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Comparison With an Everolimus-Eluting Metallic Stent in the SPIRIT First and II Trials
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Objectives The aim of this study was to investigate the incidence and clinical sequelae of small
side branch occlusion (SBO) after Absorb (Abbott Vascular, Santa Clara, California) bioresorbable vas-
cular scaffold (BVS) implantation.

Background The thicker strut of metallic stents potentially contributes to a higher incidence of SBO.

Methods We performed a post-hoc angiographic assessment of 1,209 side branches in 435 patients
enrolled in the ABSORB-EXTEND single-arm trial (ABSORB EXTEND Clinical Investigation: A Continua-
tion in the Clinical Evaluation of the ABSORB Bioresorbable Vascular Scaffold [BVS] System in the
Treatment of Subjects With de Novo Native Coronary Artery Lesions), in comparison with 682 side
branches in 237 patients treated with the everolimus-eluting metallic stent (EES) in the SPIRIT (A
Clinical Evaluation of an Investigational Device. The Abbott XIENCE V Everolimus Eluting Coronary
Stent System in the Treatment of Patients With de Novo Native Coronary Artery Lesions) first and II
trials. Any visible side branches originating within the device implantation site or the 5-mm proxi-
mal and distal margins were included in the angiographic assessment. The SBO was defined as a
reduction in Thrombolysis In Myocardial Infarction flow grade 0 or 1.

Results Post-procedural SBO was observed in 73 side branches (6.0%) in BVS group and 28 side
branches (4.1%) in EES group (p � 0.09). Patients with post-procedural SBO were significantly associated
with an increased incidence of in-hospital myocardial infarction (6.5% in SBO group vs. 0.5% in non-SBO
group, p � 0.01). Multivariable analysis revealed that BVS was an independent predictor of post-procedural
SBO (odds ratio: 2.09; 95% confidence interval: 1.18 to 3.68). By stratified analysis, BVS demonstrated a higher
incidence of post-procedural SBO compared with EES only in small side branches with a reference vessel di-
ameter �0.5 mm (10.5% vs. 3.9%, p � 0.03 between the groups, p for interaction � 0.08).

Conclusions Bioresorbable vascular scaffold was associated with a higher incidence of post-procedural
SBO compared with EES. This effect was more pronounced with small side branches with a reference
vessel diameter �0.5 mm. (ABSORB EXTEND Clinical Investigation: A Continuation in the Clinical Evalua-
tion of the ABSORB Bioresorbable Vascular Scaffold [BVS] System in the Treatment of Subjects With de
Novo Native Coronary Artery Lesions: NCT01023789) (J Am Coll Cardiol Intv 2013;6:247–57) © 2013 by
the American College of Cardiology Foundation

http://www.clinicaltrials.gov/ct2/show/NCT01023789?term=NCT01023789&rank=1
http://dx.doi.org/10.1016/j.jcin.2012.10.013


t
c

A
C
E
f
N
s
B
p
l
T
v
�
I
m
o
a
o
s
a
d
m

(
h
t
N
(
S
(
d
b

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 6 , N O . 3 , 2 0 1 3

M A R C H 2 0 1 3 : 2 4 7 – 5 7

Muramatsu et al.

Side Branch Occlusion After BVS Implantation

248
Side branch occlusion (SBO) has been implicated as a
contributing factor to the development of periprocedural
myocardial infarction (MI) after percutaneous coronary
intervention (1–3). Periprocedural MI has been associated
with unfavorable late clinical outcomes, including an in-
creased risk of cardiac mortality (4–6). Mechanisms to
explain the incidence of SBO after the metallic platform
stent implantation have included mechanical vessel straight-
ening and enlargement of the stented vessel, bifurcation
carina shift, and/or coronary plaque shift into the orifice of
side branch (7–9). In addition, the increased strut thick-
nesses of the first-generation drug-eluting stents (DES) has
been implicated in contributing to a higher incidence of

SBO compared with the thinner
strut second-generation DES
(10,11).

Fully bioresorbable vascular
scaffolds (BVS) are a novel ap-
proach to the treatment of cor-
onary lesions, in that they pro-
vide transient vessel support and
drug delivery to the vessel wall,
without the potential long-term
limitations of conventional me-
tallic DES, such as stent throm-
bosis and prevention of future
surgical revascularization (12–14).
In addition, the BVS has the
potential to restore a more nor-
mal vascular physiology of the
treated vessel (13,14). Early
studies investigating the current
generation of the everolimus-
eluting BVS system (Absorb,
Abbott Vascular, Santa Clara,
California) have been shown to
have excellent angiographic and
clinical outcomes (12,15–17).
The strut thickness of Absorb
BVS is 157 �m, which is com-
parable to the first-generation

DES (e.g., Cypher [Cordis Corporation, Johnson & John-
son, Warren, New Jersey], 153 �m; Taxus Express2 [Bos-
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Abbreviations
and Acronyms

BVS � bioresorbable
vascular scaffold(s)

CK � creatine kinase

CK-MB � creatine kinase
myocardial band

DES � drug-eluting stent(s)

DS � diameter stenosis

EES � everolimus-eluting
metallic stent(s)

MI � myocardial infarction

NQMI � non–Q-wave
myocardial infarction

PES � paclitaxel-eluting
stent(s)

QCA � quantitative coronary
angiography

ROI � region of interest

RVD � reference vessel
diameter

SBO � side branch occlusion

TIMI � Thrombolysis In
Myocardial Infarction

ZES � zotarolimus-eluting
stent(s)
fManuscript received October 18, 2012; accepted October 26, 2012.
ton Scientific, Natick, Massachusetts], 148 �m) and thicker
han newer-generation DES (e.g., Xience V [Abbott Vas-
ular, Santa Clara, California], 89 �m) (18). The increased

strut thickness of the Absorb BVS is to allow for sufficient
radial strength and prevent acute vessel recoil (19,20). Given
the increased strut thickness of the Absorb BVS, a potential
concern exists that it might be associated with a higher
incidence of SBO compared with newer-generation DES.
The aim of this study is to assess the incidence and clinical
impact of SBO after Absorb BVS implantation in a pro-
spective, multicenter, single-arm trial. To allow for com-
parisons between the Absorb BVS and newer-generation
DES, the SPIRIT (A Clinical Evaluation of an Investiga-
tional Device. The Abbott XIENCE V Everolimus Eluting
Coronary Stent System in the Treatment of Patients With
de Novo Native Coronary Artery Lesions) first and II trials
investigating the everolimus-eluting metallic stent (EES)
will act as a historical control (21,22).

Methods

Study population. We studied patients enrolled in the
BSORB-EXTEND single-arm trial (ABSORB EXTEND
linical Investigation: A Continuation in the Clinical
valuation of the ABSORB Bioresorbable Vascular Scaf-

old [BVS] System in the Treatment of Subjects With de
ovo Native Coronary Artery Lesions). This trial is pro-

pectively assessing the safety and feasibility of the Absorb
VS (see trial registry information after abstract). In brief,
atients older than 18 years who have 1 or 2 de novo lesions

ocated in different native coronary arteries were enrolled.
arget lesions must have been located in a major epicardial

essel or side branch with a visually estimated stenosis of
50% and �100% and a Thrombolysis In Myocardial

nfarction (TIMI) flow grade of �1. The target lesions
ust have a diameter of 2.0 to 3.3 mm and a lesion length

f �28 mm, both assessed by online quantitative coronary
ngiography (QCA). Exclusion criteria included aorto-
stial lesions, left main coronary artery lesions, total occlu-
ions, lesions with visible thrombus, heavily calcified lesions,
nd bifurcation lesions involving a side branch �2 mm in
iameter and ostial lesions �40% stenosed by visual esti-
ation or a side branch requiring pre-dilation.
For the current analysis, patients treated with EES

Xience V) in the SPIRIT first and II trials were used as a
istorical control. The SPIRIT first and II trials compared
he EES with either the bare-metal stent (SPIRIT first trial,
CT00180453) or with the paclitaxel-eluting stent

SPIRIT II trial, NCT00180310). The details of the
PIRIT first and II trials have previously been described
21,22). The SPIRIT first trial included patients with single
e novo lesion that was 3.0 mm in diameter and that could
e covered by an 18-mm stent. The SPIRIT II trial allowed

or the inclusion of patients with 1 or 2 lesions in different

http://www.clinicaltrials.gov/ct2/show/NCT00180453?term=NCT00180453&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00180310?term=NCT00180310&rank=1
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major epicardial vessels that were 2.5 to 4.25 mm in
diameter and �28 mm in lesion length. Exclusion criteria
were similar to that in the ABSORB-EXTEND trial. All
trials were approved by the institutional review board, and

Figure 1. Features of Absorb BVS and Xience V

Absorb BVS (Abbott Vascular, Santa Clara, California) and Xience V (Abbott Vas
PDLLA � poly-D,L-lactide.

Figure 2. Representative Case of Side Branch Occlusion

Pre-procedure angiography showed a focal stenosis (A, white arrow) and a si
Immediately after Absorb bioresorbable vascular scaffold (BVS) implantation (B

indicate the proximal and distal markers of the Absorb BVS). This side branch contin
written informed consent was obtained from each patient
before inclusion.
Study devices. The backbone of the Absorb BVS is made of
emi-crystalline poly-L-lactide (12). The coating consists of

Santa Clara, California). Co-Cr � cobalt–chromium; PLLA � poly-L-lactide;

nch in the mid-segment of the right coronary artery (A, yellow arrows).
iled side branch was occluded at the ostium (C, yellow arrows; red circles
cular,
de bra
), a ja
ued to be occluded at the post-procedural angiography (D, yellow arrows).
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poly-D,L-lactide which controls the release of the antipro-
liferative drug everolimus. Both poly-L-lactide and poly-
D,L-lactide are fully bioresorbable and degrade to lactic
acid, which is metabolized via the Krebs cycle. The Absorb
BVS has struts with a thickness of 157 �m and zigzag hoops
onnected by 3 links, similar to the Xience V design. The

Figure 3. Assessment of QCA

Pre-procedural quantitative coronary angiography (QCA) analyses are shown. T
ment (A, green double arrow) to the intended device implantation site (A, w
interest were analyzed. The conventional QCA analysis automatically delineate
of side branch analysis is shown in C. The results of QCA analysis are shown in
diameter.

Figure 4. Flow Diagram of Study

Absorb BVS (Abbott Vascular, Santa Clara, California); ABSORB-EXTEND single-a
uation of the ABSORB Bioresorbable Vascular Scaffold [BVS] System in the Trea
Evaluation of an Investigational Device. The Abbott XIENCE V Everolimus Elutin

nary Artery Lesions) first and II trials; Xience V (Abbott Vascular, Santa Clara, Californ
ience V is an everolimus-eluting metallic stent with a
latform of cobalt-chromium alloy and the durable fluo-
opolymer coating (23). The overall strut thickness of the
ience V is 89 �m (Fig. 1).

Treatment procedure. Lesions were treated with standard
nterventional techniques, with mandatory pre-dilation and

A analysis delineates 5-mm proximal (A, red double arrow) and distal seg-
ouble arrow). Any visible side branches originating from this region of
bstruction segment in the main branch (yellow double arrow). An example
hite-outlined box. DS � diameter stenosis; RVD � reference vessel

al (ABSORB EXTEND Clinical Investigation: A Continuation in the Clinical Eval-
t of Subjects With de Novo Native Coronary Artery Lesions); SPIRIT (A Clinical
onary Stent System in the Treatment of Patients With de Novo Native Coro-
he QC
hite d
s an o
the w
rm tri
tmen
g Cor
ia).
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scaffold/stent implantation at a pressure not exceeding the
burst pressure rate. Post-dilation was left to the discretion of
the operator and only permitted with balloons sized to fit
within the boundaries of the scaffold/stent. The Absorb
BVS was available in diameters of 2.5 and 3.0 mm and
lengths of 18 and 28 mm, in the ABSORB-EXTEND trial.
A single 3.0 � 18 mm EES was used in the SPIRIT first
trial, whereas the EES in diameters of 2.5, 3.0, 3.5, and 4.0
mm and lengths of 8, 18, and 28 mm were used in the
SPIRIT II trial.
Definition of SBO and clinical outcomes. Side branch occlu-
ion was defined as a reduction in TIMI flow to grade 0 or
. Accordingly, side branches with pre-procedural TIMI
ow grade 0 or 1 were excluded. In the current analysis, the
rimary clinical outcome was evaluated by in-hospital
-wave MI or non–Q-wave myocardial infarction

NQMI). In-hospital events were defined as those occurring
uring hospital stay �7 days post-procedure. Per protocol
efinition of MI was an increase in the creatine kinase (CK)

evel to more than twice the upper limit of the normal,
ccompanied by an increased level of creatine kinase myo-
ardial band (CK-MB) (24). Per protocol CK-MB assess-
ent was a mandatory requirement if the CK was greater

han upper limit of the normal. Within study sites where
roponin is routinely used in the clinical practice, CK, and
K-MB assessments were obligatory if the troponin level
as elevated. All clinical outcomes were adjudicated by an

ndependent Clinical Events Committee.
Angiographic assessment and QCA. The region of interest
(ROI) was defined as the study device implantation site and
the 5-mm proximal and distal margins in the main branch.
All pre-procedural visible small side branches originating
within ROI were included in the angiographic assessment.
All side branches were assessed in at least 2 different
projections, with angiographic assessment for each side
branch performed at 5 time points during the procedure
(i.e., pre-procedure, after pre-dilation, after study device
implantation, after post-dilation and post-procedure). A
case example of SBO in the ABSORB-EXTEND trial is
shown in Figure 2.

The main branch and side branch were evaluated sepa-
rately by conventional 2-dimensional, single-vessel, off-line
QCA analysis (25). The obstruction segment was automat-
ically delineated by main branch QCA analysis within the
scaffold/stent implantation segment, as defined by radio-
opaque markers for the Absorb BVS, or by the stent borders
identified on the positioning/implantation cine-runs for the
EES (26). The ostial side branch location was classified into
3 subsegments: 1) obstruction segment, 2) the scaffold/stent
implantation segment outside obstruction, and 3) the 5-mm
proximal and distal margins of the scaffold/stent implanta-
tion site (Fig. 3). A QCA analyses of small side branches,
with a reference vessel diameter (RVD) of �0.5 mm, could

not be undertaken because the angiographic analysis system
was not validated for the vessels with this size (CAAS 5.10,
Pie Medical, Maastricht, the Netherlands) (27,28). There-
fore, such small side branches were assessed only for TIMI
flow grade during the procedure.
Statistical analysis. Data were analyzed on a patient-level
asis. Continuous variables are expressed as means � SD
nd were compared by t test. Categorical variables are
resented as proportions (percentage) and compared by
isher exact test. Univariable and multivariable logistic

egression models were applied to determine the predictors
f post-procedural SBO. The logistic regression model was
erformed on a patient-level basis, including the following
ariables; age, male sex, current smoking, hypertension
equiring treatment, dyslipidemia requiring treatment, any
iabetes, unstable angina, family history of coronary artery
isease, prior MI, number of diseased vessels (single or

Table 1. Baseline Demographic Data and Angiographic Characteristics in
Patients With Side Branches

Variables
Absorb BVS
(n � 435)

EES
(n � 237) p Value

Age (yrs) 61.4 � 10.6 62.2 � 10.4 0.35

Male (%) 75.2 70.0 0.17

Hypertension 65.5 68.4 0.49

Diabetes mellitus 26.2 22.4 0.30

Dyslipidemia 62.3 68.8 0.11

Current smoker 21.8 32.6 �0.01

Unstable angina 31.3 26.2 0.18

Family history of coronary artery disease 34.1 45.0 0.01

Prior history of myocardial infarction 28.7 33.9 0.19

Number of diseased vessels

1-vessel disease 80.0 69.2 �0.01

2-vessel disease 16.3 26.2 �0.01

3-vessel disease 3.7 4.6 0.54

Number of lesions/patient 1.07 � 0.26 1.13 � 0.34 0.02

Lesion location

Right coronary artery 28.5 28.7 1.00

Left anterior descending artery 45.8 42.9 0.49

Left circumflex artery 25.7 28.4 0.44

ACC/AHA lesion complexity

A 2.6 0.8 0.10

B1 59.2 23.5 �0.01

B2 34.8 63.8 �0.01

C 3.5 11.9 �0.01

Angulation �45° 3.2 7.3 0.02

Calcification (moderate/severe) 12.6 29.5 �0.01

Eccentric lesion 96.3 98.9 0.06

Thrombus 2.2 0.8 0.23

Reference vessel diameter (mm) 2.62 � 0.35 2.69 � 0.52 0.04

Percentage diameter stenosis 58.6 � 10.6 60.9 � 11.0 0.01

Lesion length (mm) 11.7 � 4.9 12.8 � 5.6 0.01

Values are mean � SD or %.

ACC/AHA � American College of Cardiology/American Heart Association; BVS � bioresorbable
vascular scaffold(s); EES � everolimus-eluting metallic stent(s).
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multivessel disease), angulation (�45°), calcification (mod-
erate/severe), eccentric lesion, pre-procedural visible throm-
bus, lesion classification (type B2/C), main branch lesion
length, main branch pre-procedural RVD, main branch
pre-procedural percentage diameter stenosis (DS), number
of side branches within ROI, location of side branch
(obstruction segment), size of side branch (RVD �1.0
mm), ostial stenosis of side branch (DS �50%), post-
dilation, number of study devices implanted, 2.5-mm scaf-
fold/stent implanted, and device type (Absorb BVS or
EES). In patients with 2 lesions treated with the study
device (6.7% in total population), we took the patients who
had at least 1 lesion that met the condition described in the
preceding text, and the greater main branch DS and lesion
length and smaller main branch RVD were applied in such
cases. In patients with multiple side branches within ROI,
we took the patients who had at least 1 side branch that met
the condition. The multivariable model was created with a
stepwise elimination procedure, where the independent
variables were entered into the model at the 0.20 signifi-
cance level and removed at the 0.05 level. If some variables
were highly correlated with each other (r � 0.5 and p �
0.05), the variables that had a higher level of significance
were eligible for inclusion in the multivariable model. A

Table 2. Angiographic Assessment of Side Branches

Variables

Total number of analyzed side branches

Mean number/patient

Mean number/lesion

Location of the side branch

Obstruction segment

Device implantation segment outside obstruction

Outside device implantation segment (5-mm proximal or

Pre-procedure QCA analysis

RVD (mm)

Percentage diameter stenosis (%)

Pre-procedure TIMI flow grade

Grade 2

Grade 3

Non-hierarchical incidence of SBO*

After pre-dilation

After scaffold/stent implantation

After post-dilation

Hierarchical incidence of SBO

After pre-dilation

After scaffold/stent implantation

After post-dilation

Post-procedural SBO

Values are n, mean � SD, or %(n/N). *Side branch occlusion (SBO) is d

to grade 0 or 1.

QCA � quantitative coronary angiography; RVD � reference vessel
Other abbreviations as in Table 1.
2-sided p value �0.05 was considered statistically
significant.

Results

Study population. A total of 469 consecutive patients were
enrolled in the ABSORB-EXTEND trial from January 11,
2010 to January 11, 2012. Two patients treated with DES
implantation were excluded. In the first patient, the Absorb
BVS failed to be delivered to the lesion. In the second
patient, the appropriate size of the Absorb BVS for the
lesion was not available. In addition, 32 patients without any
visible side branches within ROI and 4 side branches with
pre-procedural TIMI flow grade 0 or 1 were excluded.
Conversely, 27 patients in the SPIRIT first and 223 patients
in the SPIRIT-II trial were treated with EES at the baseline
procedure. Among the total 250 patients in both trials, 13
patients were without any visible side branches within ROI,
and 6 side branches with pre-procedural TIMI flow grade 0
or 1 were excluded. In total, 435 patients and 1,209 side
branches in the Absorb BVS group and 237 patients and
682 side branches in the EES group were included in the
current analysis (Fig. 4).

Absorb BVS EES p Value

1,209 682

2.8 � 1.5 2.9 � 1.5 0.37

2.6 � 1.2 2.6 � 1.2 0.69

36.3% (439/1,209) 36.2% (247/682) 0.97

49.1% (594/1,209) 47.9% (327/682) 0.63

14.6% (176/1,209) 15.8% (108/682) 0.46

1.18 � 0.39 1.19 � 0.39 0.81

20.1 � 13.5 19.8 � 12.2 0.74

0.7% (8/1,209) 0.9% (6/682) 0.59

99.3% (1,201/1,209) 99.1% (676/682) 0.59

0.3% (4/1,204) 0.7% (5/672) 0.30

6.0% (73/1,209) 5.3% (36/682) 0.54

6.7% (53/787) 5.1% (15/293) 0.40

0.3% (4/1,209) 0.7% (5/682) 0.30

5.8% (70/1,209) 4.7% (32/682) 0.34

0.3% (4/1,209) 0.3% (2/682) 1.00

6.0% (73/1,209) 4.1% (28/682) 0.09

as a reduction in Thrombolysis In Myocardial Infarction (TIMI) flow

er.
distal)

efined

diamet
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Patient demographic data and lesion characteristics. Patient
demographic data in patients with side branches were
comparable in both groups, except for current smoker and
family history of coronary artery disease, which were signif-
icantly higher in the EES group (Table 1). In addition,
single vessel disease was more prevalent in the Absorb BVS
group. With regard to the lesion characteristics, the EES
group demonstrated a significantly higher prevalence of type
B2/C lesions, angulation �45°, and moderate/severe calci-
fication, compared with the Absorb BVS group. Compari-
sons of QCA measurements in the main branch indicated
that the RVD was significantly greater in the EES group
compared with the Absorb BVS group (2.62 � 0.35 mm vs.
2.69 � 0.52 mm, p � 0.04). In addition, percentage DS was
greater and the lesion length was longer in the EES group
compared with the Absorb BVS group (58.6 � 10.6% vs.
60.9 � 11.0%, p � 0.01; 11.7 � 4.9 mm vs. 12.8 � 5.6 mm,
p � 0.01; respectively).
Angiographic findings of side branches. Pre-procedural an-
iographic characteristics of the side branches were compa-
able between both study groups (Table 2). The mean
umber of analyzed side branches/patient was 2.8 � 1.5 in
he Absorb BVS group and 2.9 � 1.5 in the EES group
p � 0.37). Side branch occlusion occurred predominantly
fter the implantation of the study device in both groups.
he incidence of post-procedural SBO demonstrated a

rend toward being higher in the Absorb BVS group
ompared with the EES group (6.0% vs. 4.1%, p � 0.09).
Cardiac enzymes and incidence of periprocedural MI. Post-

rocedurally any cardiac enzymes were obtained from 424
atients (98%) in the Absorb BVS group and from 219
atients (92%) in the EES group (Online Fig. S1). There
as no significant difference in the incidence of post-
rocedural CK-MB elevation between the 2 treatment
roups (Fig. 5A). A significantly higher incidence of post-
rocedural CK-MB elevation was observed in patients with
ngiographic evidence of SBO (SBO group) compared with
hose without SBO (non-SBO group) in each cutoff level
Fig. 5B). Cardiac troponin was assessed in 360 patients
ost-procedurally. Similarly to CK-MB, there was no sig-
ificant difference in the peak level between the 2 treatment
roups (Fig. 6A), whereas the SBO group had a signifi-
antly greater release of cardiac troponin compared with the
on-SBO group (Fig. 6B).
In-hospital and 30-days clinical outcomes after the pro-

edure are shown in Table 3. Of 92 patients in the SBO
roup, 6 (6.5%) were adjudicated to have experienced
n-hospital NQMI, whereas 3 of 580 patients in the
on-SBO group (0.5%) developed an in-hospital NQMI
p � 0.01).
Predictors of SBO. Multivariable analyses indicated several
factors to be significantly associated with post-procedural
SBO, including the main branch lesion length, main branch

pre-procedural percentage DS, location of side branch
(obstruction segment), ostial stenosis of side branch (DS
�50%), and device type (Absorb BVS vs. EES; odds ratio:
2.09, 95% confidence interval: 1.18 to 3.68, p � 0.01)
(Table 4). By stratified analysis, the Absorb BVS demon-
strated a higher incidence of post-procedural SBO com-
pared with the EES, only in side branches with an RVD of
�0.5 mm (10.5% vs. 3.9%, p � 0.03 between the groups,
p for interaction � 0.08) (Fig. 7).

Discussion

The present study is the first demonstrating the angio-
graphic incidence of small SBO after Absorb BVS implan-
tation and the impact of post-procedural SBO on short-
term clinical outcomes. The main findings of this study are:
1) post-procedural SBO after Absorb BVS implantation
was observed in 6.0% of all visible side branches; 2) patients
with post-procedural SBO were significantly associated

Figure 5. Magnitude of Post-Procedural CK-MB Elevation

(A) Comparisons between the patients treated with the Absorb BVS
(red bars) and those treated with the EES (blue bars). (B) Comparisons
between the patients with post-procedural side branch occlusion
(red bars) and those without side branch occlusion (blue bars). BVS �

bioresorbable vascular scaffold(s); CK-MB � creatine kinase myocardial
band; EES � everolimus-eluting metallic stent(s); ULN � upper limit of the
normal.
with a higher incidence of in-hospital MI compared with
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those without SBO; 3) lesion length and pre-procedural
percentage DS in the main branch and location and ostial
stenosis of side branch were all independent predictors of
post-procedural SBO; and 4) the treatment with the Absorb
BVS was a significant independent predictor of post-
procedural SBO compared with EES in the study population.

Side branch occlusion is well recognized as a contributing

Figure 6. Peak Value of Post-Procedural Cardiac Troponin

(A) Comparisons between the patients treated with the Absorb bioresorb-
able vascular scaffold(s) (BVS) (red bar) and those treated with the everoli-
mus-eluting metallic stent (EES) (blue bar). (B) Comparisons between the
patients with post-procedural side branch occlusion (SBO) (red bar) and
those without SBO (blue bar). IQR � interquartile range.
factor toward periprocedural MI and resultant clinical out-
comes (4–6). Previous studies have suggested several po-
tential mechanisms for SBO after metallic stent implanta-
tion, including the presence of coronary spasm, coronary
dissection, thrombus formation, embolization of plaque
debris, and the bifurcation carina shift and/or plaque shift
into the orifice of side branch (7–9,29,30). Notably, intra-
coronary nitroglycerin was administered before angiogra-
phy, and the patients principally had stable and noncomplex
lesion characteristics in keeping with the protocol of the
ABSORB-EXTEND and SPIRIT trials. Although un-
planned bailout stenting was performed in 7 patients in the
Absorb BVS group and 6 patients in the EES group because
of edge dissection, it did not affect the consequences of side
branches originating within the ROI. In addition, post-
procedural intraluminal defects, suggestive of plaque pro-
lapse or thrombus, could not be detected. In the present
study, multivariable analyses demonstrated both the location
(i.e., obstruction segment) and ostial stenosis (DS �50%) of
side branch to be independent predictors of post-procedural
SBO. This finding is consistent with a previous study
suggesting the lesion morphology at the origin of side
branch to be an angiographic predictor of SBO (31).
Although we cannot clearly ascertain the exact mechanism
of SBO after Absorb BVS implantation because of the lack
of intracoronary imaging data, the generally accepted view is
that small side branch compromise and occlusion is second-
ary to plaque shift from the main branch into the orifice of
small side branch, although carina shift might play a further
role, potentially dependent on the bifurcation angle
(9,32,33).

There have been 2 publications addressing the inci-
dence of SBO with 2 different metallic platform DES.
Lansky et al. (11) performed a post hoc angiographic
analysis of side branches in 606 patients treated with the
EES (strut thickness 89 �m) and 304 patients treated with

Table 3. Short-Term Clinical Outcomes for Patients With or Without
Post-Procedural SBO

Clinical Events
SBO

(n � 92)
Non-SBO

(n � 580) p Value

In-hospital events*

Myocardial infarction 6.5% (6/92) 0.5% (3/580) �0.01

Q-wave 0.0% (0/92) 0.0% (0/580) N/A

Non–Q-wave 6.5% (6/92) 0.5% (3/580) �0.01

Ischemia driven TLR 0.0% (0/92) 0.2% (1/580) 1.0

Cardiac death 0.0% (0/92) 0.0% (0/580) N/A

30-days events

Myocardial infarction 6.5% (6/92) 1.2% (7/580) �0.01

Q-wave 0.0% (0/92) 0.7% (4/580) 1.0

Non–Q-wave 6.5% (6/92) 0.5% (3/580) �0.01

Ischemia-driven TLR 0.0% (0/92) 0.2% (1/580) 1.0

Cardiac death 0.0% (0/92) 0.0% (0/580) N/A

*In-hospital is defined as hospital stay �7 days post-procedure.
N/A � not available; SBO � side branch occlusion; TLR � target lesion revascularization.
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the paclitaxel-eluting stent (PES) (Taxus Express2) (strut
thickness 148 �m) in the SPIRIT-III substudy. Post-

rocedural SBO was observed in 2.7% of analyzed side
ranches in the EES group and 4.3% in the PES group (p �
.06). Similarly, Popma et al. (10) assessed side branches
ith an RVD of �1.0 mm in 597 patients treated with the
otarolimus-eluting stent (ZES) (Endeavor; Medtronic
ardio Vascular, Santa Rosa, California) (strut thickness 96

�m) and 619 patients treated with the PES in the
NDEAVOR-IV (Randomized Comparison of
otarolimus- and Paclitaxel-Eluting Stents in Patients
ith Coronary Artery Disease) substudy. Post-procedural

BO was observed in 2.0% of the analyzed side branches in
he ZES group and 3.4% in the PES group (p � 0.07). Both
tudies suggested that strut thickness was a potential con-
ributing factor toward SBO, on the basis of the findings of
ES to be an independent predictor of SBO in both studies

10,11). In the present study, the Absorb BVS (strut
hickness 157 �m) showed a trend toward higher incidence

Table 4. Univariable and Multivariable Analyses for Predictors of Post-Proc

Covariates Univ

Patient-related factors

Age (yrs)

Male

Current smoker

Hypertension requiring treatment

Dyslipidemia requiring treatment

Any diabetes mellitus

Unstable angina

Family history of coronary artery disease

Prior myocardial infarction

Number of diseased vessels (single vessel disease vs. multivessel disease)

Lesion-related factors

Angulation �45°

Moderate/severe calcification

Eccentric lesion

Pre-procedural visible thrombus

Type B2/C lesion

Main branch lesion length (mm)

Main branch pre-procedural RVD (mm)

Main branch pre-procedural DS (%)

Number of side branches

Location of side branch (obstruction segment)

Size of side branch (RVD �1.0mm)

Ostial stenosis of side branch (DS �50%)

Treatment-related factors

Treatment with �2 study devices

2.5mm device implanted

Post-dilation

Device type (BVS vs. EES)

The multivariable model was created with a stepwise elimination procedure, where the independe

BVS � bioresorbable vascular scaffold(s); CS � complete separation; CI � confidence interval; DS
of post-procedural SBO compared with the EES (6.0% vs.
4.1%, p � 0.09). By multivariable analysis, the Absorb BVS
seemed to be an independent predictor of post-procedural
SBO. These results are in line with the previous studies,
despite the differences between the polymeric and metallic
platform devices. It is, however, noteworthy that a smaller
RVD and larger number of analyzed side branches/lesion
(mean 1.18 mm and 2.6, respectively) were evident in the
present study when compared with those in the SPIRIT-III
(mean 1.61 mm and 2.0, respectively) and in the
ENDEAVOR-IV substudies (mean 1.52 mm and 1.6,
respectively) and that this might partially contribute to the
higher incidence rates of SBO reported in the present study.
When only side branches with an RVD of �1.0 mm were
considered, according to the methodology used in the
ENDEAVOR-IV substudy, the incidence rates of post-
procedural SBO were 1.7% in the Absorb BVS group and
2.2% in the EES group and comparable to the ZES (2.0%).
This result prompts the question of how small side branches
were more likely to be affected by the devices with different

l Side Branch Occlusion

e p Value Odds Ratio (95%) Multivariable p Value Odds Ratio (95%)

.46 1.01 (0.99–1.03) — —

.16 0.71 (0.44–1.15) — —

.25 0.72 (0.42–1.25) — —

.09 0.68 (0.43–1.06) — —

.86 0.96 (0.61–1.52) — —

.07 1.56 (0.97–2.52) — —

.15 1.41 (0.89–2.23) — —

.86 1.04 (0.65–1.68) — —

.64 1.12 (0.70–1.79) — —

.42 0.81 (0.49–1.34) — —

.19 0.38 (0.09–1.61) — —

.91 0.97 (0.55–1.71) — —

S CS — —

.59 0.57 (0.07–4.43) — —

.47 1.18 (0.76–1.84) — —

.01 1.07 (1.03–1.12) 0.02 1.05 (1.01–1.11)

.24 0.72 (0.41–1.26) — —

.01 1.03 (1.01–1.05) 0.02 1.03 (1.00–1.06)

.01 1.30 (1.13–1.48) — —

.01 28.91 (7.05–118) �0.01 22.40 (5.41–92.73)

.43 0.81 (0.48–1.37) — —

.01 7.08 (3.50–14.3) �0.01 4.30 (1.95–9.47)

.64 1.17 (0.60–2.26) — —

.32 0.66 (0.29–1.50) — —

.15 1.41 (0.88–2.24) — —

.09 1.54 (0.94–2.52) 0.01 2.09 (1.18–3.68)

bles were entered into the model at the 0.20 significance level and removed at the 0.05 level.

eter stenosis; EES � everolimus-eluting metallic stent; RVD � reference vessel diameter.
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strut thickness. By stratified analysis, the incidence of
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post-procedural SBO was higher in the Absorb BVS group
compared with the EES group, only in small side branches
with an RVD �0.5 mm, despite the borderline significant
interaction. Furthermore, when taking only side branches
with an RVD �1.0 mm into account, multivariable analyses
indicated that the Absorb BVS was no longer an indepen-
dent predictor of post-procedural SBO (data not shown).
Considering the greater vessel wall area covered by the
Absorb BVS strut (26%) compared with the EES (12%),
there is a greater probability of covering the orifice of side
branches with the Absorb BVS. Thus, these findings might
suggest that such small side branches are more likely to be
compromised by the thicker strut of the Absorb BVS.

In the current analysis, patients with post-procedural
SBO had a significantly greater release of CK-MB and
cardiac troponin and also a higher risk of in-hospital MI,
compared with those without SBO. There were, however,
no significant differences between the 2 treatment groups
with respects to the incidence of post-procedural CK-MB
elevation and the peak level of cardiac troponin. A potential
explanation is that the Absorb BVS was associated with a
higher risk of SBO compared with the EES only in small
side branches with an RVD of �0.5 mm, resulting in
minimal impact on periprocedural myocardial necrosis.
Because bioresorbable scaffolds are programmed to be com-
pletely resorbed between 2 and 3 years after implantation,
the impact of SBO on long-term clinical outcomes might
differ from that caused by permanent metallic endoluminal
prosthesis (34). Further investigations are required to elu-
cidate this issue.
Study limitations. The present study relies on a nonran-

Figure 7. Incidence of Post-Procedural SBO Stratified by RVD
of Side Branches

BVS � bioresorbable vascular scaffold(s); EES � everolimus-eluting metallic
stent(s); RVD � reference vessel diameter.
domized comparison of different study populations. Conse-
quently, there were significant differences in several baseline
characteristics, and the possibility of results being affected
by unknown confounding factors cannot be excluded. Sec-
ond, these trials principally included patients with stable
coronary artery disease and excluded patients with complex
lesion characteristics, such as total occlusions, thrombotic
lesions, and bifurcation lesions with side branch �2 mm in
diameter. The incidence of SBO would be expected to be
higher in more complex lesions.

Conclusions

Absorb BVS implantation was associated with a 6.0%
incidence of post-procedural SBO in 435 patients with
1,209 side branches. Absorb BVS was related to a higher
incidence of post-procedural SBO compared with the EES,
and this effect was more pronounced with small side
branches with an RVD �0.5 mm. Further investigation is
required in a pivotal randomized controlled trial.
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