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Objectives This study sought to assess the vascular response of overlapping Absorb stents compared with overlapping newer-generation everolimus-eluting metallic platform stents (Xience V [XV])
in a porcine coronary artery model.
Background The everolimus-eluting bioresorbable vascular scaffold (Absorb) is a novel approach to
treating coronary lesions. A persistent inﬂammatory response, ﬁbrin deposition, and delayed endothelialization have been reported with overlapping ﬁrst-generation drug-eluting stents.
Methods Forty-one overlapping Absorb and overlapping Xience V (XV) devices (3.0 ⫻ 12 mm) were
implanted in the main coronary arteries of 17 nonatherosclerotic pigs with 10% overstretch. Implanted coronary arteries were evaluated by optical coherence tomography (OCT) at 28 days (Absorb n ⫽ 11, XV n ⫽ 7) and 90 days (Absorb n ⫽ 11, XV n ⫽ 8), with immediate histological evaluation following euthanasia at the same time points. One animal from each time point was evaluated
with scanning electron microscopy alone. A total of 1,407 cross sections were analyzed by OCT and
148 cross sections analyzed histologically.
Results At 28 days in the overlap, OCT analyses indicated 80.1% of Absorb struts and 99.4% of XV
struts to be covered (p ⬍ 0.0001), corresponding to histological observations of struts with cellular coverage of 75.4% and 99.6%, respectively (p ⬍ 0.001). Uncovered struts were almost exclusively related to
the presence of “stacked” Absorb struts, that is, with a direct overlay conﬁguration. At 90 days, overlapping Absorb and overlapping XV struts demonstrated ⬎99% strut coverage by OCT and histology, with
no evidence of a signiﬁcant inﬂammatory process, and comparable % volume obstructions.
Conclusions In porcine coronary arteries implanted with overlapping Absorb or overlapping XV struts,
strut coverage is delayed at 28 days in overlapping Absorb, dependent on the overlay conﬁguration of
the thicker Absorb struts. At 90 days, both overlapping Absorb and overlapping XV have comparable
strut coverage. The implications of increased strut thickness may have important clinical and design considerations for bioresorbable platforms. (J Am Coll Cardiol Intv 2013;6:523–32) © 2013 by the American
College of Cardiology Foundation

From the *Erasmus University Medical Centre, Rotterdam, the Netherlands; †Abbott Vascular, Santa Clara, California;
‡Cardialysis BV, Rotterdam, the Netherlands; and the §CVPath Institute, Gaithersburg, Maryland. The porcine study was
supported by Abbott Vascular (Santa Clara, California). Drs. Perkins, Rapoza, and Powers are employees of Abbott Vascular. Dr.
Virmani has received research support from Medtronic AVE, Abbott Vascular, Atrium Medical, OrbusNeich Medical, Terumo

525

Farooq et al.
Overlapping Bioresorbable Scaffolds: Porcine Study

JACC: CARDIOVASCULAR INTERVENTIONS, VOL. 6, NO. 5, 2013
MAY 2013:523–32

Figure 1. Examples of Absorb Struts According to Their Overlay Configuration in the Overlap
“Stacked inner,” “stacked outer,” and “other” struts are illustrated on optical coherence tomography (OCT) (left) and scanning electron microscopy (right). White and
gray arrows indicate “stacked inner” struts with corresponding “stacked outer” struts located abluminally— deﬁned as struts with a direct overlay conﬁguration with
each other or lying within 1 strut width of each other. Blue arrows indicate “other struts,” i.e., struts in the overlap without a clear direct overlay conﬁguration. The
Gray arrow indicates a strut attached to a platinum marker used to visualize the Absorb during implantation. The broken white lines illustrate selected examples of
Absorb struts where the neointimal coverage is measured from (mid part of the luminal side of “black core” area of the Absorb strut) to the lumen boundary.

coverage was estimated through the proportion of uncovered struts (dichotomous variable), distribution curves, and
areas (continuous variable). Strut-level data were analyzed
(dichotomous or continuous variables) using multilevel logistic regression models with random effects at 4 different
levels: 1) treatment arm; 2) animal; 3) vessel; and 4) strut.
All statistical tests were 2 tailed, and a value of p ⬍ 0.05 was
considered statistically significant. Analyses were conducted

using SAS System Software version 9.2 (SAS Institute,
Cary, North Carolina).
Results
All overlapping devices were successfully deployed under
angiographic guidance, and all 17 animals remained healthy
for the duration of the experiment. The mean overlap length

Table 1. Results of the OCT Analysis at 28 and 90 Days (2 Separate Animal Groups) in the Overlap Porcine Study ⴞ
Absorb*

XV†

Overlap

Nonoverlap

p Value

Overlap

Nonoverlap

p Value

Overlap
p Value‡

28 days
Coverage, categorical

1,215 (80.1%)

908 (98.2%)

⬍0.0001

833 (99.4%)

984 (99.8%)

0.33

⬍0.0001

Neointimal area, mm2

2.80 ⫾ 0.51

2.29 ⫾ 0.49

0.028

2.14 ⫾ 0.39

1.74 ⫾ 0.23

0.037

⬍0.01

Mean lumen area, mm2

5.44 ⫾ 0.76

5.11 ⫾ 0.68

0.31

4.87 ⫾ 1.01

4.80 ⫾ 1.08

0.90

0.19

Mean scaffold area, mm2

8.80 ⫾ 0.75

7.68 ⫾ 0.75

0.002

7.01 ⫾ 0.96

6.54 ⫾ 1.08

0.27

0.001

31.30 ⫾ 5.47

29.85 ⫾ 5.66

0.55

31.01 ⫾ 7.47

27.62 ⫾ 4.92

0.34

0.93

0.26

% Volume obstruction
90 days
Coverage, categorical

1,304 (99.5%)

838 (99.8%)

932 (100.0%)

923 (100.0%)

N/A

N/A

Neointimal area, mm2

3.84 ⫾ 0.74

2.43 ⫾ 1.02

⬍0.001

2.73 ⫾ 0.81

2.14 ⫾ 0.66

0.13

0.005

Mean lumen area, mm2

4.28 ⫾ 1.36

4.62 ⫾ 1.22

0.54

4.52 ⫾ 1.79

4.66 ⫾ 1.52

0.87

0.73

Mean scaffold area, mm2

9.01 ⫾ 0.56

7.32 ⫾ 1.96

0.056

7.26 ⫾ 1.19

6.80 ⫾ 1.08

0.44

0.006

42.12 ⫾ 8.02

28.91 ⫾ 13.09

0.013

39.40 ⫾ 15.57

33.27 ⫾ 13.58

0.42

0.64

% Volume obstruction

Values are n (%) or mean ⫾ SD. Comparisons between overlap and nonoverlap territories for the Absorb and XV individually are shown, with further comparisons between devices. *Absorb threshold for
coverage is 30 m. †XV threshold for coverage is 0 m. ‡p Value comparing overlapping Absorb versus overlapping XV.
N/A ⫽ not applicable; XV ⫽ Xience V.
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Figure 2. Representative Appearances of Overlapping Absorb and Overlapping XV Devices by OCT at 28 and 90 Days
Note the uncovered “stacked inner” struts of the Absorb at 28 days, which was not evident at 90 days. OCT ⫽ optical coherence tomography; XV ⫽ Xience V.

at 28 days (Absorb 5.16 ⫾ 1.34 mm, XV 5.42 ⫾ 2.44 mm,
p ⫽ 0.76) and 90 days (Absorb 4.82 ⫾ 1.77 mm, XV 5.45 ⫾
1.73 mm, p ⫽ 0.43) did not significantly differ between
devices. Median scaffold/stent to artery ratio (SA ratio) for the
proximal (Absorb SA ratio 1.13 [interquartile range (IQR):
1.06 to 1.18]; XV SA ratio 1.19 [IQR: 1.15 to 1.23], p ⫽ 0.19)
and distal (Absorb SA ratio 1.09 [IQR: 1.02 to 1.13]; XV SA
ratio 1.14 [IQR: 1.12 to 1.18], p ⫽ 0.052) overlapping Absorb
or overlapping XV did not significantly differ.
OCT ﬁndings. In total, 15,026 struts in 1,407 cross sections
were analyzed. All overlapping devices were fully interrogated with OCT and were of adequate image quality. Table 1
indicates the OCT findings. Representative OCT images
(Fig. 2) and spread-out-vessel graphs (Fig. 3) are illustrated.
At 28 days, strut coverage in the overlapping versus nonoverlapping Absorb segments was significantly delayed
(80.1% vs. 98.2%, p ⬍ 0.0001) and to the overlapping XV
segment (99.4%, p ⬍ 0.0001). At 90 days, both overlapping

Absorb and overlapping XV devices demonstrated ⬎99%
strut coverage.
Arterial (neointimal) response. Figure 4 illustrates the neointimal distribution curves for the overlapping devices at 28
and 90 days. Table 2 indicates the heterogeneity in the
neointimal coverage dependent on the overlay configuration
of the Absorb struts. At 28 days, neointimal responses
indicated a significantly greater neointimal area in the
overlap of both devices compared with the nonoverlap
segments (Table 1). This despite the Absorb having reduced
binary strut coverage at the overlap. A bimodal neointimal
response, secondary to a separate neointimal response for the
“stacked inner” and “stacked outer” struts (neointimal coverage:
“stacked inner” struts 76 ⫾ 68 m vs. “stacked outer” struts
240 ⫾ 71 m, p ⬍ 0.0001), was evident (Fig. 4), with “stacked
inner” Absorb struts primarily responsible for noncovered
struts. The mean scaffold area of the overlapping Absorb
was significantly greater compared with the nonoverlap-
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Figure 3. “Spread-Out-Vessel Graphs” Representing the Spatial Distribution of the Noncovered Struts Along Each Overlapping Absorb or
Overlapping XV Device at 28 and 90 Days
The longitudinal distance from the distal edge of the overlapping devices to the strut (horizontal axis per overlapping device) is correlated to the angle where
the struts are located in the circular cross-section with respect to the center of gravity of the vessel (vertical axis per overlapping device). The spatial distribution
of noncovered struts and its clustering at the 4 considered levels (treatment arm, animal, vessel, and strut) are illustrated. Red dots represent uncovered struts.
Horizontal axis (per overlap device) indicates the distance from the distal edge of the implanted devices to the struts in the overlapping and nonoverlapping
regions. Vertical axis (per overlap device) indicates the angle where the strut is located in the circular cross-section with respect to the center of gravity of the
vessel (0° to 360°). XV ⫽ Xience V.

ping Absorb and to the overlapping XV, which translated
into comparable % volume obstructions for vessels implanted with either overlapping device (p ⫽ 0.93).
At 90 days, a significantly greater neointimal area (p ⬍
0.001) and % volume obstruction (p ⫽ 0.013) was seen in
the Absorb overlap compared with the Absorb nonoverlap
(Table 1). As evident at 28 days, the mean scaffold area was
greater in the Absorb overlap compared with the nonoverlap, which translated into a comparable % volume obstruction at the overlap between the Absorb or XV (p ⫽ 0.64).
Histological and SEM ﬁndings. In total, 148 histology cross
sections were analyzed. Representative histology cross
sections (Fig. 5) and SEM (Figs. 6 and 7) at 28 and 90
days for each overlapping device are shown. At all time points,
the injury scores were comparable between the overlap and
nonoverlap and between devices. The Online Appendix provides the full histomorphometric and qualitative histomorphologic findings in the overlap and nonoverlap.

Histology indicated reduced cellular strut coverage of the
Absorb at 28 days (75.4 ⫾ 16.4%), and broadly corroborated
the OCT findings of coverage (80.1%). The internal and
external (EEL) elastic lamina areas were significantly
greater in the Absorb overlap compared with the Absorb
nonoverlap at 28 days (EEL overlap 9.89 ⫾ 1.02 mm2 vs.
EEL nonoverlap 8.95 ⫾ 0.77 mm2, p ⫽ 0.004) and 90
days (EEL overlap 10.60 ⫾ 2.01 mm2 vs. EEL nonoverlap 9.29 ⫾ 1.48 mm2, p ⫽ 0.005). At 90 days, the %
volume obstruction did not significantly differ between the
overlapping Absorb and overlapping XV (47.90 ⫾ 14.37%
vs. 37.78 ⫾ 16.97%, p ⫽ 0.18).
Discussion
The main findings of this study are that: 1) in a porcine
coronary artery model, the neointimal coverage of overlapping Absorb struts is delayed at 28 days, and resolves at 90

