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Abstract
Aims: Invasive imaging modalities have shown restoration of vasomotion, prevention of restenosis and, most 
importantly, increase in lumen area between six months and two years after first-generation everolimus-elut-
ing bioresorbable vascular scaffold (Absorb BVS) implantation. Our aim was to assess whether these positive 
findings were sustained in the long term.

Methods and results: Patients included in the ABSORB cohort A from the Thoraxcenter Rotterdam 
cohort underwent coronary catheterisation including angiography, intravascular ultrasound (IVUS), vir-
tual histology, optical coherence tomography (OCT) and vasomotion testing at five years. Eight out of 
16 patients underwent catheterisation and scaffold assessment with multiple imaging modalities. A trend 
towards an increase in minimum luminal diameter was observed between two and five years by angiography 
(1.95±0.37 mm vs. 2.14±0.38 mm; p=0.09). IVUS data showed an increase in mean lumen area at five years 
(6.96±1.13 mm2) compared to six months (6.17±0.74 mm2; p=0.06) and two years (6.56±1.16 mm2; p=0.12), 
primarily due to a persistent reduction in plaque area size between six months and five years (9.17±1.86 mm2 
vs. 7.57±1.63 mm2; p=0.03). The necrotic core area was reduced at five years compared to post-procedural 
results. In OCT, an increase in mean and minimal luminal area was observed. Moreover, no scaffold struts 
could be identified and a smooth endoluminal lining was observed. The scaffolded coronary segment did not 
show signs of endothelial dysfunction with acetylcholine testing.

Conclusions: At five years, the Absorb BVS is no longer discernible by any invasive imaging method and 
endothelial function is restored. Late luminal enlargement persists up to five years of follow-up without adap-
tive vessel remodelling.
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Introduction
Permanent metallic stents embedded in a coronary artery could pre-
clude coronary revascularisation options, jail side branches, impair 
(long-term) endothelial function, impair non-invasive imaging and, 
most importantly, are associated with late and very late stent throm-
bosis1. Conceptually, a bioresorbable scaffold could help overcome 
these long-term pitfalls of metallic scaffolds.

The first-generation everolimus-eluting bioresorbable vascular 
scaffold (Absorb BVS; Abbott Vascular, Santa Clara, CA, USA) 
demonstrated safety and efficacy in 30 patients included in the BVS 
cohort A study1. At angiographic follow-up, the luminal late loss 
was 0.43±0.37 mm at six months and 0.48±0.28 mm at two years1,2. 
Intravascular ultrasound (IVUS) analysis revealed a decrease in 
scaffold area in the first six months together with low neointimal 
hyperplasia resulting in an overall reduction of 16.8% of the lumi-
nal area3. Interestingly, both IVUS and optical coherence tomogra-
phy (OCT) showed a luminal area enlargement between six months 
and two years due to a reduction in plaque size without change in 
vessel size2. One third of the scaffold struts could not be visualised 
by OCT at two years. Moreover, there was an optically homogene-
ous vessel wall structure suggesting healing of the coronary artery2.

Until now, the long-term scaffold biodegradation and vascular 
response following BVS implantation has not been systematically 
evaluated in human subjects. We aimed to assess the long-term vas-
cular response of the first-generation everolimus-eluting BVS by 
multiple invasive imaging modalities, including IVUS, IVUS vir-
tual histology (IVUS-VH), OCT and vasomotion testing.

Methods
PATIENT POPULATION
The design of the ABSORB cohort A study has already been 
published1. For the present study, we included patients from the 
Thoraxcenter Rotterdam cohort of the ABSORB cohort A study 
(n=16). All living patients (n=14; two patients died from a non-car-
diac cause at 706 and 808 days post procedure, one from duodenal 
perforation and one from Hodgkin’s disease) were asked to partici-
pate in this study. Eight out of 16 patients of the Rotterdam cohort 
of the ABSORB A trial provided written informed consent and 
underwent catheterisation and scaffold assessment with multiple 
imaging modalities between March 8 and July 20, 2012 (Figure 1).

The long-term single-centre follow-up imaging data (quantita-
tive coronary angiography, vasomotion test, greyscale intravascular 
ultrasound, virtual histology) were analysed by an independent core 
laboratory (Cardialysis BV, Rotterdam, The Netherlands) and com-
pared to previous core laboratory data-on-file from the ABSORB 
cohort A study. OCT image analysis was performed by an inde-
pendent researcher in the Erasmus Medical Center (AK).

STUDY PROCEDURES
The definitions of individual parameters have already been 
described in a prior manuscript2. The clinical endpoints included car-
diac death, myocardial infarction, stent thrombosis and ischaemia-
driven target lesion revascularisation according to the definitions 
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OCT=6 patients

6-month follow-up
Angiography=8 patients
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IVUS-VH=7 patients*
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Figure 1. Flow chart showing the patients included in the five-year 
follow-up study.  *IVUS data could not be acquired for one of the 
included patients at five-year follow-up.

from the Academic Research Consortium4. Endothelium-dependent 
and endothelium-independent coronary vasomotion were studied 
using standard protocols5. Endothelial dysfunction was defined as 
vasoconstriction of >3% in mean vessel diameter between baseline 
and maximum dose acetylcholine (Ach).

IVUS acquisitions were performed using an Eagle Eye® cath-
eter (Volcano Corp., Rancho Cordova, CA, USA) with automated 
continuous pullback at 0.5 mm/sec. IVUS-VH utilises backscatter-
ing of radiofrequency signals to provide information about tissue 
composition of the vessel wall. Four different plaque compositions, 
i.e., fibro-fatty, fibrous tissue, dense calcium and necrotic core 
were assessed on each cross-section and expressed as percentage 
(with each area totalling 100%). The polymeric scaffold struts were 
detected as dense calcified areas surrounded by necrotic core due to 
the strong backscattering properties of the polymer. The changes of 
these areas between implantation and follow-up were used as a sur-
rogate marker to assess the polymer bioabsorption process. The 
methodology of OCT image acquisition for the baseline, six-month 
and two-year follow-up, using a first-generation OCT system with 
occlusive technique, has been previously described1,2. At five-year 
follow-up, all eight subjects underwent second-generation, non-
occlusive OCT imaging using the commercially available C7 XR 
imaging console and the Dragonfly™ intravascular imaging cath-
eter (both St. Jude Medical, St. Paul, MN, USA). Image acquisition 
has been previously described6.

Scaffolds were assessed for the presence of incomplete apposi-
tion, intra-scaffold dissection and irregular lumen shape. Incomplete 
strut apposition was defined as the complete separation between 
strut and vessel wall with a distance larger than the strut thickness. 
Scaffolds with at least one incompletely apposed strut were con-
sidered incompletely apposed. Incompletely apposed struts located 
in front of side branch ostia, were considered side branch-related 
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struts and analysed separately. The number of side branches per 
scaffold with side branch-related incomplete strut apposition was 
recorded. Irregular lumen shape was defined as the presence of mul-
tiple intimal protrusions. Plaque morphology in each frame at five 
years was characterised, according to definitions used for native 
atherosclerosis, as fibrous, fibrocalcific and fibroatheromatous6. In 
the case of fibroatheromas, fibrous cap thickness was assessed and 
fibroatheromas with cap thickness <65 μm were classified as thin-
cap fibroatheromas7.

STATISTICAL ANALYSIS
This study was designed to provide preliminary observations and 
generate hypotheses for future studies. Baseline and procedural var-
iables are presented as mean (±standard deviation [SD]) for contin-
uous variables and as percentages for categorical variables. Paired 
comparisons of measurements performed after the procedure and in 
the different follow-up intervals were done by a Wilcoxon’s signed 
rank test. No statistical adjustment was applied on the data set since 
no formal hypothesis testing was planned. The p-values represent 
exploratory analysis only and should therefore be interpreted with 
caution. All reported p-values are two-sided and regarded as statis-
tically significant if ≤0.05. Statistical analysis was performed with 
SPSS for Windows version 15 (SPSS Inc., Chicago, IL, USA).

Results
The baseline characteristics of the population are shown in Table 1. 
At five years, there were no cardiac deaths, stent thromboses or 
myocardial infarctions, and only one patient had a target vessel 
revascularisation (TVR) at 106 days and 1,780 days and a target 
lesion revascularisation (TLR) at 2,218 days. At 106 days, the 
patient underwent catheterisation due to persistent chest pain. The 
Absorb BVS in the distal circumflex coronary artery was patent; 
however, the proximal circumflex coronary artery showed a nar-
rowing with occlusive spasm on further testing with methergine. 
A paclitaxel-eluting stent was placed in the proximal circumflex 
coronary which was 7 mm from the proximal edge of the Absorb 
BVS. At 1,780 days, the patient had a repeat angiography for recur-
rence of stable angina. This time an everolimus-eluting stent was 
used to treat a significant de novo lesion in the intermediate branch. 
At 2,218 days, the angiographic follow-up performed because 
of this study showed a significant lesion distal of the Absorb 

Table 2. Quantitative coronary angiography.

Quantitative coronary 
angiography

Before 
procedure

After 
procedure

6 months 2 years 5 years
p-value after 

procedure  
vs. 5 years

p-value 
6 months  

vs. 5 years

p-value 
2 years  

vs. 5 years

N 8 8 8 7 8

Reference vessel diameter (mm) 3.02 (±0.56) 3.04  (±0.20) 2.93 (±0.21) 2.78 (±0.08) 2.83 (±0.30) 0.02 0.67 0.74

In-scaffold minimum luminal 
diameter (mm) 1.06  (±0.30) 2.36 (±0.30) 2.10 (±0.31) 1.95 (±0.37) 2.14 (±0.38) 0.09 0.67 0.09

In-scaffold diameter stenosis (%) 64.56 (±10.66) 22.33 (±6.68) 28.19 (±10.99) 29.93 (±13.26) 24.67 (±9.77) 0.21 0.50 0.07

In-scaffold late loss (mm) – – 0.26 (±0.25) 0.39 (±0.31) 0.22 (±0.34) – 0.67 0.09

BVS scaffold with a fractional flow reserve of 0.79. This lesion 
was located within 5 mm of the distal marker of the Absorb BVS 
and treated with a Tryton bifurcation stent (Tryton Medical, Inc., 
Durham, NC, USA) and an everolimus-eluting stent.

At five-year angiography, there was no evidence of significant 
stenosis in the coronary artery segments scaffolded by the Absorb 
BVS as identified by the proximal and distal radiopaque mark-
ers. All patients showed an increase in minimum luminal diameter 
(MLD) compared to the previous invasive follow-up at two years 
(except for one patient who did not have angiographic follow-up at 
two years). The patient-level data regarding MLD are depicted in 
Table 2. Overall, there was a trend towards an increase in MLD at 
five years (2.14±0.38 mm) compared to two years (1.95±0.37 mm; 
p=0.09), resulting in a decrease in late loss (0.22±0.34 mm vs. 
0.39±0.31 mm; p=0.09; respectively).

Table 1. Baseline and procedural characteristics. 

Number of patients (n=8) BVS

Demographic 
characteristics

Age, years (±SD) 65.1 (±8.6)

Male, % 75 (6/8)

Cardiac history 
(%)

Prior target vessel intervention 12.5 (1/8)

Prior myocardial infarction 12.5 (1/8)

Risk factors (%) Current smoking 12.5 (1/8)

Hypertension 50 (4/8)

Hypercholesterolaemia 37.5 (3/8)

Diabetes 12.5 (1/8)

Treated vessel (%) RCA 12.5 (1/8) 

LAD 37.5 (3/8)

LCX 50.0 (4/8)

ACC lesion type 
(%)

A 0 (0/8)

B1 50 (4/8)

B2 50 (4/8)

C 0 (0/8)

QCA Mean reference vessel diameter, mm (±SD) 3.0 (±0.6)

Minimum luminal diameter, mm (±SD) 1.1 (±0.3)

Diameter stenosis, % (±SD) 64.6 (±10.7)

Lesion length, mm (±SD) 10.8 (±4.0)

Data are presented as percentages or means (±SD). SD: standard deviation; RCA: right coronary 
artery; LAD: left anterior descending coronary artery; LCX: left circumflex coronary artery.
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follow-ups, while, at the five-year follow-up of the same patients, 
tissue bridges/neocarina (Figure 3) were evident at the site of previ-
ously detected side branch-related struts.

Endothelium-dependent vasomotion was present in the proximal 
and distal scaffold coronary segment as the mean lumen diameter 
decreased by 3.2% (from 2.53 mm to 2.45 mm) and 5.2% (from 
2.49 mm to 2.36 mm), respectively, after maximum dose Ach com-
pared to baseline angiography. Endothelium-independent vasomo-
tion was not observed in the proximal or distal segment. Neither 
endothelium-dependent nor endothelium-independent vasomotion 
was observed in the scaffolded coronary segment, due to a het-
erogeneous response of four patients showing vasoconstriction 
and four patients showing vasodilatation on maximum dose Ach. 
A detailed individual response is depicted in Figure 4.

In keeping with the angiographic findings, IVUS data showed a trend 
towards an increase in mean lumen area at five years (6.96±1.13 mm2) 
compared to six months (6.17±0.74 mm2; p=0.06) and two years 
(6.56±1.16 mm2; p=0.12) (Table 3). This was primarily due to a per-
sistent reduction in plaque size between six months and five years 
(9.17±1.86 mm2 vs. 7.57±1.63 mm2; p=0.03), resulting in an increased 
lumen area with no evidence of vessel dilatation/ectasia. Dense calcium 
area and necrotic core area were significantly reduced at five years 
when compared to baseline (Table 3). The dense calcium area signif-
icantly decreased from 1.32±0.75 mm2 to 0.52±0.51 mm2 (p=0.03), 
whereas the necrotic core area decreased from 1.79±0.80 mm2 to 
0.74±0.66 mm2 (p=0.03). The greatest reduction in these components 
occurred within two years after Absorb BVS implantation. No changes 
in plaque composition were observed between two and five years.

At five-year follow-up, mean and minimum luminal area by OCT 
were significantly increased compared to the six-month and the two-
year follow-up, while there was no significant difference from base-
line measurements immediately after the index procedure (Figure 2, 
Table 4). No scaffold struts could be identified by OCT at five years, 
providing evidence of a continued and completed resorption process 
from the second year on. Morphological assessment is represented 
in Table 4. Multiple luminal protrusions which caused a corrugated 
ring appearance in all patients at six months were no longer evi-
dent in any patient by five years. All baseline intra-scaffold dissec-
tions (n=5) were healed by five years. Two patients showed a focally 
irregular lumen contour, one of whom had a short intimal dissection, 
not present at earlier investigations, at the overlap between the BVS 
and a metallic stent implanted at baseline as a bail-out procedure. 
There was no incomplete scaffold apposition in any case, as scaffold 
struts could not be detected. Side branch-related incomplete scaffold 
apposition was identified in seven out of eight scaffolds at previous 

Table 3. Intravascular ultrasound and intravascular ultrasound virtual histology.

After 
procedure

6 months 2 years 5 years
p-value after 

procedure  
vs. 5 years

p-value 
6 months  

vs. 5 years

p-value 
2 years 

vs. 5 years 

N 8 8 7 7

Greyscale IVUS

Vessel area (mm2) 15.72 (±3.00) 15.34 (±2.00) 14.09 (±1.66) 14.52 (±1.81) 0.60 0.40 0.75

Average lumen area (mm2) 6.95 (±0.63) 6.17 (±0.74) 6.56 (±1.16) 6.96 (±1.13) 0.75 0.06 0.12

Plaque area (mm2) 8.78 (±2.83) 9.17 (±1.86) 7.54 (±1.24) 7.57 (±1.63) 0.60 0.03 0.92

Minimum lumen area (mm2) 5.81 (±0.62) 4.67 (±0.77) 4.96 (±1.08) 4.81 (±2.04) 0.60 0.74 0.75

IVUS-VH

Dense calcium (%) 23.31 (±8.40) 18.85 (±7.59) 15.43 (±6.89) 14.40 (±6.18) 0.03 0.40 0.46

Dense calcium area (mm2) 1.32 (±0.75) 1.01 (±0.40) 0.55 (±0.31) 0.52 (±0.51) 0.03 0.09 0.12

Fibro-fatty (%) 5.31 (±3.28) 6.33 (±4.15) 8.05 (±5.86) 10.43 (±3.19) 0.03 0.13 0.25

Fibro-fatty area (mm2) 0.34 (±0.28) 0.36 (±0.30) 0.28 (±0.25) 0.35 (±0.23) 0.92 0.31 0.75

Fibrous (%) 41.00 (±8.50) 51.50 (±8.85) 51.06 (±9.00) 55.31 (±9.55) 0.03 0.50 0.25

Fibrous area (mm2) 2.48 (±1.22) 2.94 (±1.31) 1.77 (±0.47) 1.85 (±1.05) 0.60 0.06 0.92

Necrotic core (%) 30.38 (±4.71) 23.32 (±8.23) 25.46 (±9.37) 19.86 (±6.62) 0.03 0.40 0.17

Necrotic core area (mm2) 1.79 (±0.80) 1.29 (±0.74) 0.90 (±0.43) 0.74 (±0.66) 0.03 0.18 0.03

8

7

6

5

4

3

2

1

0

m
m

2

Post-procedure 6 months 2 years 5 years

Mean lumen area (IVUS)

Mean lumen area (OCT)
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Minimal lumen area (OCT)

Figure 2. Mean and minimum luminal area of IVUS and OCT analysis.
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Table 4. Quantitative and qualitative OCT findings.

Table measurements After procedure 6 months 2 years 5 years
p-value after 

procedure  
vs. 5 years

p-value 
6 months  

vs. 5 years

p-value  
2 years  

vs. 5 years

N 6 7 7 8

Minimal lumen area, mm2 5.16±0.74 2.81±1.57 2.97±1.26 4.62±1.44 0.60 0.02 0.02

Mean lumen area, mm2 6.91±0.88 4.89±1.29 5.03±1.24 6.39±1.18 0.46 0.03 0.02

Table patient 
level

Incomplete scaffold 
apposition

Side branches with side branch 
struts or tissue bridges (n)

Intra-scaffold  
dissection

Irregular 
lumen shape

Plaque 
characterisation*

Months since 
implantation 0 6 24 0 6 24 60 0 6 24 60 6 24 60 60

Patient 1 – – – 1 1 1 1 + – – – + – – Fibroatheroma/fibrous

Patient 2 N/A – – N/A 3 3 3 N/A + – – + – – Fibrous/fibroatheroma/
fibrocalcific

Patient 3 – – – 2 2 2 1 + – – – + – – Fibrous/fibroatheroma

Patient 4 + + – 1 1 1 1 – – – – + – – Thin-cap fibroatheroma/
fibrous

Patient 5 – – N/A 2 2 N/A 2 – – N/A – + N/A – Fibrocalcific/fibroatheroma

Patient 6 – – – 2 2 2 2 + + – – + + – Fibrous/fibroatheroma

Patient 7 – – – 0 0 0 0 + + – – + + – Fibrous

Patient 8 N/A N/A – N/A N/A 3 3 N/A N/A – – N/A – – Fibrous/fibrocalcific/
fibroatheroma

Data are presented as mm2 (±SD). The table consists of quantitative (top) and individual qualitative OCT findings (beneath) at different follow-up intervals. +positive; -: negative; N/A: not 
available

Figure 3. Serial assessment of scaffold-vascular wall interaction by optical coherence tomography (OCT) in patient 2. A) Coronary 
angiography six months after BVS implantation at the mid left anterior descending artery. Arrows indicate position of the radiopaque markers 
at the extremities of the scaffold. B-G) OCT assessment six months after BVS implantation. Incompletely apposed struts (yellow arrows) and 
side branch-related struts (white arrows) in front of diagonal and septal branches were visualised. Intra-scaffold dissection (orange arrow) 
and irregular lumen shape can be identified in panels E and F, respectively. H) Coronary angiography 24 months after BVS implantation. 
I-O) OCT assessment 24 months after BVS implantation. Previously incompletely apposed struts (yellow arrowheads) were integrated into the 
vessel wall (panels I-K), while side branch-related struts (white arrowheads) were connected by neointimal tissue bridges (panels I-L). 
Healing of the intra-scaffold dissection and recovery of regular lumen shape. P) Coronary angiography 74 months after BVS implantation. 
Q-V) OCT assessment 74 months after BVS implantation. Complete disappearance of the struts from the vascular wall and replacement by 
a signal-rich intimal layer that is separating the underlying plaque (fibrocalcific plaque - fibroatheroma) from the lumen. Note also the 
complete biodegradation of side branch-related struts and the thinning of tissue bridges. Asterisks indicate stent markers, GW indicates 
guidewire artefact, S1 indicates ostium of the septal branch and D2 of the diagonal branch.



1001

ABSORB cohort A: five-year follow-up
EuroIntervention 2

0
1

6
;11

:996-1003

Discussion
The main findings of the current study are the following. 1) The 
bioresorption process of the Absorb BVS has been completed, as no 
scaffold struts could be identified by OCT and dense calcium area 
and necrotic core area by IVUS-VH were significantly reduced at 
five years compared to baseline. 2) As suggested by OCT analysis, 
there is no evidence of incompletely apposed struts or struts jail-
ing side branch ostia, and all baseline dissections were healed. 3) 
There was a trend towards an increase in mean and minimum lumen 
area at five years compared to two years as assessed by angiography 
and IVUS, while a significant increase was observed by OCT. The 
increase was primarily due to a persistent reduction in plaque area up 
to five years with no evidence of a change in vessel size. 4) The scaf-
folded coronary segments did not show signs of endothelial dysfunc-
tion, whereas a heterogeneous response of the scaffolded coronary 
segments was observed in response to vasoactive agents. Overall, 
neither endothelium-dependent nor endothelium-independent vaso-
motion could be observed in the scaffolded coronary segment.

In the current study, four different intravascular imaging modal-
ities demonstrated consistently that the bioresorption process of 
the first-generation Absorb BVS has been fully completed. There 
is a remarkable persistent late luminal enlargement and a reduction 
in plaque area without outward vessel remodelling up to five years 
after the first-generation Absorb BVS implantation. Recently, 
positive long-term findings were also reported for the non-drug-
eluting fully biodegradable self-expanding Igaki-Tamai stent 
(Kyoto Medical Planning Co., Ltd., Kyoto, Japan; formerly, Igaki 
Medical Planning Co., Ltd.)8. In a limited cohort of 50 patients, the 
struts mostly disappeared within three years after implantation as 
assessed by IVUS data, although no other imaging modalities with 
higher sensitivity for detecting scaffold struts were utilised. In that 
study, the overall major adverse cardiac events rate was accept-
able with a target lesion revascularisation rate of 28% at 10 years8. 

In our small cohort, there were no target lesion revascularisations 
performed in patients treated with the first-generation Absorb BVS 
at five-year follow-up (only one patient had a TLR at 2,218 days). 
This beneficial efficacy outcome of the Absorb BVS could have 
been caused by differences in scaffold design (such as balloon-
expanding, drug-eluting, thinner strut thickness and less maximum 
circular unsupported scaffold area), but also due to intrinsic differ-
ences between the two scaffolds. Knowledge of the specific time-
line and completion of the bioresorption process of the Absorb 
BVS in human coronary arteries is very important, as the scaf-
fold should ideally provide uniform radial support for a certain 
period and afterwards preferably be fully bioresorbed to restore 
natural physiologic vasomotor function. The Absorb BVS char-
acteristics come closer to achieving this ideal equilibrium, which 
may have contributed to this favourable efficacy outcome of our 
patient population.

Our previous published reports with a multi-imaging approach 
have shown that the bioresorption process of the Absorb BVS was 
still ongoing at two-year follow-up, as two thirds of the struts were 
still visible by OCT2. Our group recently reported that only one 
sixth of the struts were recognisable at four years by OCT in a por-
cine model9. In the current study, none of the struts was discern-
ible by OCT at five years, suggesting a faster resorption process 
in human coronary arteries compared to porcine coronary arteries. 
Analysis of virtual histology data corroborates this finding, as the 
dense calcium area and necrotic core area, which can be used as 
a surrogate marker of the bioresorption process of polymeric struts, 
were significantly reduced at five years compared to baseline.

IVUS data showed a tendency towards an increase in mean lumen 
area at five years compared to six months and two years, primarily 
due to a persistent reduction in plaque area up to five years. A rela-
tive reduction in plaque area of 14% in five years achieved by this 
local treatment has not been observed before. Therefore, it could 
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segment and distal segment. At the top, the MLD with the p-values are presented.
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even have better plaque-reducing capabilities than (high-intensity) 
statin treatment, which showed only a reduction of roughly 1% in 
percentage atheroma volume at two years10. Although all patients 
were on statin treatment, this observed major decrease in plaque area 
size is an interesting finding that needs further research.

The OCT findings are consistent with a favourable healing response 
and the absence of device-induced vascular wall toxicity. This is of 
importance as first-generation drug-eluting stents have been associ-
ated with an impaired healing response and vascular toxicity, factors 
contributing to very late stent thrombosis11. Furthermore, metallic 
platforms have been associated with the development of neoather-
osclerosis, which can also contribute to very late stent thrombosis, 
reported to occur even 15 years following stent implantation12. In 
our patients, OCT revealed the complete disappearance of scaffold 
struts. We assume, based on the vast evidence in the literature, that 
this vascular reaction is favourable and potentially reduces the risk 
of very late stent thrombosis. We further speculate that the observed 
development of a homogeneous tissue layer over the underlying 
plaque together with the possibility of observed everolimus-induced 
autophagy of the macrophages could reduce the risk of new throm-
botic events caused by plaque progression13.

The previous two-year report observed the presence of a func-
tionally active endothelium at the site of the scaffold implantation2. 
In fact, five out of nine patients tested showed vasodilatation with 
intracoronary acetylcholine. In the present study, four out of eight 
patients had a more than 3% increase in vessel size after maxi-
mum dose of acetylcholine. Two other patients had a less than 3% 
response, while two patients had more than 3% vasoconstriction 
(3.9%). These findings are consistent with restoration and preser-
vation of vasomotor function in the scaffolded segment, a desirable 
effect observed in the absence of a rigid structure.

This study provides evidence for the first time that the beneficial 
effects of the bioresorbable scaffold are sustained five years after 
implantation, and of an ongoing lumen enlargement from two years 
to five years with concomitant reduction in plaque area. Further 
clinical evidence from ongoing BVS studies can corroborate the 
current hypothesis and provide a role for BVS in the treatment of 
coronary artery disease. Furthermore, in the light of the findings 
of the PROSPECT study, which concluded that specific morpho-
logical characteristics of non-culprit lesions in patients with acute 
coronary syndrome are associated with future events, a device with 
a favourable safety profile that can shield the lumen from the under-
lying plaque by a protective homogeneous layer without causing 
any luminal compromise in the long term could conceptually be 
used in the setting of high-risk non-stenotic lesions in the future14.

Limitations
The current study had some limitations. It included a small number 
of patients and therefore the various parameters that were investi-
gated should be considered as exploratory. Moreover, not all patients 
who were invited participated in this study. Whether our findings are 
representative of the whole cohort remains questionable. However, 
baseline clinical and angiographic characteristics were not different 

from the entire ABSORB cohort A which can be expected to behave 
similarly. Third, OCT was performed using a second-generation sys-
tem with a non-occlusive technique, whereas previous OCT exami-
nations were performed with a first-generation system with proximal 
balloon occlusion. Although second-generation OCT is associated 
with a better imaging quality and high reproducibility, it might have 
slightly overestimated luminal measurements.

Conclusions
In conclusion, the observations made in the current study suggest 
a highly beneficial clinical and invasive imaging outcome at long-
term follow-up. In this series of patients, there was evidence of 
small but consistent late lumen enlargement at five years, primarily 
caused by a reduction of the plaque area. The complete bioresorp-
tion of the scaffold without signs of endothelial dysfunction sug-
gests the recovery of a functional vascular wall and the elimination 
of a substrate for late stent complications. All these beneficial find-
ings need to be confirmed in larger studies.

Impact on daily practice
This is the first study describing the five-year results of several 
imaging modalities of patients treated with first-generation bio-
absorbable vascular scaffolds. The results indicate that the bio-
absorption process has been fully completed with a late luminal 
enlargement up to five years of follow-up without signs of adap-
tive vessel remodelling. The increase in luminal enlargement is 
due to an impressive reduction in plaque area of 14% in five 
years, which has not been observed before. These encouraging 
long-term results of the first-generation bioabsorbable vascular 
scaffolds will pave the way for larger randomised controlled tri-
als in the future.
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