
Coronary stent technology is a crucial part of most interventional procedures
for percutaneous revascularization. Previously, vessel wall injury and plaque
fracture were the usual sequelae in response to the mechanical effect of bal-
loon angioplasty. Nowadays, a sophisticated engineering tool serves not only
as a scaffolding platform but also as an advanced vector for local anti-prolif-
erative drug delivery to the arterial wall. The wide acceptance of coronary
stenting is based on the results of pioneering trials, such as the BENESTENT
and STRESS trials, which showed the superiority of stenting over balloon an-
gioplasty in terms of a reduction of angiographic restenosis and the need for
repeated intervention. Since then, the growing use of stents in ever more com-
plex lesions and patients has stimulated the introduction of a rapidly increas-
ing number of different stent designs. These have been proposed in order to
address physiologic concerns: indeed, a primary aim of stent development is
to reduce device profiles and increase flexibility thus facilitating safe delivery
of the stent. Percutaneous coronary stent implantation frequently results in
significant three-dimensional (3D) changes in the geometry of native coro-
nary arteries. These changes may increase the risk of in-stent re-stenosis due
to altered vessel wall compliance and subsequent alterations in shear stress.
Additionally, the implantation of a stiff stent within the coronary arteries may
result in flexion or hinge points due to the abrupt changes in vessel wall rigid-
ity at the ends of the stent. These hinge points have been associated with in-
creased rates of re-stenosis and may increase the risk of edge dissection and
the need for additional stent implantation. Other important issues are lesion
coverage, to avoid plaque prolapse, and radial support, to prevent elastic re-
coil of the artery. Furthermore, the ability to easily access arterial side branch-
es through the struts of a deployed stent in bifurcation lesions has progres-
sively gained importance. Finally, radiologic visibility during angiography is
another important element in optimizing the clinical benefits of a stent, espe-
cially during placement, while the attenuation index must be considered if, for
example, computed tomography will be performed after the procedure.
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This chapter summarizes the components of stent design that are impor-
tant in terms of the biological response of the arterial wall and clinical out-
come. In addition, new stent platforms, mainly represented by the
biodegradable stent, are reviewed since they are expected to provide a
more “physiologic” answer to stent implantation, reducing vascular injury
and accelerating vessel healing with consequent improvement in clinical
outcome.

Types of Stents

In clinical practice, the interventional cardiologist must decide which stent is
most appropriate for the patient and, even more importantly, for the lesion to
be treated. Albeit the “ideal” stent – one that is tailor-made to treat a given le-
sion or a particular subset of patients – does not exist, the general characteris-
tics of the “perfect” stent can be summarized as follows:
• Flexible
• Trackable
• Low unconstrained profile
• Radio-opaque
• Thromboresistant
• Biocompatible
• Reliably expandable
• High radial strength
• Circumferential coverage
• Low surface area
• Hydrodynamic compatibility

In general, stents can be classified according to several engineering vari-
ables that influence the stent characteristics, biocompatibility, and outcome 
(Figs. 12.1, 12.2):
• Mechanism of expansion (self-expanding or balloon-expandable)
• Materials (stainless steel, cobalt-based alloy, tantalum, nitinol, inert coat-

ing, active coating, or biodegradable)
• Forms (sheet, wire, or tube)
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Fig. 12.1. Scanning electron micrographs (magnification �18) showing stents of (a) 8-strut and (b) 
12-strut design after balloon expansion. Reproduced with permission from Sangiorgi G. et al (2007)
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• Manufacturing methods (laser-cut, water-jet cutting, photo-etching, etc.)
• Geometrical configurations/design (mesh structure, coil, slotted tube, ring,

multi-design, or custom design)
• Addition to stent (grafts, radio-opaque markers, coatings, etc.)

Mechanism of Stent Expansion

Balloon-expandable stents are made from materials that can be plastically de-
formed through the inflation of a balloon; after the balloon is deflated, the
stent remains in its expanded shape, except for a slight recoil caused by the
elastic portion of the deformation. Self-expanding stents, by contrast, are
manufactured in the expanded shape, then compressed and constrained in a
delivery system. Upon their release from the delivery system, they spring
back, i.e., self-expand, to the pre-set diameter. Indeed, this characteristic of a
self-expandable stent can be used when metallic struts are needed to cover a
soft plaque, in which case a larger stent can be chosen that will not fully ex-
pand in the vessel but will remain compacted among the different cells, pro-
ducing more lesion coverage.
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Fig. 12.2. Stent-design pyramid showing different materials and construction characteristics. Reproduced
from Garasic J.M. et al (2000)



Materials

Materials for metallic balloon-expandable or self-expanding stents must ex-
hibit excellent corrosion resistance and biocompatibility (Table 12.1); they
should be adequately radio-opaque, and create minimal artifacts during mag-
netic resonance imaging (MRI). For balloon-expandable stents, the ideal ma-
terial for construction should have a low yield stress (to make it deformable at
manageable balloon pressures), high elastic modulus (for minimal recoil), and
become hardened following expansion, thus being of high strength.

The most widely used material for balloon-expandable stents is stainless
steel, typically 316L, a particularly easily deformable material with low car-
bon content and additions of molybdenum and niobium. Alternative materials
for balloon-expandable stents are tantalum, platinum alloys, niobium alloys,
and cobalt alloys. Their advantages are better radio-opacity, higher strength,
improved corrosion resistance, and better MRI compatibility.

For self-expanding stents, the ideal material should have a low elastic
modulus and a high yield stress for large elastic strains. Currently, the most
widely used material is nitinol, a nickel-titanium alloy that can recover from
an elastic deformation of up to 10%. This unusually wide elastic range, com-
monly known as super-elasticity, is the result of a thermo-elastic martensitic
transformation.

Raw Material

Stents can be made from sheet, wire (round or flat), or tubing. The latter two
account for a large majority of balloon-expandable and self-expanding stents.
Stents made from sheet metal have to be rolled into a tubular configuration
after the pattern has been created.

Fabrication Methods

The choice of fabrication method depends mainly on the raw material used.
Wires can be formed into stents in various ways using conventional wire-
forming techniques, such as coiling, braiding, or knitting. The simplest shape
for a wire stent is a coil. All coil stents marketed today are balloon-expand-
able. Wire-mesh stents (such as the self-expanding Wallstent, Boston Scientif-
ic, Natick MA) and the coil stent (such as the old Gianturco-Roubin Flex/GR-
II, Cook, Bloomington IN; and the Wiktor, Medtronic, Minneapolis MN)
have been shown to have a high propensity for thrombosis and re-stenosis and
are thus no longer used by cardiologists for coronary interventions.

The vast majority of coronary stents, and probably the majority of periph-
eral vascular stents, are produced by laser cutting from tubing, typically,
Nd:YAG lasers. Balloon-expandable stents are cut in a crimped or near-
crimped condition, and only require post-cutting deburring and surface treat-
ment, typically electropolishing.

Self-expanding nitinol stents can be cut either in the ‘small’ configuration, re-
quiring post-cutting expansion and shape-setting, or in the expanded condition.
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Table 12.1. Overview of materials used in balloon-expandable and self-expandable stent manufacture, different stent forms, stent fabri-
cation, stent geometry, and additions. Reproduced with permission from Sangiorgi G. et al (2007)

Materials Balloon-expandable stents • Stainless steel 316L (vast majority)
• Tantalum
• Martensitic nitinol
• Platinum iridium
• Polymers
• Niobium alloy
• Cobalt alloy

Self-expanding stents • Super-elastic
• Nickel-titanium 
• Nitinol (majority)
• Cobalt alloy )
• Full hard (stainless steel)

Form Wire • Wallstent (cobalt alloy)
• Bridge, S7, S660, (stainless steel, welded rings)
• Angiostent (platinum iridium)
• Strecker (tantalum)
• Expander (nitinol)

Tube • (Vast majority)
Sheet • NIR (stainless steel)

• ZR1 (stainless steel)
• GRII (stainless steel)
• Endotex (nitinol)

Ribbon • Horizon Prostatic (nitinol)
• EndoCoil, Esophacoil (nitinol)

Fabrication Laser-cutting • (Vast majority)
Photochemical etching • NIR

• Nitinol sheet
• Coiled nitinol framework, ePTFE  covering

Brading • Wallstent (cobalt alloy)
Knitting • Streaker (tantalum)
Vapor deposition
Water jet • SCS, SCS-Z stent
Helical spiral • Periodic peak-to-peak connections 

• No/minimal connections   
• Axial spine 
• Integral with graft

Woven • Braided 
• Knitted

Individual rings
Stent geometry Sequential rings Open cells • Peak-to-peak connections
Slotted tube/coil • Peak-to-valley connections 

• Midstruts connections
• Hybrids
• Other

Closed cells • Regular peak-to-peak connection
• Non-flex connector
• Flex connector
• Combined connector
• Hybrid

Coil
Additions Covering • WallGraft; coiled nitinol framework, ePTFE covering

Radio-opaque markers • Tabs (tantalum end, gold end, platinum within strut)
• Sleeve (gold, platinum)
• Welded (tantalum)

Radio-opaque coating • Gold, silicone carbide over gold
Biocompatibility coatings • Tantalum coating, phosphorylcholine,  carbon coating, silicone carbide 
Drug-eluting coating • Rapamicyn, paclitaxel



In either case, they have to be deburred and polished. A cutting method that
does not produce a heat-affected zone is water-jet cutting, in which a focused
jet of water and an abrasive additive is used instead of a laser beam to cut the
pattern. Another interesting manufacturing method is photochemical etching.

Geometry

Early designs were generally classified as having either slotted-tube geome-
tries, such as the Palmaz stents, or coil geometries, such as the Gianturco-
Roubin Flex stent. While the former had excellent radial strength, they lacked
flexibility. The opposite was the case for coil designs. The subsequent evolu-
tion of stent design led to the development of a wide variety of stent geome-
tries, which can be classified into five main categories: coil, helical spiral or
woven individual rings, or sequential rings.

Closed Cell

In sequential ring construction, all internal inflection points of the structural
members are connected by bridging elements. This condition is typically only
possible with regular peak-to-peak connections (Fig. 12.3). The primary ad-
vantages of closed-cell designs are optimal scaffolding and a uniform surface,
regardless of the degree of bending. However, these advantages result in a
structure that is typically less flexible than that conferred by a similar open-
cell design.

Open Cell

In this type of construction, some or all the internal inflection points of the
structural members are not connected by bridging elements. The unconnected
structural elements contribute to longitudinal flexibility (Fig. 12.4). Periodi-
cally connected peak-to-peak designs are common among self-expanding
stents, such as the SMART stent, and balloon-expandable stents, such as the
AVE S7.
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Fig. 12.3. The Skylor is a balloon-expandable cobalt-chromium stent characterized by a closed cell and
thin struts pre-mounted on a rapid-exchange-type balloon catheter. Reproduced from Koolen J.J. et al
(2007), with permission from Blackwell Publishing



Coatings

Several active compounds have been used to cover stents in order to increase
their biocompatibility, thereby enhancing their safety and effectiveness.
Among the different compounds tested, heparin was one of the first, reducing
the coagulation cascade (and thus possibly the thrombogenic risk) after the
deployment of a stent. Other coatings, such as phosphorylcholine and silicon-
carbide, have been used in order to reduce platelet activation and interaction,
with the goal of limiting platelet adhesion to the stent struts during the acute
phase of stent re-endothelialization.

Passive coverage also has been shown to be useful. Indeed, covered stents
have been created in which a polytetrafluoroethylene (PTFE) layer was
placed between two stents (Jostent graft, Jomed) or one stent was covered by
an inner and an outer layer of PTFE (Symbiot, Boston Scientific).

Additions

Radio-Opacity Enhancements

To improve the X-ray visibility of stents made from stainless steel or nitinol,
gold, platinum, or tantalum markers are added to the stent struts.  Electroplating
(with gold) is another option, albeit it may induce an inflammatory reaction of
the vessel wall.

Drugs

The combination of highly refined metallic stent designs and polymer materi-
als has been the standard approach in several drug-eluting stent (DES) initia-
tives. Stent-based drug delivery has been accomplished by three distinct
mechanisms:
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Fig. 12.4. Coroflex Blue™, with its
open-cell design, represents a new-
generation cobalt-chromium stent
endowed with characteristics of high
flexibility and thin struts (65 μm).
Reproduced with permission from 
B. Braun Melsungen AG, Germany



• Bio-absorbable polymeric stents can be loaded with a drug that is eluted
slowly over time.

• Metal stents can have a drug bound to their surfaces or embedded within
macroscopic fenestrations or microscopic nanopores, thus providing more
rapid drug delivery.

• Metal stents coated with an outer layer of polymer (bio-absorbable or non-
bio-absorbable) can be drug-loaded, thus providing more controlled and
sustained drug delivery and, consequently, more effective drug-tissue inter-
actions.
Recent experimental data suggest that stent-strut configuration directly

determines the pattern and degree of drug delivery achieved by the stent.
Therefore, maintenance of regular strut spacing despite expansion of the
stent under various anatomic circumstances will result in the most regular
and predictable drug delivery. For DESs in which the drugs have wide toxic-
to-therapeutic ratios, such as those loaded with members of the sirolimus
family (e.g., the sirolimus-eluting Cypherstent; Cordis, Johnson & Johnson,
Miami Lakes, FL), the regularity of strut spacing might be less important and
adequate drug doses can be applied to the stent surface so that, despite broad
variability in the delivery location, an adequate dose is uniformly released.
For DESs containing drugs with narrower toxic-to-therapeutic ratios (e.g.,
the paclitaxel-eluting Taxus; Boston Scientific) (Fig. 12.5), inadequate dos-
ing may occur at sites where the stent struts lie far apart and over-therapeutic
or toxic dosing at sites where the struts bunch together, owing to vessel cur-
vature or asymmetric expansion.

While Cypher has a closed-cell design, Taxus has a tandem architecture
that features neither a closed- nor an open-cell design; instead, there are inter-
vals with a shorter or longer axis to increase radial force. Both stents have in-
ert and non-erodible polymeric coatings. The Endeavor stent (Medtronic,
Minneapolis, MN) uses the non-erodible polymer phosphorylcholine to re-
lease the sirolimus analogue ABT-578; it is the first DES in which a non-
stainless steel alloy serves as the foundation for a polymer-coated DES, i.e.,
the thin-strut cobalt-chromium alloy (Driver).

The platform of the Xience V stent (7) is a L-605 cobalt chromium (CoCr)
balloon-expandable stent that is remarkably similar to its successful bare-metal
stent (BMS) equivalent, the Multi-Link Vision (Abbott Laboratories), whose
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Fig. 12.5. Taxus (paclitaxel-elut-
ing) stent from Boston Scientific
(Genoa, Italy). Reproduced with
permission



main characteristics are low strut thickness, high flexibility and deliverability, ac-
ceptable compliance, recoil, and overall good radio-opacity. Everolimus (Certi-
can, Novartis, Basel, Switzerland) is a sirolimus analogue and it has a useful role
in the prevention of allograft rejection after organ transplantation. With its potent
suppression of reactive neointimal ingrowth, this drug has been shown to signifi-
cantly reduce neointimal proliferation. The polymer coating in the Xience V stent
is formed by two layers, a primer and a drug reservoir, and by two polymers, an
acrylic polymer and a fluoropolymer. A 5- to 6-μm thick layer of everolimus-
polymer matrix is applied to the surface of the stent and is loaded with 100 μg of
everolimus per cm2 of stent surface area with no top-coat polymer layer. The
safety profile of the Xience V stent has been to date quite satisfactory, despite the
duration of dual anti-platelet therapy being limited to the conventional 
3–6 months. Specifically, 3-year data from the SPIRIT I trial demonstrated no
significant increase in major adverse cardiac events or late stent thrombosis in
patients treated with Xience V. Similarly favorable results have been reported
from the SPIRIT II (one patient had late stent thrombosis by 6 months in each
group) and SPIRIT III (stent thrombosis rates at 270 days 0.5% for Xience 
V vs. 0% for Taxus) trials. Late incomplete apposition (i.e., stent malapposi-
tion), a phenomenon potentially associated with late stent thrombosis, was
similarly uncommon with either Xience V or Taxus in the SPIRIT II and III trials.

Impact of Stent Design on Clinical Outcome

Acute Outcome

Lesion-related (vessel diameter and length, ostial or bifurcational position, im-
plantation technique, IVUS guidance), and patient-related (diabetes, clinical
presentation) variables are major determinants of acute, sub-acute, and long-
term clinical outcomes. Although the immediate performance of the stent may
be improved by increasing strut thickness (which increases radio-opacity, radial
strength, and arterial-wall support) excessive strut thickness may impart more
vascular injury, trigger more intimal hyperplasia, and engender a higher risk for
re-stenosis than thinner struts. In recent years, active-drug coating (e.g., with
sirolimus or paclitaxel) has emerged as a major determinant in the reduction of
angiographic re-stenosis and repeated re-vascularization of the target lesion.
The choice of a particular type of stent design is mainly influenced by the spe-
cific familiarity of the surgeon with one device or another, and by the potential
performance of that device in a specific lesion. Indeed, as different lesions be-
have in different ways after stent deployment, each type of lesion may require
treatment with a different stent. For example, tortuous lesions necessitate the
use of particularly conformable and flexible stents, while in ostial lesions stents
with strong radial support and good radiologic visibility are often preferred. For
bifurcation lesions, the possibility to rewire the side branch through the stent
struts after stent deployment in the main branch is a major factor determining a
good result, while chronic total occlusions constitute a subset of lesions in
which good lesion coverage and favorable radial support are important. Fur-
thermore, small vessels require stents with good flexibility, very thin strut
structure, and a good trackability in the case of very distal lesions.
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The most threatening acute complication of a stenting procedure, stent
thrombosis, has been reduced to <1–2% (compared to 5-7% in the initial tri-
als) due to the introduction of high-pressure deployment of the device and
double anti-platelet therapy. However, there are substantial differences in the
hemodynamic and wall rheological characteristics of implanted stents of dif-
ferent designs; accordingly, the “hydrodynamic compatibility” of a stent is
now recognized as an important feature of ideal stent design.

Long-Term Outcome

The wire-mesh stent, e.g., the self-expanding Wallstent (Boston Scientific),
and the coil stent, e.g., the old Gianturco-Roubin Flex/GR-II (Cook) and Wik-
tor (Medtronic) stents, have been shown to have a high propensity for throm-
bosis and re-stenosis, because of the high metal to surface area ratio of the
former and the high degree of elastic recoil (associated with poor radial
strength) and tissue prolapse of the latter. Other stent designs, such as the tu-
bular stent [e.g., the Palmaz-Schatz (Johnson & Johnson, NIR, Boston Scien-
tific) and Crown (Cordis, Johnson & Johnson) stents] and the multicellular
model (Multi-Link, Guidant, Boston Scientific), have been shown to attain
better results than the wire-mesh and coil stents. However, none of these
stents are still used in clinical practice.

The immediate performance of the stent may be improved by increasing
strut thickness (which increases radiovisibility, radial strength, and arterial-
wall support); however, excessive strut thickness triggers more intimal hyper-
plasia, and engenders a higher risk for re-stenosis than thinner struts. Clinical
studies confirm this direct relationship between strut thickness and arterial-
wall reaction. In the ISAR-STEREO-2 trial, the ACS RX Multi-Link stent
(Guidant, Advanced Cardiovascular Systems), with 0.05-mm struts, elicited
less angiographic and clinical re-stenosis than the BX Velocity stent (Cordis,
Johnson & Johnson), with a strut thickness of 0.14 mm.

The ideal DES should have a large surface area of contact with the vascu-
lar wall, minimal inter-filament gaps, robust radial support, and symmetrical
expansion to ensure uniform drug elution. At the same time, it needs to be
slim, flexible, and conformable to enable successful deployment in complex
lesions. The potential for long-term adverse effects of the synthetic polymers
often used as carriers for anti-mitotic drugs is a major concern. Synthetic
polymers may induce an enhanced inflammatory reaction and, possibly, a
pro-thrombotic response. Late stent thrombosis, late stent apposition, and
coronary aneurysm are thus real possibilities.

Stent Coating

Stents with an active coating of gold, a highly radiovisible and biocompatible
material, have been demonstrated to be inferior to plain stainless steel stents in
four randomized trials. A higher rate of stent thrombosis and re-stenosis rate was
observed with gold-coated stents than with BMS in all trials. Coating stents with
silicon carbide, a potentially less thrombogenic and more compatible material
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than stainless steel, also did not improve angiographic and clinical outcomes
compared with BMS in two recent randomized trials. Other randomized trials
showed similar results with phosphorylcholine- and heparin-coating. Indeed, in
all these studies there was no angiographic or clinical benefit compared to BMS.

Passive coverage of stents with PTFE has been assessed in the treatment of
degenerated saphenous vein grafts containing a considerable amount of fri-
able athero-thrombotic material. Other useful indications for PTFE-covered
stents are coronary aneurysm exclusion and coronary perforation. The
MGuard coronary stent (Inspire-MD, Tel-Aviv, Israel) is designed to protect
against a post-procedural embolic shower (Fig. 12.16). This device presents a
novel combination of a coronary stent and an embolic protection device. The
latter consists of an ultra-thin polymer mesh protective sleeve that is wrapped
around the stent and anchored to the external surface of the stent. The sleeve
is composed of a micron-level-fiber knitted mesh, designed for flexibility
while retaining the strength characteristics of the fiber material. In ongoing
clinical trials conducted in Germany and Brazil, interim results have shown a
procedural success rate of 100% and no report of any major adverse cardiac
events. To date, the MGuard coronary stent has shown safety in human coro-
nary and vein graft indications.

Drug Elution

Stent implantation was developed to overcome the acute recoil and high re-
stenosis rate of balloon angioplasty, but resulted in the development of chron-
ic in-stent re-stenosis related to specific factors regarding patient, stent, le-
sion, and procedural characteristics. Some factors are not modifiable, such as
patient and lesion characteristics, whereas procedural characteristics may be
improved by better implantation technique and stent design. DESs are a novel
approach in stent technology and design in which local drug delivery is aimed
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Fig. 12.6. A 3D view of MGuard™
Coronary Stent System (Inspire-MD,
Tel-Aviv, Israel). MGuard is a bare
metal stent with an ultra-thin PET
sleeve designed to protect against
an embolic shower during and post-
procedure



at inhibiting intimal thickening by interfering with the pathways involved in
inflammation, migration, proliferation, and/or secretion of the extracellular
matrix. The breakthrough appearance of stents eluting anti-proliferative drugs
with or without a carrier polymer has recently produced unparalleled results,
with an overall reduction in the re-stenosis rate of 70–85% and in major ad-
verse cardiac events of about 60% compared with BMS. The overall occur-
rence of re-stenosis and target lesion revascularization is < 10%.

Both the drug and the delivery vehicle must fulfill pharmacologic, phar-
macokinetic, and mechanical requirements. Current successful DESs require
a polymer coating for drug delivery. Clinical trials examining several phar-
maceutical agents, particularly sirolimus and paclitaxel, have demonstrated a
marked reduction in re-stenosis following stenting. Sirolimus is a natural
macrocyclic lactone and paclitaxel is a cytotoxic agent effective against
many tumors. Both compounds block cell-cycle progression and thus inhibit
the proliferation of smooth muscle cells. The ideal drug to prevent re-steno-
sis must have an anti-proliferative and anti-migratory effect on smooth mus-
cle cells but must also enhance re-endothelialization, in order to prevent late
thrombosis. Additionally, it should effectively inhibit the anti-inflammatory
response after balloon-induced arterial injury. Stents eluting sirolimus, pacli-
taxel, and, more recently, ABT-578 and everolimus are commercially avail-
able, but ongoing research and clinical trials will result in new stents, with
novel designs and loaded with a variety of compounds, coming to market.
Further improvements, including expansion of drug-loading capacity, coat-
ings with programmable pharmacokinetic capacity, and the discovery of new
drugs, will further enhance the efficacy and safety of these stents. Although
DESs have significantly reduced the angiographic re-stenosis rate and im-
proved clinical outcome, late thrombosis and re-stenosis remain an important
subject of ongoing research. Synthetic or biological polymers can be used as
matrixes for drug incorporation, but concerns have been raised regarding
biocompatibility, sterility, or the potential induction of inflammation. Cur-
rently, alterations on stent-backbone design (biodegradable, bioabsorbable,
nanoporous, etc.) are being explored.

Bioabsorbable and Biocompatible Stents

There is an emerging safety concern regarding the risk of stent thrombosis as-
sociated with DES implantation. The clinical and angiographic predictors are
represented by the discontinuation of dual anti-platelet therapy, minimal lu-
men diameter (MLD, mm), stent under-expansion, stent malapposition (either
after stent implantation or at follow-up as a result of positive remodelling),
stent length, residual untreated dissections, geographic miss of the diseased
vessel, left ventricular dysfunction, diabetes mellitus, age, acute coronary
syndrome, chronic renal insufficiency, bifurcations, and in-stent re-stenosis.

Promising results have arisen with DESs designed with biodegradable
polymer technologies. In addition, an attractive alternative is certainly repre-
sented by the bioabsorbable stents; however, it remains to be determined
whether this technology will address the issues of delayed endothelialization
and late thrombosis, re-stenosis at the edges, unavoidable inflammatory reac-
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tion, and impaired vessel healing, all of which are normally encountered after
stent implantation.

Novel materials used as stent coatings include biocompatible though not
biodegradable phosphorylcholine, a natural component of the cell membrane,
and biodegradable polylactic acid (PLA) and poly (lactic-co-glycolic acid
(PLGA). The latter two are fully metabolized to water and carbon dioxide,
leaving in situ a BMS after the active compound is released. Promising results
have been reported in the CREATE and CURAMI trials on three different
stainless steel stents covered with PLA and sirolimus (Table 12.2).

Biolimus A9, a potent rapamycin derivative, has been evaluated in two
PLA-coated stainless steel stents: the Biomatrix (Biosensors International,
Singapore) and the Nobori (Terumo, Japan). In the Nobori study, at 9-month
angiographic follow-up there was a benefit for Nobori over Taxus in terms of
in-stent late lumen loss (0.11±0.50 vs. 0.32±0.50 mm, p < 0.001) and binary
re-stenosis (0.4 vs. 4.6%, p = 0.01). At 2-year-follow-up, there were no signif-
icant differences between the two study groups in the incidence of ARC-de-
fined stent thrombosis, (0% for Nobori vs. 2.4% for Taxus).

Tacrolimus is a macrolide that decreases the expression of pro-inflam-
matory cytokines (e.g., interleukin-2) and suppresses T-cell proliferation. It
has a preferential effect on smooth muscle cells and does not enhance the
expression of tissue factor. A cobalt chromium stent containing a PLGA
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Table 12.2. Novel biodegradable and biocompatible stents. Reprinted by permission of Edizioni Minerva from Minerva Cardioangiol,
 Rogacka R. et al (2008)

Stent name DES/BMS Active Stent Manufacturer Study
drug platform

Biodegradable/biocompatible polymer

PLA Exel DES Sirolimus SS JW Medical Systems CREATE
Cura DES Sirolimus SS Orbus Neich CURAMI
Supralimus DESSupralimus Supralimus Matrix SS Sahajanand PAINT
Infinnium DES Placlitaxel Matrix SS Sahajanand PAINT
Biomatrix DES Biolimus A9 SS Biosensors Int. UI
Nobori DES Biolimus A9 SS Terumo NOBORI
S-stent DES Biolimus A9 SS Biosensors

PLGA CoStar DES Paclitaxel SS Conor Medsystems
Mahoroba DES Tacrolimus CoCr Keneka UI
SymBio DES Pimecrolimus+ Paclitaxel SS Conor Medsystems UI
Synchronnium DES Sirolimus+ heparin SS Sahajanand UI

No polymer Tinox BMS SS+Ti/NO alloy TiNOX
Nanoporous AlO DES Tacrolimus SS+AlO UI
Nanoporous 
hydroxyapetite BMS SS UI

Biodegradable platform

No PDLLA Igaki-Tamai BMS Self-expandible PLLA Igaki Medical Planning
Absorb DES Everolimus PLLA Abbott ABSORB
Dreams DES Pimecrolimus Mg Biotronik UI

PDTECI REVA DES Paclitaxel Tyrosine REVA RESORB
poly-carbonate



polymer that releases tacrolimus (Mahoroba, Kaneka, Japan) and the asso-
ciation in another stent of its analogue pimecrolimus with paclitaxel (Sym-
Bio, Conor Medsystems, Menlo Prak, California) are currently under in-
vestigation. The Synchronnium stent (Sahajanand Medical Technologies,
India) incorporates sirolimus and heparin, with the goal of decreasing
thrombogenicity.

Modern technologies have also made use of the well-known properties of
flavonoids. A combination of genistein, a natural isoflavonoid phytoestro-
gen that inhibits collagen-induced platelet aggregation, and sirolimus is de-
livered by heparinized biodegradable polymers (PLA, PLGA, and polyvinyl
pyrrolidone) in the Coronnium stent platform. This design is currently being
tested.

Polymer-Free Solutions

Data on the possible pro-thrombotic effect, by delayed endothelial healing, of
the permanent polymers of the first generation of DESs, has forced research
into new stent platforms into two directions: the development of biocompatible
polymers and of modern stent platforms that do not include polymer coating.
In a randomized trial examining the titanium – nitric – oxide-coated stent
(TiNOX), 92 patients received TiNOX stent or a BMS of identical design.
Quantitative coronary angiography at 6 months revealed lower late loss (0.55 ±
0.63 vs. 0.90 ± 0.76 mm, p = 0.03) and percent diameter stenosis (26 ± 17%
vs. 36 ± 24%, p = 0.04) in lesions treated with TiNOX-coated than control
stents. Binary re-stenosis was reduced from 33% in the control group to 15%
in the TiNOX stent group (p = 0.07).

To avoid application of a polymer, micro- and nanoporous stent platforms
have been designed with the aim of allowing impregnation with active drug,
thus customizing drug doses and/or combinations of different drugs.
Nanoporous hydroxyapetite (a biocompatible crystalline derivative of calci-
um phosphate) coating is currently under investigation.

Biodegradable Platforms

Fully degradable stents represent an attractive alternative to stents with a nov-
el polymer coating. However, important characteristics need to be fulfilled in
order to meet the expectations of modern interventional cardiology, such as
the ability of controlled, sustained drug release and sufficient mechanical
strength to prevent negative vessel re-modeling and avoid stent
deformity/strut fractures. Late positive re-modeling with vessel expansion as-
sociated with a not fully endothelialized or malapposed stent would no longer
be a problem if that stent could dissolve as the vessel remodeled. The major
theoretical advantage of this type of stent should hopefully be a lower risk of
stent thrombosis and subsequently the possibility to eliminate prolonged dual
anti-platelet therapy. In addition, vasomotion is restored after stent degrada-
tion, which may be an advantage in case of the necessity for repeat percuta-
neous or surgical re-vascularization.
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In 2000, Tamai et al. published the first data on a fully degradable PLLA
Igaki-Tamai stent (Igaki Medical Planning, Japan). The 6-month results of 
15 patients treated with 25 stents confirmed the safety and feasibility of this
device.

Tyrosine-Derived Polycarbonate

Another device currently under investigation is the REVA stent (REVA Med-
ical, San Diego, CA). This radio-opaque stent has a unique structure that al-
lows it to expand in the artery with sliding, locking parts rather than through
material deformation. The preliminary data from animal studies were present-
ed at the Scientific Sessions of Cardiovascular Revascularization Therapeu-
tics (CRT) Congress in 2007. Due to its “slide and lock” design, the REVA
stent is characterized by a steel-like performance with low acute recoil (< 1%)
and high radial strength. The unique chemistry of the polymer platform al-
lows adjustable degradation over 7–12 months. At 1 month, complete en-
dothelialization of the stent was observed and no thrombotic events occurred.
These preliminary data are to be confirmed in the ongoing “REVA Endovas-
cular Study of a Bioresorbable Coronary Stent” (RESORB). The first patients
were recently enrolled in the two study sites in Germany and Brazil.

Magnesium Alloy

An absorbable metal stent (AMS, Biotronik, Bülach, Switzerland) composed
of a magnesium alloy is a promising alternative to polymer platforms. Dis-
similar to traditional metallic stents, it is completely radiolucent, with two ra-
dio-opaque markers at its ends, and erodes completely in 30–60 days. The re-
sults of the First in Man study, with non-drug-eluting AMS, were disappoint-
ing. In the “Biotronik Absorbable Metal Stent Below the Knee” (BEST-BTK)
trial, the rate of re-stenosis in peripheral arteries was approximately 50%.

Conclusion

Although stents are currently considered the gold standard for the treatment
of narrowed coronary arteries, there is experimental and clinical evidence to
indicate that “a stent is not just a stent.” Different stent models have differ-
ent structural properties, with their own inherent advantages. Tubular or
corrugated stents are better than coil or wire-mesh stents, in terms of a
 better acute and mid-term outcome. Stents with thinner struts and lower
metal density yield a lower risk of re-stenosis than stents with thicker struts
and should be used for high-risk lesions, such as those located in small ves-
sels, where the risk of re-stenosis is often magnified. The availability of
new, highly biocompatible, and more radiovisible alloys with the same if
not superior tensile strength as stainless steel will enable the production of
low metal density stents that may further improve the anatomic and clinical
outcomes obtained with current stainless steel stents. Furthermore, stents
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coated with anti-proliferative agents, in particular sirolimus and paclitaxel,
have opened a new era in interventional cardiology. The re-stenosis rates of
these stents are unrivaled by other BMS models. However, several impor-
tant questions regarding their cost-effectiveness, long-term safety, and dura-
bility need to be addressed in order to clearly understand their potential
 impact on daily practice. Moreover, as these devices may be unsuccessful,
an understanding of the causes of their failures and of their different per-
formances in various anatomic and biochemical settings becomes of pivotal
importance. As scientists and companies continue to develop new types of
stents containing different anti-proliferative drugs, it is entirely foreseeable
that most interventional procedures will eventually involve DESs – contain-
ing sirolimus, paclitaxel-or even more effective drugs with both anti-mitotic
and anti-thrombotic actions – impregnated onto highly biocompatible
 carrier vehicles and mounted onto a stent design with uniform expansion
and with programmable, controllable drug-eluting capability. It is also pos-
sible that a co-action of different drugs, i.e., a paclitaxel-eluting stent and
oral rapamycin given systemically, may further improve the clinical out-
come in terms of re-stenosis. Finally, new stent platforms, such as
biodegradable stents or endothelial progenitor cell capturing stents may
soon provide a more “physiologic” answer to stent implantation, thus reduc-
ing vascular injury, accelerating vessel healing, and consequently improv-
ing clinical outcome. With the wide variety of devices currently under
 investigation and the prompt response of the industry to the requests of in-
terventional cardiologists looking for their “Holy Grail”, the road to finding
the “ideal stent” may gradually becoming shorter.
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