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Can the Vanishing Stent Reappear?

VOL. 70, NO. 23, 2017
ISSN 0735-1097/$36.00

https://doi.org/10.1016/j.jacc.2017.10.009

CrossMark

Fix the Technique, or Fix the Device?*

Spencer B. King III, MD, Bill D. Gogas, MD, PuD

he bioresorbable vascular scaffold (BVS)

(Absorb, Abbott Vascular, Santa Clara, Cali-

fornia), which is designed to biologically
dissolve, has now commercially disappeared as
well. In light of less than encouraging evidence, the
manufacturer has decided to suspend sales. This
concept of a stent that provides temporary scaf-
folding and then gradually dissolves, leaving a healed
and functional unstented arterial wall, is a long-
running movie. I first was made aware of the possibil-
ity in 1986 when Jack Whitehead, the founder of the
Whitehead Institute at Massachusetts Institute of
Technology, suggested to me alternative materials
to the stainless-steel alloys we were investigating at
the time. A visit to the polymer chemist Robert
Langer at the Massachusetts Institute of Technology
and later to Joachim Kohn at Rutgers led to some
polymeric prototypes for translational testing.

The preliminary observations of others who were
using degradable biomaterials in porcine coronary ar-
teries convinced most of us that low-molecular-weight
polymers induce significant inflammatory and hyper-
proliferative reactions that would probably doom this
method of coronary revascularization (1,2). Now, more
than 30 years later, we have finally had the chance to
implant these devicesin hopes ofimproving the results
of our coronary interventions. If we had compared the
current drug-eluting scaffolds to the stent methods we
had 20 years ago, they would have been hailed as a
major advance. But, with continued iterations of
metal drug-eluting stents (DES), involving more
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biocompatible open-cell and thin-strut designs, novel
antiproliferative agents, and thromboresistant biode-
gradable coatings, the competitive bar has been raised
to new heights. Indeed, real-world randomized trials,
observational registries, and meta-analysis suggest an
approximate 3-fold incremental increase in scaffold
thrombosis (ScT) rates beyond 1 year after implanta-
tion of the Absorb BVS compared with the benchmark
metal drug-eluting model (3). Those results instilled a
note of caution in lesion selection and resulted in
warnings from the U.S. Food and Drug Administration
as to which vessels should be avoided when BVS
is considered a treatment option for coronary
revascularization.

SEE PAGES 2852 AND 2863

In this issue of the Journal, the 3-year follow-up of
the ABSORB III trial results has not changed this
somewhat pessimistic outlook for the device in the
intermediate follow-up (4). In an attempt to further
recognize the variables leading to these outcomes,
the results from this trial as well as 4 other prospec-
tive ABSORB trials were combined to evaluate the
critical roles of both appropriate vessel sizing and
implantation technique optimization (5).

The observations of the pivotal ABSORB III trial
suggested that first-generation (gen) BVS is non-
inferior to metal DES after meeting the primary
endpoint of target lesion failure (TLF) within a large
noninferiority margin at 1 year. Although device
thrombosis rates were comparable among the treated
cohorts, thrombotic rates significantly increased by
4.6% in the BVS arm versus 1.55% in the metal DES arm
when deployments occurred in vessels with quantita-
tive coronary angiography (QCA)-derived reference
diameter (RVD) of <2.25 mm (6). In the current work,
Kereiakesetal. (4) present the 3-year clinical follow-up
of ABSORB III trial, indicating that patients who
received a degradable scaffold demonstrate signifi-
cantly higher adverse event rates compared with those
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treated with a metal DES. The device-oriented com-
posite endpoint of TLF in this analysis occurred in
13.4% of BVS treated patients versus 10.4% of those
treated with a metal DES (hazard ratio: 1.31; 95% con-
fidence interval: 0.99 to 1.73; p = 0.056) driven by
higher rates of target vessel myocardial infarction due
to device thrombosis, which was 1.9% in the BVS
arm versus 0.6% in the metal DES arm (p = 0.02). The
overall thrombotic rate through 3 years reached 2.3%
in the BVS arm versus 0.7% in the metal DES arm
(hazard ratio: 3.12; 95% confidence interval: 1.21 to
8.05; p = 0.01). Despite more than 50% of treated
subjects being on dual antiplatelet therapy with
aspirin and a P2Y,, receptor antagonist after 1 year,
BVS-treated patients experienced significantly more
thrombotic events than the comparator cohort during
this time frame. Interestingly, the majority of these
events occurred in appropriately sized vessels
(QCA-RVD =2.25 mm).

Because the sample size of the ABSORB III trial was
inadequate to evaluate the effect of vessel size and
procedural technique, in another paper in this issue of
the Journal, Stone et al. (5) provide a broad overview
of the combined effect of aggressive lesion pre-
dilation, appropriate vessel sizing, and optimal
post-dilation (PSP) after analyzing 3,149 BVS-treated
lesions from 4 other prospective ABSORB studies.
PSP individual components across the ABSORB II,
ABSORB III, ABSORB China, ABSORB Japan, and
ABSORB Extend studies were pooled demonstrating
that: 1) limitation of Absorb BVS deployment to arterial
segments with QCA-RVD >2.25 mm would result in a
28% lower hazard of TLF through 3 years compared
with the total group; 2) BVS implantation in QCA-
RVD <2.25 mm was associated with a 3-fold increase
in the rates of ScT within the first year, whereas beyond
this time point, ScT tended to cluster in lesions with
QCA-RVD >2.25 mm; 3) aggressive pre-dilation had a
neutral effect in long-term outcomes; and 4) optimal
post-dilation in general had beneficial effects by
reducing numerically ScT rates and significantly TLF
rates between 1 and 3 years.

Amid the turmoil generated by the AIDA (Amster-
dam Investigator-initiated Absorb Strategy All-
comers Trial) (7) indicating the 4-fold increase in the
risk of ScT after BVS deployment over a 2-year time
frame, the 3-year findings from the ABSORB III trial
are similarly disappointing. Although vascular resto-
ration with biodegradable scaffolds leads to restored
plasticity (8) with mechanobiological recovery of the
arterial wall, the first-gen Absorb BVS has been
associated with significant safety concerns leading to
increased rates of scaffold failure. In the absence of
high-resolution optical coherence tomographic
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imaging in the ABSORB randomized trials, which
might facilitate a broader understanding of the
mechanism of ScT, we can only speculate on changes
to guide clinical implantation and design iteration for
second-gen bioresorbable platforms.

Early and late thrombotic events after BVS
deployment likely occurred due to the rectangular
strut geometry and bulky crossing profile in associa-
tion with suboptimal PSP techniques that produced
only modest strut embedment and strut under-
expansion or malapposition, which triggers signifi-
cant hemodynamic alterations. These rheological
implications are currently being investigated with
computational modeling techniques by our group in
patients enrolled in the randomized ABSORB III
imaging substudy (9), and preliminary observations
indicate that strut profiles similar to the first-gen BVS
in underexpanded segments are prone to flow sepa-
ration and recirculation inducing lower wall shear
stress, associated with platelet activation and higher
thrombogenicity. Also, the ABSORB IV trial, which
incorporates the PSP implantation techniques, will
help clarify whether these methods will substantially
improve clinical outcomes.

Although experimental observations using gel
permeation chromatography from scaffolded porcine
coronary arteries have indicated that poly-L-lacticacid
is completely resorbed by 3 years, with more than 50%
of resorption sites previously occupied by polymeric
struts replaced by functional connective tissue (10),
selective optical coherence tomographic reports have
shown persisting struts even 4 years after BVS
deployment with the potential to precipitate very
late ScT events. Mechanisms similar to DES failure
cannot be excluded after discontinuation of dual an-
tiplatelet therapy; meanwhile, a novel mechanism of
scaffold failure has been recently proposed called
intraluminal scaffold dismantling in the absence of
homogeneous neointimal strut coverage. Although
neoatherosclerotic transformation is a prevalent eti-
ology of very late stent failure even with newer-gen
DES (11), it is premature to hypothetically associate
neoatherosclerosis with vascular restoration therapy.
Experimental studies performed by our group have
indicated in healthy porcine coronary arteries that
Absorb BVS-treated vessels have their functional ca-
pacity restored by 2 years, and complete mechano-
biological reparation occurs with expressed pathways
of cytoskeletal remodeling and endothelial to mesen-
chymal transitioning over the course of 4 years (12). In
contrast, metal DES-treated arteries demonstrate
heavily proatherogenic genotype through the lym-
photoxin-f receptor-dependent pathway promoting
the expression of vascular cell adhesion molecule 1and
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interleukin-2 and -8, enabling neointimal infiltrations
with foamy macrophages.

Although the manufacturer halted commercial
production of the scaffold, a second-gen BVS with a
thinner strut profile of 99 pm and expansion limit of
>0.75 mm over nominal diameter has been experi-
mentally tested and will undergo first-in-man studies
soon. Other manufacturers who develop polymer-
based scaffolds have also implemented thinner strut
profiles in their second-gen scaffolds such as the:
1) DESolve novolimus-eluting scaffold (Elixir Medical
Corporation, Sunnyvale, California) with strut thick-
ness of 120 um; 2) MeRES 100 sirolimus-eluting hybrid
cell design scaffold with strut thickness of 100 pm
(Meril Life Sciences, Vapi, India); and 3) FANTOM
scaffold with strut thickness of 125 pm (REVA Medical,
San Diego, California). Obviously, these new-
generation scaffolds will need to be tested against the
best metallic stents. The speculation about whether
these improvements will rival the very high bar set by
the best metal DES will determine how many resources
industry will allocate to evaluate the long-term
promise of the “vanishing stent.”

Whether the emphasis on improving the technique
with the PSP protocol will prove effective or cost-
effective remains to be seen. However, with the
current generations of bioresorbable scaffolds, it is
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clearly necessary to precisely size the vessel. We tend
to believe that improved platforms to make scaffold
implantation as user friendly as metal stent implan-
tation, as applied not only by the most highly expe-
rienced operators but also the average operator, will
be required to match the very high bar already
established by metal DES. The reason to persevere is
not because of any expectation that scaffolds can
beat metal stents in the intermediate term, but the
concern that metal stents will begin to produce sig-
nificant adverse events many years after implanta-
tion. That will have to become a demonstrated reality
rather than a hypothetical speculation for bio-
resorbable scaffolds to replace metal stents. For the
time being, although the ABSORBing scaffold has
vanished, we believe that improved disappearing
technologies will eventually reappear; whether they
will be competitive with current and future coronary
stents remains questionable.
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