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ABSTRACT
Coronary artery disease (CAD) is the leading cause of mortality in patients ≥60 years old worldwide, and
may result in stable angina, acute coronary syndromes (unstable angina or acute myocardial infarction),
congestive heart failure, cardiac arrhythmia, or sudden death. A variety of medical therapies can treat the
symptoms and arrest progression of CAD, but mechanical revascularisation of affected arteries is widely
employed to ameliorate the symptoms of angina and improve prognosis, particularly in situations of
multivessel disease, significant ischaemia, and in the setting of acute myocardial infarction.
Rates of surgical revascularisation by coronary artery bypass graft surgery have gradually fallen over
recent decades, with a concomitant rise in percutaneous coronary intervention procedures. Such minimally
invasive techniques have evolved considerably in the last four decades, from plain old balloon angioplasty,
through initial use of bare-metal stents to mitigate acute vessel closure, to the advent of drug-eluting
stents designed and proven to reduce rates of restenosis. Bioresorbable vascular scaffolds/bioabsorbable
stents are a new and promising generation of intravascular devices that may potentially circumvent many
of the problems associated with such permanent metallic implants. This article will review available clinical
trial and real-life data on the Absorb™ Bioresorbable Vascular Scaffold (Abbott Vascular, Santa Clara,
California, USA), and highlight the potential utility of this novel class of devices in the management of
patients with CAD.
Keywords: Bioresorbable vascular scaffold (BRS), drug-eluting stents (DES), coronary angioplasty, coronary
artery disease (CAD), interventional cardiology.

INTRODUCTION
Coronary artery disease (CAD) is the leading cause
of mortality in patients ≥60 years old worldwide,
and is the most common type of heart disease.1
With complications CAD can progress into acute
coronary syndrome (ACS), congestive heart failure,
cardiac arrhythmia, or sudden death.
A variety of medical therapies can treat the
symptoms and arrest progression of CAD, but
mechanical revascularisation of affected arteries
with percutaneous coronary intervention (PCI)
is widely employed to ameliorate symptoms of

2

INTERVENTIONAL CARDIOLOGY SUPPLEMENT • July 2016

angina and improve prognosis. PCI is particularly
useful in situations of multivessel disease (MVD),
significant ischaemia or stable CAD (when suitable
anatomy), unstable angina and acute myocardial
infarction (MI), ST-segment elevation MI (STEMI),
and non-ST-elevation ACS.2

INTERVENTIONAL CARDIOLOGY FOR
CORONARY ARTERY DISEASE
Although the advent of balloon angioplasty (or
percutaneous transluminal coronary angioplasty
[PTCA]) in the late 1970s revolutionised coronary
revascularisation, it was not until the widespread
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adoption of intracoronary stents in the late
1980s/early 1990s that the high rates of abrupt
vessel closure, peri-procedure heart attack, and
requirement for urgent coronary artery bypass graft
surgery could be addressed.3-7 The development of
coronary artery stents for PCI in the late 1980s was
a giant leap forward in interventional cardiology,
with lower incidences of abrupt closure, periprocedural heart attack, and of late restenosis rates
over balloon angioplasty (or PTCA).
The first-generation stents were composed of
metallic alloys (bare-metal stents [BMS]), and
aimed to prevent acute vessel closure; however,
although multicentre clinical trial data revealed that
these devices reduced restenosis compared with
PTCA, residual risk of clinical restenosis remained
as high as 20% after 1 year.4,5,8
Therefore, drug-eluting stents (DES) were
developed at the turn of the century to overcome
the high risk of acute vessel closure and
restenosis and thus the need for target-lesion
revascularisation (TLR) became associated with
the use of BMS. DES boast an additional polymer
coating and are a vehicle for an anti-restenotic
drug, (e.g. everolimus [Xience V™, Abbott Vascular,
Santa Clara, California, USA], zotarolimus, paclitaxel)
which is delivered to the arterial wall over a period
of a few months (depending on release kinetics)
after implantation. These new-generation stents
were demonstrated as superior to BMS with
regards to the reduction of the risks for recurrent
MI, stent thrombosis (ST), and TLR (about 70% risk
reduction), which led to the preferential use of
DES in the wide majority of PCIs.9-17
However, DES were in turn linked to their own
limitations, in addition to the residual rate of
late restenosis.18,19 ST still occurs in about 1–2% of
patients during the first year post-implantation with
a DES, warranting the need for new advancements
in PCI to overcome these issues.20,21 In the longterm, a slow but continuous increase of events over
time is observed with DES, as demonstrated by
rates of ST of 1.4%, 2.9%, and 4.4% up to 4 years
among 12,339 patients treated with everolimuseluting, sirolimus-eluting, or paclitaxel-eluting
stents, respectively, in the Bern-Rotterdam
cohort study.22 The rationale behind the clinical
need for a bioresorbable vascular scaffold (BRS)
emerged because vessel scaffolding is only
needed transiently, whilst available stents at the
time constrained the vessel permanently. The
perspective of positive long-term outcomes for
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patients with no residual scaffold seemed appealing
and led to the development of BRSs.23
To date, three fully resorbable, controlleddrug releasing stents have received Conformité
Européenne (CE) mark approval: Absorb™ (Abbott
Vascular, Santa Clara, California, USA; everolimusreleasing BRS), DESolve™ (Elixir Medical, California,
USA; novolimus-releasing BRS), and Magmaris™
(Biotronik, Switzerland; magnesium BRS).17,24 Due
to the lack of wide availability (and therefore
use in daily clinical practice) in Europe, and of
real-world clinical data on the DESolve and
Magmaris devices (post-approval studies are
currently ongoing), this article will only review
the available clinical trial and real-life data on the
Absorb Vascular Scaffold.

POTENTIAL BENEFITS OF THE FULLY
RESORBABLE VASCULAR SCAFFOLD
Principle and Device Technology
Angioplasty causes some injury to the coronary
artery intima and media, leading some authors
to explore the possibility of local inflammation,
granulation, inflammatory cell infiltration, and
extracellular matrix remodelling as possible
mechanisms for post-procedure intimal hyperplasia
restenosis formation.25-28
The Absorb Bioresorbable Vascular Scaffold
(henceforth Absorb) was first CE marked in 2011 for
the treatment of CAD and has since been implanted
in over 125,000 patients from 104 countries. This
innovative device is a first-of-its-kind everolimuseluting stent that is naturally resorbed and fully
metabolised. Absorb is more flexible (with a
lower maximum compressive load) than metallic
devices or Xience V™ (henceforth Xience).29,30
As it is made of poly-L-lactic acid (PLLA),
a resorbable biocompatible material, it dissolves
over time (~2–3 years), after which no device will
be left.31

Potential Benefits of Bioresorbable Vascular
Scaffold Technology
Lumen gain
The potential benefits of BRS technology that are
not possible to obtain with permanent metallic
implants include lumen gain with preserved native
anatomy. The gradual hydrolysis and degradation
of the device allows the PLLA materials to be
replaced by functional cellular matrix, thus allowing
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positive remodelling, lumen gain over time, and
subsequent natural vasomotion (Figure 1).31-33

Possibility for reduction of late events
and better long-term outcomes

Restored vessel function

The eventual absence of a scaffold could eliminate
chronic vessel irritation and inflammation, and
theoretically the non-permanent modality of BRSs
could represent an advantage over metal stents,
particularly from the standpoint of long-term safety
and device related very late adverse events (AE),
as evidenced by recently published clinical and
real-world data.7,20,38,42-47

The placement of a fully bioresorbable vascular
temporary scaffold maintains the patency of the
vessel and provides revascularisation in the shortterm, but will gradually leave the vessel uncaged.
Ultimately, the restored ability of a treated artery
to respond to physiologic stimuli and therefore
to flex, move, and pulsate may generate positive
structural and functional long-term outcomes,
according to some authors.34-37
Plaque regression
Absorb has also been shown to decrease total
atherosclerotic plaque areas and plaque burden
in the treated segment, which could represent a
paradigm shift in PCI.37-40 In the first human case
demonstrating the complete resorption in vivo
of Absorb 5 years after implantation, substantial
lumen enlargement due to plaque regression and
adaptive remodelling was observed (Figure 2).41

18 months

Possibility to perform multislice computed
tomography follow-up
Multislice spiral computed tomography (MSCT)
is a non-invasive assessment of coronary
stenosis that can be hampered by metallic stent
strut artefacts. However, BRS technology uses
radiolucent materials and therefore does not
generate such artefacts, allowing for the use of
patency and/or absence of the device as long-term
follow-up outcome measures.33,48,49

6 years
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Figure 1: Case example of serial assessment of scaffolded segment at 18 and 72-month follow-up.
Data from the ABSORB Cohort B Multislice Spiral Computed Tomography Sub-Study.33
MLA: minimum lumen area; RCA: right coronary artery; LM: left main; LCX: left circumflex artery.
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Figure 2. Optical coherence tomography images from matched sites at 6 months (A and C; St. Jude/
Lightlab M3 time domain optical coherence tomography system) and 5 years (D and F; St. Jude/Lightlab
C7XR Fourier domain OCT system) following stent implantation.41
Panel B represents the site of the minimal lumen area (4.51 mm2) at 6 months, whereas panel E represents
the site of the minimal lumen area at 5 years (5.51 mm2). Lumen area was also increased at the matched
sites from 6 months–5 years (5.31 mm2 [A] versus 7.45 mm2 [D]; 5.09 mm2 [C] versus 6.43 mm2 [F]). Note
the complete disappearance of the scaffold struts at the 5-year follow-up, as well as the regular contour of
the lumen compared with the 6-month follow-up.

AVAILABLE CLINICAL DATA ON
BIORESORBABLE SCAFFOLD
TECHNOLOGY
The ABSORB clinical trial programme is an
extensive family of trials comprising several large,
randomised clinical trials and registries involving
>17,000 patients, exploring a broad range of
patient and lesion types including ACS, STEMI,
MVD, long lesions, bifurcations, and chronic total
occlusion (CTO).

Absorb Cohort B
The programme that initially evaluated the
safety and performance of Absorb comprised
the ABSORB international study which was
split into two cohorts (cohort A, n=30, 4 sites,
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5-year follow-up; and cohort B, n=101, 12 sites,
5-year follow-up).31,38,46,50
Study cohort B was a first-in-man, single-arm, nonrandomised clinical study conducted within the
European and Asia-Pacific regions.38,51 This study
aimed to evaluate the safety and performance of
the device after assessing safety at 180 days
in cohort A patients, but also to understand
the biological reactions of the vessel wall with
multimodality imaging.
Cohort B was divided into two groups: group
B1 (n=45) in which patients underwent invasive
imaging by quantitative coronary angiography
(QCA), intravascular ultrasound (IVUS), virtual
histology IVUS (VH-IVUS), and optical coherence
tomography (OCT) at baseline, 6, and 24 months;
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the second group (B2, n=56) underwent the same
invasive imaging at baseline, 12 months, and 3 years.
Results from the ABSORB Cohort B study at
5-year follow-up confirmed the long-term safety
of Absorb for the treatment of relatively simple
lesions, with a major adverse cardiac event (MACE;
i.e. cardiovascular death, any MI, TLR) rate of 11.0%
without any scaffold thrombosis. At 5 years, the
investigators observed unchanged and stable
lumen dimensions from mid to long-term (on OCT,
mean lumen area and minimal lumen area were
stable from 1–5 years), whereas historical data
on late luminal loss up to 3 years after Xience
implantation showed moderate but continuous
reduction of the stented lumen.
Hyperechogenicity of the vessel wall with IVUS
showed a continuous decrease of PLLA in the
vessels over time, with undetectable levels at
5 years. The large majority of the scaffolded
segments (>80%) exhibited vasodilatation postnitrate administration, while significant reduction
in plaque behind the struts occurred with a trend
toward adaptive remodelling of the external elastic
membrane (Figure 3).
Six-year follow-up results for Cohort B were
presented at the 2016 European Association
of Percutaneous Cardiovascular Interventions
(EuroPCR) Congress.33 Long-term serial noninvasive MSCT with functional assessment (FFRCT)
was demonstrated as feasible to non-invasively
assess the trans-scaffold long-term performance
of the device, with qualitative diagnosis of patency
obtained in the vast majority of patients (51 out of
54, 94%), and FFRCT was correlated with minimal
luminal area (R2=0.31). Late lumen enlargement
was related to decrease of plaque/media, which
was associated with adaptive remodelling. Although
limited by the number of clinical observations,
the results of this first-in-man clinical study set an
encouraging precedent for the long-term results
of other completed or ongoing trials evaluating
this device; these data were further ascertained
by real-world observational or registry studies
conducted in daily clinical practice settings.52-54

Absorb II and III Clinical Trials
Recently, results from the ABSORB II54 and III55
randomised trials performed in Europe and the USA
showed that treatment of non-complex obstructive
CAD with BRS was non-inferior to Xience, the
best in class cobalt-chromium everolimus-eluting
stent, for target-esion failure (TLF). The ABSORB
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III study was a large, multicentre, non-inferiority,
randomised trial with 2,008 patients with stable
or unstable angina and up to two de novo lesions
randomised in 2:1 fashion to the Absorb or Xience
devices, and designed to support the US Food
and Drug Administration (FDA) approval of the
Absorb BRS. In total, 1,322 patients received Absorb
and 686 patients received Xience. The primary
endpoint was TLF (cardiac death, target lesion MI,
or ischaemia-driven TLR) at 1 year.
TLF at 1 year occurred in 7.8% of Absorb patients
and 6.1% of Xience patients (95% confidence interval
[CI]: 1.7% [-0.5–3.9%], p-non-inferiority=0.007;
p-superiority=0.16). Patients treated with Absorb
and Xience had non-significantly different rates of
cardiac death (0.6% versus 0.1%, p=0.29), target
lesion MI (6.0% versus 4.6%, p=0.18), and ST (1.5%
versus 0.7%, p=0.13). In addition, there were no
statistically significant differences between Absorb
and Xience in the 1-year rates of ischaemia-driven
TLR (3.0% versus 2.5%, p=0.50), angina (18.3% versus
18.4%, p=0.93), or ischaemia-driven TLR (5.0% versus
3.7%, p=0.21). Long-term follow-up data from this
and other large scale trials are required to determine
whether these findings translate into improved
long-term clinical outcomes beyond 1 year.
Absorb China and Absorb Japan Clinical Trials
Two randomised trials from Asia, ABSORB China56
and ABSORB Japan,57 enrolled patients with
non-complex lesions for elective PCI and were
in line with ABSORB III, indicating the consistent
non-inferiority of BRS in terms of late lumen loss
(LLL) and 1-year TLF when compared with the
Xience stent.
Absorb China
ABSORB China enrolled 480 patients undergoing
PCI, randomised to receive in a 1:1 ratio, the Absorb
BRS or the Xience stent. The non-inferiority trial was
designed to assess the angiographic efficacy and
clinical safety of Absorb compared with Xience, for
regulatory approval in China. The primary endpoint
was angiographic in-segment LLL powered for
non-inferiority with a margin of 0.15 mm. The
Absorb BRS was non-inferior to Xience at 1 year,
meeting the primary endpoint of non-inferiority.
In-segment LLL (in-device +5 mm proximal and
distal edge vascular responses) was 0.19±0.38
mm versus 0.13±0.38 mm, (p-non-inferiority=0.01)
in the Absorb BRS versus the Xience stent,
respectively. There were no definite scaffold/
stent thromboses during the follow-up period.
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Figure 3: ABSORB COHORT B Study.
Vasomotion test (Relative changes in mean LD) before and after nitrate administration at 5 years (n=53).51
LD: lumen diameter.
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Figure 4: Cumulative distribution curves of the healing score between Absorb and everolimus-eluting
stent arms in STEMI patients.63
Healing score in the Absorb arm was non-inferior to that of the everolimus-eluting stent arm with a trend
towards superiority.
STEMI: ST-segment elevation myocardial infarction.
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TLF rates and individual components of cardiac
death, target-vessel MI, and ischaemia-driven TLR
were similar among the groups at 1 year.
Absorb Japan
ABSORB Japan enrolled 400 patients undergoing
elective PCI, randomised to receive in a 2:1 ratio,
Absorb or Xience. The non-inferiority trial was
designed to assess the safety and angiographic
efficacy of Absorb compared with Xience with the
aim of receiving regulatory approval in Japan. The
primary clinical endpoint was TLF at 1 year, while
the secondary efficacy endpoint was angiographic
in-segment LLL at 13 months.
Absorb was non-inferior to Xience at 1 year, as TLF
occurred in 4.2% of Absorb patients and in 3.8%
of Xience patients. The secondary endpoint of
in-segment LLL (in-device +5 mm proximal and
distal edge vascular responses) did not differ
among the groups and was 0.13±0.30 mm versus
0.12±0.32 mm (p=0.74) in the Absorb versus Xience
groups, respectively. No differences in the rates of
stent/scaffold thrombosis were observed (1.5% in
both arms).

FROM CLINICAL DATA TO DAILY
CLINICAL PRACTICE: IDENTIFYING
PATIENTS WHO COULD BENEFIT FROM
BIORESORBABLE VASCULAR SCAFFOLD
Patients with more complex CAD than those
enrolled in ABSORB randomised trials (MVD, long
lesions, CTO, and STEMI, which are often among
exclusion criteria in clinical trials) could very well
be the ones to benefit from the advancement
of technology and the implementation of BRSs
into daily clinical practice. Real-world data on
the use of Absorb are becoming available, and
may allow clinicians to draw some suggestions
on which clinical settings are best suited for
BRS implantation.

Patients with ST-Segment Elevation
Myocardial Infarction
STEMI patients are usually young patients, often
undergoing PCI for the first time for focal soft
lesions associated to large necrotic core-containing
plaques. In these patients, arterial remodelling and
healing is delayed due to chronic inflammation,
and malapposed stent struts and residual
thrombus are more frequent than in patients
with stable CAD.58-60 The possibility of implanting
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fully BRSs into culprit lesions in STEMI patients
has thus sparked particular interest as a result
of their advantageous long-term clinical and
safety outcomes, namely the restoration of vessel
physiology and the potential for reduced late
events frequency.61,62
TROFI-II trial
The TROFI-II trial was a multicentre, single blind,
non-inferiority, randomised clinical trial, aiming
to evaluate the safety and efficacy of the Absorb
device in STEMI patients.63,64 This trial was the first
conducted in a head-to-head setting against a
standard DES.63 Patients (N=191) were randomly
assigned (1:1) to undergo PCI with either Absorb
(n=95) or a metallic everolimus-eluting stent
(Xience, n=96). The primary endpoint was the
healing score based on the presence of uncovered
and/or malapposed stent struts and intraluminal
filling defects (as measured by optical frequency
domain imaging).
At 6 months, the primary endpoint of noninferiority was met, and the healing score was
lower in the Absorb arm versus the everolimuseluting
arm
(1.74±2.39
versus
2.80±4.44,
p-non-inferiority <0.001) (Figure 4). Of note, one
definite sub-acute ST occurred in the Absorb arm
(1.1%). After a 6-month follow-up, stenting with
Absorb in STEMI patients undergoing PCI resulted
in a nearly complete arterial healing comparable
with that of a metallic DES, with a trend
towards superiority. These findings have relevant
clinical implications and support the comparable
acute and mid-term performance and safety of
both devices in the high-thrombogenic STEMI
clinical setting.

Patients with Multivessel Disease
The treatment of MVD requires the use of multiple
overlapped long DES, which is challenging on
the technical side and increases the risk of repeat
interventions; this is all the more difficult due to the
previous placement of metallic stents.65 MVD was
associated with a higher rate of late ST and MACEs,
as evidenced in the Arterial Revascularization
Therapies Study II (ARTS II) trial (9.4% of ST at
5 years, accounting for 32% of all MACE).66
This patient subpopulation could benefit from
Absorb as the placement of a BRS prevents the
implantation of multiple or metal-caged vessels
forming a ‘full-metal jacket’.
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GABI-R registry
The German-Austrian-ABSORB RegIsteR (GABI-R)
aimed to investigate the safety and efficacy of
Absorb in an all-comers cohort with CAD.67,68
The 30-day follow-up preliminary results were
presented at EuroPCR 2016 and demonstrated
the acute safety of the device in this realworld registry of 2,168 patients, of which 60.2%
had MVD.69
The MACE rate (cardiovascular death, any MI,
TLR) was very low in this complex cohort of

A

patients at 1.8%. The definite/probable scaffold
thrombosis rate was acceptable at 1.3%. Nineteen
events were recorded in the first 7 days, which is
probably related to the implantation technique.
The importance of technique was shown in a post
hoc analysis where patients treated before 2015
had higher target-vessel failure (2.3%) and ST
(1.5%) compared with patients treated from 2015
onwards, at rates of 1.3% and 0.9%, respectively.69
Patient recruitment has now finished and longterm follow-up (5 years) analysis will help ascertain
these preliminary findings.

B

C

Stump

LAD-CTO Baseline

Post-4 BRS implantation

D

Post-BRS implantation OCT

E

7 month follow-up CT-scan

12 month follow-up Angio and OCT

Figure 5: Representative easy chronic total occlusion case with diffuse disease of the prox-mid and distal
left anterior descending artery treated with four overlapped Absorb bioresorbable vascular scaffolds.
A) LAD-CTO before PCI. B) Immediate angiographic assessment after BRS implantation.
C) Immediate OCT assessment after BRS implantation. D) MSCT at 7 months after BRS implantation
in the mid-LAD. Arrows indicate position of the radiopaque markers at the extremities of the scaffold.
E) OCT assessment, 12 months after BRS implantation. All struts were covered by neointima.
CTO: chronic total occlusion; LAD: left anterior descending artery; PCI: percutaneous coronary
intervention; BRS: bioresorbable vascular scaffold; OCT: optical coherence tomography; MSCT: multislice
spiral computed tomography; CT: computed tomography.
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REPARA trial
The REgistry of PAtients with BioResorbable
Device in Daily Clinical Practice (REPARA) was a
prospective, open-label, multicentre, Iberian registry
comprising 2,448 patients from 60 centres in Spain
and Portugal, which aimed to evaluate the safety
and efficacy of BRS usage in real-world patients
under well-controlled implementation criteria.
Data from 2,448 patients at 30-day follow-up
were presented at EuroPCR 2016.70 The mean
number of diseased vessels was 1.5±0.7. Stenting
with Absorb achieved a high angiographic success
rate (procedural success rate of 98.9% for 3,950
implanted stents, of which 83.0% were Absorb).
Device safety, specifically regarding 30-day MACE,
including acute MI (1.5%), cardiac death (0.3%),
and ST (0.9%) seemed comparable to DES and the
event occurrence rate was similar to those reported
in the GHOST-EU registry at 30-day follow-up.71
At 6 months, results showed 2.1% MI, 0.6% cardiac
death, and 1.4% ST, demonstrating good results
with REPARA despite the low pre-dilation (77.5%)
and post-dilation (45.6%) used in this trial.
IT-DISAPPEARS Study
The IT-DISAPPEARS study (N=1,002) is a
prospective, open-label, multicentre, Italian registry
investigating patients with MVD (at least two
epicardial vessels) or long lesions (>24 mm).72,73
This registry could provide the first evidence
worldwide concerning the performance of the
Absorb BRS in patients with high-risk diffuse
coronary disease.74 Preliminary 30-day results were
presented at EuroPCR 2016. Ninety-seven point
nine percent of the lesions were pre-dilated, and
96% of treated patients received post-dilatation,
including 87% with a non-compliant balloon.
The rate of scaffold thrombosis was 0.6%, which is
equivalent to the 30-day rate of stent thrombosis
expected with conventional DES. One patient died
from non-cardiac causes and device-related cardiac
events occurred in 3.3% of patients. The sub-analysis
of MVD patients (n=249) showed excellent results
at 30 days: no death, 4% MI, 0.4% TLR, and 0.4% ST.
These results demonstrate that a good implantation
technique allows the device to be safely implanted
in a subset of patients with more complex lesions,
such as those with MVD and long lesions.

Patients with Long Lesions
Stent length has been demonstrated as an
independent predictor of ST and restenosis. In
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metallic stents, the permanent full-metal jacket
associated with stent length constitutes a safety
limitation and has the potential to interfere with
future coronary surgery (especially in younger
patients).75-78 Therefore, the placement of a
BRS, preventing the implantation of long-segment
metal-caged vessels, is an attractive perspective
due to the degradation of the scaffold.
Single-centre studies
In a Spanish single-centre ACAR79 of 150
consecutive patients, 66 (36%) had long lesions
(>25 mm). Mean length of implanted BRS was
40.7 mm. During a mean follow-up of 294–226
days, TLR occurred in 4.5% and scaffold thrombosis
in 3.1%, with no cardiac deaths.
Underdog study
In a propensity-matched comparison, multicentre
study (underdog), the BRS (n=162) was compared
with second-generation DES (n=162) in patients
with long coronary lesions requiring overlap.80
Safety was evaluated as a device-oriented
composite endpoint (DOCE) including cardiac
death, target-vessel MI, and TLR. At 1 year, DOCE
rates were not significantly different between
both arms (BRS: 5.6% versus DES: 7.6%), as well as
stent/scaffold thrombosis occurrence (BRS: 1.2%
versus DES: 1.9%). While myocardial injury seemed
more frequent in the BRS group (25% versus 12%,
respectively, p=0.001), it was not observed as being
DOCE-related (hazard ratio: 1.1, 95% confidence
interval: 0.97–1.2, p=0.2).
However, BRS was associated to significantly
higher imaging technique and enhanced stent
visualisation use (p=0.0001 for both endpoints).
GABI-R registry
In the GABI-R registry, total scaffold length was
27.6±17.0 mm, and 5.9% of patients had long
lesions >34 mm.67,68
IT-DISAPPEAR study
In the IT-DISAPPEAR study, 898 patients had
long lesions, with an average scaffold length of
46.9 mm. At 30 days, there were rates of 4% MI,
0.1% deaths, 0.6% ST, and 3.5% DOCE.

Patients with Chronic Total Occlusion
CTOs are the most challenging lesions for PCI. After
wire crossing and recanalisation, a long coronary
diseased segment must usually be stented.
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The length of the stented segment is a predictor
of events at follow-up such as need for repeat
revascularisation and ST. Moreover, permanent
caging of the coronary artery inhibits the recovery
of the physiological properties of the vessel.
The use of a BRS is an attractive alternative
in this setting, avoiding the full-metal jacket
of the artery and potentially restoring vessel
functionality. Furthermore, BRSs allow for noninvasive imaging of the coronary arteries, such
as with MSCT, to verify vessel patency (Figure 5).
Despite all those potential advantages, there
is as yet no evidence supporting the use
of BRSs in CTO. Questions have also been
raised concerning the delivery of the scaffold to
complex lesions.
Single-centre registries
The ABSORB-CTO Pilot Study49 was performed
on 35 consecutive patients to assess the safety
and performance of BRSs in true CTO lesions.
Scaffolds were deployed after mandatory
pre-dilation and IVUS analysis to guide the optimal
device for pre-dilatation (non-compliant balloon
in soft plaques or cutting balloon in fibrocalcific
plaques). OCT was performed after BRS
implantation and at 10–12 months. MSCT was
performed at baseline and at 6–8 months. Mean
patient age was 61±10 years. The most frequent
vessel treated was the right coronary artery (46%).
Lesions were classified as intermediate (49%)
or difficult/very difficult (26%), according to the
Japanese CTO complexity score. Pre-dilation
was performed in 100% of lesions, using cutting
balloons in 71% of these. The total scaffold length
implanted per lesion was 52±23 mm, and all
scaffolds were delivered and deployed successfully.
Post-dilation was undertaken in 63% of patients,
guided by OCT. Two cases of asymptomatic
scaffold restenosis were observed by MSCT at
6 months (5.7%), and subsequently confirmed
by angiography. In-scaffold late loss was
0.28±0.31 mm. At 12 months, no scaffold
thrombosis or MACE were reported. OCT at
follow-up showed that 94% of struts were well
apposed and covered (5% of uncovered struts and
1% of non-apposed struts), and only 0.6% of struts
were non-apposed and uncovered.
Ojeda et al.81 conducted a registry on 46 CTO
lesions treated with BRSs. Mean scaffold length
was 43±21 mm. Technical success was achieved in
45 patients (98%) and one patient presented a
non-Q peri-procedural MI (2.4%). At mid-term
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follow-up (13±5 months), the overall MACE rate
was 4.8% due to two repeat revascularisations.
Overall, these two small registries showed that
implantation of Absorb in a population with
selected CTO, using a precise BRS implantation
technique, is feasible and associated with good
angiographic and short-term clinical results that are
maintained over 12 months. However, a randomised
trial including more complex CTO lesions and longterm follow-up is needed. The use of MSCT for
non-invasive assessment of CTO patients treated
with radiolucent scaffolds was accurate and could
be useful to follow selected patients and complex
lesions treated with this new technology.

CONCLUSIONS
The PCI landscape has evolved considerably in the
last four decades. BRSs are a new and promising
generation of intravascular devices that may
potentially circumvent many of the problems of
permanently implanted BMSs. Lesion preparation,
adequate vessel sizing (including with the use of
intravascular imaging techniques), post-dilation
while keeping in mind the BRS expansion limits,
and the importance of optimised dual antiplatelet
therapy (DAPT) are mainstays of BRS PCI.
In non-complex (de novo, short, and ideally noncalcified) lesions, Absorb is non-inferior to bestin-class Xience stent in clinical outcomes. The
benefit of implanting Absorb is not seen in the
short or mid-term. The real potential advantages
from this technology are expected to emerge after
complete dissolution of the device ≥3–4 years. The
final absence of a scaffold may restore the treated
vessel to enable natural vascular function and
restoration of endothelium-dependent vasomotion.
Stable lumen dimension with improved lumen
gain over time and the elimination of a permanent
source of inflammation when the scaffold
disappears may have a positive impact on late
clinical events attributed to either late restenosis,
late and very late scaffold thrombosis, or
neoatherosclerosis. The disappearance of the
device also leaves open all options should future
interventions be needed.
In some subsets of patients with more complex
lesions such as MVD, long diffuse lesions, or CTO,
Absorb has been shown to be effective and safe,
although registry results need to be validated in
randomised trials. Moreover, BRSs offer a new
treatment option for long-diffuse coronary disease
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and CTO, which today are either left alone and
treated medically, or require a full-metal jacket,
where the entire vessel is filled with stents. Absorb
offers the opportunity to perform a ‘full-plastic
jacket’ that will not permanently stay in the vessel,
allowing for vessel restoration and not precluding
future interventions. Currently available findings
provide the basis for further exploration in clinically
oriented outcome trials on complex cases.
Of particular interest is the cohort of patients with
STEMI, as thrombotic lesions, which are frequently
atheromas with a necrotic core covered by a
thin fibrous cap, may represent the best scenario
for vascular restoration therapy with BRS. BRSs,

which in the long-term are completely replaced by
connective tissue and smooth muscle cells, may
overcome the problem of metal persistence into
the coronary vessel wall and may at the same time
stabilise a thin-cap fibroatheroma with a neointimal
layer. However, recent meta-analyses have reported
concerns over scaffold thrombosis and MI in
BRS after 6-month and 1-year follow-up periods;
nevertheless, the mathematical methods used in
these statistical analyses have been questioned,
and these findings remain to be confirmed in the
long-term.82-84 Refinement and standardisation of
implantation technique should contribute to the
reduction of acute and late AEs, as also shown
in GABI-R.
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