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Abstract
Objective: To explore the imaging characteristics and clinical significance of multispectral cystoscopy.

Methods:A total of 14 patients with benign prostatic hyperplasia and 16 patients with bladder tumor were
enrolled from May 2011 to May 2013; five patients with normal bladder were enrolled as a control group.
After the patients were anesthetized, a resectoscope was inserted into the bladder through the urethra. White,
ultraviolet (UV), blue, green, red, and near-infrared lights were used for cystoscopy.

Results: When UV and near-infrared lights were used to irradiate the bladders, there were no images on the
monitor. However, the bladder mucosa and submucosa blood vessels showed clearly and constituted a three-
dimensional mesh when using green light; the density of blood vessels was increased but was less clear
when using blue light (p < 0.05), and the mucosal surface was covered in red when using red light. After
transurethral resection of bladder tumor (TURBt) for T1 stage tumors was performed, the superficial muscle
layer with integrity structure could be observed under white light, but blood vessels did not appear when
using green light. Ta stage tumors were shown to be connected to the mucosal vasculature by only one small
blood vessel when viewed under green light. Blood vessels were normal when usingwhite light. Structural
disorders seen under green light should be highly suspected as Tis-stage tumors.

Conclusions: Tumor blood vessels and bladder mucosal vasculature can be shown by green light without
the use of photosensitizers or fluorescent dyes. Hemoglobin absorbs light at different wavelengths. Thus,
according to the principles of imaging, small tumors and invasive tumor depth can be identified under green
light. cystoscopy.
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Introduction
cancer’s outcome. White light cystoscopy (WLC), the

According to the literature, about 357,000 cases of
new bladder cancer (BC) are diagnosed each yearl.
Approximately 75-85% of all patients with BC have
disease that is confined to the mucosa or submucosa.
This group of tumors is referred to as non-muscle-
invasive or superficial BC, in contrast to muscle-
invasive disease staged T2-T4. Most patients showed
non-muscle-invasive bladder cancer (NMIBC) and are
at risk of recurrence. Because of this high recurrence
rate, patients with NMIBC require lifelong follow-up
with cystoscopy and cytology are needed 2. As a critical
component of BC evaluation, the quality of cystoscopy
and tumor resection may directly influence the
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traditional standard diagnosis for initial BC, has several
shortcomings, while carcinoma in situ is difficult to
visualize and distinguish from benign inflammatory
lesions3. WLC is often used to guide TURBt procedures
for NMIBC, although it is known to have difficulty in
diagnosing papillary lesions. Inadequate visualization
of all tumors that may be present, or of diffuse
tumor borders, may result in missed or incompletely
resected lesions4. Thus, the search for new imaging
technologies has focused on enhancing visualization
of bladder tumors to improve diagnostic accuracy.
New optical imaging technologies that use different
light wavelengths have been used successfully in
clinical settings, including fluorescence cystoscopy/
photodynamic diagnosis (PDD), narrow band imaging
(NBI), confocal laser endomicroscopy (CLE), and
optical coherence tomography (OCT) 5.

Autofluorescence cystoscopes use light with a
wavelength of 308 nmé. Fluorescence cystoscopy with
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intravesical instillation of 5-aminolevulinic acid (5-
ALA) uses a 406.7 nm krypton atom laser transmitter
or a xenon lamp filter; the wavelength of the excitation
light is 375-440 nm7. The light source of CLE is an
argon ion laser with an excitation wavelength of 488
nm. OCT endomicroscopy uses near-infrared light
with a wavelength of 800-860 nm8, 1050 nm, or
1310 nm9,10, while NBI cystoscopy uses lights with
wavelengths of 415 nm and 540 nm11. Monochromatic
or NBI imaging with different wavelengths plays an
increasingly important role in cystoscopic optical
detection. Therefore, it is necessary to investigate the
optical anatomical features of normal bladder mucosa
and tumors under a wide spectral range.

Thus, we designed a multispectral endoscope light
source that outputs white, ultraviolet, blue, green, red,
and near-infrared light, and can be connected through
a fiber to a cystoscope for the bladder examination. In
this research, we report the imaging characteristics and
clinical significance of cystoscopy with a multispectral
light source.

MATERIALS AND METHODS
Patient data

All 35 patients who received treatment in our hospital
were enrolled from May 2010 to May 2013 All
patients received multispectral cystoscope sessions,
including 14 cases of benign prostatic hyperplasia,
16 cases of non-muscle-invasive bladder tumors,
and five cases of patients with upper urinary tract
disease and a normal lower urinary tract. Criteria for
inclusion in the study were normal urine white blood
cell counts, no catheterization or cystoscopy in the
previous week, no use of photosensitizer, or benign
prostatic hyperplasia without bladder stones. The
preoperative clinical stage of BC was determined based
on computed tomography images, and a postoperative
histopathological examination was performed to
determine the pathological stage. The tumors were
reviewed according to the classification of 2002 TNM
12.

Approaches with a multispectral cystoscope

The multispectral endoscope light source (Taiyuan
SaiEnsi Science and Technology Development Co., Ltd.
China), is a new conventional endoscope light source
that, when combined with a filter wheel and filters, can
output white, ultraviolet, blue, green, red, and near-
infrared light. The optical parameter was detected
by a HAAS1200 spectrometer (EVERFINE, Hangzhou,
China), and is presented in Figure 1. The endoscope

and imaging system used an Olympus resectoscope F27,
and the Olympus Exera I CLV-180 camera platform
was used in this study. A video line was connected to
the S-video output of the CLV-180 camera platform to
transfer the dynamic and static images.

After epidural anesthesia, transurethral insertion of
the resectoscope was performed, and the bladder was
examined under six spectra. Real-time images for the
same partofthe bladder were acquired, and appropriate
treatments were applied accordingly. The biological
effects of the different spectra on bladder mucosa were
determined based on intravesical visibility, bladder
mucosa color, vascular density and clarity, degree of
movement between bladder mucosa and submucosa,
and the vascular mesh three-dimensional structure of
bladder mucosa. Also, the bladder tumor and excision
site of TURBt were repeatedly examined.

Statistical analysis

According to the subjective and objective image analysis
methods, semi-quantifications were performed for the
images of bladder mucosa from 35 study subjects. The
intravesical visibilities were white light (+++), blue and
green light (++) and red (*); bladder mucosa colors
were normal, blue, green, and red; vascular density and
clarity were white (++), blue (+), green (+++), and red
(-)- Statistical significance was considered at p<0.05,
and all tests were chi-square tests. Statistical analysis
was done with SPSS® for Windows®, version 13.0.

RESULTS
Multispectral image features of normal bladder mucosa

A total of 35 patients received multispectral cystoscopy,
including four women and 31 men. Under ultraviolet
light and near-infrared light, visibility in the bladder
was poor, and the physiological or pathological
anatomical structurescould not be seen. Under other
lights, the images were clear, as shown in Figure 1.

The best mucosal clarity was obtained when white
light was used (Figure 2A). Green light shows the
mucosal and submucosal vessels more clearly (Figure
2C). The vascular density in the field under green light
was significantly increased when compared to the
same field under other lights (P<0.05). Submucosal
vessels, together with mucosal vessels, formed a three-
dimensional mesh structure as a vascular network
floating in the air. When the mucosal surface was
pushed, the vascular network rotated back and forth,
and the mucosal or submucosal tissues appeared to be
absent, leading to a visible muscle surface. Under white
light, pushing the mucosal surface also resulted in the
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dislocation of mucosal and submucosal tissues, but the
vascular mesh structure was not evident (Video 1). The
vascular density was increased under blue light, but the
clarity was poor (Figure 2B). The mucosal surface was
completely red under red light, and the mucosa and
vessels could not be distinguished (Figure 2D).

Multispectral image features of bladder cancer

Sixteen cases of stage Tis-T1 NMIBC patients received
multispectral imaging examination before TURBEt,
and the results showed that tumors appeared in
different colors under different spectral conditions.
Only the images taken under white and green lights
had instructive significance for tumor diagnosis and
treatment. For small tumors, the white light image
could display the morphology of the tumor; the green
light image clearly showed the relationship between
the tumor and bladder mucosal blood vessels.

For T1 tumors, especially the larger, pedunculated,
or sessile ones, multispectral imaging could barely
observe the tumor base from the surface and could not
distinguish tumors from mucosal blood vessels. When
TURBt resection of the tumor reached the submucosa
or superficial muscle in the absence of tumor invasion,
the integrated structure of superficial muscle was
observed under white light but blood vessels were not
observed under green light (Figures 3A and 3B).

After completing the excision of visible tumors, the
bladder mucosa and other mucosa were further
inspected under white and green lights, respectively.
The results showed that three cases displayed normal

bladder mucosa under white light but showed blood
vessels with spot-like structural disorder under
green light (Figures 3E and 3F). These patients were
pathologically diagnosed with Tis tumors.

DISCUSSION

In recent years, optical technology such as cystoscopes
and resectoscopes have been significantly improved,
leading to the creation of many new tools, including
rigid cystoscopes, fiber cystoscopes, autofluorescence
cystoscopes, NBI cystoscopes, and CLE. In addition to
white light, the light sources of these cystoscopes also
include multi-wavelength spectra, such as UV, visible,
and near-infrared lights. According to the principles of
biomedical photonics, spectra of different wavelength
have different biological effects13-15. Combined with
the characteristics of cystoscopy, we believe that, under
the lights of different wavelengths, anatomical images
of bladder mucosa differ in various clinical diagnostic
values.

Wei et al. studied the penetration depth of light in
the human colon and colon adenocarcinoma tissues,
showing that light with a wavelength of 890 nm
provided the maximum depth in penetrating the
mucosa and submucosa of normal colon and colon
adenocarcinoma (0.517 and 0.348 cm, respectively),
while light with a wavelength of 680 nm displayed
the minimum depth of optical penetration (0.232
and 0.209 cm, respectively)16. In this study, the
penetration depths into the bladder wall were 0.17
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Figure 2 . The imaging features of the normal bladder
k mucosa by multispectral light j

and 0.24 cm for 415 and 540 nm lights, respectively17.
Ultrasound examination determined that the thickness
of the normal bladder wall was 0.1 and 0.3 c¢m for full
and empty bladders, respectively, while the thickness
of bladder wall in patients with dysuria was 0.5-1.2
cm, indicating that light at a certain wavelength can
penetrate the bladder wall into the muscle18.

The physical phenomena of light propagation in
biological tissues include reflection, refraction,
scattering, and absorption, and the wavelength of
light is a very important parameter19. In the bladder
wall, the propagation of light is related not only to
the structures of bladder mucosa, submucosa, lamina
propria, and muscle tissue but also to the optical
absorption of hemoglobin in the blood vessels of the
bladder wall.

In the present study, we conducted cystoscopy under
six UV-visible-near-infrared spectra, using an Olympus
Exera II CLV-180 imaging platform and camera lens.
However, this imaging system is not sensitive to UV or
near-infrared lights, which is the main cause of a blank
monitor screen withoutany imaging signals. The images
shown in Figure 2 were taken under white, blue, green,
and red lights, respectively, which suggests that, under
green light, the density of blood vessels in the bladder
wall increased significantly (P <0.05). In particular, the
blood vessels in the submucosa were clearly visible;
therefore, the blood vessels in both the mucosa and
submucosa constituted a three-dimensional network,
as if floating in air. When the mucosal surface was
pushed, the vascular network rotated back and forth;
the mucosal and submucosal tissues were almost
invisible, and the muscular surface could be observed
directly. This optical phenomenon of the bladder wall

Figure 3. The image characteristics of the bladder tumor
basement by green light

/

will facilitate future in-depth investigation of bladder
mucosa, mucosal vessels, and their related diseases.

We believe that the basic principle of the formation in
this optical phenomenon of the bladder wall is related
to the absorption of green spectra by hemoglobin in the
blood vessels of the bladder wall. Hemoglobin binds to
0, 0r CO, to form oxyhemoglobin or carboxyhemoglobin,
respectively. In different structures, hemoglobin
molecules absorb lights at different wavelengths
and hence show different absorption spectra as the
lights transmit through various hemoglobin solutions.
Oxyhemoglobin has three characteristic absorption
peaks at 415, 541, and 576 nm, respectively. When
oxyhemoglobin is converted to carboxyhemoglobin,
its absorption spectra also change, displaying three
characteristic absorption peaks at 419, 540, and 569
nm, respectively?’. The peak wavelength of the green
light in the present study and its penetration depth was
about 0.24 cm. Therefore, it was possible to observe the
mucosaand submucosa, and even the superficial muscle,
under green light. The hemoglobin in the mucosal
blood vessels absorbed green light at a wavelength of
541 nm, resulting in dark brown blood vessels in the
bladder mucosa and tumor in the imaging, significantly
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different from the green color in the avascular zones
of mucosa and submucosa. The penetration of light
through the mucosa of the avascular zone forms the
basic principle of the three-dimensional appearance
of the superficial blood vessels in bladder mucosa
and submucosa. Meanwhile, only part of the blue light
was absorbed by hemoglobin, resulting in increased
vascular density but a blurred image. Under red light,
the mucosal surface appeared all red. Therefore, in the
absence of fluorescent dye, blue, and red lights have
no clinical significance for cystoscopic diagnosis and
treatment.

Based on the above principles of optical imaging of the
bladder wall, this study explored the diagnosis and
treatment of BC and found that, under green light, the
bases oflarger, pedunculated, or sessile T1 tumors were
difficult to observe from the tumor surface, and the
relationship between mucosal and tumor blood vessels
could not be distinguished. As shown in Figure 3, when
TURBt resection of the tumor reaches the submucosa
or superficial muscle in the absence of tumor invasion,
the integrated structure of superficial muscle was
observed under white light but blood vessels were
not visible under green light. It was thus difficult to
distinguish whether there were tumor residues at the
wound. For Ta tumors, an electroexcision loop can be
used to push the tumor tissue away from the mucosal
surface because the tumors are small with a simple
structure and are only adhered to the mucosal surface
via a thin blood vessel connected to mucosal blood
vessels, and the mucosal structure remains intact. An
electroexcision loop can be used to push the tumor
tissue completely away from the mucosal surface; after
pushing the tumor tissue away, WLI of the mucosal
surfaceshowed only spot-like bleeding, but green light
not only displayed the dark brown ejecting blood flow
but also the vascular morphology and the relationship
between the bleeding spot and mucosal blood vessels.
Also, another finding of the present study was that
lesions showing normal mucosa under white light, but
showing spot-like disorders of the vascular structure
under green light, might be early lesions of bladder or
Tis-stage tumors, indicating that green light has some
clinical significance in diagnosis and treatment of
bladder tumor. However, this diagnosis and treatment
technology applies only to the identification of smaller
tumors, especially those with a single capillary, and
also to the evaluation of the depth of tumor invasion,
based on the relationship between tumor vessels and
mucosal and submucosal blood vessels.

CONCLUSIONS

Without photosensitizer or fluorescent dye, tumor
blood vessels and bladder mucosal vascular can be seen
under green light, following the principle of imaging as
related to light absorption by hemoglobin. According to
the principle, small tumors and invasive tumor depth
can be identified under green light cystoscopy. The new
technique shows no diagnostic values for relatively
larger tumors, and thus is not necessary in those cases.
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