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Abstract

A challenging technical scenario frequently encountered in a percutaneous
coronary intervention of a coronary bifurcation lesion (CBL) is stent implantation
of only the stenosed segment without compromising the other two normal
segments in non-true bifurcation lesions. Another is precise stent implantation
covering the side branch ostium without leaving excessive stent metal at the other
two segments of a bifurcation lesion in complex true bifurcation lesions. The aim
of this study was to describe a novel stenting technique for both non-true and true
CBLs by using a guide extension catheter (GuideLiner). With the assistance of a
guide extension catheter mounted on both the main and the side-branch
guidewires and with its intubation down to the bifurcation carina, a stent can be
implanted in the side branch segment or distal main segment of the bifurcation
lesion appropriately without compromising the other two segments of the
coronary bifurcation. Stent implantation is described in three bifurcation lesions
in three cases and shown in detail with illustrative figures. The technique
facilitates side-branch only stenting in side-branch mono-ostial (medina 0, 0, 1)
CBL or only the distal main segment in distal mono-ostial (medina 0, 1, 0) CBL
without compromising the other two remaining segments when using the one-
stent technique in non-true CBLs without leaving unnecessary excessive stent
metal at the bifurcation site and when using a two-stent technique in complex true
bifurcation lesions (tri-ostial or medina 1, 1, 1). Consequently, through optimizing
stent deployment, the technique may have the potential to reduce the risk of
subacute stent thrombosis and future in-stent restenosis. The most appropriate
lesions suitable for the technique, and some other practical tips are also described.

Key Words: Coronary bifurcation lesion; GuideLiner stenting; Percutaneous coronary
intervention; One- or two-stenting technique; Novel descriptive, intelligible and ordered
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Core Tip: A novel stenting technique for coronary bifurcation lesions (CBLs) is
presented. With the help of a guide extension-assisted technique using a GuideLiner
mounted on both guidewires in the branches of the bifurcation lesion and advanced to
the carina of the bifurcation, a stent can be implanted at the most possible appropriate
site of the side branch in side-branch mono-ostial (medina 0, 0, 1) or in the distal
mono-ostial (medina 0, 1, 0) in non-true CBLs. The technique can also be used to stent
the side branch in two-stent techniques for complex true CBLs (tri-ostial or medina 1,
L, 1).

Citation: Y-Hassan S, de Palma R. A Novel guide extension assisted stenting technique for
coronary bifurcation lesions. World J Cardiol 2021; 13(6): 155-162

URL: https://www.wjgnet.com/1949-8462/full/v13/i6/155.htm

DOI: https://dx.doi.org/10.4330/wjc.v13.i6.155

INTRODUCTION

Percutaneous coronary intervention (PCI) of a coronary bifurcation lesion (CBL) is a
challenging procedure for interventionists[1]. The short- and long-term outcomes are
closely related to the procedural success and optimization of the bifurcation stenting
technique[2,3]. Several one- or two-stent techniques for PCI of CBLs have been
described, depending on the type and location of the bifurcation lesions[1,4]. Stenting
of the side branch in side-branch mono-ostial[5] (medina 0, 0, 1)[6] bifurcation stenoses
is associated with difficulties in stent placement at the proper site with the risk of
missing the side branch ostium or of excessive stent protrusion in the main branch.
The same applies to stenting only the distal main segment in distal mono-ostial
(medina 0, 1, 0) bifurcation stenoses. Consequently, the provisional stenting technique
is typically employed in treating a distal mono-ostial stenosis (medina 0, 1, 0) but this
requires “unnecessary” stenting of the normal proximal main segment of the bifur-
cation and the risk of compromising the side branch[1].

The provisional stenting technique is also recommended as the default strategy by
most interventionists in tri-ostial (medina 1, 1, 1) or true bifurcation lesions[1].
However, this technique may lead to side-branch occlusion during stenting of the
main branch and acute peri-procedural myocardial infarction. Improvements in the
protection of the side branch have been reported with the jailed balloon protection of
the side branch[7] or modified jailed balloon techniques[8]. The risk of side-branch
occlusion is increased in complex tri-ostial (medina 1, 1, 1) bifurcation lesions where a
two-stent technique should always be considered. However, the current two-stent
techniques for the CBLs, such as crush[9] and culotte[10] stenting, leave multiple
layers of stent struts at the bifurcation site causing difficulties in rewiring, balloon re-
crossing, and the performance of sequential post-dilatation and final kissing balloon
inflation. This may result in stent under expansion, and/or malapposition at the
bifurcation site predisposing to acute and sub-acute stent thrombosis. Suboptimal
stent implantation is also associated with an increased risk of future in-stent restenosis
[1]. To overcome these challenges, the crush technique has evolved to mini-crush and
double kissing (DK)-crush techniques[1]. The DK-crush stenting technique facilitates
final kissing balloon inflation, but the technique has complex procedural steps and is
time consuming. Other two-stent techniques include simultaneous kissing stenting, T-
stenting and V-stenting techniques. The T-stenting technique does not leave multiple
layers of stent struts, which facilitates final kissing balloon inflation, but has the
potential of geographical miss at the side branch. These technical shortcomings
highlight the need for a stent implantation technique that avoids unnecessary stenting
of the normal segments and not leaving multiple layers of stent struts at the bifur-
cation site. A guide extension catheter can intubate the coronary arteries down to the
carina of the bifurcation site. This may facilitate precise stent implantation at the
ostium of the side branch or the distal main segment and thus enhance rewiring,
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balloon re-crossing and final kissing balloon inflation in two-stent techniques.

METHODOLOGY

Description of the guide extension-assisted stenting technique using a GuideLiner

catheter (Vascular Soutions Inc., Minneapolis, MN)

The GuideLiner is a guide extension catheter that is mounted coaxially on a monorail
system extending through the guide catheter. It consists of a coaxial exchange system
with a flexible extension of 20 cm and a radio-opaque marker 2 mm proximal to the tip
of the catheter. The extension catheter has been used for deep vessel intubation to
allow the smooth device delivery of balloons and stent platforms in calcified or
tortuous vessel anatomy. Guide extension catheters have also been used to facilitate
obtaining good angiographic and optical coherence tomographic (OCT) images by
subselective injection of reduced contrast medium, and particularly useful in tortuous
vessel or angulated bifurcation anatomy[11]. Further uses include stenting the main
branch of a complex bifurcation lesion while retaining guide wires in both side
branches of the bifurcation[12] and to facilitate side strut stenting technique for the
treatment of right coronary artery ostial in-stent restenosis where there is ostial right
coronary artery stent overhang into the aortic root[13].

In this novel technique, the coronary artery is engaged by conventional 6, 7, or 8F
guide catheters, through radial (6 and 7F), or femoral (6, 7, and 8F) artery approaches.
Two guidewires are placed in the branches of the bifurcation lesion, one in the main
branch and one in the side branch (Figure 1A and B). The bifurcation lesion is pre-
dilated, preferably with undersized 1.5 or 2 mm balloon, and the ostium of the side
branch should be dilated with a cutting or scoring balloon, especially the left anterior
descending artery (LAD) ostium or the left circumflex artery (LCx) ostium. The dilated
but still stenosed bifurcation lesion helps to prevent to-and-fro movement of the stent
during stent implantation especially in LAD. Dilatation of the ostium by a cutting or
scoring balloon helps to avoid stent sliding distally during stent implantation.
Thereafter, the appropriate (6, 7, or 8F) GuideLiner mounted on both guidewires is
introduced and placed near the tip of the guide catheter (Figure 1C). The stent is
introduced somewhat distal to the lesion (Figure 1D) and then the GuideLiner
introduced to the carina of the bifurcation, and the stent is retracted while the
GuideLiner is advanced carefully against the carina until the proximal radio-opaque
marker of the stent balloon is overlapping the distal radio-opaque marker of the
GuideLiner (Figure 1E). Being mounted on both main and side-branch guidewires, the
guide extension catheter will stop at the carina of the bifurcation just adjacent to the
ostium of the side branch or ostium of the distal main segment of the main branch. The
stent is then implanted slowly to avoid stent displacement (Figure 1F). During stent
implantation, the proximal part of the stent balloon pushes the GuideLiner catheter
backward. In this way the stent is implanted at the ostial region and distally without
compromising the other two segments of the bifurcation (Figures 1-4). The stent
balloon catheter is pulled out first followed by the GuideLiner. The stent is then post-
dilated, and the stent apposition is checked in the conventional way. In tri-ostial
bifurcation lesions (medina 1, 1, 1), and after stenting the side branch by GuideLiner
technique described above (Figure 4), the procedure is completed conventionally with
stenting of the main branch, proximal optimization technique (POT), rewiring of the
side branch, balloon re-crossing of the main branch stent struts, sequential balloon
dilatation, and final kissing balloon inflation. The technique is further illustrated and
described in three bifurcation cases treated with this guide extension technique in
Figures 1-4.

Coronary artery bifurcation lesions suitable for the GuideLiner-assisted stenting

technique

This novel guide extension assisted stenting technique is characterized by keeping the
guidewire access to both branches of the bifurcation during the whole procedure in
side-branch mono-ostial (medina 0, 0, 1), distal mono-ostial (medina 0, 1, 0) CBL, and
stenting only the lesion site without compromising the other two segments of the
bifurcation. The most appropriate bifurcation sites suitable are the bifurcation lesions
situated proximally in the coronary artery trees as left main stem/LAD/LCx, proximal
LAD/diagonal, and proximal LCx/marginal bifurcation lesions. The most suitable
types of CBLs for this technique are the side-branch mono-ostial (medina 0, 0, 1), the
distal mono-ostial (medina 0, 1, 0) and potentially distal bi-ostial (medina 0, 1, 1)
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Figure 1 Schematic description of the guide extension-assisted technique in a coronary bifurcation lesion in the first case. A: Coronary
angiography in a male patient admitted with unstable angina revealed a significant ostial and proximal left anterior descending artery (LAD) stenosis. It was classified
as side branch mono-ostial (medina 0, 0, 1), left main stem/left circumflex artery (LCx)/LAD bifurcation stenosis (orange arrow). Evaluation by fractional flow reserve
assessment was 0.76, indicating a significant stenosis. The guide extension-assisted percutaneous coronary intervention technique is demonstrated schematically. B:
Two guide wires are placed in the left coronary artery (both LAD and LCx); C: After conventional pre-dilatation, the GuideLiner, mounted on both guidewires, is placed
proximal to the tip of the mother guide catheter (orange arrow); D: The stent is introduced just distal to the stenosis; E: The GuideLiner is then advanced to the carina
of the bifurcation and the stent is pulled back to a level where the proximal radio-opaque marker of the stent balloon overlaps the radio-opaque marker just proximal
to the tip of the guide-liner (orange arrow). Because the GuideLiner is mounted on both wires, the carina of the bifurcation will prevent further introduction of the
GuideLiner into the LAD or LCx; F: The stent is implanted slowly. Note that the GuideLiner is pushed backwards when the stent balloon is inflated.

JBaishideng®

bifurcation lesions when the proximal segment of the main branch is normal. The
technique can also be utilized in tri-ostial bifurcation stenosis (medina 1, 1, 1) through
stenting the side branch using the guide extension technique (Figure 4) and then
conventional stent implantation in the main branch with the advantage of not leaving
excessive stent metal at the carina and facilitation of the procedure by proximal
optimization, rewiring, sequential balloon dilatation, and final kissing balloon
inflation.

Side branch stenting

Side branch stenting is challenging for all interventionists. The crucial step is
positioning the stent so that it covers the ostium of the side branch without protruding
too much into the main branch. Achievement of geographical precision is more
difficult when the bifurcation angle is of the “Y-type” and almost impossible when the
ostium of the side branch cannot be visualized, which is the case in some bifurcation
lesions as shown in Figure 3. One of the disadvantages of the T-stenting technique is
that it may miss covering the ostium of the side branch. In contrast, the crush, mini-
crush, and culotte stenting techniques[1] leave multiple strut layers in the main branch
that may result major difficulty in rewiring the side branch and subsequent sequential
and final kissing balloon inflations. The novel guide extension-assisted stenting
technique of the side branch reduces the risk of missing the ostium substantially and
avoids unnecessary stent protrusion into the main branch.

RESULTS

Three different types of CBLs in three cases that were successfully treated with PCI
using a GuideLiner-assisted stenting technique. Two cases had non-true CBLs and one
had a true CBL. The first case had left main stem/LCx/LAD bifurcation stenosis of a
side-branch type mono-ostial (medina 0, 0, 1) bifurcation lesion. With a GuideLiner
advanced to the carina of the bifurcation, the side branch (LAD) was stented
successfully (Figure 2). The stent covered the ostium of the LAD without leaving stent
struts in the left main stem or LCx, confirmed by StentBoost imaging (Figure 2F). The
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Figure 2 Annotated description of the guide extension technique in the bifurcation lesion in the first case. A and B: Left (A) and right (B)
coronary angiography of the same patient in figure 1 showing stenosis at the ostium and proximal part of left anterior descending artery (LAD) (A, orange arrow); C
and D: After engagement of the left coronary artery with 7F XB 3.5 guide catheter, a 7F GuideLiner, mounted on both guidewires, is advanced carefully against the
carina of the bifurcation and the stent is placed at the stenosis site with the proximal radio-opaque marker of the stent balloon overlapping the radio-opaque marker
just proximal to the tip of the GuideLiner (D, under contrast injection); E: A 3.5 mm x 15 mm stent was implanted with a pressure of 20 atm; note that the GuideLiner
is pushed backwards during stent implantation. The stent is post-dilated in the conventional way; F: The proximal stent edge can be seen accurately placed at the
ostium using StentBoost imaging (orange arrows); G: Final result, stent implanted in the LAD without compromising the left main stem or the left circumflex artery
ostium. LCA: Left coronary artery; RCA: Right coronary artery.

bifurcation lesion in the second case treated with this novel technique was a LAD/
diagonal bifurcation stenosis type distal mono-ostial (medina 0, 1, 0) where the
stenosis was restricted to the distal main segment of the bifurcation. It is worth
mentioning that visualization of the angle between the diagonal branch and the distal
segment of the main branch (LAD) was ambiguous, making it especially suitable for
this novel technique. With a GuideLiner intubated down to the carina of the bifur-
cation, the distal main segment was stented successfully (Figure 3). The stent covered
the ostium of the distal main segment without leaving stent struts in proximal main
segment or the side branch and this was confirmed by OCT (Figure 3E and F), which
also showed a well-apposed stent to the vessel wall. The bifurcation lesion in the third
case was a complex LAD/diagonal bifurcation stenosis of type tri-ostial (medina 1, 1,
1) (Figure 4). The side branch was stented by this novel technique after extending the
GuideLiner to the carina of bifurcation. The stent covered the side-branch ostium
without leaving stent struts at the bifurcation site. The main branch is then stented in
the conventional way without leaving multiple layers of stent struts at the bifurcation
site. Consequently, the procedure enhanced rewiring, balloon re-crossing and the
performance of sequential post-dilatation and final kissing balloon inflations.
StentBoost and optical coherence tomography confirmed well-apposed stents at the
bifurcation site with no stent struts covering the ostium of the diagonal branch
(Figure 4H and I)

DISCUSSION

The main advantage of the guide extension-assisted stenting technique is precise
positioning of the stent at the side branch of a CBL especially in lesions where the side-
branch ostium is challenging to visualize or ambiguous. The most appropriate CBLs
suitable for this technique are the side-branch mono-ostial (medina 0, 0, 1), distal
mono-ostial (medina 0, 1, 0), and potentially distal bi-ostial (medina 0, 1, 1) CBLs. In
such lesions, the guide extension-assisted technique avoids stenting of the normal
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Figure 3 Demonstration of the guide extension technique during percutaneous coronary intervention of the bifurcation lesion of the
second case. A: Left coronary artery (LCA) angiography reveals a stenosis in the obtuse marginal branch, (orange arrow) that was stented first after engagement
of the left coronary artery with 7F-XB 3.5 guide catheter. There is also a distal mono-ostial (medina 0, 1, 0) left anterior descending artery (LAD)/diagonal bifurcation
stenosis (white arrow), which was stented with the guide extension-assisted technique; B: Of note, angiography to visualize the angle between the diagonal branch
and the distal segment of the main branch (LAD) was ambiguous, making it especially suitable for this novel technique. The GuideLiner, mounted on both the LAD
and diagonal guidewires, was introduced to the carina site of the bifurcation. A Promus Premier 3.0 mm x 16 mm stent (Boston Scientific, Marlborough, MA, United
States) positioned at the stenosis with the proximal stent balloon radio-opaque marker positioned on the GuideLiner radio-opaque marker just proximal to the tip of
the GuideLiner (white arrow); C: The stent was implanted at a pressure of 22 atm; D: Angiographic final result (white and orange arrows); E and F: The implanted
stent, checked by using OCT, is well-apposed to the vessel wall; the proximal stent edge can be seen positioned at the ostium of the distal segment of the main
branch (E, white arrow), and no stent struts are seen to cover the diagonal branch ostium (F, white arrow). OCT: Optical coherence tomography.

JBaishideng®

proximal segment of the bifurcation with its subsequent risk of compromising the
other branch of the bifurcation, and the subsequent need for re-crossing the stent struts
for final kissing balloon inflation. The guide extension assisted technique can also be
utilized for stenting the side-branch lesion in complex tri-ostial (medina 1, 1, 1)
bifurcation lesions as demonstrated Figure 4.

The bifurcation PCI principle of “keep it open” for the side branch and the
provisional side-branch stenting, is currently regarded as the default procedure in the
majority of bifurcation lesions, in part attributable to the fact that the two-stent
techniques (crush and culotte) are more complex and may leave stent struts under
expanded or malapposed, with increased risk of acute or subacute stent thrombosis
and future in-stent-restenosis. However, in complex bifurcation lesions, the risk of
compromising the side branch is substantial with a provisional approach. The
incidence of side-branch occlusion was 13.4% for true bifurcation and 4.0% for non-
true bifurcation lesions in a bifurcation stenting registry enrolling 2227 cases of
bifurcation PCIs treated by the one-stent approach[14]. For this reason, a two-stent
technique is frequently necessary for complex true bifurcation lesions. The DK-crush
technique has been shown to be superior to the provisional side-branch stenting as
well as to culotte techniques in terms of efficacy and safety[1,3]. Nonetheless, it must
be recognized that the DK-crush technique is technically demanding and time
consuming.

A simplified two-stent technique, which does not leave excess layers of stent struts
at the bifurcation site, is thus highly desirable. The guide extension-assisted stenting
technique for the side branch does not leave unnecessary stent metal in the main
branch as may occur with crush and culotte techniques and consequently avoids the
subsequent risks of subacute stent thrombosis and difficulties in performing rewiring,
balloon re-crossing the stent strut toward the side branch, sequential balloon dila-
tation, and final kissing balloon inflation.

Limitations

The main limitation of the technique is that in Y-shaped side branch angulation, it is
impossible to implant a stent covering the whole side-branch ostium circumferentially;
in such cases the stent either protrudes somewhat into the main branch at the lower
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Figure 4 Demonstration of the guide extension technique in a complex true bifurcation lesion in the third case. A and B: Left (A) and right (B)
coronary angiography. The left anterior descending artery (LAD) system reveals a proximal tri-ostial (medina 1, 1, 1) LAD/diagonal bifurcation stenosis where the LAD
is subtotally occluded (thick orange arrows); B: The distal part of the LAD is filled by collateral circulation from the right coronary artery (thick orange arrow); C: The
left coronary artery engaged with 7F-XB 3.5 guide catheter. After placing two guidewires, one in the LAD and another in the diagonal artery, and then conventional
predilatation of both the main and the side branches, the GuideLiner, mounted on both guidewires, is positioned at the bifurcation carina. A Promus Premier (Boston
Scientific, Marlborough, MA, United States) 2.5 mm x 16 mm stent is placed in the diagonal artery; D and E: The stent is retracted so that the proximal stent balloon
radio-opaque marker overlaps the radio-opaque marker just proximal to the tip of the GuideLiner (D: Without contrast; E: With contrast; orange arrows); F: The stent
was implanted at a pressure of 22 atm; the stent balloon pushes the guide extension catheter backwards; G: StentBoost imaging (Philips Medical Systems, Eindoven,
the Netherlands) shows that the proximal stent edge is positioned at the side-branch ostium. After stent implantation in the main branch with a Promus Premier
(Boston Scientific, Marlborough, MA, United States) 3.0 mm x 24 mm stent post-dilated with a 3.5 mm high pressure balloon, rewiring of the side branch, sequential
balloon dilatation, proximal optimization technique, and final kissing balloon inflation; H: StentBoost imaging reveals a precisely stented bifurcation lesion without
unnecessary layers of struts; | and J: Optical coherence tomography confirmed a well-apposed stent and no struts covering the ostium of the diagonal artery (orange
arrows); K: Final result (orange arrow). LCA: Left coronary artery; RCA: Right coronary artery.

edge of the side-branch ostium or misses somewhat the upper edge of the side-branch
ostium. Care must also be taken to ensure that the proximal stent balloon marker is not
proximal to the guide extension radio-opaque marker during stent implantation to
avoid inadvertent “trapping” of the guide extension.

In addition, the use of guide extensions is associated with complications such as
proximal dissection due to deep intubation, air embolism due to insufficient de-airing,
and ischemia, which may limit the length of time that the equipment can be kept in
place.

Finally, other guide extension catheters are currently available, including Guidezilla
(Boston Scientific), Telescope (Medtronic), and Gudion (IMDS). The technique should
be applicable to these platforms even though they were not tested in this reported
experience.

CONCLUSION

A novel guide extension-assisted stenting technique for selected CBLs is described.
This technique facilitates stenting only the diseased side branch or distal main segment
in non-true bifurcation lesions without compromising the other branches. It may also
facilitate precise stenting implantation in the side branch when using two-stent
techniques in complex true bifurcation stenoses without leaving excess stent struts at
the bifurcation site, which facilitates easier rewiring, balloon re-crossing, and
performing final kissing balloon inflation. The technique may potentially reduce the
risks of acute and subacute stent thrombosis as well as future in-stent restenosis and is
worthy of further investigation.
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