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Figure 1: PRISMA flow diagram. 
Modified from: Moher D, Liberati A, 
Tetzlaff J, Altman DG, The PRISMA 
Group (2009). Preferred Reporting 
Items for Systematic Reviews and 
Meta-Analyses: The PRISMA 
Statement. PLoS Med 6(7): e1000097.  
For more information, visit 
www.prisma-statement.org. 
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Figure 2: Colourised scanning electron micrograph of a stent biofilm showing microbes (highlighted in orange), hexagonal carbonate hydroxyapatite crystals 

(blue) and amorphous crystal-like structures (green). For imaging, stent sections were fixed with glutaraldehyde and formaldehyde in phosphate-buffered saline, 
followed by Au/Pd sputtering after chemical dehydration. 
 

http://www.smw.ch/
http://emh.ch/en/services/permissions.html


 

 

 
 
Figure 3: Example of a cross-section of a ureteral stent (left image) and a scanning electron micrograph of the stent biofilm (right image). 
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Table 1: Ureteral stent materials and their performance in preventing biofilm formation. 

Stent material Specification Performance Clinical stage /  
availability 

Polyurethane stents – “Soft” ureteral double-pigtail catheter (Sof-
Flex®) 
– “Firm” ureteral double-pigtail catheter (classic 
polyurethane stent) 

– No differences in encrustation and bacterial 
adhesion of the stents in vivo [88] 

– Less stent related dysuria and pain in patients 
with “soft” stent type [88] 

Both stent types are 
commercially available 

Metal stents – Self-expandable ureteral stent (Wallstent®, 
cobalt-based alloy) 
– Thermo-expandable ureteral stent (Memokath®, 
nickel-titanium alloy) 
– “Coil” design ureteral double-pigtail catheter 
(Resonance®, nickel-cobalt-chromium-
molybdenum alloy) 

– No advantages regarding encrustation in vivo 
– Fewer urinary tract infections reported in vivo 
– Good performance in malignant ureteric 
obstruction (especially Memokath®) 
– Poor performance in benign ureteral 
obstruction [89] 

All three stents are 
commercially available 

Gel-based stents – Gel-based stent (pAguaMedicina®, highly 
hydrated, partially hydrolysed polyacrylonitrile 
polymer) 

– Significant reduction (43–71%) of bacterial 
adhesion and biofilm formation in vitro, not yet 
tested in vivo [90] 

Commercially available for 
paediatric use. 

Table 2: Coating techniques and their influence on biofilm formation. 

Coating technique Performance Clinical stage /  
availability 

Heparin coating – Significant reduction of encrustation in vivo 
– No effect on bacterial adhesion in vivo [93–95] 

Commercially available product (Radiance®) 

Hydrogel-based coatings – Significant reduction of encrustation in vitro 
– No effect on bacterial adhesion in vitro [97] 

Commercially available product (HydroPlus® 
coating) 

Diamond-like carbon coatings – Decrease of encrustation and biofilm formation in vitro and in vivo [98] Commercially available product (VisioSafe 
DIAMOND®) 

Triclosan-eluting stents – No significant reduction of encrustation or biofilm formation in vitro and 
in vivo 

– Significant reduction of stent-related flank pain, abdominal pain and 
urethral pain [99] 

Formerly commercially available (Triumph®); 
Withdrawn from market because of concerns about 
the development of bacterial resistance 

Oxalate degrading enzyme 
coatings 

– Significant reduction of encrustation, no results on bacterial adhesion in 
vitro and in vivo (animal study) [103] 

Not yet commercially available 

Nanoscale-body coating – Antibacterial effects resulting in effective prevention of Pseudomonas 
aeruginosa biofilm formation in vitro [104] 

Not yet commercially available 
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