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ABSTRACT

OBJECTIVES The study aimed to evaluate the adequacy and feasibility of the single string bifurcation stenting
technique.

BACKGROUND Double-stent techniques may be required for complex bifurcations. Currently applied methods all have
their morphological or structural limitations with respect to wall coverage, multiple strut layers, and apposition rate.

METHODS Single string is a novel method in which, first, the side branch (SB) stent is deployed with a single stent cell
protruding into the main branch (MB). Second, the MB stent is deployed across this protruding stent cell. The procedure
is completed by final kissing balloon dilation. The single string technique was first tested in vitro (n = 20) and next
applied in patients (n = 11) with complex bifurcation stenoses.

RESULTS All procedures were performed successfully, crossing a single stent cell in 100%. Procedure duration was
23.0 + 7.9 min, and the fluoroscopy time was 9.4 + 3.5 min. The results were evaluated by optical coherence tomog-
raphy, showing fully apposed struts in 83.0 + 9.2% in the bifurcation area. Residual area obstruction in the MB was
6.4 + 5.6% and 25.0 + 16.9% in the SB, as evaluated by micro computed tomography. All the human cases were
performed successfully with excellent angiographic results: the residual area stenosis was 27 4+ 8% and 29 + 10% in
the MB and in the SB, respectively, by 3-dimensional quantitative coronary angiography. No relevant periprocedural
enzyme increase was observed. During follow-up (6 + 4 months), no adverse clinical events (death, myocardial
infarction, target vessel revascularization) were noted.

CONCLUSIONS The single string technique for complex bifurcation dilation was shown to be adequate in vitro and
feasible in humans, with favorable results in terms of stent overlap, malapposition rate, and low residual obstruction
in both the MB and SB. (J Am Coll Cardiol Intv 2015;8:949-59) © 2015 by the American College of Cardiology
Foundation.
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Single String Bifurcation Stenting Technique

ABBREVIATIONS
AND ACRONYMS

GW = guidewire
MB = main branch

mCT = micro computed
tomography

OCT = optical coherence
tomography

PCI = percutaneous coronary
intervention

QCA = quantitative coronary
angiography

SB = side branch

he basic concept of conventional stent

systems relies on restoration of the

native tubular geometry and expected
luminal area of epicardial coronary arteries. There-
fore, percutaneous coronary intervention (PCI) of
complex bifurcation stenosis remains a challenge
for interventional cardiologists. The evolution of
bifurcation PCI resulted in several techniques, us-
ing either single- and double-stent techniques (1)
or a number of dedicated devices (2-5). Yet the
universally optimal solution is still lacking, mainly
due to the highly complex morphology with large
variation of bifurcations stenoses.

SEE PAGE 960

The single-stent technique, namely, provisional

T-stenting, is associated with excellent short- and
long-term outcomes in the vast majority of cases
(6-8) and is currently recommended as the default

approach to bifurcation PCI

with or without

involvement of the side branch (SB) (9). For more
complex pathologies, in which an important SB is
involved or stenosed over a longer segment (more
than 5 mm, starting at its ostium), the single stent
strategy may not provide optimal results with
adequate downstream flow in both territories. For
such pathologies, double stent techniques or the use
of dedicated devices may be recommended. A wide
variety of techniques using 2 regular stents has
been described and evaluated including T-, culotte,

crush, minicrush, T- and protrusion stenting, but

the best choice remains unclear. The main limita-
tions of each of these techniques are due to super-
imposition of multiple metal layers and frequent
stent strut malapposition. The introduction of novel

dedicated SB stents aimed at eliminating these
limitations (10). However, dedicated devices lack
the anatomic conformability and flexibility of regu-
lar stents and may not be available as drug-eluting
devices.

With the purpose of optimization of the pros

and cons of conventional double-stent techniques,
Kawasaki et al. (11) reported a modification of culotte
technique that we propose to describe as the single
string bifurcation stenting technique. The aim of the
present study was the in vitro assessment of perfor-

mance and feasibility of the single string technique

by extensive technical and mechanical evaluation,
using optical coherence tomography (OCT) and
micro computed tomography (mCT). Additionally, we
report here the experience in humans with a pro-

spective pilot registry using the single string tech-

nique in 11 patients undergoing PCI for complex
bifurcation stenosis involving a large SB.
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METHODS

IN VITRO TESTING. Bifurcation models. The single
string technique was first extensively tested in vitro.
Tests were performed in uniform silicone phantoms,
manufactured using a rapid prototyping technique.
Technical parameters are shown in Figure 1A.

SINGLE STRING STENTING PROCEDURE. Single string
stenting procedures were performed with uni-
form materials using a standardized technique and
predefined steps. Biomatrix and Biomatrix Flex
drug-eluting stents (Biosensors Interventional Tech-
nologies Ltd, Singapore) were 2.5 mm and 3.0 mm in
size. Both types of stents use the same platform in
both sizes. Stents have a 120-um strut thickness and

FIGURE 1 Silicone Phantoms Used for In Vitro Testing
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(A) For the in vitro experiments, silicone phantoms were used
with uniformed geometrical parameters. (B) For optical coher-
ence tomography analysis, the bifurcation was divided into

8 sectors: proximal main branch (1, every third frame along

1.6 mm), proximal bifurcation ostial half (2, frame by frame),
proximal bifurcation abostial half (3, frame by frame), distal
bifurcation ostial half (4, frame by frame), distal bifurcation
abostial half (5, frame by frame), bifurcation side branch abostial
half (6, frame by frame), distal main branch (7, every third frame
along 2.4 mm), and side branch (8, every third frame along

1.6 mm).
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