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Angioplasty of lesions involving a bifurcation remains one of the most challenging
lesion subsets in the field of coronary intervention. A general approach to dealing with
bifurcation lesions is to avoid intervention of the side branch (SB) if possible. Angio-
graphic or flow criteria are used to determine SB intervention; however, angiographic
evaluation alone can be inaccurate. Performing intravascular ultrasound prior to inter-
vention is a useful strategy. This aids the interventional cardiologist in determining
whether main branch stenting alone is sufficient or if stenting of the SB is also
warranted.
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resulting in high endothelial stress. As a result, bifurcation lesions are

present in 20% or more of lesions undergoing angioplasty.! Bifurcations
have been classified according to the angulation between the main branch
(MB) and the side branch (SB) and according to the location of the plaque bur-
den. When the angulation is < 70° and access to the SB is easy, they are classi-
fied as Y-shaped lesions. When the angulation is > 70° and access to the SB is
more difficult, they may be called T-shaped lesions. There have been 4 major at-
tempts to categorize bifurcations, including the Duke, Sanborn, Safian, and
Lefévre classifications.? The Medina classification is the newest classification
system for coronary bifurcation lesions.?

Regardless of classification, angioplasty of lesions involving a bifurcation remains
one of the most challenging lesion subsets in the field of coronary intervention. SB
compromise after stent implantation most commonly results from the snow-
plow phenomenon—the shifting of plaque during stent deployment or high

Q therosclerosis develops frequently at branch points because of turbulence
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pressure after dilation.*® One of the
largest studies of first-generation
stents, involving 182 lesions with
224 SBs, described a SB occlusion rate
of 19%.5 Independent predictors of
SB occlusion post stent deployment
include reference SB diameter at
baseline, degree of ostial SB stenosis
before stenting, and origin of the
SB within the lesion of the parent
vessel.®

There are 2 strategies for interven-
ing on a bifurcation lesion: provi-
sional SB stent placement and
planned SB stent placement. The
provision strategy is preferred for
most bifurcation lesions over a sys-
tematic 2-stent strategy because of
lower restenosis and thrombosis
rates. When the SB ostium is not dis-
eased the likelihood of closure after
the MB is stented is low, and if
needed the SB can usually be re-
opened with balloon inflation. Dur-
ing the application of the provi-
sional strategy, the operator must
decide whether the jailed SB requires
dilation or stenting after MB stent
implantation.

Angiographic or flow criteria are
typically used in the decision to per-
form further SB intervention. How-
ever, angiographic evaluation alone
is sometimes inaccurate and does
not reflect the functional severity of
short, ostial lesions. Angiographic
overestimation due to angulation,
branch overlap, or imaging artifact
has led to intervention on lesions
that are not physiologically signifi-
cant.” Therefore, better evaluation
modalities for such complex inter-
ventions are warranted.

Fractional Flow Reserve Use
for SB Ostial Evaluation
Fractional flow reserve (FFR) is an easily
obtainable, lesion-specific parameter
for the physiologic evaluation of
epicardial coronary artery stenosis
that takes into account the interac-

Table 1
Discordance Between FFR and Angiographic SB Assessment

FFR =70% Stenosis (n = 25) 50%-70% Stenosis (n = 30)
=0.75 20 30
<0.75 5 0

FFR, fractional flow reserve; SB, side branch.

Reprinted from The American Journal of Cardiology, Vol. 93, A Ziaee et al, “Lack of relation between
imaging and physiology in ostial coronary artery narrowings,” pp. 1404-1407, Copyright 2004, with

permission from Excerpta Medica, Inc.”

tion between the anatomic stenosis
and the area of perfusion supplied by
a specific coronary artery.®1° Previ-
ous studies have validated the useful-
ness of FFR in angiographically am-
biguous lesions.”!13

FFR-guided SB evaluation can be
easily performed by passing a pres-
sure sensor guidewire through the
struts of the stent in the main vessel
(MV). FFR is measured at least 5 mm
distal to the jailed SB ostial stenosis.
The pressure wire is then pulled back
and FFR is measured at the MB to

50% and 70%. Among the 25 le-
sions with > 70% stenosis on
angiography, 20 of those lesions (80%)
had an FFR > 0.75 and only 5 (20%)
had an FFR < 0.75. All 30 patients
with angiographic stenoses between
50% and 70% had an FFR > 0.75
(Table 1).

Percutaneous interventions on
ostial lesions in jailed SBs may be
difficult, with a higher rate of com-
plications, including dissection,
thrombosis, spasm, and late resteno-
sis.!>16 Because FFR is a lesion-

Because FFR is a lesion-specific parameter it may be useful in the decision

to treat a jailed SB lesion.

evaluate the influence of the proxi-
mal lesion.

Hyperemia is typically induced by
intracoronary adenosine in bolus
doses of 50 to 200 pg or intravenous
adenosine at 140 pg/kg/min." It is
important to recognize that angio-
graphic evaluation overestimates
the functional severity of ostial
lesions in every step of the provi-
sional strategy for bifurcation
lesions.

Ziaee and collegues’ compared
angiographic severity with physio-
logic assessment in 55 ostial
stenoses. There were 25 lesions with
> 70% diameter stenosis and 30
with angiographic stenosis between

specific parameter it may be useful
in the decision to treat a jailed SB
lesion.

Koo and associates'” studied 97
jailed SB lesions in 92 patients (vessel
size > 2.0 mm, percent stenosis >
50% by visual estimation) after MB
stent implantation. The FFR was mea-
sured 5 mm distal and proximal to
the ostial lesion of the jailed SB. Mean
FFR was 0.94 + 0.04 and 0.85 = 0.11
at the MB and jailed SB, respectively.
There was a negative correlation be-
tween the angiographic percent diam-
eter stenosis and FFR (r = —0.41; P <
.001). However, no lesion with < 75%
stenosis had an FFR < 0.75. Among
the 73 lesions with = 75% stenosis,
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Table 2
Relation of FFR and Angiographic Assessment
of Jailed SB Lesions

=75% Stenosis

50%-75% Stenosis

All Vessels (n = 94)
FFR < 0.75
FFR = 0.75
Vessels = 2.5 mm (n = 28)
FFR < 0.75
FFR = 0.75

20 (27%) 0
53 20
8 (38%)

13 7

FFR, fractional flow reserve; SB, side branch.

Reprinted from Journal of the American College of Cardiology, Vol. 46, BK Koo et al, “Physiologic assessment
of jailed side branch lesions using fractional flow reserve,” pp. 633-637, Copyright 2005, with permission
from the American College of Cardiology Foundation.!”

only 20 lesions were functionally
significant.!”

In a study involving 110 patients
treated with a provisional strategy,
SB FFR was measured in 91 patients;
SB intervention was performed only
if the FFR was < 0.75. FFR measure-
ment was repeated after the SB inter-
vention and at 6-month follow-up
angiography. In 26 of 28 SB lesions
with an FFR < 0.75, balloon angio-
plasty (kissing balloon) was pez-
formed. An FFR = 0.75 was achieved
in 92% of the lesions although the
mean residual angiographic stenosis
was 69 * 10%. During follow-up,
there were no changes in FFR in the
SB lesions (with or without angio-
plasty at the time of original proce-
dure). The functional restenosis (FFR
< 0.75) rate was only 8% (5/65).
Clinical outcomes of these provision-
ally treated patients were compared
with 110 patients with similar bifur-
cation lesions treated without FFR
guidance. There was no difference in
9-month cardiac event rates between
the 2 groups.'*

FFR is an accurate way to deter-
mine those SB lesions requiring in-
tervention. If, after MB stent deploy-
ment, there is a > 70% stenosis in
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the SB ostium, then FFR plays an im-
portant role in further management.
If FFR is > 0.75, no further treat-
ment is necessary, whereas if FFR is
< 0.75 then treatment with kissing
balloon dilation (* stenting) to es-
tablish an FFR > 0.75 is recom-
mended. This strategy is illustrated
in Figure 1.

Intravascular Ultrasound

Use in Assessing SB Disease
Intravascular ultrasound (IVUS) is
routinely used to clarify angio-
graphic ambiguity in many clinical

percutaneous coronary intervention.
SBs having diffuse plaque around
their ostium are at the greatest risk.
Furukawa and coworkers!® reported
81 bifurcation lesions in 72 patients.
SBs were classified into 2 groups:
group 1 had ostial SB stenosis due to
atherosclerotic plaque only in the
MV (n = 61), and group 2 had
plaque truly involved in the SB
ostium (n = 20). There was no
significant difference between the
2 groups in the extent of ostial
stenosis as assessed by angiography.
After MB intervention, 7 SBs
occluded in group 2, compared with
only 5 SBs in group 1 (35% vs 8%;
P = .003)." This strategy is illus-
trated in Figure 2.

Stent positioning for ostial lesions
is imprecise because it is often diffi-
cult, if not impossible, to profile the
ostium of a coronary artery by an-
giography due to vessel overlap or
foreshortening, and there is usually
“bobbing” or to and fro motion of
the stent/balloon system caused by
cardiac contraction. This is espe-
cially common with ostial left ante-
rior descending artery (LAD) steno-
sis. IVUS can be used to confirm
precise stent positioning at the os-
tium of a coronary artery.?® A help-
ful maneuver is to position the IVUS

IVUS can be used to confirm precise stent positioning at the ostium of a

coronary artery.

scenarios. There has been limited
application of IVUS in bifurcation
lesion intervention. One reason for
this may be that pre-stent IVUS of
both branches is uncommon and
advancement of the IVUS probe
through a stent into the SB can be
problematic.!®

Preintervention IVUS provides
information not available by
angiography alone and can be used
to predict SB occlusion after
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transducer at the carina by observ-
ing the IVUS images and then record
the position of the transducer fluo-
roscopically to establish angio-
graphic landmarks. The stent can
then be placed using these IVUS-
defined landmarks. Finally, IVUS has
documented the beneficial effect on
stent geometry produced by final
kissing balloon dilation, now con-
sidered a requirement after bifurca-
tion intervention.?!
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Figure 1. (A) This left anterior descending artery (LAD) caudal angiogram shows the lesion in the left circumflex artery (LCX) with no apparent involvement of the LAD or
ramus branch ostia. (B) After stent implantation from the LCX into the left main, the LAD ostium appears hazy and the ramus ostium appears stenosed >70%. (C) Based
on functional flow reserve (FFR) measures, the LAD was balloon dilated. The ramus was not treated. This is the final angiogram. (D) FFR determination with the wire in the

LAD reveals a significant stenosis (FFR 0.62). (E) After balloon dilation, the LAD FFR rose to 0.84. (F) FFR in the ramus branch was 0.84. No treatment was performed.

Conclusions

A general approach to dealing with
bifurcation lesions is to avoid inter-
vention of the SB if possible. A useful
strategy is to perform IVUS prior to
intervention. If IVUS shows no in-
volvement of the SB then stenting of
the MB alone should be attempted. If
IVUS shows diffuse disease of the SB
then planned stenting of both the

MB and SB is recommended. For am-
biguous cases, or if the SB ostia ap-
pears narrowed > 70% after MB stent
placement, measuring FFR in the SB
is recommended. If the FFR is > 0.75
no further treatment is needed,
whereas if the FFR is = 0.75 Kkissing
balloon of the SB to establish a FFR >
0.75 is recommended. If an adequate
result cannot be achieved after

kissing balloon, then SB stenting is
required. [ ]
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Main Points

e The provision for intervening on a bifurcation lesion strategy is preferred for most bifurcation lesions over a system-
atic 2-stent strategy because of lower restenosis and thrombosis rates; when the side branch (SB) ostium is not diseased
the likelihood of closure after the main branch is stented is low.

e Independent predictors of SB occlusion after stent deployment include reference SB diameter at baseline, degree of
ostial SB stenosis before stenting, and origin of the SB within the lesion of the parent vessel.

e Angiography is typically used to determine whether further SB intervention is required; however, angiography
alone can be inaccurate. Fractional flow reserve has been proven useful in evaluating angiographically ambiguous

lesions.

e Intravascular ultrasound can be utilized to confirm accurate stent positioning at the ostium of a coronary artery prior

to intervention.
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Figure 2. (A) Angiography of the left anterior descending artery (LAD) shows a lesion involving the large diagonal. The functional flow reserve (FFR) in this lesion was <0.75,
and intervention is planned. (B) Preintervention intravascular ultrasound (IVUS) of the LAD lesion showing a luminal area of <3 mm?. (C) Preintervention IVUS at the diag-
onal ostium (at 9:00) showing no diagonal involvement. (D) Post main branch stent placement showing some narrowing of the diagonal ostium. (E) FFR obtained in the di-
agonal reveals insignificant limitation (0.86). No further intervention is performed. (F) Post-stent IVUS at the bifurcation showing good color flow into the diagonal branch.
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