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Drug-eluting metallic stents in urology
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ABSTRACT
Drugeluting metal stents (DESs) have been extensively used in coronary and vascular disease. This type of stents has been 
proven to provide signifi cantly lower restenosis rates due to the reduction of neo-intimal hyperplasia in comparison to 
the traditionally used bare metal stents (BMSs). The latter stents have been evaluated for more than a decade in urological 
practice in an attempt to provide permanent relief of urethral or ureteral obstruction. Although the initial results 
were promising, long-term experience revealed signifi cant complications, which are mainly attributed to stent-related 
hyperplastic reaction compromising stent patency. The favorable experience of vascular DESs led to the application of 
DESs in both the urethra and ureter of animal models. These experimental results demonstrated a reduction of hyperplastic 
reaction of DESs in comparison to BMSs. Nevertheless, clinical data are currently not available. Considering the fact that 
DESs are under continuous development, the use of DESs in urology holds promise for the future and seems to be an 
intriguing fi eld.
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INTRODUCTION

Bare metal stents (BMSs) are an invaluable tool for the 
management of coronary and vascular disease in the 
fi elds of interventional cardiology and radiology.[1,2] In 
fact, the use of these stents represents the cornerstone 
for the above specialties as they are inserted in the 
arteries during the performance of percutaneous 
transluminal angioplasty . BMSs are small, tubular, 
wire mesh devices, which are loaded in a collapsed 
form onto the catheter balloon. The system composed 
of the stent and catheter are inserted over a guidewire 
through a vascular lesion, the balloon is infl ated to 
dilate the obstruction and the stent is released on 
the vascular wall. After the expansion of the stent, 

the BMS acts as a mechanical scaffold, preventing elastic 
recoil and maintaining vessel luminal patency. Eventually, 
the stent is incorporated to the vascular wall after a period 
of epithelization.[3] The main complication of this process 
is lumen restenosis (20-30% of the cases), which is mainly 
attributed to neo-intimal hyperplasia.[2,3]

THE CONCEPT OF DRUG-ELUTING STENTS (DESs)

In an attempt to minimize lumen restenosis, DESs were 
introduced. The latter stents aim to reduce the risk of neo-
intimal hyperplasia induced by stent insertion. DESs have 
the potential of endoluminal release of pharmacological 
anti-proliferative substances in a controlled fashion into the 
vessel lumen. Specifi cally, the anti-proliferative drug is coated 
onto the stent surface and is slowly released. These substances 
reduce the hyperplastic reaction by inhibiting the smooth 
muscle cell cycle and their proliferation.[4,5] The clinical 
evaluation of DESs proved their superiority of DES over BMS 
in terms of stent restenosis. In fact, signifi cantly lower risk of 
lesion revascularization and signifi cantly lower mortality in 
comparison to those receiving BMSs was observed. In fact, 
the need for lesion revascularization was decreased from 20% 
to23.5% of the cases treated by BMSs to 7,5-10% by DESs.[3,6,7]

THE EVOLUTION OF DES DESIGN

The fi rst generation of DESs was exemplifi ed by stents 
such as the Cypher (sirolimus-eluting stent) and the Taxus 
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(paclitaxel). Although these stents were a significant 
improvement over BMSs, they were associated with late 
stent thrombosis.[3,6] Thus, the second generation of DESs 
was introduced and included the Endeavor (zotarolimus) 
and XIENCE V (everolimus). The second generation 
had differences in stent structure, polymer layer and 
anti-proliferative agent resulting in improved safety 
outcomes even after a long follow-up period.[3,6] Currently, 
intensive research efforts by a large number of investigators 
and companies are underway in an attempt to improve 
the design and effi cacy of the DESs. Since a DES consists 
of three components-stent platform, stent coating, and 
pharmaceutical agent-the aforementioned research extends 
to all these components.

Stent platform
Regardless to the generation of the stent, the design of the 
stent platform should result in minimum shortening, should 
follow the vessel geometry and provide high radial strength 
with minimal radial recoil. The biocompatibility of the stent 
is also very important. Thus, the stents are composed of 
biologically inert materials (i.e.,stainless steel). Metal alloys 
such as the nickel-titanium and cobalt-chromium have been 
proven to be advantageous over stainless steel in terms of 
biocompatibility. The issues with the long-term safety of 
the fi rst generation of DESs led to the development of fully 
biodegradable stents and the introduction of biomimetic and 
biodegradable polymer stent platforms.[3,7] Even the concept 
of biocorrible iron platform has been proposed in an attempt 
to avoid the permanent presence of the stent platform and 
the associated complications in the treated organ.[8]

Stent coating
The stent coating surrounds the metallic structure 
of the DES. It is usually made of polymeric material, 
which provides controlled release of pharmaceutical 
agents. The biocompatibility of these agents is important 
and these polymers should have specific properties 
including suppression of intimal proliferation, should 
be non-thrombotic, non-inflammatory, non-toxic and 
hemocompatible (when referring to vascular stents). These 
features prevent thromboembolic events and facilitate 
the endothelization process of the stent.[2,3] The stent 
coating requires elastic properties, which undergo fl aking 
or delaminating during the expansion of the stent by the 
balloon. The controlled and predictable rate of drug release 
is another factor when considering stent coating selection.

The coatings of DESs could be categorized to biostable 
(polyurethane, silicone, polyethylenecopolymers), to 
biodegradable (polyglycolic and polylactic polymers)and to 
biological polymers (i.e.,phosporylcholine, hyaluronicacid). 
The initial experience with the fi rstgeneration of DESs 
showed that permanent (biostable) material such as 
poly-n-butylmethacrylate, polyethylene-co-vinylacetate 
and the copolymer poly (styrene-b-isobutylene-b-styrene) 

were effi cient in drug delivery.[9] The fi rst stent coatings 
were substituted by more biocompatible permanent 
materials, such as phosphorylcholine copolymers. More 
recently, advanced DESs use bioabsorbable polymers with 
promising results.[3]

The pharmaceutical agents
Four categories of pharmaceutical agents could possibly 
be used on DESs: Anti-infl ammatory, anti-thrombogenic, 
anti-proliferative and immunosuppressive drugs. The 
decision for the use of any of the above drug classes is 
based on the issues to be managed. Specifi cally, the selection 
of the most appropriate agent is based on the dose for 
local delivery and the determination of an appropriate 
biocompatible vehicle for local delivery.[10] The drugs used 
on DESs usually inhibit one or more biochemical pathways 
related to the hyperplastic reaction and platelet aggregation 
and eventually prevent intraluminal restenosis.

Sirolimus (rapamycin) and its analogs (zotarolimus, 
everolimus, biolimusA9, tacrolimus, pimecrolimus) bind 
to cytosolic proteins (FK-506 bindingprotein-12) and 
inhibit cell proliferation. The actions of sirolimus also 
include inhibition of several pathways such as infl ammation, 
neointimalhyperplasia formation, synthesis of collagen and 
protein as well as the migration of smooth muscle cells.[11] 
Zotarolimus and everolimus inhibit smooth muscle cell and 
T-cell proliferation by binding on FK-506 binding protein-12. 
The chemical properties of these agents (noctanol/water 
partition coefficient and lipophilic features) allow the 
slow release rate of the drugs and favors effi cient drug 
distribution.[12] Tacrolimus is an immunosuppressive agent 
which inhibits calcineurin and T cell signal transduction. 
Experimental studies show that tacrolimus facilitates earlier 
endothelization, but is less potent in the inhibition of 
smooth muscle cell proliferation.[13] BiolimusA9 has similar 
actions to sirolimus and also exerts potent anti-infl ammatory 
action.[14]

Paclitaxel stabilizes the microtubules, which are necessary 
for the transition of the cell cycle from phase G2 to M-phase. 
The above event takes place by the polymerization of the 
subunits of tubulin by the action of paclitaxel. Moreover, 
paclitaxel inhibits the proliferation and migration of smooth 
muscle cells.[11] Actinomycin D is another anti-proliferative 
drug, which inhibits ribonucleic acid synthesis by forming 
as table complex with deoxyribonucleic acid. As a result, cell 
proliferation is effi ciently inhibited. The clinical results of 
the respective DES were unfavorable.[11,15]

Dexamethasone has potent anti-infl ammatory properties. 
The systematic administration of the drug is useful in 
the management of infl ammatory diseases and inhibits 
the proliferation of fi broblasts, smooth muscle cells and 
macrophages. The use of dexamethasone in DES is based on 
the concept to reduce the infl ammatory reaction induced by 
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the implantation of the stent,which results to restenosis of 
the stent lumen. The clinical effi cacy of the dexamethasone 
eluting stent was not promising since its effi ciency was not 
comparable to the fi rst generation of DESs.[3]

Antibodies
A signifi cant issue of vascular stent restenosis is the formation 
of thrombus in the lumen. The prevention of the above 
complication is achieved by the administration of systematic 
antiplatelet regimen to stented patients. The use of an 
anti-thrombogenic agent on a DES would probably render 
the administration of antiplatelet drugs as unnecessary. 
Currently, experimental research showed promising results 
with the use of an antiplatelet glycoprotein IIb/IIa antiboby 
eluting stent in rabbit model.[3,16] A stainless steel stent 
covered by antibodies specifi c to surface antigens, which 
facilitate there-endothelialization of the stent and result 
in reduced stent restenosis.[17] A combination of antibodies 
for inhibition of the thrombotic process and cytotoxic drugs 
has been recently proposed. In fact, sirolimus-eluting stents 
received antihuman-CD34 antibodies on their surface in 
an attempt to improve the endothelialization process.[17,18] 
The combination of drugs and antibodies represents an 
interesting concept for the enhancement of the effects of 
the currently available DESs.

UROLOGICAL METAL STENTS

The urological application of metal stents (MSs) in the 
ureter and urethra has been investigated for more than 
a decade.[19,20] The use of MSs in the urethra aimed to 
relieve bladder outlet obstruction due to benign prostatic 
hyperplasia and urethral strictures. Placement of MSs in the 
urethra was promising but signifi cant problems such as the 
frequent presence of stent encrustation, infection, migration 
and lower urinary tract symptoms limited the use of urethral 
MSs.[19,21] Infact, long-term experience showed high failure 
rates and signifi cant diffi culty in the management of failed 
urethral MSs since the removal of the stent may require 
complex reconstructive surgery.[22-24]

In the ureter, short-term experience with MSs had 
favorable outcomes, especially in the case of malignant 
ureteral obstruction, which was proven to be effi ciently 
alleviated by their insertion.[20,25] Unfortunately, these 
initial promising results were followed by controversial 
results during the long-term evaluation of the ureteral 
MSs.[25,26] Malignant ureteral obstruction due to extrinsic 
tension by metastatic retroperitoneal tumor is probably the 
most common indication for MS insertion since the use of 
double-J polymeric stents is related to high failure rates.[27,28] 
The latter cases could be also managed by the placement 
of nephrostomy tubes,which have been proven to have a 
signifi cant psychological impact to the patients and diminish 
their quality-of-life.[29] These patients usually have a limited 
life expectancy and the placement of a nephrostomy is 

avoided by the use of MSs. If the patency of the MS is 
compromised in the above cases, a double-J stent could be 
inserted through the stented ureter with excellent results.[26] 
Benign cases treated by MS insertion are very limited due 
to the MS related complications.[20] The most common 
cause of stent restenosis was the hyperplastic reaction 
developed through the stent struts. Encrustation, migration 
and infection were also complications of ureteral MSs.[19,26]

UROLOGICAL DESs

The use of DESs in the ureter or urethra is based on the 
same concept as the use of DESs in coronaryvessels; the DES 
releases cytostatic drugs in a controlled fashion. These drugs 
limit the hyperplastic reaction and potentially minimize 
restenosis of the stented ureter or urethra.[2,30] Nevertheless, 
the cell biology, physiology and histology of both ureter and 
urethra are signifi cantly different in comparison to the artery. 
In fact, the urothelium comprises a special barrier,which 
minimizes crossing of substances and the effi ciency of the 
drug of the DESs may be compromised.[31,32] Drug-eluting 
polymeric and biodegradable stents have been tested in 
experimental and clinical trials to minimize long-term 
problems related to the permanent MSs in the urinary tract 
and have shown favourable results.[33-35] Specifi cally, the 
insertion of a MS in the urinary tract is usually associated 
with signifi cant diffi culty in its removal when necessary. In a 
number of cases, removal requires challenging reconstructive 
procedures due to the signifi cant local scarring. In view of 
these problems, use of DESs in the urethra and ureter 
should be carefully evaluated in experimental models before 
clinical use. Currently, only experimental animal studies 
are available on the use of DESs in the urinary tract.[30,36,37]

Shin et al. inserted paclitaxel eluting metallic stents and 
polyurethane covered stents alternately between the proximal 
and distal urethra of dogs.[36] 20 covered MSs (controls) and 
20 DESs were custom made by the authors and placed in 20 
male dogs. Specifi cally, the DESs were made by covering 
the metal structure of the stent with polyurethane solution 
containing 0.4% paclitaxel while the control stents were 
covered by polyurethane alone. The dogs were divided into 
two groups according to the follow-up period (4 or 8 weeks). 
Retrograde urethrography and histologic evaluation of the 
stented urethras was performed. Stent migration was observed 
in two cases. At 4 weeks, signifi cantly lower hyperplasia 
was observed in the case of DESs in the proximal urethra 
in comparison to those in the distal urethra. No signifi cant 
difference was observed in the hyperplastic reaction in the 
DESs compared to the polyurethane covered MSs, regardless 
of the stent position. There was less hyperplasia in the distal 
urethra than in the proximal urethra irrespective of the stent 
type. Moreover, hyperplastic reaction was never statistical 
signifi cant when the DESs were compared to the covered 
MSs in the different urethral sites at 8 weeks. The authors 
concluded that the use of DESs in the urethra may be an 
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interesting option for clinical application, especially when 
the drug-elution feature is combined with a more advanced 
retrievable design of the stent.

In an attempt to evaluate the effect of DESs in the 
ureter, Liatsikos et al. used a commercially available 
paclitaxel-eluting stent (Taxus, BostonScientifi c, Natick, MA, 
USA) in a porcine model.[37] A DES was inserted into one 
ureter and a bare MS (R-Stent, Orbus Medical Technologies, 
Hoevelaken, Netherlands) in the other ureter of each animal. 
Follow-up imaging included intravenous (IV) pyelography, 
nephrotomography and virtual endoscopy at 24h and 21 days. 
During the follow-up period, the majority of MSs were occluded 
while the remaining stents were stenosed by hyperplastic 
reaction. DESs were all patent during the follow-up period.

Recently, Kallidonis et al. inserted zotarolimus eluting 
MSs (Endeavor, Medtronics, USA) in porcine and rabbit 
ureters.[30] A BMS (R-Stent, Orbus Medical Technologies, 
Hoevelaken, Netherlands) was placed in the one ureter 
(control) and a DES in the other ureter of the same animal. 
The follow-up period was 4 weeks for the pigs (n = 10) and 
8 weeks for the rabbits (n = 6). The use of two animal species 
was decided for the extension of the follow-up period. Pigs 
undergo rapid growth and their care represents a practical 
challenge even during a period of a few weeks. The inclusion 
of rabbits allowed the extension of the follow-up period and 
the investigation of the effect of the DES in the ureter for 
a longer period. Computerized tomography was performed 
for the evaluation of the porcine ureters every week and 
IV pyelography weekly for the rabbit ureters. Optical 
coherence tomography was used for the fi rst time for the 
evaluation of the intraluminal patency and the wall of the 
stented ureter. The latter method has been well-documented 
for the evaluation of metallic stents in vessels.[38] Diuretic 
renogram evaluated renal function in conjunction with 
stent patency. Histologic evaluation of the stented ureters 
was performed by embedding the ureter and stent en bloc 
in polymeric resin (glycol-methylmethacrylate, GMA), 
which is considered the most appropriate method for the 
pathologic evaluation of stented vessels.[39] Hyperplastic 
tissue was observed by the computed tomography scans or 
IV pyelography in both stent types. BMSs in seven porcine 
ureters were completely occluded. The DESs were associated 
with hyperplastic tissue that did not result in obstruction. 
Two rabbit ureters stented by BMS were obstructed while 
ureters stented by ZES were never occluded. Diuretic 
scintigrams revealed that the function of the seven porcine 
renal units and one rabbit unit with obstructed stented 
ureter was signifi cantly compromised.

Optical coherence tomography was performed in 23 stented 
ureters and revealed increased hyperplastic reaction in the 
ureters stented by BMSs in comparison to ZESs [Figure 1a and b]. 
Pathologic assessment of the MSs showed signifi cantly more 
hyperplastic reaction in MSs in comparison to ZESs.

CONCLUSION AND FUTURE PERSPECTIVES

DESs have been a fi eld with extensive progress in interventional 
cardiology and radiology.[2,3] A variety of different stent 
designs, pharmacological agents and coatings have been 
introduced and are under experimental as well as clinical 
evaluation. Specifi cally, polymer-free and bioabsorbable DESs 
are under development with promising perspectives for the 
future.[2,3] The use of DESs in the ureter and urethra has been 
limited to few experimental studies. Further experimental 
investigation will decide the potential use of DESs in clinical 
trials. It remains to be proven if the promising benefi t of DESs 
will eventually become a part of urological practice.
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