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ABSTRACT

Objective: Many interventional cardiologists are concerned
about the risk of side branch (SB) loss during main vessel
(MV) stenting in complex bifurcation lesions. Therefore, novel
techniques are required to reduce the risk of SB occlusion.
The jailed semi-inflated balloon technique (JSBT) is one of
these techniques. This article is a description of clinical expe-
rience with SB patency assessment using the JSBT.
Methods: A total of 64 patients with 82 distinct coronary bifur-
cation lesions underwent percutaneous coronary intervention
(PCI) via JSBT at this institution. In the majority of patients,
the SB balloon was inflated with a greater pressure (4.8+2.0
atm) than in the standard JSBT. Procedural and immediate
clinical outcomes were reviewed via baseline and post-proce-
dural quantitative coronary angiography analysis.

Results: The majority of the patients had acute coronary
syndrome (60.9%) and almost one-third of the patients were
Medina class 1.1.1. (32.8%). A jailed-balloon or wire was not
entrapped during any PCI. SB ostial dissection was seen in
only 2 patients. The minimal lumen diameter was improved in
the MV and SB following PCI. There were no adverse cardiac
events during in-hospital stay or at 1-month follow-up.
Conclusion: JSBT provides maximum SB protection with
bifurcation lesions and requires less time than a complex
technique. There was no significant SB occlusion risk even
though the SB balloon was inflated with a slightly higher pres-
sure. The immediate clinical outcomes and procedural suc-
cess of this study may encourage interventional cardiologists
to use this technique safely with reliable preservation of SB
patency.

OzET

Amac: Bircok girisimsel kardiyolog kompleks bifurkasyon lez-
yonlarinda ana damara stent yerlestirme sirasinda yan da-
lin ttkanma riski nedeniyle kaygilidirlar. Bu ytuzden yan dalin
ttkanma riskini azaltmak icin yeni teknikler gereklidir. ‘Jailed
semi-inflated balloon’ (JSB) teknigi bunun igin geligtirilmis tek-
niklerden biridir. Bu yazida JSB teknigi ile yan dal agikhigini
degerlendirdigimiz klinik deneyimimizi agiklamaktayiz.
Yéntemler: Klinigimizde toplam 82 koroner bifurkasyon lez-
yonu bulunan ve JSB teknigi ile perkutan koroner girisim
(PKG) uygulanan 64 hasta alindi. Hastalarin ¢cogunlugunda
yan dal balonu JSB tekniginden farkli olarak daha ylUksek ba-
singla sigirildi (4.8+2.0 atm). islemsel ve erken klinik sonuglar,
baslangi¢ ve islem sonrasi kantitatif koroner anjiyografi analizi
ile degerlendirildi.

Bulgular: Hastalarin ¢ogunlugu akut koroner sendrom olup
(%60.9) yaklasik Ggte biri Medina sinif 1.1.1 idi (%32.8). Ja-
iled balonu yada teli higbir PKG islemi sirasinda sikismadi.
Yan dal agzi diseksiyonu yalnizca iki hastada meydana geldi.
PKG sonrasi minimal liimen capinin ana dalda ve yan dalda
dlizeldigi gorulda. Hastanede yatis sirasinda ve birinci ay kont-
rollerinde ise hicbir ciddi kardiyak istenmeyen olay gortimedi.
Sonuc: Jailed semi-inflated balloon teknigi bifurkasyon lez-
yonlarinda maksimum yan dal korumasi saglamakla beraber
ayni zamanda kompleks bir teknige gore daha kisa surmekte-
dir. Yan dal balonu daha fazla basingla sigirilmesine ragmen
anlaml yan dal tikanmasi gértlmedi. Erken klinik sonuglar ve
islemsel basari, girisimsel kardiyologlari yan dal akimini koru-
madaki guvenilirligi ile bu teknigi rahatlikla kullanma konusun-
da cesaretlendirebilir.
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Coronary bifurcation lesions occur in 8% to 15%
of percutaneous coronary interventions (PCls)
in daily practice.!"! PCI of these lesions is associated
with a higher rate of adverse cardiac events and poorer
long-term outcomes than non-bifurcation lesions.>

The key point in the treatment of bifurcation le-
sions is the determination of the most suitable strategy
for each lesion. Some lesions require double stenting.
51 In randomized clinical trials of coronary bifurca-
tion stenting, better outcomes were reported using
a simple (provisional) strategy rather than complex
(culotte, crush, and T-stenting) techniques with drug-
eluting stents. The provisional strategy appears to be
associated with lower long-term mortality.**! How-
ever, many interventional cardiologists still consider
the provisional technique unfavorable for complex
bifurcation lesions due to the threat of side branch
(SB) loss during main vessel (MV) stenting."”’ Carina
and plaque shift, ostial conformational and bifurca-
tion angle changes, protrusion of the stent struts or
dissection into the SB can be listed as reasons for
SB occlusion."” Restoration of the flow after MV
stenting may prove difficult in the majority of cases.
Therefore, novel techniques and different methods are
required to decrease the risk of SB occlusion. A mod-
ification of the provisional stenting strategy called
the jailed-balloon technique (JBT) was intended to
increase SB patency. In this technique, the uninflated
balloon, which remains jailed under the stent struts,
serves to reduce carina or plaque shifts due to its SB
ostium spatial occupation.!'!''?! However, it cannot
completely prevent SB occlusion.!*! A new technique
for better SB protection called the jailed semi-inflated
balloon technique (JSBT) seems to be more effective.
In this technique, the SB balloon is inflated at a low
pressure (3 atm).!"* This study is a description of clin-
ical experience with JSBT that provided more reliable
patency of the SB ostium by using a slightly higher
pressure (4.8+2.0 atm).

METHODS

Study population

This was a single-center observational prospective
study conducted between April and October 2017.
The study population consisted of 64 patients (mean
age: 59.5£12.2 years). A total of 82 distinct coronary
bifurcation lesions from these 64 patients were ana-

lyzed. Eighteen

Abbreviations:

patlents with ACS Acute coronary syndrome
cardio gen ic CABG  Coronary artery bypass surgery
ShOCk or Wh o CAD Coronary artery disease

. CK-MB  Creatine kinase MB
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monary resusci-  JSBT
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tected left main
disease were excluded. The patients included in the
study were fully informed prior to the study and pro-
vided written approval for the PCI procedure. The
ethics committee approved the study protocol. The

study complied with the Declaration of Helsinki.

Jailed-balloon technique
Jailed semi-inflated balloon technique

Left main coronary artery
Major adverse cardiac event

Proximal optimization technique

All of the patients underwent a detailed cardio-
vascular examination. Baseline characteristics were
recorded. The patients were questioned concerning
hypertension, hyperlipidemia, diabetes mellitus, and
non-cardiac diseases, their current smoking status,
previous myocardial infarction, PCI or coronary
artery bypass surgery (CABG), family history of
coronary artery disease (CAD), and medication use.

Vessel size in the MV had to be 2.5 mm and
=22.25 mm in the SB according to visual evaluation.
The Medina classification was used for each coro-
nary bifurcation lesion.!""! Before deciding on PCI,
intracoronary nitroglycerin is routinely administered,
if the blood pressure is appropriate. True bifurcation
lesions were defined as stenosis of >50% in both the
MV and the ostium of the SB.!'®!

All of the patients received aspirin (300 mg) and a
loading dose of clopidogrel (300-600 mg), ticagrelor
(180 mg) or prasugrel (60 mg) prior to or at the time
of procedure. During the PCI, an intra-arterial bolus
of unfractionated heparin was given under activated
clotting time guidance.™”

All of the patients were observed for complications
related to the procedure in the coronary intensive care
unit and cardiology wards following the PCI. The pa-
tients were discharged and followed up with outpa-
tient visits for up to 1 month. All of the patients were
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to receive aspirin 81 to 325 mg daily indefinitely and
clopidogrel (75 mg daily), prasugrel (10 mg daily),
or ticagrelor (180 mg daily) for a duration of at least
1 year.

Procedure

A 6-F or 7-F coronary guiding catheter was used via
a transradial or transfemoral approach for the proce-
dure. Both branches of the bifurcation were accessed
with standard 0.014 inch coronary guidewires, typi-
cally using a short or long 180-300 cm wire in the MV
and SB. Predilatation of the MV or SB was performed
with a semi-compliant balloon if necessary. A second
generation drug-eluting stent was then advanced over
the lesion in the MV. A semi-compliant balloon that
was angiographically sized to approximate the SB
vessel diameter (generally 1.5-2.5 mm and of ade-
quate length) was advanced into the SB beyond the
ostium. The proximal markers of the SB balloon and
MYV stent balloon were aligned. However, in our study,
for most patients the SB balloon was inflated with a
higher pressure (4.8+2.0 atm) than in the JSBT. The
MYV stent balloon was inflated with nominal pressure.
During inflation of the MV stent balloon, the proximal
part of the jailed SB balloon (behind the MV stent)
was compressed and contrast was squeezed, overin-
flating the distal part of the balloon at the SB ostium.
The jailed semi-inflated balloon prevented carina or
plaque shift due to full occupation of the SB ostium.
In addition, due to deflation of the proximal part of the
SB balloon, barotrauma did not occur at the proximal
part of the MV stent, since both the MV stent balloon
and the SB balloon were deflated together. After the
SB balloon and wire were removed, the MV stent bal-
loon was removed. Lastly, for optimization, the prox-
imal optimization technique (POT) was implemented
with a short, non-compliant balloon for the MV stent.

After the PCI, the patients were monitored. Car-
diac troponin I and creatine kinase MB (CK-MB) and
were measured for all of the patients at least twice 6
to 8 hours post intervention.

Quantitative coronary angiography

Quantitative coronary angiography (QCA) analysis
was performed by a single investigator unaware of
the patients’ clinical outcomes using offline analysis
of the computer-based edge-detection coronary an-
giography analysis system (CGR DXC system; GE
Healthcare, Inc. Chicago, IL, USA, with software;

Digital Imaging and Communications in Medicine-
compliant). Each bifurcation lesion was obtained in
3 segments: the proximal and distal main vessels, and
the side branch. For quantitative analysis, at least 2 or-
thogonal projections were obtained. The angiographic
frames were selected in a view good opening. For
the calibration reference, the contrast-filled catheters
used ranged in diameter from 6-F to 7-F. Reference
vessel diameter, minimal lumen diameter, and diam-
eter stenosis were measured in 3 segments according
to the algorithm of the dedicated software.!"®! Twenty
patients were selected randomly to evaluate intra- and
interobserver variability.

Procedural and clinical outcomes

The procedural outcomes for each index PCI were in-
dependently reviewed by an author who was not an op-
erator in the case. SB occlusion was defined as throm-
bolysis in myocardial infarction (TIMI) flow grade <3
immediately after MV stenting. Angiographic success
was described as successful implantation of a stent
and final residual stenosis of <30% without MV and
SB flow impairment. Each angiogram was reviewed
for any procedural complications, including SB loss
(temporary or permanent), dissection (proximal and
distal stent edge or SB ostium), and jailed-balloon
rupture or entrapment.

Periprocedural MI was defined in non-acute coro-
nary syndrome (ACS) patients as at least 1 CK-MB
elevation of more than 3 times the upper reference
limit, and in ACS patients as a 220% increase in el-
evation following stable or declining CK-MB levels,
according to the recommendations of the Academic
Research Consortium.!"!

A major adverse cardiac event (MACE) was de-
fined as a composite of cardiac death, myocardial
infarction (MI) and target lesion revascularization.
MACE was evaluated during in-hospital stays and at
1-month follow-up.

Statistical analysis

All of the statistical calculations were performed us-
ing SPSS Statistics for Windows, Version 17.0 (SPSS,
Inc., Chicago, IL, USA). Continuous variables were
expressed as the mean and SD or the median (in-
terquartile range), as appropriate, and categorical
variables were presented as counts and percentages.
Pre- and postprocedural QCA analyses were com-
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pared using the non-parametric Wilcoxon sign-rank
test. A p-value of <0.05 was considered significant.

RESULTS

Baseline clinical characteristics are shown in Table
1. The mean age of the patients was 59.5+12.2 years
and 37 (57.8%) of the patients were male with a high
prevalence of risk factors for CAD. Sixteen patients
had a previous history of PCI and 4 patients had a
previous history of CABG. The majority of the cases
(60.9%) were admitted to the emergency service with
ACS, and all of the patients were discharged follow-
ing PCI with at least dual antiplatelet therapy. The
bifurcation lesion and stenting characteristics are pre-
sented in Table 2. The majority of lesions affected the
left anterior descending and a diagonal branch. Lesion
localization was the distal left main coronary artery
(LMCA) in 9 (14%), the left anterior descending
artery (LAD)-diagonal 1 branch level in 27 (42.1%),
the LAD-diagonal 2 in 16 (25%), the circumflex
artery-obtuse marginal branch level in 9 (14%), and

Table 1. Baseline clinical characteristics (n=64)

n %

Age (years), Mean+SD 59.5+12.2
Gender

Male 37 57.8

Female 27 42.2
Hypertension 44 68.8
Diabetes mellitus 26 40.6
Hypercholesterolemia 35 54.7
Smoking 31 48.4
Family history of CAD 18 28.1
Prior PCI 16 25
Prior by-pass surgery 4 6.2
PCl indication (n=64)

Stable angina 25 39.1

Non-STEMI 21 32.8

STEMI 18 28.1
Number of diseased vessels (n=64)

One vessel 21 32.8

Two vessels 33 51.6

Three vessels 10 15.6

CAD: Coronary artery disease; PCI: Percutaneous coronary intervention;
STEMI: ST-segment elevation myocardial infarction.

Table 2. Bifurcation lesion and stenting characteristics

(n=64)
n % Mean+SD

Lesion location

Distal LMCA 9

LAD-D1 27

LAD-D2 16

Circumflex artery-obtuse margin 9

RCA-posterior descending-PL 3
Bifurcation characteristic

Medina 1.1.1 21

Medina 1.1.0 15

Medina 1.0.1 10

Medina 0.1.1 12

Medina 0.1.0 4

Medina 1.0.0 2
Bifurcation angle

<70° 48

70°-90° 12

>90° 4
Main vessel pretreatment TIMI flow

0-1 9

2 13

3 42
Side branch pretreatment TIMI flow

0-1 6

2 14

3 44
Transradial approach 8 125
Glycoprotein llb/llla inhibitors 7 10.9
Predilatation

Main vessel 39

Side branch 7
Main vessel stent size

Diameter (mm) 2.8+0.3

Length (mm) 20.6+5.9
Side branch balloon size

Diameter (mm) 1.9+0.4

Length (mm) 13.6+£2.5
Mean number of stents 1.2+0.5
Procedural time (minutes) 15.0£3.7
Main vessel stent type

Sirolimus eluting stent 22

Zotarolimus eluting stent 4

Everolimus eluting stent 25

Biolimus eluting stent 13

D: Diagonal branch; LAD: Left anterior descending artery; LMCA: Left main
coronary artery; PL: Posterolateral branch; RCA: Right coronary artery;
TIMI: Thrombolysis in myocardial infarction; SD: Standard deviation.
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Table 3. Procedural and clinical outcomes

Procedural success, % 100
Peri-procedural myocardial infarction, % 0
Major adverse cardiac event, % 0

Side branch loss
Temporary, % 0
Permanent, % 0
Side branch TIMI flow after main vessel stenting

0-2 0
3 64
Dissection

Proximal stent edge

Non-STEMI

STEMI

Stable angina

Distal stent edge

Side branch ostium

Non-STEMI

STEMI

Stable angina
Plaque shift

Non-STEMI

STEMI

Stable angina
Carinal shift

Non-STEMI

STEMI

Stable angina
Side branch stenting

Non-STEMI

STEMI

Stable angina
Final kissing-balloon inflation

Non-STEMI

STEMI

Stable angina

N D = 01 = D =+ B =4 O =+~ DN -+ O WO =+ =<2 NMDO -~~~ N O W

o

Jailed-balloon or wire entrapment

STEMI: ST elevation myocardial infarction; TIMI: Thrombolysis in myocar-
dial infarction.

the right coronary artery posterior descending artery-
posterolateral artery level in 3 patients (4.6%). The
transfemoral approach was used in the majority of
patients (n=56; 87.5%). Twenty-one of the patients
(32.8%) had a Medina 1.1.1 lesion and 43 (67.1%)

patients had a true bifurcation lesion (Medina 1.1.1.,
Medina 1.0.1., or Medina 0.1.1.).

Forty-eight (75%) patients had a Y-type (<70°) bi-
furcation angle. Pretreatment TIMI 3 flow in the MV
and SB was observed in 42 (65.6%) and 44 (68.7%) of
the patients, respectively. Predilatation of the MV and
SB was performed for 39 (60.9%) and 7 (10.9%) le-
sions, respectively. The mean number of stents placed
was 1.2+0.5.

In Table 3, procedural and clinical outcomes are
displayed. There was no peri-procedural occurrence
of MI and there was no MACE during in-hospital stay
or at the 1-month follow-up. Clinical subgroup anal-
ysis was also included in the table. All of the patients
had a TIMI 3 flow in both the MV and SB after stent-
ing. Two examples are illustrated in Figures 1 and
2. Figure 1 shows a patient who was admitted to the
emergency clinic with an ST-segment elevation MI.
Figure 1(a) shows the bifurcation lesion in the circum-
flex artery-obtuse level on caudal view with Medina
0.1.0; (b) After positioning of the MV stent and SB
balloon, the SB balloon was inflated to low pressure;
(c) The MV stent balloon was inflated with nominal
pressure, jailing the SB wire and semi-inflated bal-
loon; (d) The MV stent balloon and SB balloon were
deflated together and the SB balloon was removed; (e)
POT was performed, and the final angiographic result
is shown in Figure 1 (f). Figure 2 illustrates an elec-
tive PCI procedure related to the LMCA. Figure 2(a)
shows the bifurcation lesion in the distal LM coro-
nary artery on caudal view with Medina 1.1.1; (b) The
MV stent balloon was inflated with nominal pressure,
jailing the SB wire and semi-inflated balloon in the
circumflex artery; (c) POT was performed, and the fi-
nal angiographic result is shown in Figure 2 (d). Only
2 patients had carina shift and 3 patients had plaque
shift. One of the patients who had plaque shift was
treated using a provisional inverted mini-crush tech-
nique. The second of the 3 patients was treated with
the T and minimal protrusion technique. For the last,
the final kissing balloon was sufficient without stent-
ing. SB ostial dissection developed in only 2 patients
after MV stenting and we performed a provisional in-
verted mini-crush technique for both. In 1 case, the
SB balloon was inflated at 3 atm and the other was
inflated at 6 atm. In the first patient, the size of the
SB balloon was 1.5 mm and for the other it was 2.5
mm. However, those patients had high-grade stenosis
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Figure 1. (A) Appearance of bifurcation lesion in the circumflex artery-obtuse level on caudal view with Medina 0.1.0; (B) After
positioning of the MV stent and SB balloon, the SB balloon was inflated to low pressure; (C) MV stent balloon was inflated with
nominal pressure, jailing the SB wire and semi-inflated balloon; (D) Appearance of the lesion after the MV stent balloon and SB
balloon were deflated together and the SB balloon was removed; (E) Proximal optimization technique was performed with a
short non-compliant balloon; and (F) Final angiographic result.

Figure 2. (A) Appearance of bifurcation lesion in the distal left main coronary artery on caudal view with Medina 1.1.1; (B) MV
stent balloon was inflated with nominal pressure, jailing the SB wire and semi-inflated balloon in the circumflex artery; (C) Prox-
imal optimization technique was performed with a short non-compliant balloon; and (D) Final angiographic result.

at the SB ostium. Both of the patients who developed
SB ostial dissection were ACS patients. We added an
additional stent because of proximal stent edge dis-
section in 3 patients. The jailed balloon or wire was
not entrapped or ruptured in any case. None had flow
compromise in the SB and significant procedural suc-
cess was achieved in the current study.

QCA analysis for the MV and SB is shown in
Table 4. The minimum lumen diameter improved in
the MV and SB following PCI.

DISCUSSION

The JSBT for PCI of complex coronary bifurcation
lesions had a high immediate procedural success rate
in patients treated with a provisional approach. In
addition, there was no significant SB occlusion risk,
despite the slightly higher inflation of the SB balloon.
The jailed SB balloon was successfully removed in all
cases. This technique still looks successful, without
MACE or any SB loss, despite the higher SB balloon
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Table 4. Pre and postprocedure quantitative coronary angiography analysis for the main vessel and side branch

Preprecedure Postprocedure p

Proximal main vessel

Reference vessel diameter (mm) 3.11 (2.84-3.44) 3.14 (2.82-3.42) 0.9

Minimum lumen diameter (mm) 0.8 (0.5-1.2) 3.05 (2.76-3.28) <0.001

Diameter stenosis, % 76.95 (60.95-83.9) 2.45 (1.8-3.8) <0.001
Distal main vessel

Reference vessel diameter (mm) 3.0 (2.79-3.32) 3.02 (2.77-3.26) 0.8

Minimum lumen diameter (mm) 0.85 (0.65—-1.1) 2.88 (2.71-3.14) <0.001

Diameter stenosis, % 73.4 (61.75-81.6) 2.9 (2.2-3.8) <0.001
Side branch

Reference vessel diameter (mm) 2.31 (2.24-2.6) 2.32 (2.2-2.62) 0.9

Minimum lumen diameter (mm)
Diameter stenosis, %

0.87 (0.7-1.44)
65.4 (52.37-74.82)

<0.001
<0.001

1.36 (1.14-1.6)
42.3 (26.87-55.2)

Quantitative coronary angiography analysis was compared using the non-parametric Wilcoxon sign-rank test. Median and interquartile range (IQR, 25"-75"
percentile) of reference vessel diameter, minimum lumen diameter and diameter stenosis (%).

inflation. Thus, the results of our study are encouraging
and interventional cardiologists may elect to use this
technique with reliable preservation of SB patency.

This technique was successfully used in patients in
both the emergency and elective clinical setting. The
majority of the study population presented with ACS
and bifurcation lesions. The complication rates seem
to be higher in patients with ACS, as expected by
clinical and lesional physiology, when compared with
roughly stable patients. For example, 2 patients who
developed SB osteal dissection in the study were ACS
patients. However, in all of the patients, a TIMI 3 flow
was provided both in the MV and in the SB. There
was also no MACE, as in stable angina patients. Th-
ese results indicated that the method is also applicable
to patients with ACS.

In addition, although JSBT is generally considered
to be an acceptable method when there is no signifi-
cant stenosis in the SB ostium, 67% of the patients in
our study had a true bifurcation lesion. Thus, we have
also shown that this technique can be successfully
applied in patients with SB ostial lesions. However,
regardless of the lesion in the SB ostium, tortuosity or
heavily calcified lesions of the SB are major limita-
tions for this method. This method has not been used
in such cases.

PCI of coronary bifurcation lesions is associated
with a lower rate of procedural success, poor long-
term outcomes, and a higher rate of adverse cardiac

events when compared with non-bifurcation lesions,
including periprocedural MI, target lesion revascular-
ization, and stent thrombosis.™

Numerous stenting techniques (culotte, crush, and
T-stenting) have been proposed to improve the proce-
dural and clinical outcomes of PCI of coronary bifur-
cation lesions. The key point in the treatment of bi-
furcation lesions is determination of the most suitable
strategy for each lesion.

A meta-analysis of provisional versus complex
strategies demonstrated an increased incidence of MI
in the complex strategy cases.'””! The graft bifurcation
anatomy during stenting limits the success of many of
these techniques. Many interventional cardiologists
still consider the provisional technique inferior for
complex bifurcation lesions because of the risk of SB
loss.*'' However, the 5-year analysis of the Nordic Bi-
furcation Study and the British Bifurcation Coronary
Study suggest that a provisional single-stent approach
appears to be associated with lower long-term mor-
tality than a systematic dual stenting technique.?? In
addition, the provisional approach reduces procedural
time, radiation, and contrast administration, com-
pared with the elective dual stenting technique.’®”
But if a SB occlusion happens during the provisional
technique, adverse events may be expected.[23] The
major predictors of SB occlusion are smaller SB di-
ameter, sharper bifurcation angles, ostial or near-os-
tial SB disease, and especially plaque shift during
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MV stenting.” The JBT was intended to increase
SB patency. In this technique, the uninflated balloon,
which remains jailed under the stent struts, allows
for treatment of any plaque shift that occurs during
stenting of the MV without losing access to the SB.!"!!
Depta et al.'?! retrospectively analyzed a recordable
series of bifurcation lesions in patients who under-
went a provisional method with or without JBT. They
demonstrated that the SB loss rate was significantly
lower in the JBT group. However, this technique is
not adequate to prevent SB occlusion."* Especially
after postdilatation, if the stent balloon is inflated with
higher pressure, the carina may shift into the SB and/
or distal edge dissection may occur. Ultimately, Cayl
et al.' proposed the new technique of JSBT for bet-
ter SB protection in a study of 137 patients, which
seems superior to previous techniques. The SB bal-
loon is inflated to a low pressure (3 atm) and the SB
balloon fully occupies the SB ostium. The procedure
is finalized with POT to ensure appropriate apposition
of the stent struts to the vessel wall. In their study,
intravascular ultrasound was used to demonstrate the
effectiveness in some cases. The procedural success
rate was 100% without any SB loss. Ostial SB dissec-
tion developed in 4 patients. Three of 4 patients were
treated with SB stenting. We thought that greater SB
balloon inflation would provide more SB patency. In
our study, only 3 patients had plaque shift and only 2
patients had SB ostial dissection after the MV stent-
ing in which the provisional inverted mini-crush tech-
nique was used for management. The results of our
study were similar to the study of Cayli et al. In addi-
tion, there was no significant plaque or carina shift or
ostial SB dissection observed, despite the higher SB
balloon inflation. The jailed SB balloon and wire were
successfully removed in all patients without damage.

Study limitations

JSBT was not compared with other techniques, such
as JBT. Additional larger, randomized studies are
needed, as well as longer follow-up, to compare this
technique with other complex (culotte, crush, and
T-stenting) techniques. The small size of our popu-
lation sample is another limitation of this study. Fur-
thermore, the use of different types of drug eluting
stents, although they were all new-generation stents,
is also considered a limitation of our study, given the
different mechanical properties, such as cell design
and strut thickness. Also, we did not use any imag-

ing methods (intravascular ultrasound or optical co-
herence tomography) in our study. However, we per-
formed QCA analysis for the MV and the SB.

Conclusion

The JSBT provides maximum SB protection in cases
of bifurcation lesions and requires less time than a
complex technique. There was no significant SB oc-
clusion risk, even though the SB balloon was inflated
with a slightly higher pressure. The immediate clin-
ical outcomes and procedural success of this study
may encourage interventional cardiologists to use this
technique safely with reliable preservation of SB pa-
tency.

Funding: None
Peer-review: Externally peer-reviewed.
Conflict-of-interest: None.

Authorship contributions: Concept: E.E., M.C.; Design:
E.E., H.U.; Supervision: S.D., El., M.G.; Materials: EE.,
H.U., S.D.; Data: EE., El.; Analysis: HU., M.G.,, M.C.;
Literature search: E.E., S.D.; Writing: E.E., E.I.; Critical
revision: M.G., M.C.

REFERENCES

1. Baber U, Kini AS, Sharma SK. Stenting of complex lesions:
an overview. Nat Rev Cardiol 2010;7:485-96. [CrossRef]

2. Colombo A, Moses JW, Morice MC, Ludwig J, Holmes DR
Jr, Spanos V, et al. Randomized study to evaluate sirolimus-
eluting stents implanted at coronary bifurcation lesions. Cir-
culation 2004;109:1244-9. [CrossRef]

3. Latib A, Colombo A. Bifurcation disease: What do we know,
what should we do? JACC Cardiovasc Interv 2008;1:218-26.

4. Stinis CT, Hu SP, Price MJ, Teirstein PS. Three-year outcome
of drug-eluting stent implantation for coronary artery bifurca-
tion lesions. Catheter Cardiovasc Interv 2010;75:309-14.

5. Lee JM, Park KW, Koo BK, Kim HS. Stenting of coronary
bifurcation lesions: a literature and technical review. Curr
Cardiol Rep 2015;17:45. [CrossRef]

6. Katritsis DG, Siontis GC, Ioannidis JP. Double versus single
stenting for coronary bifurcation lesions: a meta-analysis.
Circ Cardiovasc Interv 2009;2:409—15. [CrossRef]

7. Hildick-Smith D, de Belder AJ, Cooter N, Curzen NP, Clay-
ton TC, Oldroyd KG, et al. Randomized trial of simple versus
complex drug-eluting stenting for bifurcation lesions: The
British Bifurcation Coronary Study: Old, new, and evolving
strategies. Circulation 2010;121:1235-43. [CrossRef]

8. Lassen JF, Holm NR, Stankovic G, Lefevre T, Chieffo A,
Hildick-Smith D, et al. Percutaneous coronary intervention
for coronary bifurcation disease: consensus from the first 10


https://doi.org/10.1038/nrcardio.2010.116
https://doi.org/10.1161/01.CIR.0000118474.71662.E3
https://doi.org/10.1016/j.jcin.2007.12.008
https://doi.org/10.1007/s11886-015-0595-7
https://doi.org/10.1161/CIRCINTERVENTIONS.109.868091
https://doi.org/10.1161/CIRCULATIONAHA.109.888297

348

Turk Kardiyol Dern Ars

10.

11

12.

13.

14.

15.

16.

17.

years of the European Bifurcation Club meetings. Eurolnter-
vention 2014;10:545-60. [CrossRef]

Vassilev D, Gil R. Clinical verification of a theory for predict-
ing side branch stenosis after main vessel stenting in coronary
bifurcation lesions. J Interv Cardiol 2008;21:493-503. [CrossRef]
Kang SJ, Mintz GS, Kim WJ, Lee JY, Park DW, Lee SW, et al.
Preintervention angiographic and intravascular ultrasound pre-
dictors for side branch compromise after a single-stent cross-
over technique. Am J Cardiol 2011;107:1787-93. [CrossRef]

. Burzotta F, Trani C, Sianos G. Jailed balloon protection: a

new technique to avoid acute side-branch occlusion during
provisional stenting of bifurcated lesions. Bench test report
and first clinical experience. Eurolntervention 2010;5:809—
13. [CrossRef]

Depta JP, Patel Y, Patel JS, Novak E, Yeung M, Zajarias A,
et al. Long-term clinical outcomes with the use of a modified
provisional jailed-balloon stenting technique for the treatment
of nonleft main coronary bifurcation lesions. Catheter Cardio-
vasc Interv 2013;82:E637—46. [CrossRef]

Singh J, Patel Y, Depta JP, Mathews SJ, Cyrus T, Zajarias A,
et al. A modified provisional stenting approach to coronary
bifurcation lesions: clinical application of the “jailed-balloon
technique”. J Interv Cardiol 2012;25:289-96. [CrossRef]

Cayli M, Seker T, Giir M, Elbasan Z, Sahin DY, Elbay MA, et
al. A Novel-Modified Provisional Bifurcation Stenting Tech-
nique: Jailed Semi-Inflated Balloon Technique. J Interv Car-
diol 2015;28:420-9. [CrossRef]

Medina A, Sudrez de Lezo J, Pan M. A new classification of
coronary bifurcation lesions [Article in Spanish]. Rev Esp
Cardiol 2006;59:183. [CrossRef]

Colombo A, Bramucci E, Sacca S, Violini R, Lettieri C,
Zanini R, et al. Randomized study of the crush technique
versus provisional side-branch stenting in true coronary bi-
furcations: the CACTUS (Coronary Bifurcations: Application
of the Crushing Technique Using Sirolimus-Eluting Stents)
Study. Circulation 2009;119:71-8. [CrossRef]

Silber S, Albertsson P, Avilés FF, Camici PG, Colombo A,
Hamm C, et al; Task Force for Percutaneous Coronary Inter-

18.

19.

20.

21.

22.

23.

24.

ventions of the European Society of Cardiology. Guidelines
for percutaneous coronary interventions. The Task Force for
Percutaneous Coronary Interventions of the European Society
of Cardiology. Eur Heart J 2005;26:804—47. [CrossRef]
Ormiston JA, Webster MW, El Jack S, Ruygrok PN, Stewart
JT, Scott D, et al. Drug-eluting stents for coronary bifurca-
tions: bench testing of provisional side-branch strategies. Ca-
theter Cardiovasc Interv 2006;67:49-55. [CrossRef]

Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van
Es GA, et al; Academic Research Consortium. Clinical end
points in coronary stent trials: a case for standardized defini-
tions. Circulation 2007;115:2344-51. [CrossRef]

Leesar MA, Hakeem A, Azarnoush K, Thuesen L. Coronary
bifurcation lesions: Present status and future perspectives. Int
J Cardiol 2015;187248757. [CrossRef]

Paraggio L, Burzotta F, Aurigemma C, Trani C. Update on
Provisional Technique for Bifurcation Interventions. Curr
Cardiol Rep 2016;18:27. [CrossRef]

Behan MW, Holm NR, de Belder AJ, Cockburn J, Erglis A,
Curzen NP, Niemeld M, et al. Coronary bifurcation lesions
treated with simple or complex stenting: 5-year survival
from patient-level pooled analysis of the Nordic Bifurcation
Study and the British Bifurcation Coronary Study. Eur Heart J
2016;3721923—8. [CrossRef]

Hahn JY, Chun WJ, Kim JH, Song YB, Oh JH, Koo BK, et al.
Predictors and outcomes of side branch occlusion after main
vessel stenting in coronary bifurcation lesions: results from
the COBIS II Registry (COronary Blfurcation Stenting).J Am
Coll Cardiol 2013;62:1654-9. [CrossRef]

Furukawa E, Hibi K, Kosuge M, Nakatogawa T, Toda N,
Takamura T, et al. Intravascular ultrasound predictors of side
branch occlusion in bifurcation lesions after percutaneous
coronary intervention. Circ J 2005;69:325-30. [CrossRef]

Keywords: Coronary bifurcation lesion; jailed semi-inflated balloon
technique; percutaneous coronary intervention.

Anahtar sézctikler: Koroner bifurkasyon lezyonu; jailed semi-inflated
balloon teknigi; perkitan koroner girigim.


https://doi.org/10.4244/EIJV10I5A97
https://doi.org/10.1111/j.1540-8183.2008.00400.x
https://doi.org/10.1016/j.amjcard.2011.02.323
https://doi.org/10.4244/EIJV5I7A135
https://doi.org/10.1002/ccd.24778
https://doi.org/10.1111/j.1540-8183.2011.00716.x
https://doi.org/10.1111/joic.12225
https://doi.org/10.1157/13084649
https://doi.org/10.1161/CIRCULATIONAHA.108.808402
https://doi.org/10.1093/eurheartj/ehi138
https://doi.org/10.1002/ccd.20453
https://doi.org/10.1161/CIRCULATIONAHA.106.685313
https://doi.org/10.1016/j.ijcard.2015.03.183
https://doi.org/10.1007/s11886-016-0704-2
https://doi.org/10.1093/eurheartj/ehw170
https://doi.org/10.1016/j.jacc.2013.08.1131
https://doi.org/10.1253/circj.69.325



