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Objectives: The ABSORB cohort A trial using the bioresorbable everolimus-eluting
scaffold (BVS revision 1.0, Abbott Vascular) demonstrated a slightly higher acute recoil
with BVS than with metallic stents. To reinforce the mechanical strength of the scaf-
fold, the new BVS scaffold (revision 1.1) with modified strut design was developed and
tested in the ABSORB cohort B trial. This study sought to evaluate and compare the in
vivo acute scaffold recoil of the BVS revision 1.0 in ABSORB cohort A and the BVS
revision 1.1 in ABSORB cohort B with the historical recoil of the XIENCE VVR everolimus-
eluting metal stent (EES, SPIRIT I and II). Methods: In the ABSORB cohort B trial, 101
patients with one or two de-novo lesions were enrolled at 10 sites. In ABSORB cohort A,
27 patients treated with a BVS 1.0 were analyzed and compared with EES. Acute absolute
recoil, assessed by quantitative coronary angiography, was defined as the difference
between mean diameter of the last inflated balloon at the highest pressure (X) and mean
lumen diameter of the stent immediately after the last balloon deflation (Y). Acute percent
recoil was defined as (X - Y)/X and expressed as a percentage. Results: Out of 101
patients enrolled in the ABSORB cohort B trial, 88 patients are available for complete
analysis of acute recoil. Absolute recoil of BVS 1.1 (0.19 6 0.18 mm) was numerically
higher than metallic EES (vs. 0.13 6 0.21 mm) and similar to BVS 1.0 (0.20 6 0.21 mm)
but the differences did not reach statistical significance (P 5 0.40). The acute percent
recoil demonstrated the same trend (EES: 4.3% 6 7.1%, BVS 1.0: 6.9% 6 7.0%, BVS 1.1:
6.7% 6 6.4%, P 5 0.22). In the multivariate regression model, high balloon/artery ratio
(>1.1) (OR 1.91 [1.34–2.71]) was the predictive for high absolute recoil (>0.27 mm) while
(larger) preprocedural MLD was protective (OR 0.84 [0.72–0.99]). The stent/scaffold type
was not a predictor of acute recoil. Conclusions: The average in vivo acute scaffold recoil
of the BVS 1.1 is slightly higher than the metallic EES. However, the scaffold/stent type
was not predictive of high acute recoil, while implantation in undersized vessels or usage
of oversized devices might confound the results. VC 2011 Wiley-Liss, Inc.
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INTRODUCTION

Bioresorbable vascular scaffolds (BVS) are a novel
approach, potentially providing short-term vessel scaf-
fold combined with drug delivery capability without
the long-term limitations of metallic drug-eluting stents
(DES), such as permanent caging with or without mal-
apposition [1–4]. Permanent metallic stenting may also
preclude surgical revascularization, prevent late lumen
enlargement, result in jailing side branches and impair
noninvasive imaging of coronary arteries with multi-
slice computed tomography and magnetic resonance.
The fully resorbable BVS (Abbott Vascular, Santa
Clara, USA) has been tested in the first-in-man
ABSORB cohort A study with a series of 30 patients
and demonstrated excellent long-term clinical result up
to 3 years with a major adverse cardiac event rate of
3.4% [5]. The scaffold consists of a backbone of poly-
L-lactide (PLLA) coated with poly-D,L-lactide
(PDLLA) that contains and controls the release of the
antiproliferative drug everolimus (Novartis, Basel,
Switzerland).

Although the initial results of the ABSORB cohort
A trial were promising, improvement of the durability
in mechanical properties of the device was regarded
as a challenge for this technology. In the ABSORB
trial, the mean acute recoil percent was 6.85% �
6.96% for the BVS, which was higher than that for
the metallic EES (4.27% � 7.08%, Xience V

VR
stent,

Abbott Vascular, Santa Clara, USA) from the SPIRIT
I and II trials. Assessment of late recoil at 6 months
revealed that about two thirds of luminal area reduc-
tion (16.6%) was caused by scaffold area loss
(11.7%) [5–7].

To improve the scaffolding properties and prolong
mechanical stability in vivo, strut pattern design and pro-
cess changes were introduced to create BVS revision 1.1.
The new design has in-phase zigzag hoops linked by
bridges. These design changes allow a more uniform
strut distribution, reduce maximum circular unsupported
surface area (MCUSA) and provide greater/more uniform
vessel wall support and drug transfer. The BVS revision
1.1 was tested in the ABSORB cohort B study, a multi-
centre, nonrandomized trial assessing the safety and per-
formance of the BVS revision 1.1, in the treatment of
patients with a maximum of two de novo native coronary
artery lesions (3.0 mm in diameter and �14 mm in
length). The ABSORB cohort B trial enrolled 101
patients [8–10].

This study therefore sought to evaluate and compare
the in vivo acute scaffold recoil of the BVS revision
1.1 in ABSORB cohort B with the BVS revision 1.0 in
ABSORB cohort A, using the recoil of the XIENCE V
metallic EES as a historical control.

METHODS

Study Population

The ABSORB cohort B trial is a multicentre single-
arm trial assessing the safety and performance of the
BVS revision 1.1 in the treatment of patients with a
maximum of two de novo native coronary artery
lesions. In this study, patients over the age of 18
years, who had either stable or unstable angina pecto-
ris or silent ischemia, were suitable for inclusion. All
treated lesions were de-novo lesions in a native coro-
nary artery with a maximum diameter of 3.0 mm, and
a length of �14 mm for the 18-mm stent, with a per-
centage diameter stenosis �50% and <100%, and a
thrombolysis in myocardial infarction (TIMI) flow
grade of �1. The vessel sizing was performed using
visual assessment.

Major exclusion criteria were patients presenting
with an acute myocardial infarction, unstable arrhyth-
mias, or patients who had a left ventricular ejection
fraction <30%, restenotic lesions, lesions located in
the left main coronary artery, lesions involving a epi-
cardial side branch >2 mm in diameter by visual
assessment, and the presence of thrombus or another
clinically significant stenosis in the target vessel. The
ethics committee at each participating institution
approved the protocol and each patient gave written
informed consent before inclusion.

To compare the acute scaffold recoil of the BVS
revision 1.1 and the BVS revision 1.0, the patients
enrolled in the SPIRIT I and II trials with the same
nominal size and length stent (3 � 18 mm) were
selected as a control group. The detailed criteria of inclu-
sion and exclusion were described elsewhere [5,6,11]. In
cohort A, the patients had a single lesion which could
be covered with a single scaffold of 3 � 18 mm (i.e.,
2.5–3.5 mm in diameter by visual estimation, less than
8 mm or 14 mm in length) and a stenosis of between
50 and 99% of luminal diameter with a Thrombolysis
in Myocardial Infarction flow grade of one or more.

Study Device

BVS 1.1. The revision 1.1 BVS balloon expandable
device was used in the ABSORB cohort B (Fig. 1). It
consists of a polymer backbone of poly-L-lactide
(PLLA) coated with a thin layer of a 1:1 mixture of an
amorphous matrix of poly-D,L-lactide (PDLLA), and 100
lg cm�2 of the antiproliferative drug everolimus. The
implant is radiolucent, but has two platinum markers at
each end that allow visualization on angiography and
other imaging modalities. The PDLLA allows controlled
release of the everolimus such that 80% has eluted by
30-days; the elution rate, tissue concentration, and the
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dose density of everolimus are similar for the BVS 1.0
and EES devices. Both PLLA and PDLLA are fully
resorbable via a bulk erosion process, through hydrolysis
of the ester bonds in the polymer backbone. The result-
ing oligomers and monomer eventually leave the poly-
mer matrix and are metabolized in the surrounding tis-
sues and blood by entering the pyruvate and Kreb’s
energy cycles. The time for complete absorption of the
polymer backbone is predicted from preclinical studies
to be about 2 years whereas the polymer coating is
absorbed in a faster timeframe [6].

Physically the scaffold has struts with a thickness of
150 lm, a crossing profile of 1.2 mm, and consists of
in-phase zigzag hoops linked together by three longitu-
dinal bridges. These design changes theoretically allow
a more uniform strut distribution, which provides
greater/more uniform vessel wall support and drug trans-
fer than the previous revision 1.0 BVS scaffold [12].
The device can be stored at room temperature (Fig. 1).

BVS revision 1.0. The BVS revision 1.0 design was
used in ABSORB cohort A. The implant has the same
scaffold and coating materials as the revision 1.1. Physi-
cally the scaffold has struts with a thickness of 150 lm,
a crossing profile 1.2 mm, and consists of circumferen-
tial out-of-phase zigzag hoops linked together by three
longitudinal struts between each hoop. Furthermore it
needs to be stored at -20�C to prevent creep, physically
ageing of the polymer and ensure device stability.

Study Procedure

All procedures were performed electively. Target
lesions were treated using standard interventional tech-
niques, with mandatory predilatation. Postdilatation
with a balloon shorter than the implanted stent was
allowed at the operator’s discretion if an optimal
angiographic result was not obtained immediately after
stent deployment. Bailout stenting with EES for edge
dissection and inappropriate coverage of the lesion was
permitted and occurred in five patients. Treatment with
aspirin was started at least 24 hr before the procedure,

and continued throughout the length of the clinical
investigation both in the ABSORB cohort A and B
trial. A loading dose of 300 mg of clopidogrel was
administered before the procedure, followed by 75 mg
daily for a minimum of 6 months.

Quantitative Coronary Angiography Analysis

QCA was performed using the CAAS II analysis
system (Pie Medical BV, Maastricht, the Netherlands).
For each patient, the stent/scaffold segment and the
peri-stent/scaffold segment (defined by a length of
5-mm proximal and distal to the stent/scaffold edge)
were analyzed. The following QCA parameters were
computed: minimal luminal diameter (MLD), reference
vessel diameter, and percent diameter stenosis. In addi-
tion to the baseline and post-PCI cine frame, two
images were analyzed for acute device recoil assess-
ment in this study. One was an image of complete
expansion of the last balloon (either the device delivery
balloon or the post-dilatation balloon) at the highest
pressure (Fig. 2A). The other was a cine frame imme-
diately after the last balloon deflation and the subse-
quent nitrate injection (Fig. 2B). These two images
were analyzed in the same angiographic projection
selected to minimize foreshortening.

Acute stent/scaffold recoil was calculated as follows:
(1) When the stent/scaffold delivery balloon was used
for stent/scaffold expansion, acute absolute stent/scaf-
fold recoil was defined as the difference between mean
diameter of the stent/scaffold delivery balloon at the
highest pressure at implantation of stent/scaffold (X)
and mean luminal diameter of stented/scaffolded seg-
ment after implantation (Y). Absolute acute stent/scaf-
fold recoil was calculated as X-Y while relative acute
stent/scaffold recoil was defined as (X - Y)/X and
expressed as a percentage. (2) In case a postdilatation
balloon was used in the procedure, acute absolute
recoil was defined as the difference between mean
diameter of the postdilatation balloon at the highest
pressure in postdilated segment (X0) and mean luminal

Fig. 1. The figures represent strut designs of revision 1.0 and revision 1.1 BVS. Maximum cir-
cular unsupported cross sectional area (yellow circles) is smaller in revision 1.1 than in revi-
sion 1.0. In vitro experiments (lower panel) shows that BVS 1.1 has similar radial strength to
the Vision metallic stent, and a higher radial strength than BVS 1.0. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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diameter after postdilatation (Y0), (Fig. 2). Relative
acute recoil was defined as (X0 - Y0)/X0 and expressed
as a percentage. The same methodology was used
throughout ABSORB cohort A and B.

In the cohort B group, the information on the type
of the largest balloon used during the procedure was
collected. The expected balloon diameter was obtained
from the chart of the postdilatational balloon provided
by the manufacturer, using the diameter of the balloon
and the maximum pressure during the procedure. If
postdilatation was not performed, the expected diameter
of the scaffold delivery balloon was calculated. In case
the pressure during the procedure exceeded the highest
pressure in the chart, the highest diameter in the chart
was regarded as the expected diameter. Following the
methodological approach of Aziz et al., the final balloon
deficit (a function of vessel wall compliance resulting in
in-vivo balloon under expansion) was calculated by sub-
tracting the mean luminal diameter after stent/scaffold
deployment from the expected balloon diameter meas-
ured in vitro without constraint as a function of balloon
dilatation pressure, according to the chart provided by
the manufacturer [13]. The relative balloon deficit was
calculated as the balloon deficit divided by the expected
balloon diameter, and expressed as percentage.

Statistical Analysis

Analysis was performed on patients with analyzable
angiographic images. Categorical variables were presented

as counts and percentages, and compared by means of
the Fisher’s exact test. Continuous variables were pre-
sented as mean � standard deviation and were compared
using the Mann-Whitney U-test. A value of P < 0.05
was considered statistically significant. Univariate analy-
ses were performed to find the relation with absolute
acute recoil: treated hypertension, treated hypercholestero-
lemia, treated diabetes, current smoke, angiographic cal-
cium, previous myocardial infarction, preprocedural ref-
erence vessel diameter, preprocedural minimal lumen
diameter, preprocedural diameter stenosis, preprocedural
lesion length, and preprocedural vessel angulation. Signifi-
cant variables in the univariate analysis were put into a
multivariate logistic regression model to predict high acute
absolute recoil. High acute absolute recoil is coded as 1
when the absolute recoil is in the highest tertile, and as 0
for the rest. All statistical tests were carried out at the 5%
level of significance. All measures have been obtained by
SPSS 17 software version (SPSS, Chicago IL).

RESULTS

Out of 101 patients who were enrolled in the
ABSORB cohort B trial, 88 patients with 89 lesions had
a complete analysis for acute recoil (Fig. 3). Thirteen
out of 102 lesions in cohort B were not analyzable. The
reasons were (i) cineangiogram at ballooning was not
available (n ¼ 5), (ii) the quality of the cineangiogram
was suboptimal and therefore not analyzable (n ¼ 7),
(iii) dissection and lingering contrast at BVS

Fig. 2. Methodology of acute scaffold recoil assessment
when a postdilatation balloon was used during the procedure.
Left panel represents images at complete expansion of the
postdilatation balloon. Right panel is immediately after bal-
loon deflation. White arrows indicate metallic markers in both
ends of bioresorbable scaffold, which demarcate the treated
segment. In the left panel, analysis is performed between bal-
loon markers (between black lines) in the treated segment. In

the right panel, analysis is performed within the scaffold in
the same segment where the postdilatation balloon was
placed and inflated (between black lines). These two images
are analyzed in the same angiographic projection, so that
segments A and B are well-matched. In this case, the mean
diameters of analyzed segment (postdilated segment) at bal-
looning and after ballooning are 2.65 and 2.44 mm, respec-
tively. This corresponds to acute recoil of 0.21 mm or 6.7%.
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implantation site hindered accurate analysis of luminal
diameter after ballooning (n ¼ 1). In the ABSORB
cohort A trial, 30 patients were enrolled with three
patients excluded from the analysis. As control, we
have selected from SPIRIT I and II the 27 consecutive
patients with successful 3 � 18 mm metallic EES
implantation.

The baseline demographic and angiographic charac-
teristics are presented in Table I. The three groups
were comparable in baseline patient demographics,
lesion characteristics, and preprocedural QCA results.

Table II represents QCA parameters at ballooning,
after ballooning, and the result of acute recoil analysis.
Absolute recoil of the BVS 1.1 (0.19 � 0.18 mm) was
slightly higher than the metallic EES (vs. 0.13 � 0.21
mm) and similar to the BVS 1.0 (0.20 � 0.21 mm) but
the differences did not reach statistical significance (P
¼ 0.40). The acute percent recoil demonstrated the
same trend (EES: 4.3% � 7.1%, BVS 1.0: 6.9% �
7.0%, BVS 1.1: 6.7% � 6.4%, P ¼ 0.22, Fig. 4).

Figure 5 represents preprocedural reference diameter,
expected balloon diameter according to the chart, and
actual mean balloon diameter. In 35 patients out of 88
patients from the BVS 1.1 group, the preprocedural ref-
erence diameter was below 2.5 mm, while expected bal-
loon diameter was 3.35 mm in median, ranging from
3.0 to 4.0 mm. Final balloon deficit ranged from 0.07 to
1.72 mm with a median of 0.79 mm (IQR: 0.61–0.96),
while percentage final balloon deficit ranged from 2.29
to 45.9% with a median of 23.7% (IQR: 18.8–28.8).

Table III shows the relation of angiographic/proce-
dural variables with the absolute acute scaffold recoil.

There was a significant difference toward more recoil
in the lesions with a high BA ratio (=1:1) compared to
the lesions with a low BA ratio <1.10 (0.24 � 0.20 vs.
0.16 � 0.17, P ¼ 0.05) and in the lesions with a high
percent final balloon deficit (>23.7%) compared to the
lesions with a low percent final balloon deficit (0.26 �
0.17 mm vs. 0.11 � 0.16 mm, P < 0.001).

Predictive Factors of Absolute Acute Recoil in
the Total Population of BVS 1.0, BVS 1.1, and EES

Regression analysis to seek for predictive factors of
acute recoil was performed in the total population. In
this multivariate model, high balloon/artery ratio (>1.1),
(OR 1.91 [1.34–2.71]) was the predictive for high abso-
lute recoil (>0.27 mm) while (larger) preprocedural
MLD was protective (OR 0.84 [0.72–0.99]). The stent/
scaffold type was not a predictor of acute recoil.

Predictive Factors of Absolute Acute
Recoil in BVS 1.1

A separate regression analysis to seek predictive fac-
tors of acute recoil was performed in the BVS 1.1
group. In the univariate analysis, the variables predic-
tive for high acute recoil (>0.27 mm) were minimal
luminal diameter pre-procedure, high balloon-artery ra-
tio (>1.1) and high balloon deficit (>0.87 mm). In the
multivariate model, high balloon deficit (OR 9.05
[2.92–28.0], P < 0.001) and prepcrocedural MLD (OR
0.06 [0.01–0.56]) remained significant.

Fig. 3. A flowchart of the analysis.
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DISCUSSION

The main findings in the current analysis are the fol-

lowing: (i) The absolute acute recoil in the BVS 1.1

scaffold is 0.19 � 0.18mm, which is not statistically dif-

ferent from the BVS 1.0 scaffold (0.20 � 0.21 mm) or

the metallic everolimus-eluting stent (0.13 � 0.21 mm);

(ii) in multivariable models of the three pooled popula-

tions, the balloon/ artery (BA) ratio was an independent

predictor of acute recoil, while the type of devices (scaf-
fold, or stent) was not; iii) In the BVS 1.1 cohort, the
balloon deficit is also associated with the acute recoil.

In the current analysis, the expected balloon diame-
ter was taken from the chart provided by the manufac-
turer which describes the relative compliance of the
stent/scaffold balloon system in the absence of any
external constrain. It therefore does not accurately pre-
dict the dimensions achieved during deployment inside

TABLE I. Patient Demographics and Baseline Angiographic Characteristics

BVS 1.1 (n ¼ 88) BVS 1.0 (n ¼ 27) EES (n ¼ 27) P values

Age in years (mean � SD, median [interquartile range]) 62.0 � 9.3 62.5 � 9.2 63.7 � 9.6 0.61

62.8 [54.9, 69.4] 62.4 [53.2, 70.5] 66.2 [57.8, 70.3]

Male, n(%) 62 (70) 15 (56) 16 (59) 0.32

Diabetes, n(%) 12 (14) 1(4) 2(7) 0.29

Hypertension, n(%) 53 (64) 19(70) 20 (74) 0.93

Hypercholesterolemia, n(%) 77 (87) 21 (78) 17 (63) 0.21

Current smoking, n(%) 15 (17) 6 (22) 5 (19) 0.89

Prior myocardical infarction, n(%) 21 (24) 2(7) 7 (26) 0.32

Lesion location, n(%)

RCA 27(30) 6(22) 9(33) 0.64

LAD 40(45) 13(48) 12(44) 0.95

LCx 22(25) 8(30) 6(22) 0.81

ACC/AHA lesion type, n(%)

Type A 0 0 0 Na

Type B1 48(56) 17(63) 10(37) 0.13

Type B2 35(41) 10(37) 17(63) 0.09

Type C 3(4) 0 0 0.38

Lesion calcification, n(%) 13 (15) 4(15) 8(30) 0.21

Scaffold/artery ratio (mean � SD, median [interquartile range]) 1.07 � 0.13 1.06 � 0.11 1.11 � 0.17 0.41

1.08 [0.97, 1.13] 1.04 [0.97, 1.17] 1.15 [0.99, 1.24]

Maximum pressure in atm (mean � SD,

median [interquartile range])

15.2 � 4.59 16.3 � 3.07 15.4 � 3.00 0.38

16 [12, 18] 16 [14, 18] 14 [12,17]

Angiographic parameters
Mean reference vessel diameter in mm (mean � SD,

median [interquartile range])

2. 61 � 0.35 2. 72 � 0.47 2.67 � 0.42 0.54

2.56 [2.39, 2.82] 2.61 [2.36, 3.02] 2.68 [2.40, 2.95]

TABLE II. QCA Parameters at Ballooning (Scaffold Deployment or Postdilatation), After Ballooning and QCA Measurement of
Acute Recoil

BVS 1.1 (89 lesions) BVS 1.0 (27 lesions) Xience V (27 lesions) P-values

At ballooning

Mean diameter of largest balloon (mm) 2.75 � 0.25 2.86 � 0.34 2.92 � 0.32 0.02a

2.75 [2.56, 2.92] 2.99 [2.58, 3.12] 2.95 [2.66, 3.19]

After ballooning

Mean diameter of stent immediately after balloon inflation, (mm) 2.57 � 0.28 2.67 � 0.39 2.78 � 0.30 0.01b

2.56 [2.39, 2.69] 2.66 [2.35, 2.96] 2.76 [2.53, 2.95]

Acute recoil

Acute absolute recoil (based on mean diameters), (mm) 0.19 � 0.18 0.20 � 0.21 0.13 � 0.21 0.54

0.18 [0.08, 0.32] 0.18 [0.07, 0.32] 0.19 [0, 0.3]

Acute percent recoil (%) 6.7 � 6.4 6.9 � 7.0 4.3 � 7.1 0.38

6.8 [2.8, 11.1] 6.02 [2.86, 12.8] 6.08 [0, 10.2]

Acute absolute recoil (based on minimal diameters) 0.22 � 0.02 0.22 � 0.05 0.20 � 0.07 0.93

0.21 [0.07, 0.37] 0.24 [0, 0.40] 0.22 [0.02, 0.32]

Values are mean � standard deviation and median [interquartile range].
aBVS 1.1 vs. Xience V, P ¼ 0.01 (Mann-Whitney U test).
bBVS 1.1 vs. Xience V, P ¼ 0.001(Mann-Whitney U test).
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an atherosclerotic narrowing. The difference between
expected balloon diameter and reference diameter in
Figure 5 underscores the importance of proper vessel
sizing when using bioresobable scaffolds. Although the
reference diameter ranged from 3.60 to 1.97 mm, the
expected balloon size ranged from 4.00 to 3.10 mm
(mostly between 3 and 3.5 mm). In other words,
regardless of vessel size, the operator always tried to
expand the vessel up to more than 3.0 mm. In 10 cases,

the expected balloon diameter was more than 3.5 mm.
The polymeric material used in BVS 1.1 can fracture if
the 3.0 mm BVS is overly expanded. To avoid this, pre-
cise sizing of vessel and appropriate selection of scaf-
fold are mandatory with the current technology.

In previous human clinical trials, acute stent recoil
varied between 3 and 15% following Wiktor or Pal-
maz-Schatz stent implantation [10,14]. The wide range
of acute recoil in bare-metal stents has been related in

Fig. 4. Upper panel represents a cumulative frequency distribution curve of absolute acute
recoil of BVS 1.1. Lower panel represents cumulative frequency distribution curves of relative
recoil of BVS 1.1, BVS 1.0, and metallic everolimus-eluting stent. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

Comparison of In Vivo Acute Stent Recoil 9

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
Published on behalf of The Society for Cardiovascular Angiography and Interventions (SCAI).



Fig. 5. Red bar graph demonstrates preprocedural reference
diameter. In total 32 patients had a reference diameter less
than 2.5 mm, while one had a reference diameter over 3.5
mm. Blue bars shows mean luminal diameter at ballooning. If
the expected balloon diameter is estimated according to the

chart of scaffold/postdilatation balloon (yellow bars), the
operators in the majority of cases attempted to dilate the ves-
sel up to 3.0–3.5 mm and in 10 cases tried to dilate the vessel
more than 3.5 mm. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

TABLE III. Absolute Acute Recoil (Based on Mean Luminal Diameter) in Subgroups

Number

BVS 1.1

(acute recoil) Pa Number

BVS 1.0

(acute recoil) Pa Number EES (acute recoil) Pa

Reference vessel diameter
�3.0 mm 12 0.14 � 0.18 0.42 8 0.10 � 0.18 0.25 6 0.03 � 0.28 0.18

0.20 [0.04, 0.28] 0.17[0.05, 0.24] �0.03 [�0.17, 0.23]

<3.0 mm 73 0.20 � 0.18 19 0.24 � 0.18 21 0.16 � 0.18

0.19 [0.08, 0.36] 0.24 [0.07, 0.39] 0.20 [0.01, 0.31]

Scaffold/artery ratio
�1.1 31 0.24�0.20 0.05 10 0.25 � 0.20 0.26 14 0.25 � 0.13 0.002

0.27[0.09, 0.39] 0.26 [0.13, 0.40] 0.26 [0.20, 0.33]

<1.1 54 0.16 � 0.17 17 0.17 � 0.17 13 0.07 � 0.21

0.18 [0.06, 0.28] 0.15 [0.05, 0.29] 0.01 [�0.13, 0.12]

Max balloon pressure
>16 atm 47 0.20 � 0.20 0.55 20 0.20 � 0.22 0.54 13 0.05 � 0.21 0.04

0.19 [0.03, 0.37] 0.18 [0.10, 0.36] 0.03 [�0.11, 0.21]

�16 atm 42 0.17 � 0.16 7 0.18 � 0.20 14 0.21 � 0.19

0.17 [0.08, 0.29] 0.10 [0.05, 0.32] 0.24 [0.10, 0.33]

Lesion Calcification
Yes 13 0.20 � 0.15 0.55 4 0.33 � 0.10 0.06 8 0.18 � 0.20 0.49

0.22 [0.13, 0.31] 0.36 [0.22, 0.41] 0.21 [�0.03, 0.36]

No 73 0.19 � 0.19 23 0.17 � 0.22 19 0.11 � 0.22

0.17 [0.07, 0.35] 0.16[0.05, 0.27] 0.13 [0.0, 0.27]

Relative final balloon deficit
�23.7% 45 0.26 � 0.17 <0.001 na na

0.27 [0.12, 0.39]

<23.7% 43 0.11 � 0.16

0.12 [0.0, 0.24]

Values are expressed as mean � standard deviation and median [interquartile range].

Na ¼ not available.
aMann-Whitney U test.
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part to differences in stent material and design and in part
to the difference in definitions of recoil. Stent recoil was
usually defined as the difference between the minimum
balloon diameter and the MLD post-stent implantation.
However, the use of minimum variables, proposed by pre-
vious investigators does not reflect the heterogenous
expansion of the balloon or scaffolding device over the
entire length of treated vessel. Stent recoil is the resultant
of elastic recoil and radial strength of the stent scaffold,
along with the elastic properties of the arterial wall; it can
be affected by several lesion or procedural characteristics,
such as reference vessel diameter, stent oversizing, com-
pliance of balloon, maximal balloon-pressure volume and
the presence of particular anatomic substrate such as a
ring of calcium or highly fibrotic tissue.

Despite the design change, the acute recoil of BVS
1.1 and 1.0 remained comparable with a trend toward
slightly higher acute recoil than with the metallic ever-
olimus stent. The latter difference failed to be statisti-
cally significant due to the limited number of observa-
tions made in this early pioneering phase. In-vitro flat
plate compression models [6] showed that the radial
strength of BVS 1.0 and 1.1 was similar to the radial
strength of metallic stents, whereas in-vivo the compli-
ance of the vessel wall is suspected to be one of the pre-
dominant factors that restricts the scaffolding device
expansion. Since the balloon (or scaffold/stent)/artery ra-
tio is an independent factor of high acute recoil, the
appropriate sizing of the vessel is of paramount impor-
tance in the era of bioresorbable scaffolds. In the case of
small vessels (below 2.5 mm), oversizing will undoubt-
edly induce a relatively large recoil phenomenon and
conversely, in large vessels (greater than 3.5 mm), mal-
apposition of strut scaffold may incite the operator to
over-dilate the polymeric scaffold with the potential cata-
strophic consequence of strut fractures and disruption of
the scaffolding device. In the near future, lesion prepara-
tion prior to scaffolding might become necessary to mod-
ify vessel compliance and improve strut expansion. Even
plaque debulking with techniques such as directional or
rotational atherectomy might become more clinically rel-
evant with new generations of scaffolding devices.

Impact of acute recoil on clinical outcome should be
further evaluated. In metallic stents, residual plaque bur-
den after coronary stent implantation has been shown to
be determinant in limiting stent expansion and predicting
in-stent re-stenosis. In the ABSORB cohort A study using
the BVS 1.0 scaffold, IVUS analysis at 6 months showed
16% of luminal loss with respect to the postprocedure
status, 11% of which was explained by the late recoil of
struts between treatment and 6 months [6]. However, the
degree of late recoil had not been previously correlated
with acute recoil (unpublished data). These two phenom-
ena may be unrelated, as the acute recoil reflects the

acute mechanical properties of an otherwise intact scaf-
fold while the late recoil (a misnomer for this phenom-
enon) is the manifestation of an altered mechanical integ-
rity of the scaffolding device as result of hydrolytic deg-
radation and/or resorption of the polymeric struts.

There are several limitations in this analysis. This
study is a nonrandomized observational study. The
three study populations were however enrolled with
the same inclusion/exclusion criteria. The expected bal-
loon diameters were not available in SPIRIT I and
ABSORB A, consequently, the impact of these param-
eters on acute recoil were not assessed in the pooled
population but only in the cohort B. In the Absorb tri-
als, preprocedural IVUS imaging was optional, whilst
postprocedural IVUS acquisitions were mandatory. Con-
sequently, preprocedural IVUS imaging was performed
in only 16 out of 101 patients in the ABSORB cohort B
study group. Postprocedural IVUS images measured the
scaffold and vessel dimensions after the occurrence of
acute recoil and therefore could not be used to clarify
the influences of preprocedural factors such as residual
calcification or vessel dimensions, on the magnitude of
acute recoil. Assessment of pre-procedural IVUS may
have been useful to assess the impact of preprocedural
IVUS factors, such as residual calcification or luminal
dimensions, on the magnitude of acute recoil.

In conclusion, the BVS 1.1 showed slightly higher
acute recoil than metallic EES, but recoil similar to
BVS 1.0. Appropriate pretreatment of the stenotic
lesion, proper vessel sizing, and adequate posttreatment
dilatation may contribute to the attenuation of the acute
recoil of these novel bioresorbable scaffolds.
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