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ABSTRACT

Objectives. This study investigated the influence of higher pressure protection with a small diameter bal-
loon of side branch (SB) on bifurcation lesions. Background. Of the different coronary stent implantation
techniques, the modified jailed balloon technique has become a viable option for bifurcation lesions.
However, there was no detailed study on the relationship between the balloon inflation pressure of the
main vessel (MV) and SB. Methods. In this study, we collected information of patients who underwent per-
cutaneous coronary intervention (PCl) for bifurcated lesions between March 2019 and December 2022.
They were divided into two groups according to the operation way: active jailed balloon technique (A-JBT)
group and jailed wire technique (JWT) group. Results. A total of 216 patients were enrolled. The A-JBT
group had a larger SB stenosis diameter (1.53 + 0.69 vs. 0.95 £ 0.52, p < .001), the lower degree of stenosis
(44.34 £ 18.30 vs. 63.69 + 17.34, p < .001) compared to the JWT group. However, the JWT group had a
higher incidence of SB occlusion (18.0% vs. 1.9%, p < .001) compared to the A-JBT group. Nevertheless,
the success rate for both groups was 100%. Conclusions. This novel high inflation pressure and small diam-
eter balloon approach we propose has significant advantages. There is a lower rate of SB occlusion and SB
dissection, which is more cost-effective and provides better clinical outcomes for the patient. This method
should be considered in the future for treating bifurcation lesions.
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Conclusions: We discovered that the SB's higher balloon
pressure can avoid SB occlusion.

1. Introduction lower cost long-term follow-up [3]. Currently, the simple sin-
gle-stent implantation strategy is more popular than the com-
plex double-stent implantation strategy [4]. However, this
approach is associated with many complications, among which

occlusion of the side branch (SB) can be serious [5]. To over-

Coronary artery bifurcation lesions constitute approximately
15-20% of all percutaneous coronary intervention (PCI) [1].
PCI success is usually lower in patients with true bifurcation
lesions [2]. The double-stent and single-stent methods are the

mainstream treatment strategies for bifurcation lesions, but
their advantages and disadvantages remain controversial. A
study found that the single-stent strategy had higher safety and

come this challenge, operators usually use the jailed wire tech-
nique (JWT) to assist in restoring blood flow in the SB [6].
Nevertheless, this method is not 100% foul-proof for preventing
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SB occlusion, because the protection space of the wire is small
and cannot prevent the plaque or protrusions from migrating
from the main vessel (MV) to the SB [7].

Burzotta et al. proposed the “jailed balloon" technique as
the novel SB protection strategy, which can protect the SB
during single-stent implantation for bifurcation lesions. The
balloon placed under the stent strut without inflation can
not only serve as a marker to assist in rewiring but also be
inflated to restore blood flow in the SB [7]. Additionally,
the CIT-RESOLVE randomized controlled trial found that
an active SB protection strategy, specifically the jailed bal-
loon technique, is feasible and significantly reduces the inci-
dence of SB occlusion for high-risk bifurcation lesions [8].
In addition, Depta et al. conducted a case-control study in
which the efficacy of jailed balloon in treating non-left main
bifurcation lesions was examined, demonstrating that the
occlusion rate in the jailed balloon group was significantly
lower than that in the non-jailed balloon group [9].
Although the balloon of SB was not inflated during the pro-
cedure, the space occupied by the balloon at the SB opening
could reduce plaque migration to the SB. Unfortunately, it
cannot completely prevent SB occlusion.

Of the different coronary stent implantation techniques,
the modified jailed balloon technique has become a viable
option. Saito et al. proposed a new jailed balloon technique
called the "active" jailed balloon technique, which can effect-
ively prevent SB occlusion, and its biggest characteristic is
that the SB balloon is inflation [10]. In addition, a retrospect-
ive cohort study from Japan proposed a modified jailed bal-
loon technique, and the inflation pressure of the SB balloon
does not affect the SB compromise, but the sample size of the
study was small and it was not compared with the wire pro-
tection technique [11]. Therefore, this cohort study explored
the application of a novel modified jailed balloon technique,
comparing it to the JWT. The position and inflation method
of the SB and MV balloons will be discussed in detail.

2. Methods
2.1. Study design and study population

This is a retrospective cohort study, which consecutively
enrolled 254 patients with bifurcation lesions at the Second
Hospital of Tianjin Medical University, Tianjin, China
(between March 2019 and December 2022; Figure 1). The
study was designed with the principles of the Declaration of
Helsinki and was approved by the ethics committee of The
Second Hospital of Tianjin Medical University (Ethical
Approval Number: KY2023K187). These patients had bifur-
cation lesions with organic stenosis caused by atherosclerotic
coronary artery disease, which resulted in myocardial ische-
mia or acute coronary syndrome. The bifurcation lesions,
with the MV diameter >2.5mm and SB diameter >1.5mm,
were evaluated by visual estimation on coronary angiog-
raphy (CAG). The protected branch was determined by the
operator through comprehensive consideration of the sur-
gery with the aim of preserving the SB. The Medina classifi-
cation was used to stratify the bifurcation lesion according
to visual estimation by the operator. The exclusion criteria
were left main stem lesion, chronic total occlusion (CTO)
and the bifurcation lesions were considered unsuitable for
quantitative coronary angiographic (QCA) analysis accord-
ing to CAG including opening lesions, poor image quality,
hindrance of accurate lumen border delineation, severe
overlapping or tortuosity of the vessels and presence of a
myocardial bridge during vessel measurement. After exclu-
sion, patients with non-left main bifurcation lesions were
defined as study subjects and fully evaluated at baseline and
during surgery by quantitative CAG analysis. Non-left main
bifurcation lesions are defined as lesions that do not involve
the left main coronary artery [12]. SB occlusion was defined
as SB loss or SB blood flow of thrombolysis in myocardial
infarction (TIMI) grade <3.

A total of 254 cases were included from March 2019 to

December 2022

38 cases were excluded for the
following reasons

Non-left main coronary bifurcation
N=216

AN

A-JBT group: N=105

CTO lesion (n=16)
left main coronary bifurcation (n=2)
poor quility of CAG (n=20)

JWT group: N=111

Figure 1. Our study consecutively enrolled 254 patients with bifurcation lesions at the Second Hospital of Tianjin Medical University, Tianjin, China (between
March 2019 and December 2022). Exclusion criteria included left main stem lesion, chronic total occlusion and the bifurcation lesions were considered unsuitable
for quantitative coronary angiographic analysis according to CAG. Finally, 216 cases with non-left main bifurcation lesions were defined as the study subjects.



2.2, Active jailed balloon technique (A-JBT) and jailed
wire technique

A-JBT: Guidewires were introduced into both the MV and
the SB (Figure 2(a)), and the MV was pre-dilated with a bal-
loon first. The MV stent was placed to the distal of the
bifurcation lesion before the jailed balloon was placed in SB
(Figure 2(b)). The MV stent was then withdrawn to an
appropriate position that could cover the MV lesion, and
the mid-segment of the jailed balloon was adjusted to be
located at the ridge of the lesion (Figure 2(c)). The SB bal-
loon was inflated, and the position of the stent was verified
by angiography (Figure 2(d)). The MV stent was then
inflated (Figure 2(e)), and the pressure of the MV stent bal-
loon should be lower than that of the jailed balloon.
Besides, the pressure of the jailed balloon was above 10 atm.
The MV stent balloon was deflated first (Figure 2(f)), fol-
lowed by the jailed balloon (Figure 2(g)). The MV stent bal-
loon was kept inside the MV stent, and the blood flow of
the SB was observed by angiography. If the SB TIMI grade
was >3 and there was no dissection, the SB balloon was
withdrawn into the guiding catheter and the MV stent bal-
loon was re-inflated to make the stent appose the vessel wall
(Figure 2(h)). According to the expansion of the stent, the
diameter of the stent or a slightly larger semi-compliant bal-
loon was selected for further inflation. If there was no sig-
nificant change in the SB stenosis and the TIMI >3, the
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operation was considered complete. Otherwise, the SB wire
was rewired and balloon-stent kissing technique (BKST) or
SB stenting was performed if necessary.

JWT: Guidewires were placed into both the MV and
the SB, and the MV was pre-dilated with a balloon. Then,
the MV stent was placed and inflated. If the SB TIMI
grade was 3 at this time, the SB wire was withdrawn, and
according to the inflation of the MV stent, a semi-compli-
ant balloon was selected for further dilation. If there was
no significant change in the SB stenosis and the TIMI
grade was 3, the treatment was considered complete.
Otherwise, the SB wire was rewired and simple dilation or
kissing balloon dilation was performed, and the SB stent
was implanted if necessary.

2.3. Quantitative coronary angiography analysis

Both MV and SB of target bifurcation lesions were analyzed
by QCA. The best projection with the minimum vessel fore-
shortening and clearest vessel visualization was selected for
QCA analysis. The lesion length of the main branch, the ref-
erence diameter and the stenotic diameter at the proximal
and distal ends of the main branch before and after the pro-
cedure, and the lesion length, reference diameter and sten-
otic diameter of the SB before and after the procedure were
measured.

DS

OO0

4’

Figure 2. The procedure of the modified active jailed balloon technique. (a) Two guidewires were introduced into both the MV and the SB. (b) The MV was pre-
dilated with a balloon first. The MV stent was placed to the distal of the bifurcation lesion before the jailed balloon was placed in SB. (c) The MV stent was with-
drawn to an appropriate position that could cover the MV lesion, and the mid-segment of the jailed balloon was adjusted to be located at the ridge of the lesion.
(d) The SB balloon was inflated, and the position of the stent was verified by angiography. (e) The MV stent was then inflated. (f) The MV stent balloon was
deflated. (g) The jailed balloon was deflated. (h) The MV stent balloon was re-inflated to make the stent appose the vessel wall.
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2.4. Statistical analysis

Data analysis was performed using SPSS 25.0 (IBM Corp.,
Armonk, NY). Mean + standard deviation was used to
express measurement data, Student’s ¢-test was used to make
comparisons between the two groups. Count data were
expressed as n (%) and compared between groups using the
Chi-square test or Fisher’s exact probability method. The
univariable and multivariable were analyzed by the logistic
test. p < .05 was considered to be statistically significant.

3. Results
3.1. Baseline data

A total of 216 patients were included in the final analysis
with 105 and 111 patients undergoing A-JBT and JWT,
respectively. The mean age of the cohort was
65.56 + 9.87 years. Of these, 163 cases (75.5%) involve the
left anterior descending (LAD) artery and 139 cases (64.7%)
present with unstable angina pectoris. Moreover, 205 cases

(94.91%) were confirmed as true bifurcation lesions
(Medina classification 1.1.1, 1.0.1, 0.1.1). At baseline, gender,
age, coronary heart disease diagnosis, left ventricular ejec-
tion fraction (LVEF) and other baseline dates were not sig-
nificantly different (Table 1).

3.2. Surgical and clinical outcomes

As shown in Table 2, both groups had a 100% success rate.
After PCI, the A-JBT group had a larger SB stenosis diam-
eter (1.53 £ 0.69 vs. 0.95 = 0.52, p < .001), lower degree of
stenosis (44.34 + 18.30 vs. 63.69 + 17.34, p < .001) and
smaller change in SB stenosis degree (—16.06 + 22.48 vs.
8.12 £ 17.15, p < .001) compared to the JWT group. Both
groups achieved TIMI grade 3 blood flow in the main
treated vessel, but the JWT group had a higher incidence of
SB occlusion (18.0% vs. 1.9%, p < .001) compared to the A-
JBT group. Both groups had no significant differences in
terms of perioperative myocardial infarction, adverse events

Table 1. Demographic and clinical characteristics of the study patients.

A-JBT JWT

Patient characteristics N =105 N=11 p Value
Male 80 (76.2%) 86 (77.5%) .823
Age, years 64.47 = 9.33 66.59 = 10.30 117
Diabetes mellitus 35 (33.3%) 35 (31.5%) 777
Hypertension 6 (72.4%) 1 (64.0%) 185
Dyslipidemia 7 (16.2%) 5 (13.5%) .580
Chronic kidney disease 4 (22.9%) 0 (18.0%) 377
Hyperuricemia 6 (5.7%) 5 (4.5%) 686
Atrial fibrillation 8 (7.6%) 6 (5.4%) .509
Cerebrovascular disease 21 (20.0%) 23 (20.7%) .895
Peripheral artery disease 3 (2.9%) 5 (4.5%) 522
History of smoking 52 (49.5) 54 (48.6%) .898
Previous PCl 31 (29.5%) 29 (26.1%) 577
Previous coronary bypass 1 (1.0%) 0 (0%) 978
Previous myocardial infarction 20 (19.0%) 24 (21.6%) 639
Cardiogenic shock on admission 0 (0) 0 (0)
Cardiopulmonary arrest on admission 0 (0) 0 (0)
LVEF, (%) 69 (49, 64) 60 (52, 63) 679
Clinical diagnosis 199
UA 63 (60.0%) 79 (71.2%)

STEMI 12 (11.4%) 13 (11.7%)

NSTEMI 27 (25.7%) 18 (16.2%)

SCAD 1 (1.0%) 1 (0.9%)

LCHD 2 (1.9%) 0 (0)
Target vessel .681
LAD/diagonal 82 (78.1%) 81 (73.0%)

LCX/OM 19 (18.1%) 25 (22.5%)

RCA bifurcation 4 (3.8%) 5 (4.5%)
Medina classification .906
True bifurcation

1.1.1 69 (65.7%) 69 (62.2%)

1.0.1 16 (15.2%) 18 (16.2)

0.1.1 4 (13.3%) 9 (17.1%)

Nontrue bifurcation

1.1.0 4 (3.8%) 4 (3.6%)

0.0.1 2 (1.9%) 1 (0.9%)

1.0.0 0 (0 0 (0)

0.1.0 0 (0 0 (0)
Bifurcation angle 379
<30° 12 (11.4%) 8 (7.2%)

30°-60° 72 (68.6%) 74 (66.7%)

>60° 21 (20.0%) 29 (26.1%)

A-JBT: active jailed balloon technique; JWT: jailed wire technique; LAD: left anterior descending artery; LCX: left circumflex
artery; RCA: right coronary artery; TIMI: thrombolysis in myocardial infarction; LVEF: left ventricular ejection fraction; MI: myo-
cardial infarction; NSTEMI: non-ST-elevation myocardial infarction; PCl: percutaneous coronary intervention; SA: stable angina;
STEMI: ST-elevation myocardial infarction; UA: unstable angina; LCHD: latent coronary heart disease.

Data presented as mean + standard deviation or n (%).



during hospitalization or anti-angina and anti-thrombotic
drug treatments.

Furthermore, the A-JBT group was more likely to achieve
balloon kissing (23.8% vs. 11.7%, p = .02), but there was no
significant statistical difference in operative time between
the two groups (29.26 £ 13.32 vs. 31.76 + 15.06, p = .199).
In terms of stent and balloon selection, the MV stent diam-
eter (3.00 (2.75, 3.50) vs. 3.00 (2.75, 3.00), p < .001) differed
between the two groups, as did the reference balloon

Table 2. QCA analysis of targeted lesions in the initial and final angiography.

WT
JBTN =A05 N=11 p Value

Preoperative

MB LL (mm) 23.96 + 10.52 23.13 £ 9.12 .538
The proximal of main-branch

MV RVD (mm) 3.68 + 0.86 3.70 + 0.78 .808
MV SVD (mm) 174 £ 1.12 1.80 + 1.00 694
MV DS (%) 53.56 + 26.55 51.61 + 23.46 .566
Pre-dilation SD (mm) 2.28 £ 1.04 2.26 + 0.82 914
Pre-dilation MV DS (%) 38.54 + 23.05 38.24 + 19.39 916

The distal of main-branch

MV RVD (mm) 3.25 + 0.70 3.11 + 0.63 126
MV SVD (mm) 1.37 £ 0.92 1.40 £ 0.66 .798
MV DS (%) 58.61 + 24.45 54.57 + 19.84 .185
Pre-dilation SD (mm) 1.81 £ 0.82 1.79 £ 0.59 .865
Pre-dilation MV DS (%) 43.83 + 21.24 41.50 + 17.83 383
SB LL (mm) 7.26 £ 1.93 6.73 + 3.11 134
SB RVD (mm) 2.83 + 0.64 265 +0.73 .057
SB SVD (mm) 1.15 + 0.74 1.18 £ 0.59 695
SB DS (%) 60.40 + 21.32 55.57 + 18.50 076
Postoperative
The proximal of main-branch
MV RVD (mm) 4.03 + 0.78 3.94 + 0.64 375
MV SVD (mm) 3.65 + 0.78 3.42 + 0.64 .022%
MV DS (%) 9.49 £+ 9.04 12.86 + 10.32 011%
The change in DS (%) —29.42 +£ 2372 —-2538 + 18.66 167
The distal of main-branch
MV RVD (mm) 3.59 + 0.66 3.46 + 0.51 .102
MV SVD (mm) 3.27 £ 0.69 3.07 £ 0.59 .025%
MV DS (%) 9.11 +7.85 11.43 £ 8.00 .032%
The change in DS (%) —34.28 £ 2199 -30.07 £ 18.99 137
SB RVD (mm) 2.72 + 0.63 2.58 + 0.56 .108
SB SVD (mm) 1.53 £ 0.69 095+ 052  <.001*
SB DS (%) 4434 + 1830 63.69 + 17.34 <.001*
The change in DS (%) —16.06 = 22.48 812 +17.15 <.001*

A-JBT: active jailed balloon technique; JWT: jailed wire technique; DS: diameter
stenosis; LL: lesion length; MLD: minimal lumen diameter; QCA: quantitative
coronary angiography; RVD: reference vessel diameter; DS: diameter stenosis;
LL: lesion length; MV: main vessel; RVD: reference vessel diameter; SB: side
branch.

Change in DS (%): postoperative diameter stenosis (%) — preoperative diam-
eter stenosis (%).

p < 0.05 vs. control.

Table 3. The characteristics of stent and balloon.
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diameter (2.00 (2.00, 2.50) vs. 2.00 (2.00, 2.50), p = .028),
MV pre-dilation balloon length (20.00 (16.00, 20.00) vs. 16.00
(15.00, 20.00), p < .001) and MV pre-dilation balloon pres-
sure (12.59 * 3.06 vs. 10.86 £ 2.89, p < .001) in Table 3.
Additionally, there were no significant differences in terms of
serum levels of cardiac troponin T, low-density lipoprotein,
creatine kinase (CK), CK-MB, D-dimer, or NT-proBNP
between the two groups in Tables 4 and 5.

3.3. Univariable and multivariable analyses of SB
occlusion

The significant predictors of SB occlusion were identified
using logistic regression (Table 6). Receiver operating char-
acteristic (ROC) analysis was performed, allowing the cut-
off values to be determined: MV proximal stenosis degree of
55.80%; MV distal stenosis degree of 83.86%; SB lesion
length of 8.62mm; SB reference diameter of 2.51 mm and
SB stenosis diameter of 0.64 mm, bifurcation angle 45.3°.
Univariable analysis was performed on several parameters
affecting the results of PCI, and significant associations were

found with MV proximal stenosis degree >55.80%
(p = .011), SB reference vessel diameter <2.51mm
Table 4. Medications and laboratory test results during hospitalization.

A-JBT IWT

=105 N=11 p Value
Antiplatelet drugs 524
Aspirin + clopidogrel 86 (81.9%) 86 (77.5%)
Aspirin + tigecycline 15 (14.3%) 17 (15.3%)
Indobufen + clopidogrel 4 (3.8%) 8 (7.2%)
Stain 103 (98.1%) 107 (96.4%) 730
Etizolam 1 (20.0%) 23 (20.7%) .895
Acipimox 5 (14.3%) 12 (10.8%) 440
B-blocker 1 (39.0%) 56 (50.0%) .092
ACEI/ARB 45 (42.9%) 58 (52.3%) 167
Preoperative heparin 0 (19.0%) 31 (27.9%) 125
Postoperative heparin 97 (92.4%) 99 (89.2%) 419
LDL-C (mmol/L) 2.45 £ 1.06 270 £ 1.02 136
CTNT (0-0.15 ng/ml) 29 (27.6%) 30 (27.0%) 922
D-dimer (0-500 pg/L) 31 (29.5%) 34 (30.6%) .859
NT-proBNP (0-300 ng/ml) 49 (46.7%) 40 (30.6%) 13
CK (0-178 U/L) 14 (13.3%) 10 (9.0%) 312
CK-MB (0-16 U/L) 25 (23.8%) 18 (16.2%) 162

A-JBT: active jailed balloon technique; JWT: jailed wire technique; ACEl: angio-
tensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; LDL-C:
low-density lipoprotein cholesterol; cTNT: cardiac troponin T; NT-proBNP: N-
terminal pro-brain natriuretic peptide; CK: creatine kinase; CK-MB: creatine kin-
ase-M.

A-JBT JWT

N = 105 N=11 p Value
MV predilation balloon diameter (mm) 2.00 (2.00, 2.50) 2.00 (2.00, 2.50) .028*
MV predilation balloon length (mm) 20.00 (16.00, 20.00) 16.00 (15.00, 20.00) <.001*
MV predilation balloon inflation pressure (atm) 12.59 + 3.06 10.86 + 2.89 <.001*
MV stent diameter (mm) 3.00 (2.75, 3.50) 3.00 (2.75, 3.00) 002*
MV stent length (mm) 24.00 (21.00, 33.00) 24.00 (21.00, 29.00) .844
MV stent inflation pressure (atm) 10.04 + 2.12 10.27 + 2.39 461
SB jailed balloon diameter (mm) 2.00 (1.50, 2.00)
SB jailed balloon length (mm) 16.00 (16.00, 20.00)
SB jailed balloon inflation pressure (atm) 12.87 + 1.67
Operation time (min) 29.26 + 13.32 31.76 + 15.06 199

A-JBT: active jailed balloon technique; JWT: jailed wire technique; SB: side branch; MV: main vessel; atm: standard atmospheric

pressure.
p < .05 vs. control.
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Table 5. Procedural outcomes of A-JBT and JWT.

A-JBT JWT

N =105 N=11 p Value
Guide catheter 719
6F 91 (86.7%) 98 (88.3%)
7F 14 (13.3%) 13 (11.7%)
Arterial puncture
Radial artery 105 (100%) 111 (100%)
Femoral artery 0 0
IVUS 9 (8.6%) 5 (4.5%) 225
Dominant coronary artery 720
Right dominance 87 (82.9%) 89 (80.2%)
Left dominance 10 (9.5%) 10 (9.0%)
Balanced type 8 (7.6%) 12 (10.8%)
Procedural success 105 (100%) 111 (100%)
SB dissection 0 (0) 4 (3.6%) 145
SB pre-dilatation 8 (7.6%) 9 (8.1%) .894
SB occlusion 2 (1.9%) 20 (18.0%) <.001*
SB dropout 0 (0) 5 (4.5%) .081
GW entrapment 0 0
GW recross 26 (24.8%) 22 (19.8%) .383
SB post-dilatation 0 (0) 24 (21.6%) <.001*
SB provisional stenting 0 0
BKST 25 (23.8%) 13 (11.7%) 02*
MV stent post-dilatation 84 (80.0%) 77 (69.4%) 073
Periprocedural MI 0 0
In hospital MACE 1 (1.0%) 0 (0) 978
Stent 318
Excrossal 15 (14.3%) 18 (16.2%)
Lepu 11 (10.5%) 9 (8.1%)
Firebird 37 (35.2) 50 (45.0%)
GuReater 26 (24.8%) 16 (14.4%)
Resolute 16 (15.2%) 18 (16.2%)

BSKT: balloon-stent kissing technique; A-JBT: active jailed balloon technique;
JWT: jailed wire technique; MACE: major adverse cardiac event; MI: myocardial
infarction; GW: guidewire; MV: main vessel; SB: side branch; IVUS: intravascular
ultrasound.

*p < .05 vs. control.

Table 6. Univariable and multivariable analyses for SB occlusion.

Univariable Multivariable
OR [95%Cl] p Value OR [95%Cl] p Value

The proximal of 3.40[1.33-8.73] .011* 3.25[1.11-9.53] .032*

main-branch

MV DS (%) >55.88
The distal of 242 [0.81-7.24] .113

main-branch

MV DS (%) >83.63
SB LL >8.62mm 236 [0.89-6.26] .084  4.55[1.37-15.14] .013*
SB RVD <2.5Tmm 2.54 [1.02-6.34]  .045*
SB MLD <0.64 mm 4.77 [1.92-11.85] .001* 4.85 [1.68-14.02] .004*
Bifurcation angle >45.3° 3.79 [1.23-11.68] .02*  5.62 [1.59-19.84] .007*

A-JBT: active jailed balloon technique; JWT: jailed wire technique; DS: diameter
stenosis; LL: lesion length; MLD: minimal lumen diameter; RVD: reference ves-
sel diameter; Cl: confidence interval; OR: odds rat.

*p < .05 vs. control.

(p = .045), SB minimum lumen diameter <0.64 mm
(p = .001), and bifurcation angle >45.3° (p = .02). In the
multivariable analysis, the statistical significance of SB refer-
ence vessel diameter was offset, but MV proximal stenosis
degree >55.8% (OR = 3.25 [1.11-9.53], p = .034), SB lesion
length >8.62mm (OR = 4.55 [1.37-15.14], p = .013), SB
minimum lumen diameter <0.64mm (OR = 4.85[1.68-
14.02], p = .004), and bifurcation angle >45.3° (OR = 5.62
[1.59-19.84], p = .007) remained significant.

An example case is illustrated here: A PCI procedure was
performed on a 67-year-old male patient with a bifurcation
lesion in the mid-segment of the left circumflex artery, with

the use of an improved active deflection balloon technique
for SB protection. The MV was pre-dilated with a 2.5mm X
16 mm balloon at 16 atm, then a 3.5mm X 20 mm stent was
placed at 8atm. The SB was protected with a 1.5mm X
16 mm balloon at 11atm, and postprocedure assessment
revealed no significant increase in the degree of SB stenosis
(Figure 3).

4. Discussion

Even in the era of drug-eluting stents, stent implantation in
bifurcation lesions of the coronary arteries is still challenging
and is correlated with higher incidence of procedural compli-
cations and adverse cardiovascular events [13], mainly due to
the complexity of the anatomy and the potential changes that
may occur during PCI of bifurcation lesions. Plaque or pro-
trusion displacement at the bifurcation ridge during PCI, ves-
sel spasm, changes in the bifurcation angle and SB dissection
can all lead to adverse clinical outcomes such as SB occlusion.
This study explored the optimal surgical approach for bifur-
cation lesions by comparing the effect of higher pressure A-
JBT and JWT on SB occlusion in non-left main bifurcation
lesions.

We proposed a new modified jailed balloon technique
and compared it with JWT. The results showed that our
way had a lower rate of SB occlusion compared with jailed
wire technology (1.9% vs. 18.0%, p < .001). In the A-JBT,
the diameter, length and pressure of the SB balloon may
affect the involvement of the SB [14]. Therefore, the main
innovations of our study also lie in these three aspects.
First, in terms of balloon diameter selection, to prevent SB
dissection caused by the jailed balloon’s excessive compres-
sion of the bifurcation opening, we tended to choose a bal-
loon that is smaller than the reference diameter of the SB,
with a diameter of 2.5mm accounting for 55.2% and a
diameter of 2.0mm accounting for 30.4%. As the balloon
tends to expand most completely at the middle during vas-
cular release, we placed the distal end of the balloon in the
normal vascular segment of the SB and the middle of the
balloon at the bifurcation opening to achieve better spatial
occupancy. The plaque and protrusion displacement caused
by the compression after the MV stent implantation are the
main cause of SB occlusion [14], so we chose a higher infla-
tion pressure for the jailed balloon more than the pressure
of the MV stent balloon. This higher pressure could better
prevent plaques and protrusion from migrating and achieve
protective effects on the SB.

For the effectiveness of the patients’ procedure, we did
not have a low-pressure balloon group for comparison. And
there is a study showing no significant advantage of high
inflation pressures for SB balloons but the sample size of
the study was small and it was not compared with the wire
protection technique [11]. In the cases handled by our
modified A-JBT, there was no case of SB dissection, the rate
of SB occlusion was significantly lower and the degree of
stenosis in the SB was significantly improved, which is more
cost-effective for the patient. In addition, compared with the
JWT group, the A-JBT group required more kissing balloon
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Figure 3. A PCl procedure was performed on a 67-year-old male patient with a bifurcation lesion in the mid-segment of the left circumflex artery. (a) The CAG dis-
played that was a true bifurcation of the LCX/OM. (b) The stent (3.5mm x 20 mm) was withdrawn to an appropriate position that cover the MV lesion, and the
mid-segment of the jailed balloon (1.5mm x 16 mm) was adjusted to be located at the ridge of the lesion. (c) The MV stent was inflated at 8atm and the jailed
balloon was inflated at 11atm. (d) The MV stent balloon was deflated. (e) The MV stent balloon was re-inflated to make the stent appose the vessel wall. (f) The

diameter stenosis of the side branch had a significant improvement.

inflations, but there was no statistically significant difference
between the two groups in terms of operative time. This
illustrates that the A-JBT did not prolong the radiation time
of the patient and the operator, and it also proved the safety
of the surgical procedure.

In the multivariable analysis for SB occlusion, the MV
proximal stenosis degree >55.80% could increase the risk of
SB occlusion, which was consistent with some research
results [5]. The degree of narrowing at the proximal end of
the main lesion has a greater impact on the SB than that at
the distal end. Plaque shift was significantly associated with
plaque volume reduced in the proximal segment of MV but
not in the distal segment of MV by intravascular ultrasound
(IVUS) analysis [14]. In addition, the length of the SB lesion
>8.62mm is also significantly associated with SB occlusion,
which suggests that preventive measures should be taken
when treating bifurcation lesions with longer SB lengths.
Direct SB post-dilatation or BKST after MV stent inflation
can reduce the time of myocardial ischemia caused by SB

occlusion. The impact of the bifurcation angle on the occlu-
sion rate of SB during PCI of bifurcation lesions remains a
topic of debate. The bifurcation angle is defined in Figure 4.
Some researches have reported a higher SB involvement,
restenosis and major adverse cardiovascular events rate with
smaller bifurcation angles [15]. Nonetheless, Yoshitaka Goto
et al. mentioned that the bifurcation angle was not corre-
lated with SB involvement after main branch stent implant-
ation [16]. In our study, we find the connection between
the larger bifurcation angle and SB occlusion. This is partly
due to the fact that as the bifurcation angle increases, wall
shear stress decreases and the oscillatory shear index near
the protrusion significantly increases, promoting plaque for-
mation and intimal hyperplasia at the bifurcation lesion
[17,18]. When squeezed by the MB stent, the SB is more
susceptible to occlusion due to protrusion and plaque dis-
placement [14,19]. Another reason may be related to the
increased pressure drop and flow resistance [20].
Furthermore, bifurcation angle >50° was also found to be
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Figure 4. Diagram of bifurcation lesion.

an independent predictor of major adverse cardiovascular
events following stenting of bifurcation lesions during long-
term follow-up [21].

This study has several limitations, primarily being a
retrospective study from a single center. Thus, selection bias
for the A-JBT or JWT is unavoidable. Additionally, only
non-left main bifurcation lesions were included, so the lim-
ited applicability concerning SB occlusion and target lesion
remained. Third, due to the retrospective study, no 12-
month follow-up CAG was performed to assess the progres-
sion of bifurcation lesions in patients after the procedure.

5. Conclusions

Our study innovatively proposes the concept that the higher
inflation pressure of the SB’s balloon compared to the MV
stent balloon and has improved the PCI process. The JWT
group had a higher incidence of SB occlusion compared to
the A-JBT group and this was no case of SB dissection in
the A-JBT group. This method should be considered in the
future for treating bifurcation lesions.
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