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Bioresorbable stents: the next horizon after drug eluting

stents?
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Drug eluting stents have been designed in order to tackle the prob-
lem of in-stent restenosis encountered with bare metal stents
deployed in coronary arteries. The concept was to implement the
bare metal stent with a drug delivered from a coating placed on the
metal surface in order to inhibit neointimal hyperplasia. The drugs
used for this purpose have been targeted against smooth muscle cell
proliferation. After a first year follow-up, the goal has been clearly
obtained, reducing target vessel revascularisation close to 10% with
the three major products (Sirius, Taxus 2, Endeavor 2123).
Unfortunately, the error was to consider that the time period for
events was within one year. Since the follow-up has now reached
three years, two major issues have been increasingly reported, main-
ly from registries, showing the real world population. The first one,
the most tragic, although uncommon, is in-stent thrombosis, mainly
due to interruption of the antiplatelet therapy due to the fact that the
indications given by companies for simple lesions was limited at up
to three to six months, whereas the use of drug eluting stents goes
beyond simple lesion anatomy and the patient risk profile on the
basis of their success on restenosis®. Interruption has been also
occurring because of the need for surgery, dental care, or cost of
the antiplatelet therapy*°. Other risk factors have been detected,
including diabetes, number of stents, stent length, renal failure, low
ejection fraction, and bifurcation lesion®. The most worrisome is that
stent thrombosis is resulting in more than 40% of deaths or acute
myocardial infarction®’. It has been pointed out that the terms
of MACE (i.e., major cardiac adverse events) itself is mixing hard
(i.e., death and acute myocardial infarction) with soft endpoints (i.e.,
need for revascularisation), although they do not carry the same
prognostic value®. The explanation of this complication, predicted by
Virmani et al since 2004, is likely due to the toxicity of the drugs on

the endothelial cells, and/or the non-endothelialised coating’#8. This
is supported by human angioscopic and autopsy studies showing
lack of re-endothelialisation with drug eluting stents as compared
with bare metal stents beyond 40 months®°. The scientific sessions
of the American College of Cardiology and more recently the European
Society of Cardiology have confirmed this phenomenon!®!2, Is the
price to pay for the inhibition of restenosis worthy of such a compli-
cation? Although there is a debate on the overstatement of the most
recent analysis, this seriously questions the justification of the 100%
association of the use of drugs with stents: indeed, “soft” drugs (i.e.,
not interfering with the cell cycle) have failed to demonstrate their
efficacy to inhibit in-stent restenosis. The second adverse event is
the occurrence of late restenosis, as seen in the increasing rate of
target revascularisation in the randomised trials. This had been pre-
dicted in 2004 for the Cypher stent in an experimental study show-
ing that the benefit of in-stent restenosis reduction obtained at one
month was no longer present at 3 and 6 months!3. Moreover, this
was associated with an increased smooth muscle cell proliferation
around the struts of the Cypher stent as compared with the bare
metal stent. There are no data published with the two other drug
eluting stents showing a sustained effect beyond one month in ani-
mals. The reasons for a rebound may be multiple: rebound after dis-
appearance of the drug while the metallic foreign body is still pres-
ent, and poor biocompatibility of the coating'®. What do these two
complications teach us? We use drug eluting stents to inhibit
restenosis, and we pay the high price of ending up with delayed
restenosis and thrombosis. The most striking point is that we use
a lifetime support (i.e., metal) to tackle a transient phenomenon,
the healing process. However, the healing process is mandatory
to insure both haemocompatibility and histocompatibility.
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Rather than persisting to render transiently biocompatible the
metal by imposing on the artery a more complex and hazardous
device made of metal, coating and drug, the concept of a transient
(i.e., bioresorbable) stent appears appealing; it avoids the need
of a cell-cycle toxic drug, a non biocompatible coating necessary
for the drug storage and elution, because the support time-life
is appropriately adapted to the healing, without loosing the neces-
sary mechanical properties during this period. Thus the justifica-
tion of a bioresorbable stent is led by the initial scaffolding of the
artery wall during the healing process, and the ability of the artery
to undergo positive remodelling without the mechanical constraint,
and the absence of a long term foreign body which is responsible
of iatrogenic side effects, i.e., in-stent thrombosis and resteno-
sist®16. Without any permanent anti-remodelling device, the biore-
sorbable stents should afford a world free of in-stent restenosis,
which might be an invaluable improvement. Their indications go
beyond the coronary arteries, with peripheral and paediatric appli-
cations. Last, their use is in accordance with all non invasive as
well as invasive imaging technologies. The problems encountered
with bioresorbable stents have been mainly due to poor compati-
bility of the substance used!’. Although this remains a key issue,
the results from the stent of Igaki Tamai, and more recently the
BVS stent, exhibited a satisfactory biocompatibility!8. However, the
concept of bioresorption is not new since we have been routinely
using bioresorbable sutures for more than 50 years. The compati-
bility of the substance is not only related to its chemical formula,
but also to the quality of its synthesis. For example, polylactic
acids, which are known for their theoretical biocompatibility since
they degrade into water and carbon dioxide, can in fact wrongly
degrade into lactic acid oligomer cristals which are highly proin-
flammatory!®. Therefore, although there is a need for better expert-
ise in the choice and the manipulation of bioresorbable platforms,
the complications encountered with drug eluting stents drive us
towards a new revolution, i.e., not only abandoning biostable coat-
ings but also biostable platforms for bioresorbable platforms, which
greatly simplifies the final product without need for coating and
drugs. The initial pioneering work of Igaki and Tamai has shown
that polylactic acid polymer stents are safe and efficient although
the timing of degradation is too long!®. Other studies have demon-
strated faster degradation and the question is the appropriate life-
time required to ensure scaffolding during healing. The original
approach of the magnesium stent (Biotronik) opens other horizons
although recoil is too important?®®. The ABSORB trial evaluating
a polylactic acid stent eluting everolimus recently showed a
0.44+0.35 mm late loss at six month follow-up. Eventually, the
present teaches us to simplify the device, without the need for
cytotoxic drugs plus non biocompatible coating since the platform
is conceived to disappear, thus not requesting supplementary haz-
ardous and complex technology.

Whether the bioresorbable stents will challenge the drug eluting
stents in the field of efficacy is a long term issue that includes a
better approach of the healing, a safer long term follow-up, and
in particular, a superiority in lack of requiring long term drugs, both
systemic (anti-aggregants) and by local delivery, thus restoring
a native artery free of any potential late side effect.

-22.

EURO

PCR

References

1. Holmes DR Jr, Leon MB, Moses JW, Popma JJ, Cutlip D,
Fitzgerald PJ, Brown C, Fischell T, Wong SC, Midei M, Snead D, Kuntz RE.
Analysis of 1-year clinical outcomes in the SIRIUS trial: a randomized trial
of a sirolimus-eluting stent versus a standard stent in patients at high risk
for coronary restenosis. Circulation. 2004 Feb 10;109(5):634-40.

2. Stone GW, Ellis SG, Cox DA, Hermiller J, O’Shaughnessy C,
Mann JT, Turco M, Caputo R, Bergin P, Greenberg J, Popma JJ,
Russell ME; TAXUS-IV Investigators. One-year clinical results with the
slow-release, polymer-based, paclitaxel-eluting TAXUS stent: the TAXUS-
|V trial. Circulation. 2004 Apr 27;109(16):1942-7.

3. Fajadet J, Wijns W, Laarman GJ, Kuck KH, Ormiston J, Munzel T,
Popma JJ, Fitzgerald PJ, Bonan R, Kuntz RE; ENDEAVOR Il Investigators.
Randomized, double-blind, multicenter study of the Endeavor
zotarolimus-eluting phosphorylcholine-encapsulated stent for treatment of
native coronary artery lesions: clinical and angiographic results of the
ENDEAVOR Il trial. Circulation. 2006 Aug 22;114(8):798-806.

4. Tung R, Kaul S, Diamond GA, Shah PK. Narrative review: drug-elut-
ing stents for the management of restenosis: a critical appraisal of the evi-
dence. Ann Intern Med. 2006 Jun 20;144(12):913-9.

5. lakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, Stankovic G,
Airoldi F, Chieffo A, Montorfano M, Carlino M, Michev |, Corvaja N,
Briguori C, Gerckens U, Grube E, Colombo A. Incidence, predictors, and
outcome of thrombosis after successful implantation of drug-eluting
stents. JAMA. 2005 May 4;293(17):2126-30.

6. Spertus JA, Kettelkamp R, Vance C, Decker C, Jones PG,
Rumsfeld JS, Messenger JC, Khanal S, Peterson ED, Bach RG, Krumholz
HM, Cohen DJ. Prevalence, predictors, and outcomes of premature discon-
tinuation of thienopyridine therapy after drug-eluting stent placement: results
from the PREMIER registry. Circulation. 2006 Jun 20;113(24):2803-9.

7. Virmani R, Guagliumi G, Farb A, Musumeci G, Grieco N, Motta T,
Mihalcsik L, Tespili M, Valsecchi O, Kolodgie FD. Localized hypersensitivi-
ty and late coronary thrombosis secondary to a sirolimus-eluting stent:
should we be cautious? Circulation. 2004 Feb 17;109(6):701-58.

8. Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E, Kutys R,
Skorija K, Gold HK, Virmani R. Pathology of drug-eluting stents in
humans: delayed healing and late thrombotic risk. J Am Coll Cardiol.
2006 Jul 4;48(1):193-202. Epub 2006 May 5.

9. Takano M, Ohba T, Inami S, Seimiya K, Sakai S, Mizuno K.
Angioscopic differences in neointimal coverage and in persistence of
thrombus between sirolimus-eluting stents and bare metal stents after a
6-month implantation. Eur Heart J. 2006 Sep;27(18):2189-95.

10. Kaiser C, Brunner La Rocca HP, Pfisterer M, on behalf of the BAS-
KET investigators. BASKET-LATE: Late Clinical Events Related to Late
Stent Thrombosis After Stopping Clopidogrel: Drug-Eluting vs Bare-Metal
Stenting ME. American College of Cardiology 2006 Scientific Sessions;
March 14, 2006; Atlanta, GA.

11. One-year stent thrombosis rate in the EVASTENT registry: is this the
patient, the procedure or drug-related? Machecourt J, Danchin N,
Lablanche JM, Marliere S, Fauvel JM, Grollier G, Bonnet JL; scientific ses-
sions of the European Society of Cardiology, Barcelona 2006; abstract 1014.

12. Camenzind E, Safety of drug-eluting stents: insights from meta
analysis scientific sessions of the European Society of Cardiology,
Barcelona 2006; Session Number: 707009; Hotline I.

13. Carter AJ, Aggarwal M, Kopia GA, Tio F, Tsao PS, Kolata R,
Yeung AC, Llanos G, Dooley J, Falotico R. Long-term effects of polymer-
based, slow-release, sirolimus-eluting stents in a porcine coronary model.
Cardiovasc Res. 2004 Sep 1;63(4):617-24.



14. Virmani R, Liistro F, Stankovic G, Di Mario C, Montorfano M,
Farb A, Kolodgie FD, Colombo A. Mechanism of late in-stent restenosis
after implantation of a paclitaxel derivate-eluting polymer stent system in
humans. Circulation. 2002 Nov 19;106(21):2649-51.

15. Lafont A, Li S, Garreau H, Cornhill F, Vert M. PLA stereocopolymers
as sources of bioresorbable stents: preliminary investigation in rabbit.
J Biomed Mater Res B Appl Biomater. 2006 May;77(2):349-56.

16. Zilberman M, Nelson KD, Eberhart RC. Mechanical properties
and in vitro degradation of bioresorbable fibers and expandable fiber-
based stents. J Biomed Mater Res B Appl Biomater. 2005
Aug;74(2):792-9.

17. van der Giessen WJ, Lincoff AM, Schwartz RS, van Beusekom
HM, Serruys PW, Holmes DR Jr, Ellis SG, Topol EJ. Marked inflammato-

EURO

Editorial

ry sequelae to implantation of biodegradable and nonbiodegradable poly-
mers in porcine coronary arteries. Circulation. 1996 Oct 1;94(7):1690-7.

18. Tamai H, Igaki K, Kyo E, Kosuga K, Kawashima A, Matsui S,
Komori H, Tsuji T, Motohara S, Uehata H. Initial and 6-month results of
biodegradable poly-I-lactic acid coronary stents in humans. Circulation.
2000 Jul 25;102(4):399-404.

19. Vert M, Li S, Garreau H. New insights on the degradation of biore-
sorbable polymeric devices based on lactic and glycolic acids. Clin Mater.
1992;10(1-2):3-8.

20. R. Waksman R, R. Erbel R, Bonnier H, Wijns W, Weissman N.
Intravascular ultrasound findings four months post absorbable magne-
sium stent implantation in human coronaries. scientific sessions of the
European Society of Cardiology, Barcelona 2006.

-23-





