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Introduction and objectives. Stenting of coronary
bifurcation lesions carries an increased risk of stent
deformation and malapposition. Anatomical and
pathological observations indicate that the high stent
thrombosis rate in bifurcations is due to malapposition of
stent struts.

Methods. Strut apposition was assessed with optical
coherence tomography (OCT) in bifurcation lesions treated
either using the simple technique of stent implantation in
the main vessel only or a complex technique (i.e. Culotte’s).
A strut was regarded as malapposed if the gap between
its endoluminal surface and the vessel wall was greater
than its thickness plus an OCT resolution error margin of
15 um.

Results. Simple and complex (i.e. Culotte’s) approaches
were used in 17 and 14 patients, respectively. Strut
malapposition was significantly more frequent for the half
of the bifurcation on the same side as the vessel side
branch (median, 46.1%; interquartile range [IQR],
35.3-62.5%) than for the half opposite the side branch
(9.1%; IQR, 2.2-21.6%), the distal segment (7.5%; IQR,
2.3-20.2%) or the proximal segment (12.6%; IQR, 7.8-
23.1%; P<.0001); the gap between strut and vessel wall
in malapposed struts was significantly greater in the first
segment than the others: 98 um (IQR, 37-297 pm) vs.
31 um (IQR, 13-74 pm), 49 um (IQR, 20-100 pm) and
38 um (IQR, 17-90 um), respectively (P<.0001). Using the
complex technique had no effect on the prevalence of strut
malapposition in the four segments relative to the simple
technique (P=.31) but was associated with a smaller gap
in the proximal segment (47 um vs. 60 um; P=.0008).

Conclusions. In coronary bifurcation lesions, strut
malapposition occurred most frequently and was most
significant close to the side branch ostium. The use of
Culotte’s technique did not significantly increase the
prevalence of strut malapposition compared with a simple
technique.
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Estrategia simple o compleja para lesiones de
bifurcaciones coronarias: evaluaciéon inmediata
de la aposicion de los struts del stent mediante
tomografia de coherencia éptica

Introduccioén y objetivos. La implantacién de stents en
lesiones de bifurcaciones coronarias comporta un riesgo
elevado de deformacion y mala aposicién del stent. Las
observaciones anatomopatoldgicas han atribuido a la
mala aposicién de los struts un papel causal en la eleva-
da tasa de trombosis de los stents que se observa en las
bifurcaciones.

Métodos. Se evalud la aposicion de los struts en las
lesiones de bifurcaciones tratadas con una técnica sim-
ple de implantacién de stent solo en el vaso principal o
con una técnica compleja (de culotte) mediante el em-
pleo de tomografia de coherencia éptica (OCT). La mala
aposicion de un strut se definié por el hecho de que la
distancia entre su superficie intraluminal y la pared vas-
cular fuera superior a su grosor mas un margen de error
de resolucién de la OCT de 15 um.

Resultados. En 17 pacientes se utilizd la estrate-
gia simple y en 14, la técnica compleja (de culotte). Los
struts con mala aposicion fueron significativamente mas
frecuentes y la distancia entre el strut y la pared vascular
en los casos de mala aposiciéon fue mayor en la mitad de
la bifurcacion situada hacia la rama lateral (RL) (46,1%
[35,3-62,5]) en comparacion con la mitad del lado opues-
to (9,1% [2,2-21,6]), el segmento distal (7,5% [2,3-20,2])
y el segmento proximal (12,6% [7,8-23,1]; p < 0,0001)
(distancias, 98 um [37-297] frente a 31 um [13-74], 49 um
[20-100] y 38 um [17-90], respectivamente; p < 0,0001).
El empleo de la técnica compleja no afecté a la preva-
lencia de struts con mala aposicion en los 4 segmentos
en comparacion con la estrategia simple (p = 0,31) y se
asocié a una menor distancia strut-pared en el segmento
proximal (47 frente a 60 um; p = 0,0008).

Conclusiones. En las lesiones de bifurcaciones coro-
narias, la mala aposicién de los struts se produce con
mayor frecuencia y es mas importante en la zona de ori-
gen de la RL. El empleo de la técnica de culotte no au-



ABBREVIATIONS

IVUS: intravascular ultrasound

KB: kissing balloon

MV: main vessel

OCT: optical coherence tomography
PCI: percutaneous coronary intervention
SB: side branch

menta de manera significativa la prevalencia de la mala
aposicion de los struts en comparacién con una estrate-
gia simple.

Palabras clave: Lesidon de bifurcacion. Intervencion
coronaria percutanea. Tomografia de coherencia optica.

INTRODUCTION

While stenting of coronary bifurcation lesions
provides good immediate angiographic results,
restenosis (even with drug-eluting stents-DES)
and stent thrombosis occur more frequently
than in simpler lesions. Bifurcation lesions are
still considered off-label procedures because of
the potential risk of side branch (SB) jailing and
stent deformation and malapposition. Pathology
observations have indicated potential correlations
between stent strut malapposition and stent
thrombosis,! which may explain why percutaneous
coronary intervention (PCI) for bifurcation lesions
is an independent risk factor for stent thrombosis.>
The incidence and predictors of stent thrombosis
using different PCI strategies for bifurcation
lesions are controversial. Most studies suggest that
stent thrombosis is higher in bifurcations treated
with two-stents. In the experience of the Milan and
Rotterdam groups, Hoye et al. reported a 4.3% rate
of stent thrombosis after the “crush” technique.?
One of the two main randomized trials comparing
a simple strategy of stenting the main vessel (MV)
only to a complex strategy of stenting both MV and
SB, the British Bifurcation Coronary Study: Old,
New, and Evolving Strategies (BBC ONE) trial,
showed higher stent thrombosis in the two-vessels
strategy group.* In the Nordic study, however, the
14-month incidence of stent thrombosis was 0.5%
in the two-vessel strategy group arm and 2% in the
provisional stenting arm.’

Two-vessels techniques are expected to induce
greater stent deformity and malapposition,®
but there is no in-vivo confirmation since
intravascular ultrasound (IVUS) lacks the

Tyczynski P et al. OCT Assessment of Bifurcation Stenting

ability to precisely detect strut malapposition.
Optical coherence tomography (OCT) has higher
resolution than IVUS (approximately 10 times),
with fewer strut-induced artifacts, and offers
precise evaluation of strut apposition in a real-life
clinical setting.” OCT has proved to be a useful
technique in assessing stent apposition after
bifurcation treatment using the new dedicated
bifurcation stent.® Additionally, the results from
that study make up a part of the findings in the
current complex treatment arm.

The aim of our study was to quantify and compare
the apposition of stent struts in bifurcation lesions
treated either with a simple technique (MV stenting
only) or with a complex technique (stenting of both
the MV and the SB using the Culotte technique).’

METHODS
Study Population

All  consecutive patients who underwent
post-procedural OCT examination after stent
implantation in bifurcation lesions from January
2006 to September 2008 were enrolled in the study.

Procedure

Provisional MV stenting and dedicated complex
techniques have been described previously.>!® Six
French guiding catheters were used in all cases.
High pressure or cutting balloon pre-dilatation as
well as post-dilatation with a high-pressure balloon
were performed in all cases. After re-wiringinto the
SB, final kissing balloon (KB) post-dilatation was
performed in all complex strategy cases, with the
balloons diameters matching and SB diameter and
MYV diameter distal to the bifurcation. The inflation
pressure was at the operator’s discretion, based on
the type of lesion, the compliance of the balloons,
etc. The Culotte technique was used for all complex
cases. The choice to use a simple or complex
technique was at the operator’s discretion, based on
the anatomical scenario of the bifurcation lesion.
Procedural success was defined as final diameter
stenosis <30% in the MV and <50% in the SB by
visual assessment with TIMI 3 flow in both the MV
and SB.

Pharmacological Treatment and Procedural
Devices

Before the procedure, all patients were pretreated
with aspirin and 300-600 mg of Clopidogrel. During
the procedure, either unfractionated heparin
(UFH) or bivalirudin were used: UFH was given
to maintain an activated clotting time >250 seconds
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with an initial bolus of 70 IU/kg, whilst bivalirudin
was given according to the patient’s body weight.
Intravenous or intracoronary administration
of glycoprotein IIb/IIla inhibitors was at the
operator’s discretion.

Quantitative Angiographic Analysis

All bifurcation lesions were classified according to
the Medina classification, depending on the presence
or absence of >50% stenosis in the proximal and
distal MV and the SB ostium.!' Quantitative Vascular
Arteriography was performed using dedicated 3
segment software (QAngio XA 7.1, Medis Medical
Imaging System, Leiden, The Netherlands), as
previously described.!?

OCT Imaging Technique

In this study, an end-hole microcatheter (0.021”
Transit™, Cordis Neurovascular, Miami Lakes,
FL, USA) was advanced distal to the lesion in the
MYV over a conventional guide wire, which was then
exchanged for the OCT imaging wire. OCT image
acquisition (M3 system, LightLab Imaging Inc.
Westford, MA, USA) was performed using a non-
occlusive technique!® with continuous flushing of
iodixanol (Visipaque™, GE Healthcare, UK) using
a power injector (2-5 mL/s) and a pull-back speed set
at 3 mm/s. Image acquisition over a 30-35 mm vessel
segment was performed in each patient without
complication.

OCT Image Analyses

Cross-sectional images from the OCT pull-back
were analyzed every 450 um (every 3 frames). Since
the metallic surface of the strut is opaque to infrared
light, the abluminal strut surface cannot be seen;
therefore, strut malapposition was diagnosed if the
distance between the endoluminal surface of even a
single strut of the stent and the vessel wall was greater
than the thickness of the strut (metal+polymer) plus
an additional 15-micron margin of error, consistent
with the resolution of OCT.!" The thickness of the
stents used in the study was as follows: Cypher
Select-154 um, Taxus Liberté-127 um, Endeavor
Resolute-95 um, Xience V-88 um, Antares-88 pm,
Costar-89 um, and Driver-91 um.!* Strut apposition
was assessed in four segments: proximal MV segment
(extending 8 mm proximal to the first cross-section
when the SB was visible), bifurcation (divided into
two 180-degree halves towards or opposite the origin
of the SB) and distal MV segment (extending 4 mm
from the last cross-section when the SB was visible)
(Figures 1 and 2). In order to unify the analysis, all
distances were measured in perpendicular cross-
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sections from an OCT pull-back in the MV, and
not taken from the longitudinal images (which is
very difficult). The malapposition distance in the
half toward the SB of the bifurcation segment was
measured as in the straight segments: from an OCT
pull-back in the MV, the measurement was taken for
the shortest distance between malapposed/floating
strut and vessel wall. When using the complex
technique, MV and SB stents differed in their strut
thickness. The SB stent is the outer stent, the MV
stent the inner one, thus malapposed struts are likely
to belong to the MV stent at the level of bifurcation
and in the proximal segment. Strut malapposition
was calculated on the basis of the MV stent type and
strut thickness.

Cardiac Biomarkers

Peri-procedural myocardial infarction (MI), with
or without pathological Q waves, was defined as a
post-procedural Troponin I elevation of >3 times the
upper limit of normal (0.04 pg/L).

Statistical Analysis

The presence of normal distribution of continuous
variables was assessed by means of visual estimation
of their frequency histogram and with the use of
the Shapiro-Wilk test. Continuous variables are
expressed as mean (standard deviation [SD]) or
median and interquartile range (IQR) if they followed
a normal or non normal distribution, respectively.
Categorical variables are expressed as frequency and
percentage. In the overall population, differences of
continuous variables among the four segments within
the lesion were assessed with Kruskal-Wallis test,
because of the presence of non normal distribution
of continuous variables. Comparisons between two
groups were performed using Mann Whitney U
test, as appropriate. A value of 2 tailed P<.05 was
considered statistically significant. If a significant
difference (ie, P<.05) was found across the 4 groups
we performed 2x2 multiple comparisons with
Bonferroni’s correction with the level of statistical
significance achieved at P value <.05/number
of comparisons, thus corresponding to <.05/6,
P<.0083. Categorical variables were analyzed using
the %2 test or Fisher’s exact test, as appropriate. The
effect of the strategy type (complex vs simple), the
different segments expressed as categorical variables
and the interaction between the strategy type and the
4 segments on strut vessel wall separation distance
was assessed using mixed effect linear regression
analysis, to account for the correlated nature of the
data: ie, the presence of segments within a lesion,
and of multiple struts within segments. Briefly,
3 levels were considered: level 1=the single strut,
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Figure 1. The scheme representing
sequential  cross-sections of distal
segment-A, bifurcation-B and proximal
segment-C after bifurcation treatment
with simple technique. At the level of
bifurcation, cross-section has been
divided into 2 halves: I-half opposite side
branch, lI-half toward side branch. In the
proximal main vessel, strut apposition ¥
was assessed up to 8 mm before the b
bifurcation and in the distal main vessel
up to 4 mm beyond the bifurcation. On i
the right side there are corresponding ‘|
optical coherence tomography cross-
sections (a-c).

Figure 2. A: angiographic result after
implantation of 2 stents into the left
anterior descending artery and diagonal
branch (Culotte technique). The white
arrow indicates the track of the optical
coherence tomography imaging wire.
Optical coherence tomography images.
B: distal segment with well apposed
struts. C and D: bifurcation region with
malapposed/floating struts in the half
facing the side branch. E: well apposed 2
layers of struts in the proximal segment.
F: magnification of the 2 layers of struts
from image E.

level 2=the segment (proximal, distal, bifurcation
half toward SB and half opposite SB), level 3=the
lesion, adding the presence/absence of malapposed
struts toward SB location as a random effect at level
1. As the percentage of malapposed struts was not
expressed at the strut level, Ancova analysis, with

weighted least squares as the estimator to correct
for heteroskedasticity, was used for this endpoint,
after logarithmic transformation, provided adjusted
p values. If a significant effect of the type of strategy
or of its interaction with the 4 segments was found
on the endpoint, 2x2 multiple comparisons between
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TABLE 1. Baseline Patient Clinical Characteristics

Simple Technique (n=13) Complex Technique (n=14) P
Male, n (%) 12 (92) 8(57) .08
Age, mean (SD), y 69 (61-73) 70 (62-75) .59
Diabetes mellitus, n (%) 3(23) 6 (43) 42
Hypertension, n (%) 7(54) 12 (86) 10
Current/former smoker, n (%) 8 (62) 10 (71) .69
Family history of CAD, n (%) 8 (62) 11 (85) .38
Dyslipidemia,a n (%) 12 (92) 12 (86) 1
Previous MI, n (%) 4 (33) 2(14) 37
Previous CABG, n (%) 2 (15) 0(0) .22
Previous PCI, n (%) 3(23) 3(21) 1
Clinical presentation 21
Stable angina pectoris, n (%) 11 (85) 8 (57)
ACS, n (%) (15) 6 (43)

Total cholesterol >5 mmol/L or treatment with a lipid lowering drug.

ACS indicates acute coronary syndrome; CABG, coronary artery by-pass graft surgery; CAD, coronary artery disease; MI, myocardial infarction; NSTEMI, non Q-wave

myocardial infarction; PCI, percutaneous coronary intervention; SD, standard deviation.

corresponding segments in the simple and complex
group were performed. Bonferroni’s correction was
applied (P<.05/10). All analyses were performed
using STATA 10.1 statistical software (Statacorp,
Texas, USA).

RESULTS
Baseline Clinical Characteristics

Baseline demographics and clinical data are
presented in Table 1. Twenty-seven patients (age
69 [61-73] years) with 31 bifurcation lesions were
includedin thestudy. Four patientshad 2 bifurcations
treated. Most of the patients (70%) presented with
stable angina at hospital admission.

Angiographic and Procedural
Characteristics

Table 2 summarizes angiographic and procedural
data according to the treatment strategy: 17 lesions
(55%) underwent a simple treatment and 14 (45%)
underwent complex bifurcation treatment. Overall,
26 of 31 stents (83.9%) implanted in the MV were
DES. Nine of 14 SB stents (64.3%) used in the
complex technique were dedicated bifurcation
stents: 4 Tryton, 3 bare metal stents (21.4%) and 2
DES (14.3%). The bifurcation target lesion was most
frequently located at the left anterior descending/
diagonal artery (LAD/Dg), n=17 (55%), followed
by the circumflex/obtuse marginal artery (LCx/Om),
n=13 (42%), with the right coronary artery/posterior
descending (RCA/PDA) in 1 case (3%). The location
ofthe target lesion differed between the two treatment
arms, with LAD/Dg lesions being more frequent
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(86% vs 29%) and LCx/Om lesions less frequent (14%
vs 65%) in the complex strategy arm compared to
the simple strategy arm. The complex technique was
more frequently utilized to treat bifurcation lesions
with SB disease: SB diameter stenosis >50% (79%
vs 12%, P<.001), larger SB diameter stenosis (63%
vs 29%, P=.001), SB minimal lumen diameter (0.8
mm vs 1.4 mm; P=.007) and SB lesion length (5.6
mm vs 2.9 mm; P=.04). There were no differences
in treatment strategy with respect to SB reference
lumen diameter.

True bifurcation lesions were present in 13 of 31
bifurcationlesions(42%). Elevenof 13truebifurcation
lesions (85%) were treated with the complex
technique and only 2 true bifurcation lesions (15%)
were treated with the simple technique (P<.001).
Significantly higher balloon pressure was applied
for SB post-dilatation when a complex technique
was used (15 atmospheres vs 11.2 atmospheres;
P=.04). Procedural success (TIMI 3 flow in both
branches and SB residual diameter stenosis <50%)
was achieved in all cases. Small procedure-related
MI occurred in both groups without significant
difference (76.5% v. 100 %; P=.1).

Longitudinal Distribution of Malapposed
Struts

The OCT analysis is presented in Figures 3 and
4. In total, 8666 struts were evaluated: 4281 (49.4%)
in the proximal vessel segment, 1434 (16.5%) at the
bifurcation level, and 2951 (34.1%) in the distal
vessel segment. The prevalence of malapposed struts
was significantly higher at the level of bifurcation in
the half toward SB (46.1% [35.3-62.5]) as compared
to the bifurcation half opposite SB (9.1% [2.2-21.6];
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TABLE 2. Angiographic and Procedural Data (per Lesion) )

Variable Simple Technique (n=17) Complex Technique (n=14) P
Number of diseased vessels .021
One vessel, n (%) 6 (35) 8 (57)
Two vessels, n (%) 2(12) 5(36)
Three vessels, n (%) 9(53) 1(7)
Target vessel bifurcation .007
LAD/Dg, n (%) 5(29) 12 (86)
LCx/OM, n (%) 11 (65) 2(14)
RCA/PDA, n (%) 1 (6) 0
Medina classification, n (%) .009
0,1,0 9 (53) 1(7)
1,0,0 4(23) 1(7)
0,1,1 1 (6) 3(21)
1,0,1 1 (6) 3(21)
1,1,0 2(12) 1(8)
1,11 0(0) 5(36)
True bifurcation, n (%) 2(12) 11 (79) <.001
Baseline reference vessel diameter, mean (SD), mm
Proximal MV 3.1(0.9) 3.0(0.9) 7
Distal MV 2.6 (0.8) 2.2 (0.6) 2
SB 2.0(0.6) 2.1 (0.5) 7
Initial diameter stenosis, mean (SD),%
Proximal MV 45 (29) 54 (24) 4
Distal MV 55 (28) 56 (35) 9
SB 29 (21) 63 (30) .001
Baseline minimal lumen diameter, mean (SD), mm
Proximal MV 1.7 (0.9) 1.4(0.7) 3
Distal MV 1.1(0.8) 1.0(0.9) 7
SB 1.4 (0.6) 0.8(0.7) .007
Lesion length, mean (SD), mm
Proximal MV 4.6 (4.6) 5.8 (5.5) 5
Distal MV 6.1 (7.6) 8.6 (8.2 4
SB 29(1.5) 5.6 (4.7) .04
Calcified lesions, n (%) 6 (35) 5(36) 1
Maximal balloon pressure, mean (SD), atm
Mv 13.9 (5.5) 171 (5) A
SB 11.2 (4.7) 15.0 (3.4) .04
Type of stent implanted in the MV, n (%) 4
Paclitaxel eluting stent (Taxus) 6 (35) 5 (36)
Paclitaxel eluting stent (Costar) 0 1(7)
Rapamycin eluting stent (Cypher) 4 (23) 5 (36)
Zotarolimus eluting stent (Endeavor Resolute) 1(6) 1(7)
Everolimus eluting stent (Xience V) 1 (6) 2(14)
BMS (Antares) 4(24) 0
BMS (Driver) 1 (6) 0
Total MV stent length, mean (SD), mm 31.8(18.5) 33.8(19.3) .8
MLD after procedure, mean (SD), mm
Proximal MV 3.1(0.6) 3.2 (0.6) 8
Distal MV 2.7 (0.5) 2.5(0.5) A4
SB 1.9(1) 2.1(0.4) A4
Diameter stenosis after procedure, mean (SD), %
Proximal MV 7 (6) 7(9) .8
Distal MV 8 (6) 7(8) .8
SB 20 (22) 9(11) A
Final KB, n (%) 15 (88) 14 (100) 5
lIb/Illa inhibitor, n (%) 1 (6) 2(14) A4
Post-procedural Troponin | rise, pg/L (SD 1.2(1.6) 2.4 (5.4) .6
Post-procedural M, n (%) 13(76.5) 14 (100) A

BMS indicates bare metal stent; Dg, diagonal branch; KB, kissing balloon; LAD, left anterior descending artery; LCx, left circumflex artery; MI, myocardial infarction; MLD,-
minimal lumen diameter; MV, main vessel; OM, obtuse marginal branch; PDA, posterior descending artery; RCA, right coronary artery; SB, side branch; SD, standard
deviation.
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P<.0001 for all the groups
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- — - - of malapposed struts across 4 segments:
Distal Oppé)rzlrt]fé?de Tovlg?;gcshlde Proximal distal, bifurcation half opposite side
branch, bifurcation half toward side
branch, proximal. Only significant P values
are reported.

P<.0001), the distal segment (7.5% [2.3-20.2];
P<.0001, adjusted-P),and the proximalsegment (12.6
[7.8-23.1]; P<.0001), with no significant difference
between proximal and distal segments (P=.07),
bifurcation half opposite SB and proximal segment
(P=.22), bifurcation half opposite SB and distal
segment (P=.76) (P=.0001 Kruskal Wallis among 4
groups [Figure 3]; Ancova adjusted P<.0001). The
strut vessel wall distance for malapposed struts was
higher toward the SB (98 um, [37-297]) as compared
to the opposite SB (31 um, [13-74]; P<.0001), the
proximal segment (49 pum, [20-100]; P<.0001) and
distal segment (38 um [17-90]; P<.0001]), higher in
proximal segment as compared to distal segment
(P=.0082), and to opposite SB (P=.0019), with
no significant difference between opposite SB and
distal segment (0.23) (P=.0001 Kruskal Wallis for
the comparison among 4 groups, Figure 4) (20.5
um, 95% CI, 6.8-34.2; P=.003 at mixed effect linear
regression analysis).

OCT Analysis: Differences Between Simple
and Complex Techniques

Both the overall number of struts per patient and
the number of struts in the proximal segment were
significantly higher with complex stenting than with
a simple technique (323 [97] vs 243 [102]; P=.036
and 175 [18] vs 107 [64]; P=.015, respectively). The
prevalence of malapposed struts and strut vessel
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wall separation distance, in the 2 groups is shown in
Table 3. Regarding the endpoint of the percentage
of malapposed struts, Ancova analysis showed
that the use of a complex strategy (P=.31) and the
interaction between complex strategy and the 4
segments (P=.75) were not significant. Indeed, no
significant difference was found between proximal
segments (P=.56), distal segments (P=.95), segments
opposite SB (P=.20), and segments toward SB
(P=.68). Regarding strut vessel wall distance,
mixed effect linear regression analysis showed that
the interaction between complex strategy and the
4 segments of the lesion was significant (-9.3 pm;
95% CI, -17.9 to 0.7; P=.033), while the use of the
complex strategy was not significant (3.4 um; 95%
CI, -31.3 to 38.1; P=.85), indicating that the complex
strategy was associated with a lower strut vessel wall
distance at specific segments. Indeed, strut vessel
wall separation distance was significantly lower
at the proximal segment in the complex group as
compared to the simple group (P=.0008), without
significant difference between distal segments
(P=.25), segments opposite SB (P=.083), and
segments toward SB (P=.0878).

DISCUSSION

Angiography evaluates only the vessel lumen and
therefore has a very limited ability to recognize the
adequacy of stent expansion and wall apposition.
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P<.0001 for all the groups
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Figure 4. Longitudinal distribution of 01 ; ; ;
strut-vessel wall distance across 4 - — - -
segments: distal, bifurcation half opposite Distal Oppé)r?rt]%r?lde Togﬁggcst‘:de Proximal
side branch, bifurcation half toward side
branch, proximal. Only significant P values
are reported.
TABLE 3. OCT Data According to Simple and Complex Technique
Simple Technique (n=17) Complex Technique (n=14) P
Final OCT MLA, mean (SD), mm?2
Proximal 8.1(2.6) 9.2(1.6) 19
Bifurcation 8.5(2.4) 9.4(1.9 .28
Distal 6.6 (2.3) 6.1(1.8) .57
Malapposed struts, %, median (25-75)
Proximal 11.8 (5.1-23.1) 15.5 (9.4-22.9) .56
Opposite SB 5.91 (0-17.6) 14.2 (9.1-21.6) .20
Toward SB 45.4 (35.3-54.5) 50.3( 35.3-62.5) .68
Distal 7.5(2.3-20.2) 7.9 (2.9-14.3) .95
Malapposed strut-vessel wall distance, pm, median, (25-75)
Proximal 60 (20-170) 47 (21-81) .0008
Opposite SB 21 (8-87) 37 (20-71) .083
Toward SB 81 (30-267) 123 (41-333) .088
Distal 38 (17-101) 31 (13-80) .25

OCT, optical coherence tomography; OCT MLA, optical coherence tomography minimal lumen area; SB, side branch; SD, standard deviation.

IVUS allows good assessment of stent expansion,
but for the detection of stent apposition, its low
resolution (about 120 um) is insufficient to quantify
this phenomenon precisely. IVUS data from the
Sirolimus-Eluting Stent (SES) in the De Novo
Coronary Lesions (SIRIUS) trial showed that
post-procedural incomplete stent apposition (ISA)
was present in 16.2% of 80 SES implantations.’> A
similar incidence of ISA was shown in the IVUS

studies by Kimura et al. after implantation of SES
in 168 patients (18%)'® and by Kim et al. after
implantation of paclitaxel-eluting stent (PES) and
SES in 299 patients (13.9%)."” However, IVUS
may potentially underestimate the prevalence of
strut malapposition: in a study comparing IVUS
and OCT in 27 patients undergoing PCI, Hou et
al. found that IVUS identified stent malapposition
in only 10.5% as opposed to 63.2% of cases when
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assessed by OCT."® Additionally, instead of
assessing the prevalence of stent strut malapposition
as by OCT, previous IVUS analyses only assessed
how many patients had at least one malapposed
strut. Finally, previous IVUS analyses have
specifically excluded bifurcation segments from the
assessment of incomplete stent apposition, rightly
assuming that malapposition was unavoidable
at that level."” Indeed, only a few IVUS analyses
have addressed the results of bifurcation stenting
and they have focused on poor expansion rather
than malapposition. Costa et al. performed post-
intervention IVUS assessment in 40 patients
treated with the “crush” technique, and found ISA
in more than 60% of cases, mainly proximal to the
bifurcation where 3 layers of stents were present.'

Detailed OCT comparison in the present study
showed a much higher incidence of malapposition
per lesion. We believe that the prominent artifacts
induced by the stent struts with IVUS limit the
visualization of the underlying wall, impairing the
ability to detect minor degrees of malapposition.
The complex 3-dimensional geometry of
bifurcation lesions makes it difficult to achieve
strut apposition comparable to that observed in
a straight segment. In vitro model studies have
previously demonstrated the difficulty in achieving
good stent apposition at the SB ostium, regardless
of which stenting technique is used.? Malapposed
struts often create a metallic neo-carina both at the
proximal and the distal end of often eccentric SB
openings (Figure 2). Rewiring the SB in the most
distal stent cell close to the carina was consistently
attempted, crossing the stent with a looped wire
pulled back to the bifurcation. Even when this is
achieved, a balloon diameter exactly matching the
ostium of the SB inflated at a pressure sufficient
to displace all struts is required. In previous
OCT observations, the rate of malapposed struts
following the treatment of simple lesions in
straight vessel segments was 9%,” while the rate
of malapposed struts in overlapping stents was as
high as 41.8%, compared with 20.1% and 9.7% in
non-overlapping proximal and distal segments,
respectively.'

Although pathology studies suggest that stent
malapposition is a potential contributor toward
adverse events, there are discrepancies when it
comes to establishing the prognostic implication of
ISA from the only available IVUS studies. Available
data are mainly driven from the IVUS sub-studies
of the initially highly selected DES studies in
straight segments with the exclusion of bifurcation
lesions. Similar stent malapposition rates were
observed in patients who developed adverse events
and in those without adverse events.?! Others have
demonstrated a higher prevalence of abnormal
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IVUS findings regarding stent apposition and
expansion following stent implantation in patients
who developed acute stent thrombosis as compared
to a control group.”

Surprisingly, our study did not show any significant
differences between the simple and complex
techniques with regard to strut malapposition; with
a complex technique one could theoretically expect
higher rates of malapposed struts simply because of
more metal inserted. These findings may be explained
by more aggressive KB post-dilatation in two-stents
techniques than in a one-stent strategy, without fear
of causing dissection and thereby compromising
the SB. Also the predominant usage of a dedicated
bifurcation stent in our series may have played a role,
although a comparison between different types of
stents within the Culotte group cannot be performed
given the small sample size.

Pathology studies haveshown that arterial branch
points are foci of low shear and low flow velocity
and are sites predisposed to the development
of atherosclerotic plaque and thrombus.?
The important observation was that the most
vulnerable bifurcation area is located opposite
the flow divider.?* Since SB dilatation through
the stent struts may cause deformation of the MV
stent,® it is prudent to focus careful attention not
only on the carina (one could expect the worst
strut apposition at this site, a finding which we
have corroborated), but also on strut apposition
opposite the flow divider, where lower shear stress
might possibly serve as a nidus for restenosis or
thrombosis.?* Our observations did not show an
increased rate of malapposed struts in the half
opposite SB as compared to non-bifurcation
segments (proximal and distal to the bifurcation),
although this may be explained by the high rate of
KB post-dilatation.

Healing of Malapposed Struts

The prognostic implication of suboptimal acute
strut apposition following PCI as assessed by OCT,
in patients with satisfactory angiographic images, is
unknown.

Final Kissing Balloon Post-Dilatation

Since the simple technique may cause SB narrowing
via carina displacement® while dilatation of the
SB leads to distortion of the MV stent,® final KB
is highly recommended when treating bifurcation
lesions. The beneficial role of final KB is supported
by previous clinical observations.?® However, bench-
tests indicate that final KB inflation may decrease,
but not necessarily eliminate, strut-vessel wall
separation.?”’



Limitations

The main limitation is the lack of statistical analysis
that could fully account for the correlated OCT
data, that presents a hierarchical structure with more
lesions clustered in the same patients, 4 segments
within a single lesion, more struts within the same
segment, for each endpoint analyzed. Formal sample
size calculations are difficult in this situation and no
power calculation algorithm exists that is based on
generally accepted assumptions regarding intra-cluster
correlation design factors. The lack of randomization
to a simple or complex technique might have created
bias in the study results. Indeed, a complex technique
tended to be selected for true bifurcations while a
simple technique was reserved for other bifurcation
lesion subtypes. Secondly, we used different stent types
(including dedicated bifurcation stents for treatment of
a part of the SB lesions in the complex technique), each
with a unique geometry and cell size, which might also
have influenced our findings. Therefore we cannot rule
out the existence of a small difference in the prevalence
of malapposed struts and stent vessel wall separation
distance between the two techniques, due to the lack
of statistical power. Thirdly, the findings cannot
necessarily be applied to other two-stents techniques
for the bifurcation treatment, except those from the
Culotte stenting. Finally, OCT imaging was acquired
only from the MV. This obviously penalizes the simple
technique results because malapposed struts in the SB
are not detected. In this study OCT was used only at
the end of the angiographically guided optimization of
stent deployment.

CONCLUSIONS

In coronary bifurcation lesions,  strut
malapposition occurs most frequently and is most
severe at the level of the SB origin. Our findings
suggest that the use of complex technique (Culotte)
does not significantly affect the rate of strut
malapposition across the four segments of bifurcation
lesions and is associated with a lower strut vessel
wall separation distance of malapposed struts at the
proximal segment as compared to a simple strategy of
stenting the main vessel only. Whether malapposition
may play a role in the high incidence of in-stent
restenosis or stent thrombosis affecting bifurcation
lesions, needs to be assessed in further studies.
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