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Introduction: The deployment force of a ureteral access sheath (UAS) directly
influences both the size of UAS that can be inserted and the occurrence of ureteral
injuries. In this regard, the role of UAS lubricity in facilitating the passage of UASs has
yet to be elucidated. Accordingly, we sought to characterize the lubricity of commonly
available 14 Fr UASs as well as 14 Fr ureteral and urethral dilators using a novel
ex-vivo ureteral tissue holder and a tribometer.

Materials and Methods: Twelve urological catheters (8 UAS, 1 urethral dilator, and 3
ureteral dilators) were tested against six ex-vivo Yorkshire porcine bivalved ureteral
segments. The ureter was fixed in place with a custom-designed ureteral holder that
ensured a constant saline film at the urothelial-UAS interface throughout testing (Figure
1). A 4 Newton normal force was applied perpendicular to the urothelium. A tribometer
(Rtec Instruments – Tribometer MFT-5000, San Jose, CA), capable of detecting
changes in force in thousandths of a Newton, measured the friction generated at the
urothelium-UAS interface. The urothelium and the UAS were in contact over a length of
2.5 cm for 10 seconds simulating UAS insertion and for 10 seconds simulating UAS
retraction. The coefficient of friction (COF) was defined as the ratio between the
frictional force and the normal force. The relative lubricity of each catheter across the 6
porcine ureters was summarized according to the COF lubricity percentile using radar
plots.

The average roughness (Ra), a standard of measure in tribology, of the sheaths and
dilators was assessed using a white light interferometer camera on the Rtec Tribometer
MFT-5000. This analysis was of particular interest for the UAS/UD with identical AQ
hydrophilic coatings (12/14 Fr Cook Flexor UAS, Cook Ureteral Dilator, and Cook
Urethral Dilator) in order to understand different COF variabilities despite a similar
coating. These sheaths or dilators were placed under the interferometer lens to capture
interference patterns, which were processed to calculate Ra values. This approach
allowed us to correlate surface roughness with observed frictional behaviors, providing
insight into factors influencing ease of insertion and retraction.

Results: Among all tested catheters, the Cook Flexor® UAS consistently displayed the
lowest COF, while the ureteral and urethral dilators demonstrated the highest COF
(Figure 2). White light interferometry revealed that average surface roughness also
significantly impacted the COF despite a similar coating (e.g., AQ coating on the Cook
Flexor® UAS outer sheath, ureteral dilator, and urethral dilator); indeed, a higher
surface roughness invariably resulted in a higher COF and lower lubricity (Figure 3).



Conclusions: The Cook Flexor® AQ-coated UAS demonstrates superior lubricity,
indicating the potential for smoother insertion and retraction during ureteroscopy. All
tested ureteral and urethral dilators had poorer lubricity compared to UASs. Moreover,
for catheters with the same coating, surface roughness negatively impacted catheter
lubricity.

Figure 1. Experimental set-up overview. A. 3D view of the novel ureteral holder. B.
Adequate orientation of the proximal and distal ureteral ends. C. Ureteral fixation using
C-hinges. D. Load cell applies a constant normal force of 4 Newtons. E. Bidirectional
UAS-ureteral interaction.



Figure 2. Overall relative lubricity of each urological catheter during insertion
across the six different porcine ureters summarized according to the COF
percentile of lubricity. The relative lubricity of each catheter against the 6 different
porcine ureters was assessed on a point scale from 1-7 according to their percentile
lubricity, with 1 point corresponding to the 1st percentile of lubricity and 7 points
corresponding to the 99th percentile of lubricity. The points obtained by each catheter
against each ureter were summed up across the 6 different ureters for a maximum
number of 42 points. A higher area of the radar plot (a higher number of points)
corresponds to a higher lubricity. On the opposite end, a lower area of the radar plot (a
lower number of points) corresponds to a lower lubricity. The catheters were organized
in descending order, from the most lubricious to the least lubricious. UAS-Ureteral
Access Sheath.



Figure 3. Head-to-head surface roughness comparison by white light
interferometry for urological catheters with the same coating (AQ Hydrophilic
coating). White light interferometry, a non-contact optical technique, involves the
direction of light onto the sample surface and the capture of interference patterns
created by light reflecting off surface irregularities. These patterns are processed to
generate a detailed 3D map of the surface topography. Despite having the same
coating, the surface roughness had a significant impact on the lubricity of the catheters,
with rougher catheters displaying higher friction forces at the catheter-urothelial
interface.


