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Background: Real-time multispectral imaging (rMSI) simultaneously provides white light (WL),
photodynamic diagnosis (PDD) images, and a real-time fusion of both. It may improve the detection of
bladder tumors. However, rMSI has not been used for transurethral biopsy or resection so far. The aim of
this ex vivo study was to test the feasibility of bladder tumor biopsies using the rMSI system and compare it
to a conventional endoscopic system.

Methods: A 3D printed rigid bladder phantom was equipped with small and flat (5 mm x 1 mm) mock-
bladder-tumors made of silicone and fluorescent Qdots655 (Thermo Fisher Scientific, Germany). Urologists
(n=15) were asked to perform a rigid cystoscopy and biopsy of all identified lesions (n=6) using a prototype
rMSI system and the Imagel S system (Karl Storz, Tuttlingen). Success rate and completion time were
measured. The image quality of both systems and the usability of the rMSI system according to the system
usability scale (SUS) were evaluated with a task-specific questionnaire.

Results: Tumor detection and biopsy rate were 100% (90/90) for the rMSI system and 98.9% (89/90) for
the Imagel S system (P=0.3). The biopsy completion time did not differ significantly between the systems
(P=0.48). Differentiation between healthy and suspect mucosa with the rMSI system was rated as comparable
to the Imagel S system by 53% of surgeons and as better by 33% of the surgeons. The median SUS score
for the rMSI system was 87.5%.

Conclusions: Accurate transurethral biopsies are feasible with the rMSI system. Furthermore, the rMSI
system has an excellent SUS. This study paves the way to the first in-human transurethral resections of
bladder tumors (TUR-B) using rMSI technology.
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Introduction invasive at the time of diagnosis (2) and can be treated by

Bladder cancer is the tenth most common cancer repeated transurethral resection (TUR) and/or instillation

worldwide with 549,393 newly diagnosed cases in 2018 (1). therapies. Due to the high probability of recurrence (15—
Approximately 75% of bladder tumors are non-muscle- 61% 1 year and 31-78% 5 years after TUR) (3), regular
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cystoscopic examinations are indispensable. The lifelong
provision of follow-up care constitutes an enormous
economic burden (4-6).

Although white light cystoscopy (WLC) remains the
diagnostic standard for the detection of bladder tumors,
flat cancerous lesions may be overlooked in up to 50%
of patients (7). The most feared carcinoma in situ (CIS)
is a high-grade, often multifocal non-muscle-invasive
bladder cancer (NMIBC) (8), which has a high disease-
specific mortality in untreated patients (9). If not biopsied
and further histopathologically examined, it can be
misinterpreted, for example as an inflammatory bladder
area (10) and remain undetected.

In recent years enhanced cystoscopic imaging techniques,
like photodynamic diagnosis (PDD) and narrow-band-
imaging (NBI) were developed to improve the diagnosis of
bladder cancer. PDD has a significantly higher sensitivity
than WLC for the detection of malignant tumors (92% vs.
71%) (11), especially for high-grade tumors. The additional
detection rate of PDD over WLC ranges between 17%
and 78% in CIS patients (12). However, PDD has a
relatively high rate of false positive results (13,14) and its
effect on reduction in recurrence and progression is still
inconsistent (15-18).

To resolve the limitations of WLC and the enhanced
cystoscopic systems, we recently established the real-time
multispectral imaging (rMSI) technology in endourology.
After the preclinical evaluation, including both iz vive
(mouse model) and ex vivo trials (porcine bladder) (19), we
used rMSI to perform a multiparametric (MP) cystoscopy
for the detection of bladder tumors for the first time
in human patients (20). By using an extended spectral
resolution of reflected and fluorescent light, rMSI can
obtain visual information that is not visible under white
light (WL) (21). Different image modalities can be viewed
at the same time, so that switching between them is not
necessary. It is also possible to separate protoporphyrin
IX (PpIX) fluorescence from autofluorescence and merge
different images (WL, enhanced vascular contrast, PDD,
PpIX fluorescence, autofluorescence) into a single MP
image. Besides the assumption that MP imaging technology
can increase the detection rate of bladder tumors, it is
presumed that it can lead to a more complete TUR (20).
Ahmadi and Daneshmand suggest that the greatest potential
advantage of the rMSI system could be the minimization of
the false positive rate and interobserver variability in image
interpretation (22). So far, the rMSI system has only been
used for cystoscopy and not during TUR of bladder tumors
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(TUR-B). The feasibility and accuracy of biopsies and
resection using the digitally processed images of the rMSI
system remains unclear. Therefore, the aim of this ex vivo
study was to test the handling of the novel rMSI system for
biopsies of bladder tumors and compare it to a conventional
endoscopic system.

We present the following article in accordance with
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1372).

Methods
Endoscopy systems

rMSI system

The rMSI prototype system consists of a camera head,
a control unit and a multi-LED light source (Omicron
Laserage GmbH, Germany). A pendulum c-mount video
adapter (asap endoscopic products GmbH, Germany) is
mounted to the camera to hold the endoscope. The system
was mounted into an endoscopy tower. A PC was used to
record the video output of the endoscopy system using an
USB3 HDMI recorder (Magewell USB Capture HDMI
Plus). Figure 14 shows a photograph of the rMSI system.
Although the arrangement of the different modalities
offered by the rMSI can be changed from one up to four
modalities on the screen at the same time, we kept the
arrangement of the modalities as shown in Figure 1B with
the large MP image on the left side of the screen and the
WL and the PDD modalities on the right side. The same
configuration was used for all test urologists.

Conventional PDD endoscopy platform
An Imagel S system (Karl Storz GmbH & Co., Tuttlingen,
Germany) (Figure 24), a conventional PDD-capable
endoscopic system, served as a control in this ex vivo
evaluation. Pressing on a foot pedal allowed to switch
between WL and PDD images (Figure 2B).

Endoscopes and light guides

In all experiments a 30° PDD-endoscope (Karl Storz
GmbH & Co., Tuttlingen, Germany) and liquid light
guide (Karl Storz GmbH & Co., Tuttlingen, Germany)
were used. The endoscope was combined with a
26 French shaft. The biopsy forceps (27177 A, Karl Storz
GmbH & Co., Tuttlingen, Germany) was inserted into
the bladder phantom through the working channel of the

instrument.
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rMSI cystoscopy

White light Real-time PDD
multiparametric
imaging

Figure 1 rMSI endoscopy system. (A) Image of the rMSI imaging system with the CCU controlling the CH and the LS. The image also
shows the ES including shaft and the liquid LG. (B) Display of the imaging modalities of the rMSI system with the WL image, the PDD
image and the MP image combining the aforementioned modalities. The image at the bottom shows screen captures. rMSI, real-time
multispectral imaging; CCU, camera control unit; CH, camera head; LS, light source; ES, endoscope; LG, light guide; WL, white light;
PDD, photodynamic diagnosis; MP, multiparametric.

PDD cystoscopy

White light

Figure 2 Commercial endoscopy system. (A) Image of the commercial endoscopy system with the CCU controlling the CH. The image
also shows the commercial REC and the LS. (B) Display of the imaging modalities of the PDD system. The PDD system can be switched
between the WL image and the PDD modality by means of a foot switch. The images at the bottom shows screen captures. CCU, camera
control unit; CH, camera head; LS, light source; REC, recorder unit; PDD, photodynamic diagnosis; WL, white light.
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Experimental setup

Bladder phantom

A 3D printed polymeric bladder phantom based on data
extracted and segmented from original high-resolution
computed tomography data-sets was used for the
experiment. The inside of the phantom was painted in a
bladder mucosa-like color. Blood vessels were simulated
by fine curled lines in red (Figure 34). The phantom was
mounted on a rigid stand (Figure 3B). The endoscope could
be brought into the bladder phantom through a hole (2 cm
in diameter) at the bottom of its front side.

Fluorescent bladder lesions

To simulate fluorescent suspicious flat lesions, we generated
small patches, 5 mm in diameter and Imm thick, using
silicone mixed with PpIX-mimicking Qdots655 (Qdot® 655
ITK™ organic quantum dots). We placed eight silicone
patches on the inside of the bladder phantom. Three of
the eight patches had a low concentration of Qdots655
(5.8 nM) and three a high concentration (20 nM) (ratio
1:3.45). "Two silicone patches without Qdots655 were used
as control. The patch locations, defined in advance, were
unique to each endoscopic system (Figure 3C). Care was
taken to ensure that the distribution of patches for the two
systems were comparable in terms of ease of accessibility.
In the first three trials, we observed that the patches on
the ceiling of the model were difficult to remove with the
forceps. Therefore, in subsequent studies all patches were
placed in the lower half of the bladder model.

Experimental procedure

Overall, 15 urological surgeons with varying levels of
experience independently took part in the prospective ex
vivo validation. Before the experiment, each surgeon was
given the opportunity to familiarize her/himself with the
respective cystoscope and the bladder phantom for five
minutes. Furthermore, each surgeon performed one training
cystoscopy including biopsy with the rMSI endoscopic
system and one with the conventional endoscopic system.
The following tasks were given to the surgeons: (I) perform
whole bladder cystoscopy using PDD for detection of all
fluorescent lesions of the bladder phantom, (II) extract all
fluorescent lesions using biopsy forceps. The total number
of lesions was unknown to the surgeons. The time until
the surgeon had extracted all fluorescent lesions from
the bladder and the time until the surgeon was sure that
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there were no more fluorescent lesions in the bladder were
measured respectively. Detection and biopsy rate of the
fluorescent lesions were also recorded.

When using the PDD system the surgeons were asked
to enter the bladder in WL mode in accordance with the
standard clinical procedure. Once inside the bladder, the
surgeons were free to switch between PDD mode and WL.
No switching between modes was required with the rMSI
system.

System usability

After the experiment, each surgeon completed a customized
task-specific questionnaire. The questionnaire evaluated
the following four parameters: quality of the WL image,
quality of the PDD image, subjective ability to differentiate
between fluorescent and non-fluorescent signal and
handling. For the conventional endoscopic system, a six-
point Likert scale was used, with 1 denoting “very good”
and 6 “very bad”. For the rMSI system a four-point Likert
scale was used to evaluate these parameters in comparison
to the conventional system, with 1 denoting “better than the
conventional system”, 2 denoting “comparable”, 3 “inferior,
but sufficient” and 4 “worse and should be improved”. By
means of open-ended questions, the surgeons could indicate
what they liked and disliked about the rMSI system.

Additionally, the questionnaire included the system
usability scale (SUS) survey, which consists of 10 statements
(alternately positive and negative) presented in a form of a
five-point Likert scale, ranging from 1 (strongly disagree)
to 5 (strongly agree). Based on this survey, the SUS
score, a single score on a scale from 0 (worst conceivable
application) to 100 (best conceivable application), can
be calculated. The cut-off value for a system with above
average usability is 68. The SUS is a well-established and
validated usability score (23,24).

Statistical analysis

Statistical analysis was performed using SAS (JMP®,
version®14. SAS Institute Inc., Cary, NC, USA). The
Wilcoxon signed-rank test was used for group comparison
(Imagel S vs. rMSI). Level of significance was defined as
0.05. The first three attempts where lesions were placed
also on the ceiling of the phantom were excluded from the
analysis of the time taken to complete the tasks. The results
of the questionnaires were evaluated qualitatively.
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Figure 3 Experimental setup. (A) 3D-printed rigid bladder phantom. (B) Bladder phantom on a metallic stand. (C) Scheme of lesion

positions (black: high concentrated lesion, grey: low concentrated lesion, white: control lesion) top: lesion positions for rMSI system,

bottom: lesion positions for Imagel S system. rMSI, real-time multispectral imaging.

Ethics statement

Because neither human nor animal subjects were involved
in this ex vivo study, approval by an ethics committee was
not needed. The participation of urologists in the study was

voluntary, so no written informed consent was obtained.

Results

The ex vivo trial was performed by 15 urologists with a
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median (interquartile range) age of 30 (27.3-31.8) years.
Four participants (26.7%) were female and 11 (73.3%)
were male. Two-thirds of them (n=10) were residents and
one-third (n=5) were board certified urologists. They had
previously performed a median of 200 [20-500] WLC and
15 [0-60] PDD-cystoscopies.

Biopsy performance

Detection and biopsy rate of fluorescent lesions were
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Table 1 Performance of biopsy

Outcome parameter Imagel S rMSlI P value [n]
Successfully biopsied lesions 89/90 (98.9%) 90/90 (100%) 0.3[15]
Low fluorescence 44/45 45/45
High fluorescence 45/45 45/45
Time till removal of the last lesion (sec.) 176.2 (78.7)* 187.2 (157.0) 0.48 [12]
Time to surgeons’ certainty of a complete biopsy (sec.) 260.1 (104.7)* 259.5 (151.3)* 0.85[12]

*, values reported as mean (standard deviation). rMSI, real-time multispectral imaging.

98.9% (89/90) for the Imagel S system and 100% (90/90)
for the rMSI System (P=0.3). No surgeon biopsied a non-
fluorescent control lesion. The mean time (standard
deviation) to complete biopsy of all lesions was 176.2 s
(78.7) for the Imagel S and 187.2 s (157.0) for the rMSI
system (P=0.48). The corresponding values for time taken
by surgeons to be certain of a complete biopsy were 260.1 s
(104.7) and 259.5 s (151.3) (P=0.85), respectively (1able 1).
The execution times did not differ significantly between
residents and urologists [time till removal of the last lesion
for the Imagel S system: residents 195.6 (83.1), urologists
137.5 (31.7), P=0.24; time till removal of the last lesion for
the rMSI system: residents 205.9 (178.9), urologists 150
(40.6), P=0.58].

System evaluation

The evaluation of the rMSI endoscopic system resulted
in a SUS score of 87.5% (Figure 4A4,B). According to this
value, the usability of the system is classified as excellent
on the SUS scale ranging from 0 to 100 (Figure 4B). The
box-plot chart (Figure 4C) shows the scores of the ten SUS
statements on the five-point Likert scale.

Evaluation of the image quality of the WL and PDD
images, the subjective ability to differentiate between
fluorescence and non-fluorescence and the handling for
Imagel S and rMSI in comparison is shown in Figure 5. The
surgeons rated all four parameters with the Imagel S system
as good or very good. Quality of the WL image of the rMSI
system was rated by 80% of the physicians as comparable
to the Imagel S system and by 13% as better. Quality
of the PDD image of the rMSI system was comparable
to that of the conventional system for almost half of the
respondents (n=7; 47%) and better for one-third (n=5;
33%). For one-fifth (n=3; 20%) it was worse, but sufficient.
The surgeons made a similar assessment regarding the
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ability to distinguish between fluorescent lesions and the
“normal bladder mucosa”. For 5 surgeons (33%) this was
better with the rMSI system and for 8 surgeons (53%) it
was comparable while 2 surgeons (13%) felt it was worse,
but sufficient. Sixty percent of the respondents felt that
the handling of the rMSI system was comparable to that of
the conventional system. Two respondents (13%) found it
better, 3 (20%) worse but sufficient and 1 (7%) worse and
in need of improvement.

The answers to the questions “what do you like about
the rMSI system?” and “what do you dislike about the rMSI
system?” are shown in Figure 6.

Discussion

The promising results of our recent studies (19,20), in
which we applied rMSI technology for the first time
in endourology, suggest that this novel approach may
significantly improve the detection of bladder cancer. Using
the images recorded with the rMSI system, two independent
observers were able to identify all malignant lesions of
ten patients on MP images. However, tumor resection
was performed using a conventional endoscopic system.
Accordingly, the application of the rMSI system during
a tumor biopsy or tumor resection is still to be examined
and compared to an existing and established endoscopic
system. To the best of our knowledge this is the first study
investigating the usability of a rMSI endoscopic system
during a bladder tumor biopsy. Several preclinical studies
(25-28) evaluated and proved the usability and feasibility of
novel endoscopic systems ex vivo, thus paving the way for
human trials.

For this ex vivo trial, we used a 3D printed polymeric
bladder phantom. Since existing bladder models are scarce,
expensive and different from genuine bladder anatomy,
this phantom was developed with the aim of improving
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Figure 4 System usability. (A) SUS score for the rMSI system of each user. (B) Median SUS score for the rMSI system on the SUS scale. (C)
Box-plot chart: scores of the ten SUS statements. SUS, system usability scale; rMSI, real-time multispectral imaging.

endourological training (29). This phantom, which has been
used in two recently published studies (28,29), has proven
to be a good model with anatomically correct and realistic
conditions. It is easy to produce, robust and functionally
reproducible (29).

Operating surgeons assigned the rMSI system with
a median SUS score of 87.5% (minimum rate required
for good usability is 68%) (24), which means that the
system has an excellent usability in cystoscopy and biopsy
of suspicious bladder lesions. With a detection rate of
100%, the rMSI system also proved to be adequate for the
detection of flat suspicious bladder lesions under the given
experimental conditions. In fact, its detection and biopsy
rate were slightly higher than those of the conventional
system (98.9%, P=0.3). In their systematic review and meta-
analysis Rink ez /., 2013 report on a CIS detection rate of
46-100% using PDD cystoscopy (16). According to Mowatt
et al., 2011, the PDD sensitivity in biopsy is 93% (11).

© Translational Andrology and Urology. All rights reserved.

The comparison of these detection rates with those of the
Imagel S system (98.9%) indicates that the ex vivo test
conditions were somewhat easier for the surgeons than in
reality. This could be a consequence of the clearer field
of view for the surgeons due to the absence of intravesical
bleeding or turbid urine as well as a greater mobility of the
endoscope in the phantom due to the absence of subvesical
obstructions.

Among the most liked features of the rMSI system
mentioned in the open-ended questions were the
simultaneous display of several image modalities (7/15
respondents) and the consequent absence of switching (3/15
respondents). Although some surgeons stated that the latter
feature was very convenient and subjectively time saving,
we did not find a difference of operation time between
the two systems in terms of either the ‘time tll removal of
last lesion’ (P=0.48) or the ‘time to surgeon’s certainty of a
complete biopsy’ (P=0.85). A possible explanation for this
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Figure 5 System evaluation—image quality and handling. Surgeons evaluation of the image quality of WL and PDD, feasibility to
differentiate between fluorescence and non-fluorescence and handling for Imagel S and rMSI in comparison. WL, white light; PDD,

photodynamic diagnosis; rMSI, real-time multispectral imaging.

What do you like about the rMSI system? What do you dislike about the rMSI system?

Simultaneous display of
several image modalities.

Better contrast between .
I © Cumbersome handling. [N 2

fluorescence/non-fluorescence.

Confusing and unusual view (three

I different images simultaneously). TR 3

Not having to switch. | 3 Fluorescence too weak in merged view. [l 1
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Surgeons Surgeons

Figure 6 System evaluation—open-ended questions. Answers to the open-ended questions “what do you like about the rMSI system?” and
“what do you dislike about the rMSI System?”. rtMSI, real-time multispectral imaging.

could be that the majority of surgeons were very experienced fluorescent lesions and bladder wall was much stronger
and familiar with PDD cystoscopy and therefore performed under the experimental conditions than in reality und thus a
the entire biopsy with the Imagel S system in PDD mode switch to WL was not necessary for the biopsy. In a human
without switching. Some surgeons indicated that PDD urinary bladder, the view in PDD mode is usually too
image was considerably brighter and the contrast between dark to perform a safe tumor biopsy or resection, so that
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after tumor detection via PDD, switching to WL is often
necessary. Additionally, bleeding, which can occur after a
biopsy or resection, can weaken the PDD signal so that
the surgeon loses orientation within the bladder. Here, the
simultaneous display of WL, PDD and merged image of
the rMSI system could possibly offer a relevant advantage
under in vivo conditions. When asked what they liked about
the rMSI system, half of the surgeons also answered that
they liked the simultaneous display of images. Even under
ex vivo conditions, two surgeons stated that they felt they
could better orient themselves in the bladder with the rMSI
system. These considerations suggest that the rMSI system
may allow faster tumor biopsy/resection under real iz vivo
conditions. Although a long procedure time is not the most
important predictive factor for postoperative complications
after TUR-B, it is nevertheless relevant (30).

The quality of the PDD image as well as the ability to
distinguish between fluorescence and non-fluorescence
was rated by 50% of the surgeons as comparable to the
Imagel S system and by one-third as better. Six respondents
specifically commented on the better contrast between
fluorescence and non-fluorescence in the open-ended
questions. This evaluation further supports the conclusion
that the rMSI system may enable a higher detection rate of
flat fluorescent bladder lesions compared to a conventional
PDD endoscope.

The handling of the rMSI device was rated by 7%
of the surgeons as worse and in need of improvement.
Likewise, two respondents stated in open-ended answers
that they did not like the awkward handling of the rMSI
endoscope. It must be acknowledged that the ergonomics
of the rMSI system are not refined and the camera head
is significantly larger and heavier than that of the Imagel
S system. However, a miniaturization of the camera head
is technically possible and already planned to a greater
extent. While half of the investigators stated that they liked
the simultaneous display of several images, three of them
named as their main criticism that this view was initially
confusing and unfamiliar. However, it should be noted that
these three examiners had no or very little experience with
PDD cystoscopy.

The present study has several limitations, which
are partially attributed to the ex vivo test conditions, as
described in more detail below. In the first three trials the
surgeons found it challenging to access the lesions placed on
the top of the bladder phantom due to its rigid construction.
"This necessitated the change in the placement of the lesions
for better accessibility and the consequent exclusion of the

© Translational Andrology and Urology. All rights reserved.
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first three trials from the analysis of task duration. Since
actual tumors may also be localized in bladder areas that are
difficult to reach, the usability of the rMSI system should
be evaluated for biopsies or resections of these challenging
tumors in humans in the future. As discussed previously,
vision in PDD mode in this study was significantly brighter
compared to reality in a human bladder, most likely due to
the stronger reflection of light from the rigid bladder wall.
Therefore, an appropriate comparison of the endoscopy
systems is only possible to a limited extent. Additionally,
the bladder lesions fluoresced comparatively strongly
and looked very homogeneous, so that a more precise
assessment by the surgeon was not necessary. The fact
that time was measured during the biopsy probably put
the surgeons under time pressure and may have biased the
results. Of course, a comparison of the rMSI system with
an existing endoscopic system iz vivo is essential. A further
limitation of the study is the small number of investigators
and cystoscopies performed. Due to the different devices
and different views on the screen of the two endoscopic
systems, the experiment could not be blinded. For this
reason, a verification bias cannot be excluded. However, the
systems were used in alternating order to avoid a possible
influence of experience gain on the results.

Conclusions

The rMSI prototype allows comparable performance in
biopsy of bladder lesions to a conventional PDD system and
exhibits excellent usability. Minor concerns about handling
are expected to be addressed with improvements in
ergonomics. Simultaneous display of PDD and WL images
is well accepted by the surgeons and may improve detection
of bladder cancer and simplify biopsies in the future.
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