Lessons for the treatment of bifurcation
lesions: from nowadays to the future

The use of drug-eluting stents in clinical practice has altered the treatment perspective for bifurcation
lesions; however, relatively high rates of stent thrombosis and restenosis are still observed. All bifurcations
are unique; therefore, a crucial issue in bifurcation angioplasty regards the selection of the most appropriate
strategy for an individual bifurcation. When stenting is used, a major question to address is whether both
the main vessel and the side branch should be stented. Moreover, plaque debulking in conjuction with
directional coronary atherectomy or modification with a scoring device before stent deployment could
minimize arterial injury and subsequent neointimal proliferation and prevent restenosis formation.
Dedicated bifurcation stents represent an alternative treatment option for restenosis. We believe that
biodegradable stents will replace metal stents leaving behind only the healed natural vessel.
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Coronary bifurcation lesions account for
15-20% of all coronary lesions that require
percutaneous coronary intervention (PCI) 1.
Bifurcation stenosis is one of the most complex
coronary lesions requiring endovascular treat-
ment because the lumen of both the main vessel
and the side branch needs to be restored. The
best approach for the management of a bifur-
cation to achieve optimal procedural outcomes
and, more importantly, long-term success with
low restenosis rates and low major adverse clini-
cal event (MACE) rates is still debated. Balloon
angioplasty alone to treat bifurcation lesions
has resulted in relatively low angiographic suc-
cess and high restenosis rates [2,3]. Although
the introduction of bare-metal stents (BMSs)
resulted in more predictable results and higher
success rates, angiographic restenosis rates still
remained high. The introduction of drug-elut-
ing stents (DESs) in clinical practice has altered
the treatment perspective when dealing with
this type of lesion; however, abrupt side-branch
closure with the single-stent strategies, together
with the risk of thrombosis and restenosis asso-
ciated with the complex two-stent techniques,
remains a predictor of adverse clinical outcomes.

Bifurcation types

Bifurcations vary in plaque burden, the loca-
tion of plaque, the angle between branches, the
diameter of the branches and the bifurcation
site. No two bifurcations are identical, and no
single strategy exists that can be applied to every
bifurcation. Thus, the more important issue in
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bifurcation PCl is selecting the most appropriate
strategy for an individual bifurcation. The most
frequently used older bifurcation classification is
the Lefevre classification (Fieure 1) [4]. However,
Lefevre and other older classifications of coro-
nary bifurcation lesions require significant
efforts of memorization. The Medina classifica-
tion (Fieure 2) is a simplified and universal classi-
fication of bifurcation lesions, is straightforward
and does not need to be memorized, even though
it provides all the information contained in the
others [s]. It consists of recording any narrowing
in excess of 50% in each of the three arterial seg-
ments of the bifurcation in the following order:
proximal main vessel, distal branch and side
branch — ‘1" is used to indicate the presence of a
significant stenosis and ‘0’ represents the absence
of stenosis. The three figures are separated by
commas. It has been suggested that the Medina
classification should also contain information
regarding the lesion length, especially for the
side branch, or the presence of calcifications.

Simple bifurcations are those that represent
side-branch origins (1,1,0; 1,0,0; and 0,1,0)
with Medina’s classification. Their treatment is
simple; it is often sufficient to simply implant a
stent in the main vessel, as long as it covers the
side-branch origin. Interventions should only
be performed on the side branch if the ostium
is compromised. However, in complex bifurca-
tions, in which the proximal 1,0,1, distal 0,1,1 or
both 1,1,1 components of the side-branch origin
and the main vessel are involved, treatment with
an additional stent could be effective.
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Single stent versus double stenting
for coronary bifurcation lesions
When stenting is used, a major question is
whether both the main vessel and the side
branch should be stented. Such double stent-
ing is appealing because it produces attractive
postprocedural angiographic results. However,
there have been concerns about long-term major
adverse cardiac events and, in particular, stent
thrombosis with adjacent stents.

In the Nordic study, 413 patients were ran-
domized to a simple treatment strategy, stenting
of the main vessel and optional stenting of the
side branch, or to a complex stenting strategy,
involving stenting of both the main vessel and side
branch. In this study, only sirolimus-eluting stents
(SESs) were used. After 14 months of follow-up,
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Figure 2. Medina bifurcation classification.
Reproduced with permission from [s].
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the rates of stent thrombosis and MACEs (9.5
and 8.2%; p = not significant in single- and dou-
ble-stent subgroups, respectively) were low and
independent of treatment complexity. Mortality
was observed in 2.4 versus 1.0% and non-PCI-
related myocardial infarction in 2.0 versus 1.0%
in the single- and double-stent strategies, respec-
tively. The simple stenting strategy used in the
main vessel was associated with lower rates of
procedure-related biomarker elevation [6,7].

The British Bifurcation Coronary Study ran-
domized trial of simple versus complex drug-
eluting stenting for bifurcation lesions was
published recently. In the simple strategy, the
main vessel was stented, followed by optional
kissing-balloon dilatation/T-stent placement. In
the complex strategy, both vessels were system-
atically stented (‘culotte’ or ‘crush’ techniques)
with mandatory kissing-balloon dilatation. This
study analyzed a total of 500 patients, of which
82% had true bifurcation lesions according to
Medina bifurcation classification. In the simple
group (n = 250), 66 patients (26%) had kiss-
ing balloons in addition to main-vessel stenting,
and seven (3%) had undergone T-stenting. In the
complex group (n = 250), 89% of culotte (n = 75)
and 72% of crush (n = 169) cases were completed
successfully with final kissing-balloon inflations.
MACE:s occurred in 8.0% of the simple group
versus 15.2% of the complex group (hazard ratio:
2.02595% Cl: 1.17-3.47; p = 0.009). Myocardial
infarction occurred in 3.6 versus 11.2%, respec-
tively (p = 0.001), and in-hospital major adverse
cardiovascular events occurred in 2.0 versus
8.0% (p = 0.002), respectively [8]

Gao er al. prospectively compared single-
versus double-stent techniques for coronary
bifurcation lesion treatment in 566 consecutive
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patients. In this study, only DESs were used,
in the one-stent strategy, kissing balloon was
mandatory and the two-stent strategy included
crush, culotte, Y-, V-, and kissing-stent strate-
gies. MACE rates were higher in the two-DES
group than in the one-DES group (5.5 vs 2.0%;
p = 0.032), which were mainly contributed to
by acute myocardial infarction (4.5 vs 1.4%;
p = 0.032) rather than death and target lesion
revascularization (TLR; 0 vs 0.5%, p = 0.389;
1.4 vs 2.7%, p = 0.352). Stent thrombosis rates
were higher in the two-DES group than in the
one-DES group (0.6 vs 2.7%; p = 0.042). At the
7-month angiographic follow-up, in the main
branch, no difference in restenosis rate in the
one-DES group compared with the two-DES
group (9.8 vs 11.9%; p = 0.652) was observed,
but in the side branch, the restenosis rate was
higher in the one-DES group (33.6 vs 15.5%;
p =0.004) 9.

The Coronary Bifurcations: Application
of the Crushing Technique Using Sirolimus-
Eluting Stents (CACTUS) trial was a prospec-
tive, randomized, multicenter study comparing
two different techniques of stenting using SES
with mandatory final kissing-balloon inflation
in true bifurcations: elective crush stenting, and
stenting of only the main branch, with provi-
sional side-branch T-stenting. A total of 350
patients were enrolled in the study. At 6 months,
the rate of restenosis was similar in both the
main branch (4.0 vs 8.7%; p = 0.09) and the side
branch (14.6 vs 12.5%; p = 0.61) for the double-
stenting (crush plus crossover from provisional)
and main-branch-only stenting groups, respec-
tively. Additional stenting on the side branch in
the provisional-stenting group was required in
31% of lesions. Rates of MACEs were similar
in the two groups (15.8% in the crush group
vs 15% in the provisional-stenting group) [10].

Ferenc ez al. published results of a random-
ized study, which assigned 101 patients with a
coronary bifurcation lesion to routine T-stenting
with a SES in both branches and 101 patients
to provisional T-stenting with SES placement
in the main branch followed by kissing-balloon
angioplasty. Angiographic follow-up revealed
stenosis of the side branch of 23.0 + 20.2%
after provisional T-stenting (19% with a side
branch stent) and of 27.7 + 24.8% after rou-
tine T-stenting (p = 0.15). The 1-year overall
incidence of TLR was 10.9% after provisional
and 8.9% after routine T-stenting (p = 0.64) [11].

Colombo ez al. assigned patients randomly
to two groups receiving either stenting of both
branches or stenting of the main branch with
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provisional stenting of the side branch. In total,
85 patients were enrolled and only a SES was
used. The restenosis rate at 6 months was not
significantly different between the double-stent-
ing (28.0%) and the provisional side-branch
stenting (18.7%) groups [12].

Pan et al. compared single stenting versus
double stenting for coronary bifurcations in a
randomized study in 91 patients with true cor-
onary bifurcation lesions. All patients received
rapamycin-eluting stents at the main vessel, cov-
ering the side branch. A total of 44 patients were
randomized to receive a second stent at the side-
branch origin (a T-stent and modified T-stent
technique was used). At 6-month angiographic
re-evaluation, restenosis of the main vessel was
observed in one (2%) patient from the single-
stent group and in four (10%) from the double
stent group, and restenosis of the side branch
appeared in two (5%) and six (15%) patients,
respectively [13].

Yamashita er al. published results of
92 patients with bifurcation lesions treated with
a two-stent strategy versus a one-stent strategy in
the main branch and balloon angioplasty of the
side branch. In this study, BMSs were used. At
6-month follow-up, the angiographic restenosis
rate in the two-stent group was 62% and was
48% in the one-stent group, and the TLR rates
(38 vs 36%, respectively) were similar in the two
groups. There was no difference in the incidence
of 6-month total MACE (51 vs 38%) [14].

The provisional side-branch intervention
strategy (provisional strategy) is preferred for
most bifurcation lesions because no single
study, to our knowledge, has shown the benefit
of systematic two stenting over this strategy. The
British Bifurcation Coronary Study and Gao
et al. were the only studies reporting data dem-
onstrating that a systematic two-stent technique
results in higher in-hospital and major adverse
cardiovascular event rates at follow-up; however,
this difference in both studies was largely driven
by acute myocardial infarction.

Double-stent techniques for
coronary bifurcation lesions

In a number of coronary bifurcation lesions,
both the main vessel and the side branch need
stent coverage.

A total of 424 patients were randomized to
crush and culotte stenting in the Nordic study.
At 6-month follow-up there were no signifi-
cant differences in MACEs between the groups
(crush: 4.3%, culotte: 3.7%; p = 0.87). The

rates of procedure-related increase in biomarkers
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of myocardial injury were 15.5% in the crush
versus 8.8% in the culotte group (p = 0.08). The
angiographic end points of in-segment and in-
stent restenosis of the main vessel and/or side
branch after 8 months were found in 12.1 ver-
sus 6.6% (p = 0.10) and in 10.5 versus 4.5%
(p = 0.046) in the crush and the culotte groups,
respectively [15].

Hoye ez al. identified 231 consecutive patients
treated with DES implantation with the crush
technique, with SESs and paclitaxel-eluting
stents (PESs), for 241 bifurcation lesions. The
in-hospital MACE rate was 5.2%. At 9 months,
ten (4.3%) patients had experienced an event
consistent with possible postprocedural stent
thrombosis; however, in this study, left main
stem cases were included. Survival free of MACEs
was 83.5% and independent predictors of MACE
were left main therapy (odds ratio: 3.79, 95%
CI: 1.76-8.14; p = 0.001) and the treatment of
patients with multivessel disease (odds ratio: 4.21,
95% CI: 0.95-18.56; p = 0.058) [16].

Ge et al. analyzed 181 consecutive patients
who were treated with DESs with the crush
technique. The authors demonstrated that com-
pared with the absence of final kissing balloon,
the crush-stenting technique with final kiss-
ing balloon was associated with more favorable
long-term outcomes. Restenosis rate of the side
branch was lower in the final kissing group than
in the nonkissing-balloon group (11.1 vs 37.9%;
p < 0.001). In this study, the intervention with-
out kissing balloon and diabetes were predic-
tors of TLR. The authors reported three (1.7%)
cases of intraprocedural and five (2.8%) cases
of post-procedural stent thrombosis. Premature
discontinuation of dual antiplatelet therapy and
older age was associated with the occurrence of
post-procedural stent thrombosis [17].

Ge et al., in 2005, analyzed 182 consecutive
patients who underwent crush or T-technique
intervention in bifurcation lesions with DESs
(SESs or PESs). When final kissing balloon post-
dilatation was performed, crush-group patients
had a significantly lower late lumen loss (0.23 vs
0.37 mm; p = 0.02) and restenosis rate (8.6 vs
26.5%; p = 0.04) in the side branch at angio-
graphic follow-up after 6-8 months. At 1-year
clinical follow-up, the crush group compared
with the T-stent group had lower rates of TLR
(16.5 vs 32.8%; p = 0.02) [13].

Chen ez al. published study results conducted
in 311 patients with true bifurcation lesions,
which were randomly divided into classical and
double-kissing crush groups. The incidence of
stent thrombosis was 3.2% in the classical crush
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group (5.1% without and 1.7% with final kiss-
ing-balloon inflation) and 1.3% in the double-
kissing crush group. The cumulative 8-month
MACE rate was 24.4% in the classical crush
group and 11.4% in the double-kissing crush
group (p = 0.02). The TLR-free survival rate was
75.4% in the classical crush group and 89.5% in
the double-kissing crush group (p = 0.002) [19].

BMSs for coronary

bifurcation lesions

There are no large prospective randomized trials
addressing long-term clinical outcome after the
placement of BMSs versus balloon dilatation or
surgery and different stenting techniques. The
majority of the information is based on reports
from registries and retrospective data [20-27). A
limitation in the treatment of bifurcation steno-
ses with BMSs is the high rates of restenosis, in
particular with the two-stent strategy. The reste-
nosis rate was 25—-62% in the two-stent group
versus 12.5-48% in the single-stent group, and
the TLR rate was 24-43% in the two-stent
group versus 8—36% in the single-stent group.

DESs for coronary bifurcation lesions
The introduction of DESs in the treatment of
coronary bifurcation lesions has been considered
to have improved operational outcomes and to
decrease the need for repeated revasculariza-
tion. In the Arterial Revascularisation Therapies
Study II, event rates were similar in bifurcation
and nonbifurcation lesions [1]. Moreover, Erglis
etal. from the Nordic Study Group demonstrated
that stenting of both bifurcation branches with
either the culotte or crush techniques yielded
relatively low restenosis rates [15].

Brar ez al. recently published a meta-analysis
of six randomized controlled trials [28]. Each
of these trials compared a provisional versus a
two-stent strategy for the treatment of bifurca-
tion lesions. The results demonstrated that in a
total of 1641 patients, there was no difference
in efficacy, measured target vessel revascular-
ization or percentage diameter stenosis between
provisional T-stenting and the routine two-stent
strategy for the treatment of bifurcation lesions.
While death and stent thrombosis occurred at
similar rates in both treatment groups, myo-
cardial infarction was more common with the
two-stent strategy. The relative and absolute
reduction in myocardial infarction with provi-
sional stenting was 43 and 3.0%, respectively
(p =0.01). The higher rate of myocardial infarc-
tion with the two-stent strategy was consistent
with the results of individual trials.
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Kissing balloon

Adriaenssens ez al. reported that in their series
of 134 bifurcation lesions in 132 patients treated
with the culotte technique, final kissing balloon
tended to have a protective effect against stent
thrombosis [29]. In addition, after the crush tech-
nique, final kissing balloon significantly reduced
the side-branch late lumen loss (0.24 + 0.50 mm
vs 0.58 + 0.77 mm; p < 0.001) at 9 months angio-
graphic follow-up [16]. In all modern bifurcation
trials (e.g., the British Bifurcation Coronary
Study [BBC] ONE trial and the CACTUS trial),
kissing balloon after use of complex two-stent
techniques has been mandatory.

Unprotected left main coronary
artery bifurcation treatment
Although the introduction of DESs has
significantly improved the outcome of patients
with unprotected left main coronary artery
(ULMCA) stenosis treated with PCI [30-35],
there are still major drawbacks associated with
bifurcation lesions in the setting of ULMCA ste-
nosis [36,37). Although it is generally believed that
ULMCA bifurcation lesions treated with PCI
carry a worse prognosis than ostial and midshaft
lesions, the evidence for this notion is based on a
small number of studies that enrolled a limited
number of patients [38,39].

A recently published observational study on
ULMCA stenosis involving 19 high-volume
Italian centers enrolled 1111 patients with
ULMCA stenosis treated with DESs (334 patients
had ostial or midshaft lesions and 777 had bifur-
cations). The adjusted hazard ratio of the risk
of 2-year MACE: of patients with bifurcations
versus patients without bifurcations was 1.50
(p = 0.024). However, the authors observed
that there was a significant difference between
patients with bifurcations treated with two stents
and those without bifurcations (p = 0.001), but
not between patients with bifurcations treated
with one stent and those without bifurcations
(p = 0.38). The results of this study suggest that
not all ULMCA bifurcations should be consid-
ered in the same way, and that those patients
who can be treated with one stent, irrespective
of lesion location, have more favorable outcomes.

Plaque modification before stenting

The issue of restenosis in complex anatomies such
as bifurcated coronary lesions remains unclear.
In our opinion, plaque debulking with direc-
tional coronary atherectomy or modification
with a scoring device before stent deployment
could minimize arterial injury and subsequent
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neointimal proliferation, and could prevent
restenosis formation. We believe that plaque
modification with a scoring device or directional
coronary atherectomy before stenting minimizes
plaque shifting between the main branch and
side branch and thus could help to avoid side-
branch stenting as well as giving better stent
apposition with reduced inflation pressure, even
if very long stents are deployed.

Tsuchikane ez al. reported registry data
of 99 patients with bifurcation lesions, who
received directional coronary atherectomy
before stenting. Simple stenting was achieved
in 97 patients. The 9-month binary restenosis
rates in the main branch and side branch were
1.1 and 3.4%, respectively. TLR was performed
only in two patients [40].

We performed a single-center substudy
(Nordic I, II+ Riga bifurcation registry) with
the purpose of demonstrating the safety and
efficacy of plaque modification with a scor-
ing device prior to main-vessel stenting and/or
side-branch treatment in bifurcation lesions [41].
We compared cutting balloon (n = 209) versus
noncutting balloon (n = 347) interventions in
bifurcation lesions. Primary end points were car-
diac death, myocardial infarction, stent throm-
bosis, TLR and target vessel revascularization
after 8 months. Our results showed that TLR
was lower in the cutting balloon group (5.3%;
n = 11) compared with the noncutting balloon
group (11.0%; n = 38; p = 0.021).

These results are very promising and we
believe that plaque debulking before stenting,
especially in complex bifurcated lesions, can
avoid the need for complex stenting and may
provide a good long-term outcome in patients
within the first year [40,41].

Implication of intravascular
ultrasound, optical coherence
tomography & fractional flow
reserve for coronary
bifurcation treatment
In bifurcation lesions, restenosis occurs pre-
dominantly at the ostium of the side branch.
Increased neointimal hyperplasia or chronic
stent recoil together with stent underexpansion
at the side-branch ostium cannot be excluded
as the causes of restenosis in bifurcation lesions.
Costa er al. analyzed 40 patients with bifurca-
tion lesions who underwent crush stenting with
a SES under intravascular ultrasound (IVUS)
guidance. ‘Incomplete crushing’, defined as
incomplete apposition of the side-branch or
main-vessel stent struts against the main-vessel

www.futuremedicine.com

59



60

Erglis, Narbute, Juhnevica, Kumsars & Jegere

wall proximal to the carina, was observed in
more than 60% of nonleft main lesions. The
authors concluded that in the majority of bifur-
cation lesions treated with the crush technique,
the smallest minimum stent area appeared at
the side-branch ostium, which contributed to a
higher restenosis rate at this location [42].

Intravascular ultrasound analyses have spe-
cifically excluded bifurcation segments from the
assessment of incomplete stent apposition [43.44],
because the prominent artifacts generated by
the stent struts and the low resolution preclude
detailed assessment of the complex geometry of a
bifurcation. The unique high resolution of opti-
cal coherence tomography (OCT) has enabled
in vivo visualization of coronary vessels and stent
struts at micro-scale levels to assess local vessel
responses and perform strut-level evaluation to
examine strut apposition and coverage. While
the PCI of bifurcations still remains associated
with high restenosis and thrombosis rates in
both BMS and DES interventions, evaluation
of stent strut apposition immediately after stent
deployment in OCT-guided PCI and stent strut
coverage at follow-up is critical, especially in
long, calcified and bifurcation lesions.

Kyono ez al. published the subanalysis of Optical
Coherence Tomography for Drug Eluting Stent
Safety (ODESSA), a prospective randomized trial
designed to evaluate the healing of overlapped DES
versus BMSs (SESs, PESs, zotarolimus-eluting
stents (ZESs) and Liberté BMSs) [45]. Bifurcation
segments with side-branch diameters larger than
1.5 mm by angiography were analyzed and dem-
onstrated a variable pattern of strut coverage in
the bifurcation among stent technologies, with
a high percentage of PES floating struts remain-
ing uncovered at 6-month follow-up. There were
12,656 struts in 61 bifurcation segments (PES: 16,
SES: 14, ZES: 23, Libert¢ BMS: eight) from 46
patients obtained at 6 months. PESs had the high-
est rate of uncovered struts in side-branch ostium
(PES: 60.1%, SES: 17.0%, ZES: 13.2%, BMS:
12.3%; p < 0.0001), whereas SESs demonstrated
the highest rate of uncovered struts opposite to
the ostium (PES: 3.8%, SES: 14.0%, ZES: 1.5%,
BMS: 0.0%; p = 0.0025).

Another study analyzed nine patients treated
with the Tryton stent, who underwent post-
procedural OCT examination [46]. The total
percentage of malaposed struts per patient was
18.1 + 8.7%; however, the prevalence of mala-
posed struts was significantly higher at the level
of the bifurcation (33.3%) than in both the
proximal segment and the distal segment (18.5
and 9.8%, respectively; p = 0.011).
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Fractional flow reserve (FFR) is an easily
obtainable physiological parameter that is steno-
sis specific and reflects both the degree of stenosis
and the myocardial territory supplied by the spe-
cific artery [47]. When evaluating the functional
significance of ostial side-branch stenoses, it
must be remembered that coronary angiogra-
phy often leads to an overestimation (and less
often to an underestimation) of the functional
significance of ostial-branch lesions; however,
measurement of the FFR can overcome the lim-
itations of coronary angiography for assessing
whether any lesions are difficult to visualize or
are functionally significant. Koo ez a/. performed
a study testing a strategy of DES placement in
the main branch, with provisional treatment of
the diseased side branch only if the FFR was
under 0.75. When the FFR was under 0.75, the
study protocol required kissing-balloon angio-
plasty. During a median follow-up of 6 months,
patients whose treatment had been guided by
FFR had excellent outcomes, similar to the
outcomes of the group of patients whose side-
branch treatments were guided by angiography.
Interestingly, not one patient in the FFR group
required a stent in the side branch after balloon
angioplasty [48].

Especially dedicated

bifurcation stents

When restenosis occurs, it is typically found in
the side-branch ostium [49), which might result
from incomplete coverage of the ostium or sub-
optimal expansion at the ostium [50]. Several
types of dedicated bifurcation stents have been
designed with the notion that they will provide
adequate coverage of the main branch and the
ostium of the side branch.

The SLK-View™ stent (Advanced Stent
Technologies, CA, USA) is a stainless-steel
flexible slotted-tube stent with a side aperture
located between the proximal and distal sec-
tions to facilitate access to the side branch after
deployment of the stent in the main branch.
Ikeno ez al. studied 81 patients with 84 de novo
coronary artery bifurcation lesions [s1]. Patients
underwent SLK-View stent implantation with
subsequent kissing balloon postdilatation. The
procedural success rate was 97.6%. Binary reste-
nosis rate at 6-month follow-up was 28.3% for
the main vessel and 37.7% for the side branch.
The TLR rate at 6 months was 21%.

The Tryton Side-Branch Stent (Tryton
Medical, Inc., MA, USA) is a balloon-expandable
cobalt chromium BMS, designed specifically to
scaffold the ostium of the side branch (Ficure 3). In
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Figure 3. Tryton™ side-branch stent.
Reproduced with permission from [52].

particular, the proximal portion of the stent con-
sists of three fronds that allow facile wiring of the
main vessel. After deploying the stent in the side
branch, any stent can be placed in the main branch
to complete the bifurcating architecture [s2).

The Tryton I First-In-Man (FIM) trial assessed
the safety and performance of the Tryton Side-
Branch Stent when used with a standard DES
to treat bifurcation lesions within the coronary
circulation in a total of 30 patients. In this trial,
the Tryton Side-Branch Stent demonstrated
acceptable procedural success (93.3%) and clini-
cal safety up to 6 months after the index proce-
dure with a MACE rate of 9.9%. A single case of
angiographic restenosis was noted due to a lesion
proximal to the main-vessel stent (TLR: 3.3%).
No restenosis in the side branch was observed [s2].

The Stentys™ coronary stent (Stentys SAS,
Paris, France) is a provisional, self-expanding niti-
nol drug-eluting (paclitaxel) or BMS designed to
treat bifurcations with significant side branches
(53]. The stent shape is adapted to the bifurca-
tion anatomy after implantation, owing to the
stent’s self-expanding nitinol Z-shaped mesh
that is linked by small interconnections that
can be disconnected by balloon angioplasty to
provide access to the side branch and full ostium
coverage (Ficure 4). In OPEN I — a multicenter,
prospective single-arm study — 40 patients were
enrolled and clinically followed up for 4 years.
Procedural success was achieved in 39 out of 40
cases (95.5%). The MACE at 30 days was 5.1%
as a result of one non-Q-wave myocardial infarc-
tion occurring following the procedure and one
ischemia-driven revascularization event 6 days
after the procedure [s4).

The Axxess stent (Devax Inc., CA, USA)
belongs to this category of dedicated bifur-
cation lesion stents [55]. It is a self-expanding
DES, deployed at the level of the carina, which
provides easy access to the distal branches that
can subsequently be provisionally treated with
PCI depending on the disease status of these
branches. The rationale behind this stent is to
provide an anatomically tailored treatment for
the bifurcation with maximum drug cover-
age and minimum overlap and deformation of
the stent struts. The prospective multicenter
Axxess Plus registry enrolled 139 patients in
whom, together with the Axxess stent, SESs or
PESs were used as additional stents to optimize
the procedure, and the side-branch treatment
was left to the operator’s discretion. Stenting
of the side branch was performed in approxi-
mately half of the lesions. Post-hoc analysis
demonstrated that the lesions treated with
stent deployment in the side branch had bet-
ter procedural outcomes and better late results
with under 10% restenosis of the side branch,
compared with more than 20% side branch
restenosis in those treated with balloon-only
angioplasty [s6]. In another study, a total of 302
patients were treated with 299 Axxess stents
(99%). Additional stenting of one branch was
performed in 21.7% of patients (17.7% in the
parent vessel, 4% in the side branch), and
of both branches in 64.7%. The cumulative
9-month MACE rate was 7.7%. Subacute and
late-stent thrombosis occurred in 0.7% and
0.3% of patients. Total restenosis was 6.4%
(3.6% in the parent vessel, 4.3% in the side
branch), and late loss was 0.20 + 0.41 mm in
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Figure 4. Stenty™ stent.

Reproduced with permission from [s3].
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the parent vessel and 0.17 + 0.34 mm in the
side branch. In the Axxess stent segment, per-
centage neointimal volume obstruction was

4.3 +5.2% [57].

Future perspective

B Ongoing modern trials

During 2010 we began a prospective, nonran-
domized OCT-guided study, where patients
with native coronary artery disease with an at
least 75% diameter stenosis involving at least
two segments of the bifurcation by a visual or
angiographic estimate. Lesion pretreatment with
a scoring device (cutting balloon) is mandatory
followed by OCT imaging and everolimus-
eluting stent (Xcience V™, Abbott Vascular,
CA, USA) implantation in the main branch with
intended provisional T-stenting. Finally, post-
procedural result evaluation of both the main
and side branch with OCT and IVUS should
be performed.

This trial will help us to understand lesion
morphology in bifurcations using different
intracoronary imaging methods. One of the
questions concerns whether OCT will be able
to substitute IVUS or whether both methods
should be used to complement each other. It
is already clear that OCT, owing to its high
spatial resolution, allows accurate evalua-
tion of strut apposition and assessment of the
ostium of the bifurcation, as well as evalua-
tion of precise stent strut endothelization at
follow-up. It is clinically decisive because DES
may suppress neointimal growth at the cost
of a delayed healing process, with lower rates
of endothelial stent coverage, more persistent

Interv. Cardiol. (2011) 3(1)

fibrin deposits and an increased inflammatory
response [58,59]. Moreover, when intimal hyper-
plasia is negated by powerful antiproliferative
coating, malapposition may persist for years
after stent implantation and create an increased
risk of late stent thrombosis [60]. This knowl-
edge of uncovered struts could reduce stent
thrombosis in conjunction with prolongation
of dual antiplatelet therapy.

For calcified lesions, using the scoring device
is suggested, and the necrotic core, which could
act as a measurement of plaque vulnerability,
is suggested to be covered with stent. It will
be interesting to see whether possible adverse
events at follow-up periods will correlate with
plaque composition. Moreover, it is interesting
to compare two different tissue characteriza-
tion methods: IVUS (iMap™ IVUS Tissue
Characterization [Boston Scientific Corp., MN,
USA]) and virtual histology (VH)-IVUS (Eagle
Eye™, Volcano Therapeutics Inc., CA, USA).
Both methods were designed to analyze lesion
compositions; however, they evolved differently
from different scientific backgrounds.

Another ongoing multicenter prospective
two-arm (blinded to grayscale IVUS and
VH-IVUS information versus nonblinded)
trial is the Bifurcation Lesion Analysis and
Stenting (BLAST) randomized study. With
regard to VH-IVUS, special attention will be
paid to the impact of the un- or partially cov-
ered confluent necrotic core against the lumen
surface on long-term clinical outcomes. The
BLAST study is planned to enroll approxi-
mately 220 patients with coronary bifurca-
tion lesions and to treat patients with the one-
stent technique using DESs with provisional
T-stenting or culotte.

B Biodegradable stents

Despite the development and progression of
metallic stents, their routine use continues
to have limitations, such as stent thrombosis,
which requires prolonged antiplatelet therapy,
and also mismatch of the stent to the vessel
size. New directions in coronary PCI include
the invention of biodegradable stents. By con-
trast, biodegradable stents, once they are bioab-
sorbed, leave behind only the healed natural ves-
sel, allowing restoration of vasoreactivity with
the potential of vessel remodeling. Late stent
thrombosis is unlikely, since the stent will be
gone, and prolonged antiplatelet therapy is not
necessary. Already, results of several studies with
biodegradable stents have been reported [59] but,
still, further research is mandatory.
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Biodegradable polymer stents seem very prom-
ising for especially complex lesion interventions
such as coronary bifurcations, and we believe
that adequate lesion pretreatment with a scor-
ing device using intracoronary imaging methods
such as IVUS and OCT could provide optimal
results; however, further research is required
before biodegradable stents can substitute the
conventional BMSs or DESs.

Conclusion

Improvements in bifurcation stent techniques,
the results from randomized controlled trials
and registry data have led to the conclusion that
stenting of the main vessel and provisional side-
branch stenting should be the first-line strategy
in the majority of lesions. Moreover, plaque
modification with a plaque-debulking device
may give positive impact on TLR. Possibly,
selective use of IVUS, with or without tissue

characterization and/or OCT, may play a role
in the selection of optimum techniques and final

balloon size.

However, the mechanism of side-branch neointi-
mal hyperplasia and the implications of the bifurca-
tion stent technique still require further evaluation
to ensure that we understand the long-term out-
comes after PCI in this complex lesion subgroup.
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Executive summary

= Single stenting versus double stenting in coronary bifurcations is the strategy of choice.
= When the double-stent technique is used, final kissing balloon is mandatory.
= Introduction of drug-eluting stents in the treatment of coronary bifurcation lesions has decreased restenosis rates and

repeat revascularizations.

= Modification of plaque morphology before stenting in bifurcation lesions could have special importance.
= Implementation of intravascular visualization methods could improve outcomes in coronary bifurcation interventions.
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