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Abstract

Purpose Artifacts from poor ureteroscopes’ light design with shadowing and dark areas in the field of view have been
reported. The aim was to quantify effects of light obstruction in a kidney calyx model.

Methods We evaluated a series of contemporary flexible ureteroscopes including the Storz Flex-Xc and Flex-X2s, Olympus
V3 and P7, Pusen 7.5F and 9.2F, as well as OTU Wiscope using an enclosed 3D-printed pink in vitro kidney calyx model
submerged in saline, where the field of light was intentionally partially obstructed alternatively at 12, 3, 6, and 9 o’clock.
A color spectrometer was used for illuminance measurements at a 45° opening position in the background of the model.
Results Overall and mean background illuminance for each obstructive situation were significantly different between scopes
for both 50% and 100% brightness settings (ANOVA p <0.001). At 50% brightness setting, almost all scopes had their highest
and lowest background illuminance with the 6 o’clock and 3 o’clock obstructive situation, respectively. At 100% brightness
setting, these became 6 o’clock and 12 o’clock obstructive situations. Considering each obstructive situation individually,
the Flex-Xc was consistently the scope with highest background illuminance and the Pusen 7.5F the lowest. Background
illuminance for each obstructive situation varied significantly for each scope individually, with the greatest range of vari-
ability for Pusen 7.5F and V3.

Conclusions Illuminance performance of ureteroscopes within an obstructed calyx model differ significantly for various
obstructive situations. Urologists should be aware of this to help guide their choice of ureteroscope.
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Introduction

Ureteroscopy has been established as the most frequent
intervention for renal stones in industrialized countries [1].
It has a gamut of diagnostic and therapeutic applications
[2, 3]. Image quality in ureteroscopy depends on many
factors [4], including the illuminance of light that falls
onto the target field.

Undesirable shadowing in the endoscopic field of view
from poor light source design has been reported [5].
Another source of obstruction to the light source is from
the collecting system itself. This may particularly occur
in situations where soft tissue or commonly the calyceal
neck partially blocks the light in calyces that are difficult
to reach. To the best of our knowledge, prior studies have
not explored such obstructing light situations [6—12]. In
addition, it has not yet been evaluated to what extent the
recently described variability in illuminance intensity and
skew may impact on such obstructive situations [13, 14].

The aim of the present study was to investigate the
effects of partial obstruction of the light source(s) on
background illuminance of several different ureteroscopes
submerged in saline.

Materials and methods

We evaluated a series of currently available flexible ure-
teroscopes at our institution: the Flex-Xc and Flex-X2s
(Karl Storz SE & Co. KG, Tuttlingen, Germany), URF-
P7 and URF-V3 (Olympus, Center Valley, PA, USA),
Uscope 7.5F PU3033A, Uscope 9.2F PU3022A (Zhuhai
Pusen Medical Technology Co. Ltd. Guangdong, China),
as well as the WiScope (OTU Medical Inc, CA, USA). To
reflect real-world operating room situations, the single-use
scopes (Pusen 7.5F, Pusen 9.2F and OTU WiScope) were
brand new scopes from sealed packages. Reusable uretero-
scopes (Storz and Olympus scopes) had all been rinsed and
decontaminated after use in the operating theater, with no
record of the number of previous interventions.

For the Storz Flex-X2s, the Power LED 175 light
source (unit used < 100 h) was used with a correspond-
ing 230 cm/3.5 mm fiber-optic cable, together with the
IMAGE!1 S HX-P HDTV 1-Chip pendular camera (Karl
Storz SE & Co. KG, Tuttlingen, Germany). For the Olym-
pus URF-P7 and URF-V3, the VISERA elite CLV-S190
light source (Xenon short-arc lamp used < 100 h) was used
with a WA03310A 300 cm/4.3 mm fiber-optic light cable,
as well as the CH S190 08 LB camera head (Olympus,
Center Valley, PA, USA). Fiber-optic cables were entirely
new.

@ Springer

A color spectrometer housing the Vishay VEML 6040
color sensor (RGBW200, ELV Elektronik AG, Leer, Ger-
many) was used for lux (1x) measurements in saline, as
previously described [13].

A 3D-printed pink obstructive kidney calyx model
was used to hold the ureteroscopes at a fixed distance of
20 mm from the center of the opposite concave surface of
the kidney calyx model in a dark room (Fig. 1). The model
consisted of a closed spherical cavity replicating a human
kidney calyx and included an obstructive crescent and a
background illuminance measurement opening located at a
45°angle relatively to the axis of the scope. (Fig. 1a—c). The
position was chosen to simulate a common occurrence in
ureteroscopy with the target pathology being beyond the par-
tially obstructing obstacle in the background (Fig. 1d). Pink
was chosen for the kidney calyx model to replicate human
urothelial mucosa. The ureteroscope was maintained in a
straight position, with the center of the scope view aligned
to the center of the opposite concave pink surface. The size
of the target field and distance from the light sensor were
chosen with reference to dimensions of models constructed
on data from endocasts [15] used in studies testing scopes
in the setting of laser lithotripsy [16, 17], to reflect in vivo
settings. The obstructive crescent was shaped to mimic the
calyceal neck when entering a kidney calyx.

All measurements were performed in saline to replicate
the usual conditions found in clinical routine during ureter-
oscopy, in view of a previous study showing fundamental
differences of ureteroscope illumination between air and
saline [13].

For each obstructive situation, the sensor of the color
spectrometer was placed at the 45° opening and measure-
ments were repeated 5 times. The model was then turned in
the axis of the scope to obtain measurements in four situa-
tions representing endoscopic calyx views with obstruction
at 12, 3, 6, and 9 o’clock. For each repeated measurement,
the ureteroscope was withdrawn and reinserted in the kidney
calyx model.

Whenever the ureteroscope setup allowed for light bright-
ness adjustment, measurements were repeated at light bright-
ness settings of 50% and 100%. For the Storz Flex-Xc, this
was found available to be adjusted only via the menu buttons
on the scope handle. For the Storz Flex-X2s, in addition to
brightness settings adjustable on the light stack, buttons on
the camera head also allowed for separate brightness adjust-
ment. Based on our findings with the Storz Flex-Xc, bright-
ness setting for the Storz Flex-X2s in the camera head was
kept at 50% and brightness settings only adjusted on the light
source unit. For all other scopes, the brightness setting was
adjusted on the light source unit only. Since light bright-
ness can be set either to automatic or manual mode on the
Olympus light source as well as with the Storz camera head,
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Fig. 1 Experimental setup:
obstructive kidney calyx model.
a 3D visualization of the
obstructive kidney calyx model
from a side view. b Front view
of the 3D-printed pink model.
The large opening would fit a
black rubber cylinder to hold
the ureteroscope during experi-
ments. To display the obstruc-
tive crescent within, the black
rubber cylinder was removed

in this photograph for the sake
of better visualization. ¢ Still
image of the endoscopic view
with the obstructive crescent
situation at 6 o’clock. The spec-
trometer measurement opening
is labeled with an asterisk (¥). d
Still image of an in vivo endo-
scopic view illustrating a typical
clinical scenario where the
light source of the endoscope
was partially obstructed by the
calyceal neck when trying to
reach the target stone fragments
(*) with the laser fiber (blue).
The model of the current study
was inspired from this clinical
scenario

all measurements were performed using the manual mode to
ensure consistent measurements throughout all experiments.

Statistical analysis

Overall background illuminance was defined as mean from
all 4 obstructive situations for a given scope. Background
illuminance for a given obstructive situation was expressed
as mean value of 5 repeated measurements. An analysis was
performed for all scopes comparing inter-scope overall back-
ground illuminance, and inter-scope background illuminance
for respective obstructive clock situations using one-way
ANOVA with Tukey post hoc comparisons.

To quantify background illuminance variability for each
scope, the obstructive clock situations for each scope were
considered and reported as percentage relative to the highest
in each scope (3 percentages for each scope). The highest
relative percentage for each scope was defined as the intra-
scope background illuminance variability, which reflects the
range of background illuminance variance. Analysis with
Student’s T test was carried out for all background illumi-
nance variability values comparing scopes based on their

tip design characteristics, as reported in a previous study
[13]: 1 vs 2 light sources, position of working channel, and
transparent vs non-transparent tips.

Intra-scope analysis for background illuminance compar-
ing each obstructive situation was performed with one-way
ANOVA.

For all tests, a two-sided p value < 0.05 was considered
statistically significant. All statistical tests were performed
with GraphPad Prism 10.0.2 (GraphPad Software, La Jolla
CA, USA).

Results
Overall background illuminance

Overall background illuminance significantly differed
between ureteroscopes (ANOVA p <0.001 at both 50% and
100% brightness settings). These differences were as high
as 40 times between scopes with the highest and lowest
overall background illuminance, respectively (5897 1x vs.
146 1x, respectively) (Table 1). At 50% brightness setting,
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the highest overall background illuminance was found for
the Flex-Xc (5897 1x), followed by the Flex-X2s (1977 1x),
Pusen 9.2Fr (1037 1x), P7 (573 1x), V3 (411 1x), WiScope
(259 Ix) and finally lowest background illuminance with the
Pusen 7.5F (146 1x). The order changed at 100% brightness
setting with the V3 climbing two ranks: Flex-Xc (6059 1x),
Flex-X2s (2727 1x), V3 (1799 1x), Pusen 9.2Fr (1684 Ix), P7
(1429 Ix), WiScope (505 1x), and finally Pusen 7.5F (266 1x).

Inter-scope comparisons

At each separate obstructive situation, background illumi-
nance significantly differed between scopes (all ANOVA
p<0.001) (Table 1). Background illuminance variability
across 50% and 100% brightness settings was the lowest
with the WiScope (31%), followed by the P7 (39%), Pusen
9.2F (56%), Flex-Xc (62%), Flex-X2s (64%), Pusen 7.5F
(65%) and finally highest variability with the V3 (67%)
(Supplementary Table 1). For the V3, this translates to a
background illuminance up to threefold higher when com-
paring the intra-scope obstructive situation with highest vs.
lowest illuminance.

Scopes with transparent tips (P7 and WiScope) had sig-
nificantly lower intra-scope background illuminance vari-
ability compared to scopes with non-transparent tips at 50%
brightness setting (p=0.01), but not at 100% brightness set-
ting (p =0.05). When grouped according to the number of
light sources (2 vs. 1) and position of working channel (3
vs 9 o’clock), there were no significant differences in intra-
scope background illuminance variability (all p > 0.3).

50% brightness setting
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8000 { 8000+
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Hﬁﬂ ﬂn I_Inﬂ [
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Clock face obstructive situation

6000

5000+

4000+

3000+

Intra-scope comparisons

Intra-scope comparisons of overall background illuminance
between 50 and 100% brightness showed significant differ-
ences for all scopes, except for the Flex-Xc (Table 1).

All scopes had the highest background illuminance with
the 6 o’clock obstructive situation for the 50% brightness set-
ting, except for the WiScope (9 o’clock obstructive situation)
(Table 1, Fig. 2). This was the same for the 100% bright-
ness setting except for the Flex-Xc (9 o’clock), WiScope (9
o’clock), and the P7 (12 o’clock). For the lowest background
illuminance, at 50% brightness setting, this was found with
the 3 o’clock obstructive situation for all scopes except for
the V3 and Pusen 7.5F (12 o’clock). At the 100% brightness
setting, this was with 12 o’clock for most scopes, except
for the P7 (9 o’clock) and Flex-Xc/WiScope (3 o’clock).
The obstructing situations that each scope performs better
or worse in are shaded green and red, respectively, in Fig. 3.

Discussion

Obstructive situations present a challenge to illuminance of
ureteroscopes. This study confirmed that a selection of eval-
uated flexible ureteroscopes had different performance in the
evaluated obstructive situations. The range of background
illuminance variability differed largely between scopes, with
the 3 o’clock obstructive situation (target at 9 o’clock) found
with the greatest loss of background illuminance for most
scopes.

A prior analysis of the same set of flexible ureteroscopes
analyzed in a black open model [13] showed somewhat dif-
ferent results to the present study. Particularly, the directions
of maximum illuminance in the black model did not cor-
relate with the areas of higher background illuminance in

100% brightness setting

3 Flex-Xc
3 Flex-X2s
_I_ I [ = RAVE)
O P7
3 Pusen 7.5F
33 Pusen 9.2F
=3 WiScope

A

1

6 o'clock

Tl Mon..

12 o'clock 3 o'clock 9 o'clock

Clock face obstructive situation

Fig.2 Background illuminance of ureteroscopes in different obstructive situations within a kidney calyx model. Mean background illuminance
of ureteroscopes with different clock face obstructive situations in the in vitro model with whiskers indicating 95% CI

@ Springer
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12 o’clock obstruction

e R -
(lux) (lux) °
1371 _ Olympus P7 1944
619 Olympus P7 |[BUsenOiZFI 1076
242 OTU Wiscope |[OTUWISCopeny| 456
9 o’clock obstruction 3 o’clock obstruction
Mean Mean ‘ Mean Mean
8279 Storz Flex-Xc | StorzFlexXc 8738 3208 [ Storz Flex-Xc | Storz Flex-Xe\ ||| 3409
1780  Storz Flex-X2s | Storz Flex-X2s 2250 4 ; 1269 _ 1835
1322 Pusen 9.2F | Pusen 9.2F 2223 . 627 [Pusen 926 |lONmpUS VAN 1276
511 _ Olympus V3 1616 , = - 487 _ 1212
323 OTU WiScope |[GlympusiPZil 1184 313 Olympus V3 [[PUSen92ZENIN 1120
208 [JIOIMpUSVAY OTU Wiscope 617 225 OTUWiScope | OTU Wiscope 435
154 Pusen 7.5F | Pusen 7.5F 333 o | PEERTEE | PEeRTEE >

6 o’clock obstruction

Mean Mean
(lux) (lux)
°

8448 StorzFlex-Xc | Storz Flex-Xc 8452
3488 Storz Flex-X2s | Storz Flex-X2s 4710

1436 Pusen 9.2F | Olympus V3 3233

755 Olympus V3 | Pusen 9.2F 2318

674 Olympus P7 | Olympus P7 1378

246 OTU WiScope | OTU WiScope 510

244 Pusen 7.5F | Pusen 7.5F 427

Fig.3 Background illuminance of ureteroscopes in different obstruc-
tive situations relative to a clock face (50% and 100% brightness set-
tings). Mean background illuminance (lux) with each obstructive situ-
ation relative to a clock face. Ureteroscopes are ordered from highest
to lowest illuminance for each situation. Images are still images from
the experimental setup using a WiScope, and represent obstruc-
tive situations from 12, 3, 6, and 9 o’clock directions. Blue dots
indicate the measurement opening position where the spectrometer
sensor is placed. To highlight the intra-scope performance for each

this present study. Despite further accounting for the effects
of direct and indirect light with a previous evaluation of
illuminance skew within an enclosed kidney model [14], the
obstructive situations in this present study also did not cor-
relate entirely with the illuminance skew of the scopes from
that study. Perhaps, this may be due to additional contribu-
tions from the center (non-peripheral) illuminance and indi-
rect reflected light off the obstructing crescent in obstructive
situations.

Our study found that the Flex-Xc had no significant dif-
ference of illuminance between 50 and 100% brightness,
consistent with previous evaluations where adjustment of
brightness settings on the Flex-Xc scope handle resulted
in no change of actual illumination of the light source, but

@ Springer

obstructive situation, color coding of the obstructive situations was
done for mean background illuminance with each obstructive situa-
tion referenced to the 95% CI limits of the overall mean background
illuminance for each given scope (green=higher than upper limit,
orange =between upper and lower limit, and red =lower than lower
limit). These limits are found in Table 1, first results column. Green
coding represents best performance of a given scope, while red repre-
sents its worst performance

rather only increasing the exposure of the projected screen
image [13, 14].

More interestingly, ureteroscopes with a transparent tip
design were found to have significantly lower intra-scope
illuminance variability when compared to their non-trans-
parent tip counterparts. This suggests that ureteroscopes
with a transparent tip are more versatile in obstructive situ-
ations, possibly due to allowance of direct and indirect light
to pass through the transparent tip. The exact mechanisms
and impact of transparent tip designs on ureteroscopy should
be further evaluated.

To apply our findings clinically, the authors suggest that
obstructive situations located at (a) 12 o’clock, (b) 3 o’clock,
(c) 6 o’clock, and (d) 9 o’clock could typically occur in vivo
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Upper Anterior

Storz Flex-Xc Storz Flex-Xc
Storz Flex-X2s  Storz Flex-X2s
Pusen 9.2F Olympus V3
Olympus V3 Pusen 9.2F
Olympus P7 Olympus P7

OTU WiScope

Right mid/lower Anterior

Pusen 7.5F

| OTU WiScope
Pusen 7.5F

Storz Flex-Xc Storz Flex-Xc
Storz Flex-X2s  Storz Flex-X2s
Pusen 9.2F Pusen 9.2F
Olympus V3

OTU WiScope -
| - OTU WiScope
v Pusen 7.5F Pusen 7.5F

Fig.4 Background illuminance of ureteroscopes in different obstruc-
tive situations relative to typical calyceal locations. Mean back-
ground illuminance with each obstructive situation correlated to
typical locations in a kidney. Ureteroscopes are ordered from high-
est to lowest illuminance for each situation. Images are still images
from the experimental setup using a WiScope representing the vari-
ous obstructive situations. Blue dots indicate the measurement open-
ing position where the spectrometer sensor is placed. To highlight the

when facing an (a) Upper posterior calyx, (b) Right mid/
lower anterior and Left mid/lower posterior calyces, (c)
Upper anterior calyx, and (d) Right mid/ lower posterior
and Left mid/lower anterior calyces, respectively (Fig. 4).
Our results show that most tested ureteroscopes have their
best background illuminance in upper anterior, right mid/
lower posterior, and left mid/lower anterior calyces. On the
other hand, most tested ureteroscopes had the worst back-
ground illuminance with the upper posterior, right middle/
lower anterior, and left mid/lower posterior calyces.

Upper Posterior

Left mid/lower Anterior

Storz Flex-Xc Storz Flex-Xc
Storz Flex-X2s  Storz Flex-X2s
Pusen 9.2F Pusen 9.2F

Pusen 7.5F Pusen 7.5F
Left mid/lower Posterior
_ .

intra-scope performance for each obstructive situation, color coding
of the obstructive situations was done for mean background illumi-
nance with each obstructive situation referenced to the 95% CI lim-
its of the overall mean background illuminance for each given scope
(green=higher than upper limit, orange=between upper and lower
limit, and red=Ilower than lower limit). These limits are found in
Table 1, first results column. Green coding represents the best perfor-
mance of a given scope, while red represents its worst performance

Knowledge of the ureteroscope light distribution in
obstructive situations can allow the surgeon to choose avail-
able scopes depending on laterality and pathology location
(stones or tumors). This is akin to working channel loca-
tion for the laser fiber when considering the left or right
kidney [4]. Arguably, this can be overcome by turning the
ureteroscope upside down and to use the flipped positions
of the light distribution from the ureteroscope to the opera-
tor’s advantage, akin to turning the scope upside down to
change the working channel direction during laser lithotripsy
[18]. The interaction between area of maximum background

@ Springer
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illuminance and laser fiber position will additionally need to
be further evaluated in future studies.

There are limitations that need to be acknowledged. First,
the present study is an in vitro setting to assess ureteroscope
properties that may impact in vivo surgery. The results of
this study should be taken with prudence, since environ-
mental factors may possibly affect clinical translation.
Besides light obstruction, blood [19] and urine may addi-
tionally cause changes in illuminance characteristics, and
this needs to be further explored in obstructive situations.
While the obstructive situations were simulated to replicate
real clinical conditions, there may possibly be other varia-
tions encountered in clinical routine. However, the obstruc-
tive situations in this present study can apply generally to
most upper pole and mid/lower pole obstructive situations.
Second, the reusable scopes were tested after usage in pre-
vious operations with possible deterioration of the optical
systems (illumination and imaging [20]) with prior usage.
This, in fact, contributes to the translation of our results to
real-world conditions in endourology units using reusable
scopes. Third, all measurements were done with the uret-
eroscope held straight, but there is arguably little change in
illumination properties in the deflected state within the range
specifications of each ureteroscope.

Conclusions

Illuminance performance of ureteroscopes within an
obstructed calyx model differed significantly for various
obstructive situations. Across all obstructive situations, the
Flex-Xc had the best background illuminance and the Pusen
7.5F had the worst. Urologists should be aware of the illumi-
nance performance of scopes in different obstructive clinical
situations to help guide their choice of ureteroscope.
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