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ABSTRACT 

The biocompatibility of 8 double-J stent brands was evaluated both in vivo, by scanning 
electron microscopy and histological analysis of pig ureters intubated for 6 weeks, and in vitro, 
by cell culture methods. In vivo findings showed that superficial epithelial destruction was 
milder in the ureters intubated with hydrogel-coated stents than in those intubated with other 
stents. Inflammatory reactive changes were milder in the ureters intubated with silicone stents 
than in those intubated with other stents, while encrustation was more severe on silicone and 
GreyTM stents than the others. In vitro, the 3 stent brands made of "modified polyurethane" were 
found to be cytotoxic while the others were not. Overall, silicone and hydrogel-coated stents 
seemed to be more biocompatible than the others, and hydrogel-coated stents to be more suitable 
than silicone stents for long-term ureteral stenting, being less prone to encrustation. Although 
they are of an experimental nature, these findings may be of relevance to clinical practice. 
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Double-J ureteral stents are widely used to provide ade- 
quate drainage of the obstructed upper urinary tract or to 
promote healing of ureteral lesions by preventing urinary 
extravasation. For such purposes, these endoprostheses have 
to be kept in place for periods ranging from a few days to 
several months. Because of their close contact with the uro- 
epithelium during the intubation period, biocompatibility of 
the prosthetic materials is a major requirement. 

Various biocompatibility parameters for urinary catheters 
were recognized by clinicians during the 1980s following 
reports of severe urethral strictures in patients receiving 
indwelling latex catheters.'-4 A series of investigations re- 
vealed that toxic substances added to the catheters during 
the manufacturing process can leak from the device in situ 
and cause severe urethritis and scarring leading to the de- 
velopment of urethral  stricture^.^^ Urethral ischemia, lead- 
ing to reduced blood circulation, was found to play a major 
role in the development of catheter-induced urethral stric- 
tures due to the reduced clearance of toxic substances leaking 
from the catheters.". l1 Increasing knowledge of material- 
related problems has led to more stringent quality require- 
ments for urinary catheters, and most manufacturers have 
improved the quality of their products.'2 

However, few studies have been made assessing the biocom- 
patibility of doub1e-J stent materials, despite reports of compli- 
cations associated with their use.13* l4 The tendency has been to 
focus on the effects of the biomaterials on the urine (encrusta- 
tion) rather than on the effects of the biomaterials on the uro- 
epithelium. Ramsay and coworkers'6 first pointed out that por- 
cine ureters responded to 3 weeks' intubation with polyure- 
thane stents with a generalized thickening of the wall, hy- 
perplasia and mucous metaplasia of the epithelium. Re- 
cently, Marx and coworkers16 have studied the effects of 
various indwelling double4 stent materials on the normal 
canine ureter. They found that, after 6 weeks' intubation, 
epithelial ulceration was prominent in ureters stented with 
pure polyurethane and infrequent in ureters stented with 
silicone, C-FlexTM (Cook Urological, Spencer, Indiana) (an 
ethylenehutylene-styrene copolymer with polysiloxane 
added to improve surface  characteristic^,'^ or Silitek'" (a 

Accepted for publication July 5, 1994. 
* Requests for reprints: via Eustachio 13, 70054 Giovinazzo (Ba), 

Italy. 
This study was supported by a grant from the Finnish Academy. 

polyester) (Surgitek MEC, Racine, Wisconsin), while edema 
was more marked in ureters stented with SilitekTM than in 
ureters stented with other materials. They concluded that 
silicone and C-FlexTM stents were more suitable for ureteral 
stenting than the other tested materials. 

An increasing number of doub1e-J stents, including pure 
polyurethane, softened polyurethane, polyurethane-derived 
polymers, silicone and hydrogel-coated stents, is available. 
Knowledge of the biocompatibility of these stents, including 
their effects on both the uroepithelium and the urine, should 
help to determine their safety, particularly for long-term use. 
With this in mind, we investigated the biocompatibility of 8 
different stents with in vitro cell cultures and in vivo intu- 
bation of pig ureters. We also attempted to correlate the 
observed effects with the chemical or physical properties of 
the stent materials. 

MATERIALS AND METHODS 

In vivo experiments. Thirteen Finnish York piglets weighing 
16 to 24 kg. and aged 12 to 14 weeks were used, as at  this age 
the size of the ureter is the same as that of an adult human. 

After sedation with ketamine (25 mg./kg. body weight in- 
tramuscularly), a venous line was established via an ear 
vein. The animals were then anesthetized with sodium pen- 
tobarbital (15 mg./kg. body weight intravenously), intubated 
and ventilated with air. Under sterile conditions a midline 
abdominal incision was performed, and the kidneys, renal 
pelves and upper ureters were exposed. A transversal uret- 
erotomy and a cystotomy were performed. The doubleJ 
stents were inserted using a floppy-tipped guide wire, and their 
correct position was checked by digital palpation. Twenty-three 
renal units were stented with 6F double4 catheters of 8 differ- 
ent types; 3 renal units were not stented and served as controls 
(table 1). The ureterotomy was closed with a few 7-Zero PDS 
interrupted stitches. The bladder and peritoneum above the 
kidneys and upper ureters were closed with 3-Zero PDS rum& 
sutures. No drainage was used. All the animals were given 1 g. 
cefotriaxone intravenously during the surgical procedure. 

After 6 weeks of intubation, the kidneys and ureters were 
harvested using the same sterile surgical procedure. Five- to 
8-mm. pieces from the proximal and distal parts of the ure- 
ters and the proximal and distal parts of the stents were 
collected for scanning electron microscopy (SEM). The uTe- 
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TABLE 1. Trade name, manufacturer and chemical composition of the tested items 
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Trade Name 

Puroflex 
Blue Stent 
Grey Stent 
Polyurethane 
Sof-Flex 
C-Flex 
Silicone 
Hydro-Plus 
no stent 

Manufacturer 
Angiomed, Karlsruhe, Germany 
Angiomed, Karlsruhe, Germany 
Angiomed, Karlsruhe, Germany 
Cook Urological, Spencer, Indiana 
Cook Urological, Spencer, Indiana 
Cook Urological, Spencer, Indiana 
Cook Urological, Spencer, Indiana 
Microvasive, Watertown, Massachusetts 
(control renal units) 

Chemical Composition Renal Units 

pure polyurethane 
modified polyurethane 
modified polyurethane 
pure polyurethane 
modified polyurethane 
polysiloxane added copolymer 
pure silicone 
hydrogel-coated C-Flex 

kral specimens were fixed on board plates with the epithelial 
side upwards, while the stent specimens were cut in half 
longitudinally to examine both the outer and inner surfaces. 
All specimens were washed in 0.1 M. phosphate buffer (pH 
7.4) and fixed in 10% glutaraldehyde for 12 hours. They were 
then dehydrated in ethanol and critical point dried according 
to the recommendations of Andersson" in a Balzers Union 
CPD 020 Critical Point Dryer (Balzers, Lichtenstein). The 
specimens were then coated with 200 A thick gold using a 
Fine Coat Ion Sputter JF'C-1100 and viewed with a Jeol 
JSM-820 Scanning Electron Microscope (Jeol, Tokyo, Japan). 
The ureteral samples were examined blind (the examiner 
was unaware of the trademarks of the stents under analysis) 
for epithelial destruction and inflammatory reactive changes 
(presence of debris and of inflammatory cells), and graded as 
normal (grade 0) or exhibiting mild (grade l), moderate (grade 
2), or severe changes (grade 3). The stent specimens were ex- 
amined for encrustation and graded as normal (grade 0 = no 
encrustation) or exhibiting mild (grade 11, moderate (grade 21, 
or severe (grade 3) encrustation. 

The remaining parts of the ureters and the kidneys were 
fixed in 10% buffered formalin for histological examination. 
Hematoxylin and eosin-stained sections of the high and low 
ureter were examined blind for inflammatory infiltrate in 
the epithelium and subepithelial space, mucous metaplasia 
and epithelial hyperplasia, and graded as normal (grade 0) or 
exhibiting mild (grade l) ,  moderate (grade 2), or severe 
changes (grade 3). 

In vitro experiments. Because of its stable growing proper- 
ties, the continuous human cell line J M  (T-cell leukemia) was 
chosen for the cell culture test. The cell concentration 
was 200,00O/ml. Under sterile conditions, the stent materials 
(0.15 g./ml.) were eluted in RPMI-1640 culture medium at 
37C for 3 days. After removing the stent pieces the eluates 
were supplemented with 10% fetal calf serum and added to 
cell cultures at  3, 10, 30, 60 and 100% concentrations. The 
culture medium itself was used as a negative control. A latex 
urinary catheter known to be toxic was chosen as a positive 
control. After culturing for 3 days a t  37C, cell proliferation 
was measured by adding 20 pCi Htdr (tritiated thymidine) 6 
hours before the termination of culture and quantifying the 
incorporated radioactivity by scintillation counting. Tripli- 
cate determinations were made and the medians were used 
as representative values.6 

RESULTS 

In vivo experiments. Control ureters had scores of 0 for all 
of the examined features (table 2). Superficial epithelial de- 
struction was minimal in the ureters intubated with Hydro- 
PlusTM (Microvasive, Watertown, Massachusetts) stents and 
mild to moderate in the ureters intubated with other stent 
brands (table 2). Inflammatory reactive changes, including 
SEM findings of the presence of debris and inflammatory 
cells and histological findings of inflammatory infiltrate in 
the epithelium and subepithelial space, mucous metaplasia 
and epithelial hyperplasia, were very mild in the ureters 
intubated with silicone stents and mild to moderate in those 

total 26 

TABLE 2 .  Scanning electron microscopy and histological analysis of 
the porcine ureters and scanning electron microscopy analysis 

ofthe various double-J stentiafter 6 weeks of intubation 
Superficial Ureteral 

items Epithelial Reactive 
Destruction Changes 

controls 0 0 
Silicone 0.9 0.4 
Hydro-Plus 0.3 1.3 
Sof-Flex 1.0 0.7 
Blue 0.8 1.0 
Grey 1.1 1.2 
Puroflex 1.2 1.3 
Polvurethane 1.4 1.3 

Stent 
Encrustation 

- 
2.0 
0.75 
0.3 
1.0 
1.7 
0.8 
0.3 

C A e x  1.4 1.6 0.4 
Grade 0 = no changes; Grade 1 = mild changea; Grade 2 = moderate changes; 

Grade 3 = severe changes. Grade 0 = no encrustation; Grade 1 = mild e m .  
tation; Grade 2 = moderate encrustation; Grade 3 = severe encrustation. 

intubated with the others (table 2). Finally, encrustation was 
found to be more severe on silicone and GreyTM (Angiomed, 
Karlsruhe, Germany) stents than on the others (table 2). 

In vitro experiments. Three stent brands, namely Sof- 
FlexTM (Cook Urological), BlueTM (Angiomed) and GreyTM, 
had cytotoxic effects proportional to the eluate concentration 
whereas none of the other stent brands showed cytotoxic 
effects. The cytotoxicity of these stents, however, was only 
moderate in comparison with that of the latex catheter (fig). 

DISCUSSION 

In a state of absolute biocompatibility of urinary tract 
prostheses, the biomaterial does not affect the uroepithelium 
or the urine a t  all. Despite the development of better mate- 
rials for urinary tract prostheses, however, this state has not 
been attained. 
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Biocompatibility is complex since it depends on various 
chemical and physical properties, such as specific polymeric 
formulation, the substances that may be added during the 
manufacturing process, hydrophilicity, surface charge, ten- 
sile strength, the friction coefficient and so on. In the present 
study we investigated the biological reactions to various 
double4 stent biomaterials and also attempted to correlate 
these reactions with their chemical or physical properties. 
Four basic biological reactions were identified, three in vivo 
(superficial epithelial destruction, ureteral idammatory re- 
active changes and stent encrustation) and one in vitro (cy- 
totoxicity). 

Superficial epithelial destruction. Superficial epithelial de- 
struction was found to be considerably milder in the ureters 
intubated with Hydro-PlusTM stents than in those intubated 
with other stent brands. Although Hydro-PlusTM and C-FlexTM 
stenta are made of the same material, the former yielded the 
lowest score while the latter yielded the highest. Moreover, 
our epithelial destruction scores correlated closely with the 
reported14 friction coefficients for the various stents tested. 
These findings suggest that the hydrogel coat significantly 
reduces epithelial damage by reducing the hydrophobicity 
and the friction coefficient of the stent materials. This is of 
major relevance to the biocompatibility of stents, since severe 
epithelial damage may lead to fibrosis of the ureteral wall 
and possible stricture formation. 

Ureteral reactive changes. Ureteral reactive changes were 
found to be considerably milder in the ureters intubated with 
silicone stents than in the others. There was no significant 
difference between the reactive changes scores of the ureters 
intubated with Hydro-PlusTM or C-FlexTM stents, suggesting 
that the reactive changes do not depend on the hydrophobic- 
ity or the friction coefficient of the various biomaterials. 
Conversely, our reactive changes scores closely correlated 
with the reported tensile strength of the tested stent 
brands,14 indicating that the stiffer the stent the larger the 
induced reactive changes tend to be. Despite this correlation 
it is difficult to see why stiffness as such should cause mucous 
metaplasia and inflammatory infiltration of the epithelium. 
Rather, we believe that the epithelial reaction may depend on 
the specific chemical formulation of the biomaterials. The 
superior chemical inertness of silicone in comparison with 
the other prosthetic materials has been widely proved in 
long-term breast and penile implants. 

Encrustation. Encrustation was found to be considerably 
more severe on silicone and GreyTM stents than on the 
others. It has recently been demonstrated that encrusta- 
tion depends on the chemical composition of the stent 
materials and that the incorporation of fluorine-containing 
components confers significant resistance to encrusta- 
tion." The marked difference in encrustation between sil- 
icone and Hydro-PlusTM stents makes the latter more suit- 
able for long-term stenting. 

Cytotozicity. The cell culture test showed that the 3 stents 
made of "modified polyurethane" (Sof-FlexTM, BlueTM and 
GreyTM) were cytotoxic, while the stents made of pure sili- 
cone, pure polyurethane and pure C-FlexTM were not. These 
findings suggest that cytotoxicity depends on the chemicals 
added during the manufacturing process to improve the prop- 
erties of the stents. Interestingly, in vitro cytotoxicity did not 
correlate with any of the pathologic findings in vivo. This may 
be due to the relatively mild cytot~xicity of the stenta and to the 
effective clearance of the toxic substances in normal ureteral 
blood circulation and continuous urinary flow conditions. 

In conclusion, silicone catheters are widely considered the 
most suitable prostheses for long-term ureteral stenting 
since they have been found to cause less host reaction and 
superficial epithelial destruction than other stent materials. 
Although the present experimental study confirms these 
findings, it individuates a marked tendency t o  encrustation 
in silicone stents, which constitutes a major limitation on 

their long-term use. The number of hydrogel-coated stents 
tested was small, but the findings were clear. These 
stents caused even less superficial epithelial destruction 
and were less prone to encrustation than the silicone ones 
and thus seem to be more suitable for long-term ureteral 
stenting. Although these findings are of an  experimental 
nature, they may be of relevance to clinical practice. 

Attempts were made to identify and quantify the biologi- 
cal reactions induced by double4 stents and to correlate 
these reactions to the physical and chemical properties of the 
tested materials. Validation of biocompatibility testing meth- 
ods is an  important issue. In the United States the F.D.A. has 
requested clinical and laboratory data on existing devices as 
a preliminary to further market approval. In 1997, when the 
European regulations come into force, biomaterials will have 
to be proved safe before gaining licenses. When biocompat- 
ibility testing methods become routine, materials that do not 
affect the biological environment can be expected. 
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