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1977, 1986, 1999
Drug-eluting bioresorbable scaffolds (BRSs) may in the near future
change drastically the landscape of percutaneous coronary revas-
cularization.1 In 1977, when Andreas Gruentzig introduced the
concept of percutaneous transluminal coronary angioplasty, the
most feared enemy of the operators was acute occlusion of
the dilated lesion due to a combination of elastic recoil and
intimal and medial dissection, sometimes aggravated by intraparie-
tal haematoma (Figure 1).2 Surgical standby was a sine qua non con-
dition for the safe performance of the percutaneous treatment. At
short term, proliferative neointima and constrictive remodelling
could dissipate the transient benefit of the therapeutic dilatation
of the stenosis. However, in the case of favourable healing follow-
ing the barotrauma, late lumen enlargement, plaque regression,
and vessel remodelling could occur and be modulated by
change in life style, preventive medicine, and pharmacological
anti-atherosclerotic agents.3

In 1986, the introduction of metallic scaffolds was initially per-
ceived as an ad hoc solution to the problem of acute vessel occlu-
sion (Figure 1).4 –6 But the implantation of the metallic endoluminal
prosthesis in a thrombogenic milieu was considered as a double-
edged sword. (‘The bailout stent. Is a friend in need always a
friend indeed?’7) Nevertheless, scaffolding dissected post-balloon
dilatation with a metallic mesh became an important safeguard in
angioplasty. Furthermore, the recoil and constrictive remodelling
appeared to be actively and efficiently counteracted, thereby redu-
cing the frequency and the severity of the restenosis.8 However,
the implantation of a permanent foreign body created and
generated a new iatrogenic disease: intra-stent restenosis.9 The
amount of neointima generated by the permanent implantation
of a metallic scaffold was, as a matter of fact, larger than the one
induced by the barotrauma of balloon angioplasty (loss following

balloon angioplasty: 0.32 mm vs. loss following stent implantation:
0.65 mm).10,11

With the advent of stenting appeared on the scene new poten-
tially fatal enemies: subacute and late stent thrombosis,12 but even-
tually, the adoption of stenting in the field of angioplasty was
perceived as a beneficial revolution. A decade later, in 1999,
coating and elution of cytostatic and cytotoxic drugs from the
stent surface set the stage for a new revolution by reducing, if
not eliminating, the exuberant intra-stent neointima in response
to the implantation of a foreign body13–15 (Figure 1).

However, this new ‘medicinal device’ created again a new
enemy: by interfering profoundly with the healing process, lack
of endothelialization and late persistent or acquired malapposition
of the permanent metallic implant became the nidus of late and
very late stent thrombosis, without mentioning the hypersensitive
reaction mediated by eosinophils that sometimes triggered these
catastrophic events.16–18

Potential benefits of a transient
scaffold
From the very early days, interventional cardiologists have been
dreaming of a transient scaffold that would disappear ‘after the
job has been done’ (Figure 1).19,20 Percutaneous coronary interven-
tion (PCI) with BRSs has potential advantages over the current
generation metallic bare-metal stent (BMS)/drug-eluting stent
(DES) technology. These include potential reductions in adverse
events such as stent/scaffold thrombosis, as after bioresorption,
there would potentially be no triggers for thrombosis, such as
uncovered stent struts, durable polymer, or remnant drug. The
absence of these foreign materials may also reduce the require-
ments for long-term dual antiplatelet therapy, resulting in the
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potential reduction in associated bleeding complications. Physio-
logically, the absence of a rigid metallic cage can facilitate the
restoration of the vessel vasomotor tone, adaptive shear stress,
late luminal enlargement, and late expansive remodelling. In the
long term, BRS should not hamper future treatment options
such as PCI, CABG, or pharmacologically induced plaque
regression. Bioresorbable scaffold may also be suitable for vascular
anatomy where scaffolds are prone to crushing and fractures, as
seen in the femoral or tibial arteries.21

Furthermore, BRS can obviate some of the other problems
associated with the use of permanent metallic stents such as the
covering of side branches.22 Bioresorbable scaffold also appears
to be suitable for non-invasive imaging such as computed tomo-
graphic angiography or magnetic resonance imaging, due to the
absence of artefact caused by permanent metallic materials.23,24

In the early 1990s, scaffolds with biostable polymers were suc-
cessfully tested in the porcine model by our group in Rotterdam.25

The Igaki-Tamai stent was the first clinical attempt to use polylac-
tide as a mechanical scaffold following balloon dilatation of stenotic
lesions.26 This pioneering device was implanted in seven patients in
Rotterdam in 1999. The angiographic follow-up and optical coher-
ence tomography (OCT) assessment of long-term results was
performed in one of them during a live case demonstration at
EuroPCR in 2009.27 Although the long-term follow-up has
clearly demonstrated the innocuousness of that specific polymer
on the long-term architecture of the vessel wall, the restenosis
rate in the first 6 months was comparable to that observed with

BMSs27–29 and the technology almost fell in desuetude. Recently,
the use of polylactide scaffolds eluting everolimus has demon-
strated the potential of that technology to treat stenotic lesion
with transient scaffolds.24,30,31 Other technologies using a resorb-
able metal such as magnesium alloy with elution of paclitaxel are
currently undergoing testing (Table 1).32 Other technologies
using polymer other than polylactide are also being investigated.33

At first glance, physicians may not see the long-term implication
of this change in technology. The two central schematic illus-
trations of this editorial attempt to sketch the potential change
in paradigm that these new technologies will possibly bring in
the coming decade (Figures 2 and 3).

From a permanent metallic cage . . .

The atherosclerotic process is characterized by a lumen reduction
(vertical axis in Figure 2) associated with remodelling (horizontal
axis in Figure 2) of the vessel wall delineated by the external
elastic membrane (EEM). Glagov and other anatomopathologists
have described this complex interaction between the growth of
atheroscrelotic plaque, reduction in lumen, and compensatory
enlargement of the external envelope of the vessel.34 If intimal
thickening (IT) is an early adaptative process, related to ageing, it
may at certain point become pathological IT, and as its name indi-
cates, be the initial stage of a morbid process that will ultimately
result in an atherosclerotic plaque with fibrotic, fibrofatty tissue,
dense calcium, and necrotic core.35

Figure 1 This schematic illustration depicts the evolution of percutaneous coronary revascularization from balloon angioplasty (BA), bare-
metal stents (BMS), and drug-eluting metallic stents (DES) to vascular reparative therapy (VRT). ‘+’ implies prevented or not restricted, while
‘2’ implies not prevented, or restricted. NA, not applicable because of the absence of stent; ST, stent thrombosis.
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Table 1 Summary of the clinically investigated bioresorbable scaffolds

Scaffold Strut material Coating
material

Design Absorption
products

Drug
elution

Stent radio-
opacity

Total
strut
thickness
(strut 1
coating)
(mm)

Crossing
profile
(mm)

Stent-to-
artery
coverage
(%)

Duration
radial
support

Absorption
time

Angiographic
late loss

TLR rate

Igaki-Tamai Poly-L-lactic acid Nil Zig-zag helical coils with
straight bridges

Lactic acid, CO2,
and H2O

Nil Gold markers 170 24 6 months 2 years Late loss index
at 6 months:
0.48 mm

At 6 months:
6.7%

AMS-I Metal—magnesium
alloy

Nil Sinusoidal in-phase hoops
linked by straight
bridges

Not applicable Nil Nil 165 1.2 10 Days or
weeks

,4 months At 4 months:
1.08 mm

At 1 year: 45%

AMS-II Metal—magnesium
alloy

Nil Not applicable Nil Nil 125 — — Weeks .4 months

AMS-III Metal—magnesium
alloy

Nil Not applicable Paclitaxel Nil 125 — — Weeks .4 months At 6 months:
0.68 mm

At 6 months:
9.1%

REVA Poly-tyrosine-
derived
polycaronate
polymer

Nil Side and lock Amino acid,
ethanol, CO2

Nil Iodine
impregnated

200 1.7 55 3–6
months

2 years At 6 months:
1.81 mm

At 1 year: 67%

BTI Polymer
salicylate + linker

Salicylate +
different
linker

Tube with laser-cut voids Salicylate, CO2,
and H2O

Sirolimus
salicylate

Nil 200 2 65 3 months 6 months

BVS 1.0 Poly-L-lactide Poly-D,L-lactide Out-of-phase sinusoidal
hoops with straight
and direct links

Lactic acid, CO2,
and H2O

Everolimus Platinum
markers

156 1.4 25 2 years At 6 months:
0.44 mm

At 4 years: 0%

BVS 1.1 Poly-L-lactide Poly-D,L-lactide In-phase hoops with
straight links

Lactic acid, CO2,
and H2O

Everolimus Platinum
markers

156 1.4 25 6 months 2 years At 6 months:
0.19 mm at
12 months:
0.27 mm

At 1 year: 3.6%

TLR, target lesion revascularization.
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Figure 2 The atherosclerotic process is characterized by a lumen reduction (vertical axis) associated with remodelling (horizontal axis) of the
vessel wall. Intimal thickening (IT) becomes pathological thickening (PIT), ultimately resulting in a fibroatheromatous plaque (FA) with fibrotic,
fibrofatty, dense calcium, and necrotic core. Late evolutional events are fully described in the text.

Figure 3 The atherosclerotic process is characterized by a lumen reduction (vertical axis) associated with remodelling (horizontal axis) of the
vessel wall. If treated with bioresorbable scaffold, the lumen will get enlarged at long term. Late evolutional events are fully described in the text.
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The initially compensatory remodelling of the vessel wall tends
to accommodate plaque growth, in order to maintain the
patency of the vessel lumen. At a certain level, characterized by
a plaque burden of more or less 40%, the lumen reduction
becomes irremediable.34 When the stenotic lesion becomes flow
limiting, surgical or percutaneous treatment of the vessel blockage,
to alleviate the ischaemic manifestation, become unavoidable.

Transluminal dilatation of the stenotic lesion was introduced by
Andreas Gruentzig as an alternative to the bypass treatment of the
flow-limiting stenosis, but as described above, it was only a first
step in the modern history of PCI. Nowadays, when the thera-
peutic decision is made to dilate flow-limited lesion(s), it implies
de facto the implantation of a BMS or drug-eluting metal stent in
vessels that will be forever caged by this permanent metallic
implants.

One possible fate of the dilated but caged lesion is an intra-stent
lumen reduction by intra-stent neointimal tissue growth, even if
the cytostatic drug slows down or postpones the phenomenon.
This neointimal tissue may in turn degenerate and become ather-
osclerotic, up to the point where it will develop its own vulnerable
plaque and rupture inside the cage of the stent.36 The recent
publication by Nakazawa et al.37 has emphasized that process,
and in vivo OCT images of intra-stent plaque ruptures have been
documented (Figure 2).

It is suspected that cytostatic and cytotoxic drugs may pro-
foundly alter the metabolism of the vessel wall, weaken its struc-
ture, and ultimately effect a retraction of the surrounding vessel
wall from the metallic cage, generating late acquired malapposition.
It has been demonstrated that a large malapposition at baseline will
also persist at long term. Late and very late stent thrombosis has
been associated with late malapposition, either acquired or
persistent.18

In both scenarios, the intravascular cage interferes with the
natural biological dynamism of the vessel wall. Presumably,
biology, pharmacology, and physiology are impeded by the pres-
ence of this permanent metallic cage. Prior to frank-acquired
malapposition, minor signs of interaction between the dynamism
of the vessel wall and the DES can be detected by OCT and a
varied vocabulary has been used to describe the ballooning
effect of the lumen vessel wall between the struts creating initially
a crenated appearance of the vessel, sometimes casually termed a
‘cauliflower’ appearance. That phenomenon can be so intense that
the vessel wall will ultimately get detached from the tethering
struts, which will permanently remain isolated in the middle of
the flowing blood38,39 (Figure 2).

. . .To a transient bioresorbable
scaffold
The change in paradigm with biodegradable scaffold is suggested
by previous observations made with the first ABSORB
generation.24,40

At 2 years, we observed and reported the complete bioresorp-
tion of the polymeric struts, which were no longer detectable by
OCT, by intravascular ultrasound (IVUS) grey scale, and by IVUS-
virtual histology (VH), confirming thereby preclinical studies.28 The

other critical observation made by IVUS between 6-month and
2-year follow-up was a late luminal enlargement (10.9%) with
significant plaque media reduction (12.7%) and without significant
change in the vessel wall area (EEM). Still today, it is unknown
whether this ‘plaque media regression’ on IVUS is a true athero-
sclerotic regression, with change in vessel wall composition and
plaque morphology (from thin-cap atheroma to thick-cap ather-
oma) or a pseudo-regression due to bioresorption of the poly-
meric struts.41 True atherosclerotic regression could only be
hypothesized based on animal and in vitro experiments, showing
that mammalian target of rapamycin can trigger a complex chain
of biological reactions that leads finally to activation of genes
related to autophagy of macrophages.42,43 During that process,
the macrophage’s cytoplasm becomes intensively vacuolized and
exhibits autophagolysosomes containing various atherosclerotic
debris (Figure 4). To what extent that process is involved in
human plaque regression is unknown, but inhibition of LPPLA2,
which results in plaque area reduction and halts progression of
the necrotic core, is another possible example of true athero-
sclerotic regression.44

Nevertheless, pseudo-regression is still a plausible alternative
explanation.

In a very limited number of patients, VH imaging pre-scaffolding,
post-scaffolding, and at 6 and 24 months were obtained, document-
ing post-treatment a sudden increase in plaque media, due to the
artefactual implantation of 6 mm3 of polymer (volume of polymeric
material of a 3 mm diameter scaffold with a length of 18 mm)
detected and misinterpreted by IVUS backscattering as dense
calcium or hyperechogenic tissue. The subsequent 12% plaque
area reduction documented between 6 and 24 months may be
simply related to the actual disappearance of the struts (Figure 5).

A potential drawback or ‘new enemy’ of this new technology is
strut fracture. Unlike metallic stents, the polymeric devices have
inherent limits of expansion and can break as a result of over-
dilatation. In an anecdotal case from the ABSORB cohort A, a
3.0 mm scaffold was over-expanded with 3.5 mm balloon, which
resulted in strut fracture as documented with OCT. Due to the
recurrence of limited anginal symptoms, this patient underwent
target lesion revascularization, despite an angiographically non-
significant stenosis by quantitative coronary angiography (%DS of
42%). The clinical significance of such a case, only evidenced by
OCT, needs to be further elucidated, but undoubtedly stent frac-
ture should be avoided by respecting the nominal size of the
scaffold.

Other biological implications of a
metallic stent vs. bioresorbable
scaffold
There are other more complex biological interferences resulting
from metallic caging. In the BMS era, our group and others have
shown that stiff metallic stents can alter vessel geometry and
biomechanics and that long-term flow disturbances and chronic
irritation contribute to adverse events, without mentioning
late strut fractures, that could lead to restenosis and clinical
events.45– 48 In these studies, after metallic stent implantation,
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the curvature increased by 121% at the entrance and by 100% at
the exit of the stent, resulting in local changes in shear stress
correlated with the local curvature (Figure 6). Stent implantation
changed three-dimensional (3D) vessel geometry in such a way
that regions with decreased and increased shear stress emerged
close to the stent edges. These changes were related to the asym-
metric patterns of in-stent restenosis.45 From that point of view,
the initial superior conformability and flexibility of the ABSORB
with respect to metallic stents (Multilink Vision) can, at an early
stage, contribute to less change in vessel geometry and biomecha-
nics (Figure 7).48 Late strut fracture should not be an issue, since at
late time points, the struts have disappeared.

Not only change in curvature but also mismatch in area/diam-
eter (step-up, proximal edge of the stent; step-down, distal edge
of the stent) may generate oscillatory shear stress, which gives
rise to the expression of several growth factors.49

With BMSs, we demonstrated that neointimal thickness was at 6
months inversely related to the relative shear stress distribution.
Subsequently, we studied the impact of the shear stress pattern
(obtained from computational fluid dynamic calculations) on the
true 3D neointimal thickness distribution in sirolimus-eluting
stents in coronary arteries. Small pits were observed between
the stent struts; deeper pits were present on the outside curvature
of the stented segments. In regions of low or even oscillatory shear
stress, distal to the endoluminal protrusion of the strut, it is

hypothesized that prolonged tissue contact and retention of the
cytostatic drugs within the vessel wall could affect the metabolism
of the vessel wall tissue, resulting in the crenated appearance of the
vessel wall between the struts50 (Figure 8).

Mechanical conditioning, renewed
compliance, dynamic vasomotion,
and mechanotransduction: the
tenet of vascular reparative
therapy
Using palpography, we have demonstrated that the scaffolding
properties of the bioresorbable polymer offer the advantages of
gradual load transfer of mechanical strain to the healing tissue
(mechanical conditioning) (strain values: post-procedure, 0.16+
0.10; 6 months, 0.28+ 0.12; 2 years, 0.31+ 0.17%)24 so that the
healthy compliance of the vessel can be progressively restored
long term (renewed compliance). Gradual exposure of cellular
structures within the vessel wall to normal physiological stress
conditions has a positive effect on cellular organization and func-
tion. In the field of orthopaedic biodegradable implants, mechanical
conditioning via progressive dynamic loading improves proteogly-
can and collagen deposition.51 A similar scenario has been

Figure 4 Ultrastructural features of a normal mouse macrophage (A and C ) and smooth muscle cells (E and G) as an untreated control with
normal cell morphology (modified from Verheye et al.43) In cell culture, treatment of macrophages with everolimus (10 mmol/L) showing differ-
ent stages of autophagic cell death, which was characterized by cell shrinkage, extensive vacuolization, depletion of organelles, and presence of
an intact, non-pyknotic nucleus (B). In atherosclerotic plaque, in vitro treatment of these atherosclerotic plaques with everolimus (10 mmol/L)
for 3 days also resulted in autophagic cell death and was also characterized by cell shrinkage, depletion of organelles, and presence of large
autophagosomes containing membranous whorls and remnants of cytoplasmatic material. (D). Autophagy was not induced in everolimus-
treated (10 mmol/L) smooth muscle cell (F and H ).43 Arrowheads, autophagy vesicles; arrow, myelin figure; L, lipid droplet; N, nucleus.
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deciphered with vascular bioresorbable implants. After bioresorp-
tion of the polylactide, the void previously occupied by the struts is
filled progressively by proteoglycan and collagen (Figure 4). The full
disappearance of the struts—which has been documented by
ultrasound, OCT, histology, and pharmacologically induced
dynamic vasomotion—suggested that the vessel wall will ultimately
sense again the mechanical strains of pulsatile blood flow (pulsati-
lity), which is an important stimulus for the cell biology of the
vessel wall24 (Figure 9).

Pulsatility is the fluctuation of blood pressure and blood flow
velocity during systole and diastole. As blood is pumped through
the coronary vessels, the vessel wall is exposed to two sets of
forces, both of which are critically important: (i) shear stress is
the frictional force on the vessel lining as blood flows through it,
(ii) cyclic strain is the force generated by the stretching of the
vessel wall during systole and is affected by vessel distensibility
(stretchability), and (iii) the interplay of shear stress and cyclic
strain controls cell signalling—the chemical signals sent from one
cell to another, which can lead to atheroprotective/thromboresis-
tant changes, or disease progression and instability. For instance,
cyclic strain stimulates eNOS gene regulation and steady-state
levels of prostacyclin are significantly increased if the shear stress
force is applied in a pulsatile fashion compared with steady
laminar flow.52,53 Cell signalling may be altered in stented
segments, where the vessel distensibility is eliminated by metallic
caging of the vessel segment. The translation of mechanical

forces into chemical signals by cells is referred to as
‘mechanotransduction’.

Applied mechanical strain preferentially preserves collagen
fibrils, and stretch of the vascular wall stimulates increased actin
polymerization, activating the synthesis of smooth muscle-specific
proteins. Under such conditions, smooth muscle cells preferen-
tially maintain their contractile phenotype, while such differen-
tiation is lost in sites of vascular injury (i.e. atherosclerosis or
restenosis). From that point of view, the transmission microscopy
of neointima and media, at 1 and 36 months in pigs having received
ABSORB, is very illustrative of the changes in phenotype observed
the short- and long term in these vessels (Figure 9).

In summary, with the progressive disappearance of the polymeric
scaffold, physiological stimuli can again have an active impact on the
vessel wall, and the return of pulsatility may be of paramount
importance in effecting optimal repair of the vessel wall.

In our patients treated with BRS, vasomotion of the scaffolded
segment following intraluminal administration of acetylcholine30,54

suggests that: (i) the scaffolding function of the polymeric struts
has completely disappeared and the so-called scaffolded segment
can now exhibit vasomotion, (ii) the endothelial lining (coverage)
is coalescent, (iii) the ciliary function of the endothelial cell is func-
tional, and (iv) the biochemical process through which nitric oxide
is released properly works. A positive acetylcholine test with vaso-
dilatation of the scaffold is the indirect proof that the endothelium
is anatomically and functionally normal and healthy. In a porcine

Figure 5 (Upper panel) Average plaque area (black dot) and its standard deviation (vertical bar) in the subset of patients with pre-stenting,
post-stenting, 6 months, and 2-year follow-up. wP , 0.05 vs. pre-stenting, §P , 0.005 vs. 6 months, and dP , 0.05 vs. post-stenting.41 (Lower
panel) Optical coherence tomography image before (A) and immediately after scaffold implantation (B), in a porcine coronary model. Histology
images with trichrome staining show initially neointimal hyperplasia between and on top of the struts (C ). At medium term, the void previously
occupied by the polymeric material becomes filled with connective tissue. At long term, the strut voids become undetectable in histology
(Movat’s staining), with vessel wall thinning (E).59
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Figure 6 (A and A′) Three-dimensional reconstruction of a right coronary artery in a porcine model pre- (A) and after (A′) metallic stent
implantation. (B and B′) Average curvature of the arteries relative to the location of the entrance (0 mm in B) and exit of the stent (0 mm
in B′) before (grey) and after (black) stent implantation. (C and C′) Average normalized shear stress relative to the location of the entrance
(0 mm) and exit of the stent (0 mm) before (grey) and after (black) stent implantation in the inner curve (C) and outer curve (C′). Location
sign: distal is positive. Modified from Wentzel et al.45

Figure 7 Angiogram of the right coronary artery pre-treatment (A), and post-implantation of bioresorbable scaffold (C ). In-between, cine-
filming of the delivery system during full inflation of the balloon (B). Note that the initial angulation of 918 widened to 1288 during device deliv-
ery, to come back to 888 after implantation of the scaffold and removal of the balloon.
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model, transmission electron microscopy shows the sign of matu-
ration of endothelial junctions between 1 and 36 months with a
robust and dense intercellular desmosome at 3 years. Of note, a
healthy endothelium releases chemical signals that promote vaso-
dilation (NO), inhibit thrombosis (prostacyclin, tissue plasminogen
activator, thrombomodulin), inhibit smooth muscle cell prolifer-
ation, and inhibit inflammation. Conversely, an unhealthy endo-
thelium releases chemical signals that promote vasoconstriction
(endothelin, angiotensin II, thromboxane A2), thrombosis (von
Willebrand factor, fibrinogen, tissue factor, plasminogen activator
inhibitor, thromboxane A2), disease progression (vascular endo-
thelial growth factor, platelet-derived growth factor), and

inflammation (vascular cell adhesion molecules, intercellular
adhesion molecule).55

As mentioned above, late lumen enlargement was not associ-
ated with vessel enlargement, and thus was obtained through a
reduction in plaque area.24 A few hypothetical mechanisms can
be put forward to explain this phenomenon. First, everolimus
may significantly lower monocyte chemotaxis, without inducing
monocyte cell death by affecting chemotactic factors such as
monocyte chemoattractant protein 1, fractalkine, interleukin-8,
and N-formyl-methionyl-leucyl-phenylalanine.56 Secondly, the
drug itself has been shown to reduce advanced and intermediate
lesions in mice knockout for LDL receptor (2/2).57 Thirdly,

Figure 8 (A) A single drug-eluting stent strut. Visual representation of drug concentration distribution (in colour) and blood flow profiles
(black curves). (Inset) High magnification of area outlined by white dashed line (reprinted from Balakrishnan et al.).65 (C) Two-dimensional
axial cross-section of a slightly curved stented segment with a sirolimus-eluting stent. The results of a computation of velocity and shear
stress distribution in this segment at follow-up show regions with low shear stress (B) that coincide with the shallow pits in (C). Along the
inner curve, the region with lower shear stress, the pits are virtually absent and shear stress distribution is much more homogeneous (D).
In some of the pits along the outside curve, flow reversal can be observed (inset and E). The areas containing negative axial velocity are indi-
cated by the shaded boxed regions in (C).66 (F– I) Local intimal thickness colour-coded and projected on the sirolimus-eluting stent surface. The
colour code indicates the relative position of lumen surface to the stent surface ranging from 20.8 mm (blue) to 0.6 mm (red). (F and H) The
three-dimensional-reconstructed images after the procedure and at follow-up, respectively. (G and I) The unfolded carpet view of (F) and (H),
respectively. The images at follow-up (H and I ) identify additional blue areas, indicating disappearance of tissue between stent struts and lumen
enlargement. Localized neointimal hyperplasia (red area) was also observed.67 (J–L) Serial optical coherence tomography cross-sectional images
immediately, 1 and 5 years after implantation of sirolimus-eluting stent. The slight tissue prolapses between the struts seen at baseline are at 1
year replaced by crenated appearance of the endoluminal lining. At 5 years, the vessel wall gets detached from the struts, which will perma-
nently remain isolated in middle of flowing blood (by courtesy of Lorenz Räber and Maria Radu).
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everolimus has been shown to selectively clear macrophages in
plaque by inducing autophagy in animal models (see above). This
could result in a reduction in plaque volume. Fourthly, pulsatile
laminar flow may trigger plaque regression, through stimulation
of matrix metalloproteinases.58

Imaging of vascular reparative
therapy
The actual cross-sections figuring in the schematic illustration are
real cross-sections of a patient treated with ABSORB (1.0). The
sequence of events showed that the necrotic core in direct
contact with the lumen (thin-cap atheroma) did regress at 2
years, and the remaining necrotic core became isolated from the
lumen by a de novo fibrotic layer/cap (thick-cap atheroma). The
central cross-sectional VH image (Figure 3) shows the enlargement
of the original flow-limiting lesion, due to the deployment of the
BRS (the polymeric struts are identified on VH as small blocks
of pseudo-dense calcium). At 2 years, full resolution of the
pseudo-VH images of calcium and OCT disappearance of the poly-
meric struts confirmed the complete resorption and integration of
the bioprosthesis (ABSORB 1.0) into the vessel wall.59 At that
stage, the transiently scaffolded vessel is no longer caged (as it
would be by a permanent metallic stent structure) and we may
surmize that physiological stimulus, such as shear stress as well
as pharmacological action of new anti-inflammatory drugs or
drugs capable of reversing the cholesterol transport, could now
act freely on the vessel wall and result in further enlargement of

the lumen vessel not hindered by permanent metallic bound-
aries.44,60 In conjunction with the return of the vasomotion, it is
appealing to name the entire process vascular reparative
therapy.24,61 However, calcified plaque, the ultimate remnant
after cell death, will have to be removed mechanically or by
some kind of osteoclastic biological process, currently inexistent
in our vascular pharmacological armamentarium.62

This kind of vessel transiently scaffolded by a BRS, now fully
amenable to biological, pharmacological, and physiological impact,
may allow a more permissive and extensive paving of large areas
of atherosclerosis in order to reduce cardiac morbidity and
mortality associated with plaque rupture.63,64 This hypothetical
scheme may herald a change in paradigm moving from what
currently is a permanently scaffolded metal–tissue composite
doomed to caging and lumen loss to a future repaired vessel
with late enlargement of the lumen, freed after scaffold resorption,
and responding to its biological environment.
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