina and lateral walls including proximal 
SB and distal MV [19]. These hemodynamic changes could influence 
drug deposition, cause uneven arterial healing post stenting, and result 
in local fibrin and platelet deposition [9,19]. A recent randomized 
PROPOT trial, which compared conventional KBT and POT followed by 
SB angioplasty in provisional bifurcation stenting, showed no significant 
impact of POT on the rate of strut malapposition in the bifurcation or on 
the rate of SB-jailing struts [5]. Insufficient stent expansion in the 
bifurcation core after POT was associated with bifurcation stent failure, 
including significant strut malapposition, and remaining SB-jailing 
struts which was related to unfavorable vascular healing [14]. Appro-
priate positioning of the POT balloon at the carina with an optimal size 

for proximal MV defined under imaging guidance is crucial for sufficient 
stent expansion in the bifurcation core [14]. 

Immediately after stenting, the MSA is likely to be found in the distal 
segment of the stent; however, it has been well-expanded in cases of 
greater vessel tapering including significant SB [20]. In our study, le-
sions with MSA < 4.5 mm2 were more frequently observed in the distal 
MV than in the proximal MV. However, there was no occurrence of TLR 
in these small MSA (<4.5 mm2) segments during the 9-month follow-up. 

Recently, Nakamura D et al. reported that a new OCT-derived 
volumetric minimum expansion index (MEI) was a strong predictor of 
1-year clinical outcome [20]. The MEI was determined, considering 
vessel tapering and the presence of major SBs, resulting in an ideal 
lumen profile that tapers from the proximal to the distal part [20]. 
Importantly, the authors reported that MEI location differed from MSA 
post-stent in almost 50% of cases [20]. In general, the proximal MV is 
considered a potentially larger vessel with more likelihood for accu-
mulated plaque than the distal MV [21]. Previous randomized trials 
showed that the occurrence of restenosis was more likely clustered in the 
proximal MV in provisional single stenting with KBT [22]. 

Final POT could optimize a stent under-expansion in the proximal 
MV, which might not be displayed as MSA. Furthermore, this technique 
is a valuable option for correcting ISA and inadequate strut embedment 

Fig. 7. Uncovered strut at 9 months in proximal MV (light green box on left), opposite SB and SB ostium (light gray box in center), and distal MV (beige box on right) 
by true CBLs. Red bars indicate LFD group, and black bars display non-LFD group. Same abbreviations are used as Fig. 2. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.) 
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induced by strut deformation due to KBT in the non-LFD condition. 

5. Conclusions 

In provisional CBL stenting followed by KBT, suboptimal SB wiring 
and significant ISA at the SB orifice increased likelihood of uncovered 
struts and restenosis at SB orifice, and uneven neointima proliferation in 
distal MV at 9-month follow-up period. Visualization of the wire 
recrossing point and the SB-jailing strut pattern by OCT plays an 
important role to optimize the KBT in CBL stenting, resulting in favor-
able mid-term vascular healing. 

6. Limitations 

Post-hoc 3D-OCT analysis was performed in the core laboratory after 
the procedure. The number of patients undergoing 9-months follow up 
OCT was small, not randomized, and lacked statistical power for clinical 
outcomes. In addition, reduced use of POT might affect the rate of distal 
wiring, because POT facilitates distal wiring and improves proximal 
apposition. POT was not globally practiced in Japan during the study 
period. Various types of DESs were used in this registry. Further studies 
including a larger number of randomized patients and long-term follow- 
up are required to elucidate the clinical outcome and impact of OCT- 
guided PCI for CBLs. 

Fig. 8. Neointima unevenness score at 9 months in proximal MV (light green box on left), SB (light gray box in center), and distal MV (beige box on right) by true 
CBLs. Red bars indicate LFD group, and black bars display non-LFD group. Same abbreviations are used as Fig. 2. NUS was not analyzed due to lack of SB strut opened 
by KBT in bifurcation core segment. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Table 4 
Nine-month clinical outcome, angiographic restenosis and diameter stenosis on 
QCA.   

LFD 
(n = 35) 

Non-LFD 
(n = 24) 

p-value  

Major adverse cardiovascular events 2 (6) 1 (4)  0.68 
Cardiac death 1 (3) 0 (0)  0.40 
Myocardial infarction 1 (3) 0 (0)  0.40 
Target lesion revascularization 2 (6) 1 (4)  0.68 
Stent thrombosis 1 (3) 0 (0)  0.40 
Restenosis 

Proximal main vessel 1 (3) 0 (0)  0.40 
Distal main vessel 1 (3) 0 (0)  0.40 
Side branch 2 (6) 6 (25)  0.08 

QCA 
Proximal main vessel, %DS 8.1 ± 7.3 5.3 ± 6.5  0.14 
Distal main vessel, %DS 12.4 ± 10.1 15.4 ± 9.1  0.26 
Side branch, %DS 25.0 ± 13.4 26.6 ± 17.6  0.72 

LFD = link-free on carina and distal guidewire recrossing, QCA = quantitative 
coronary angiography, %DS = percent diameter stenosis. 
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Table 5 
Sub-analysis between LFD and non-LFD groups on %DS before, immediately after, and 9 months after PCI by the presence or absence of true CBLs.   

Non-true CBLs True CBLs   

LFD 
(n = 16) 

Non-LFD 
(n = 18) 

LFD 
(n = 16) 

Non-LFD 
(n = 5) 

p-value 

Proximal MV 
Before, % 26.6 ± 23.1 20.3 ± 26.2 35.8 ± 24.5 30.1 ± 34.4  0.37 
After, % 7.4 ± 7.7 4.2 ± 6.2 10.0 ± 10.6 2.9 ± 4.4  0.14 
9-months, % 5.9 ± 5.3 5.7 ± 7.0 10.3 ± 8.5 3.4 ± 4.1  0.13  

Distal MV 
Before, % 46.5 ± 19.7 51.1 ± 19.7 36.5 ± 18.7 41.3 ± 29.7  0.22 
After, % 11.8 ± 9.5 15.4 ± 11.0 9.7 ± 8.2 8.3 ± 4.1  0.27 
9-months, % 11.3 ± 8.8 13.2 ± 8.2 13.5 ± 11.4 23.1 ± 8.8  0.12  

SB 
Before, % 18.1 ± 19.3 21.7 ± 17.8 38.7 ± 21.3 39.2 ± 15.6  <0.01 
After, % 17.4 ± 13.5 26.4 ± 16.0 24.6 ± 14.7 42.4 ± 16.7  0.02 
9-months, % 22.3 ± 10.2 21.7 ± 9.4 27.7 ± 16.0 43.7 ± 29.0  0.02 

CBLs = coronary bifurcation lesions, MV = main vessel, SB = side branch, %DS = diameter stenosis analyzed in Corelab, true bifurcation is defined as CBLs having 
lesions (%DS > 50% in visual estimates from each centers) in both MV and SB such as Medina (1.1.1), (0.1.1), and (1.0.1). 
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