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Abstract

Objectives: To review recent advances in imaging modalities available for diagnosis and surveillance of superficial bladder cancer.
Methods: Detailed PubMed searches were performed using the terms “fluorescence cystoscopy,” “narrow-band imaging,” and
“optical coherence tomography” with “bladder cancer” and “urothelial carcinoma.” Relevant literature was selected for analysis.
We explored the clinical evidence to support the use of these technologies for the detection and surveillance of bladder cancer.
Results: Fluorescence cystoscopy, narrow-band imaging, and optical coherence tomography are designed to improve the
visualization of bladder cancer. These technological advancements have demonstrated an improvement in the detection of bladder
cancer, including carcinoma in situ. Fluorescence cystoscopy has also been shown to decrease residual tumor rates and improve
recurrence free survival. Both fluorescence cystoscopy and narrow-band imaging have a relatively high false positive rate. Optical
coherence tomography can estimate bladder tumor stage without an invasive biopsy, however data is lacking in diagnostic
accuracy.
Conclusions: Evidence for the utility of fluorescence cystoscopy, narrow-band imaging, and optical coherence tomography has
begun to compile. Fluorescence cystoscopy has the most evidence supporting its clinical applications. Low specificity currently
limits these novel technologies from widespread use. More prospective studies are needed particularly of narrow band imaging,
and optical coherence tomography. In addition, further research is necessary to determine the long-term impact of these
technologies on recurrence, progression, and survival of bladder cancer.
Keywords: Fluorescence cystoscopy, bladder cancer, narrow-band imaging, urothelial carcinoma, optical coherence tomography,
cystoscopy

Introduction
of the most expensive cancers in today’s medical practice [4].
According to the National Cancer Institute, approximately WLC and biopsy remain the standard of care; however, recent
69,250 new cases of bladder cancer will be diagnosed in the technological advancements may be shifting the standard of
United States in 2011. Bladder cancer is currently ranked the care in a new direction.
sixth most common cancer in the developed world [1]. The
WLC has a sensitivity and specificity ranging from 62-84%
National Cancer Institute’s Surveillance Epidemiology and End and 43-98% respectively [5]. Many urinary markers have
Results (SEER) Registry reports that the incidence of bladder been developed to improve detection; however no marker or
cancers diagnosed has increased by approximately 40% over combination of markers can outperform cystoscopy. Despite
three decades [2]. This increase is likely multi-factorial and not being the current standard, WLC has limitations particularly
well understood. The diagnostic tools available for use have with detecting small papillary bladder tumors and carcinoma
remained relatively constant since the 1930’s. Malignancy is in situ. Up to 70% of patients will have residual bladder cancer
suspected based on the visible changes seen endoscopically after transurethral resection of bladder tumor (TURBT) [6,7].
with white light cystoscopy (WLC) and/or biopsy of suspicious These recurrences may be caused by inability to identify
lesions.
tumor and/or regrowth of residual tumor after incomplete
Approximately 75% of cases of bladder cancer will present resection. In either of these scenarios, recurrence occurs
as non-muscle invasive disease and therefore, have good prog- because of the clinician inability to adequately visualize the
nosis in terms of cancer-specific survival [3]. Visualization and disease tissue. Advancement in endoscopic visualization of
biopsy allow the clinician to assess the location and extent of bladder tumors will be necessary to improve recurrence rates
the tumor to developing a treatment plan and appropriate and overall cancer survival. The purpose of this paper is to
follow-up. Recurrence rates reported as high as 75% lead to review the recent advances in imaging modalities available for
the necessity of close lifelong follow-up with cystoscopy and cystoscopic diagnosis and surveillance of superficial bladder
cytology as well as repeated treatment [3]. The requirement of cancer: fluorescence cystoscopy, narrow-band imaging, and
follow-up and repeated treatment has made bladder cancer one optical coherence.
© 2013 Hale et al; licensee Herbert Publications Ltd. This is an Open Access article distributed under the terms of Creative Commons Attribution License
(http://creativecommons.org/licenses/by/3.0). This permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Hale et al. Medical Instrumentation 2013,
http://www.hoajonline.com/journals/pdf/2052-6962-1-6.pdf

doi: 10.7243/2052-6962-1-6

Methods

meta-analysis revealed a 20% improved detection rate of
superficial bladder cancer using FC. Approximately 39% more
tumors were identified if the analysis was limited to carcinoma in situ. Lesion based specificity was found to be 79%
for FC and 93% for WLC. False positive rate were found to be
higher in the FC groups. Ray et al., reported that especial high
false positive biopsy rates for FC-guided biopsies in the
setting of post Bacillus Calmette-Guerin treatment [41].
Residual tumor was seen in 15% after FC and 35% after WLC
alone. Recurrence-free survival at 12 months and 24 months
improved from15.8% to 24% and 12% to 15% when using FC
Fluorescence cystoscopy
compared to WLC alone.
Fluorescent cystoscopy (FC) is a new diagnostic procedure
In addition to improved detection, FC has been shown to
utilizing photoactive porphyrins to enhance the detection reduce the incidence of recurrence by using fluorescence at
of bladder cancer. FC is accomplished by intravesical admini- the time of the TURBT. Several short term prospective studies
stration of 5-aminolevulenic acid (5-ALA) or hexaminolevuli- revealed a significant reduction in the rate of tumor recurrence
nate (HAL). The metabolism of aminolevulinic acid (ALA) is [19,50,51]. However, Schumacher et al., found similar recurrence
the first step in the biochemical pathway resulting in heme rates [47]. Daniltchenko et al., reported a five year recurrence
synthesis. ALA is not a photosensitizer, but rather a metabolic rates at 75% and 59% in the WLC and FC groups, respectively
precursor of protoporphrin IX (PpIX), which is a photosensitizer. [48]. Densinger et al., similarly found a statistically significant
PpIX selectively accumulates in rapidly proliferating cells and difference in recurrence rates favoring fluorescent TUR after
are detected at light wavelength of 360-450 to distinguish eight years of follow up when compared to standard TURBT
between cancerous and normal tissue. Over the last decade under white light [49]. In summary, FC is photodynamic
improvements such as intravesical rather than systemic cystoscopic procedure that improves detection, decreases
administration, use of newer photoactive porphyrins, shorter residual tumor rates, and increases recurrence free survival.
installation time, better contrast and less photobleeching
have made this technique significantly better at detecting Narrow-band imaging
bladder cancer and much more practical [8,9]. HAL is the Narrow-band imaging (NBI) in an endoscopic optical image
photoactive porphyrin that has shown to be most effective and enhancement technique improves visualization of the
is the primarily one in use today [9]. HAL lipophilic nature has microvascular structures without using an intravesical infusion.
made this technique practical by shortening the infusion time. The depth of light penetration into the bladder wall increases
FC is typically performed by infusing 50mL 8mM hexamino- with increasing wavelength. NBI works by filtering white
levulinate hydrochloride solution into the bladder for 1 to 3 light into two narrow bandwidths within the light spectrum:
hours. The bladder is drained 30 minutes prior to completing blue (415 nm) and green (540 nm). These wavelengths only
any cystoscopic examination. WLC is performed followed penetrate the superficial bladder wall and are specifically
by a special cystoscope utilizing blue light. The photoactive absorbed by hemoglobin [20,21]. Consequently, the vascular
porphyrins accumulated in the neoplastic tissue emit red structures appear brown/green compared to the surrounding
fluorescence under blue-wavelength light improving the mucous thus improving visualization of vascularized lesions.
detection of small papillary lesions and CIS. Both rigid and Bladder tumors tend to be more vascularized than normal
flexible cystoscopy can be performed [10]. The difference bladder mucosa. Combined WLC and NBI systems are now
between rigid and flexible cystoscopy is the stiffness of the becoming commercially available where the NBI wavelength
instrument used. Rigid cystoscopy is routinely performed is activated by the push of a button.
in the operating room under anesthetic to reduce patient
The use of NBI for the detection of bladder cancer was first
discomfort. Flexible cystoscopy decreases the discomfort and described in 2007 [26]. Several studies have shown improved
is offered in the office setting. However, fluorescence rigid bladder cancer detection with NBI over WLC [22-25]. Based
cystoscopy resulted in a higher tumor detection rate than using upon these studies, NBI identified 22-56% additional tumors.
flexible cystoscopes (85-94% vs. 70-89% respectively) [11,12]. The reported false positive rates ranged from 32 to 36% [23-25].
Currently the FDA has only approved rigid cystoscopy outside Cauberg et al., reports improved detection of both high and
of experimental protocols. Flexible blue light cystoscopy will low grade tumors when compared to white light cystoscopy
allow this technology to become an office procedure.
[22]. Tamsugami et al., reported a sensitivity and specificity of
Multiple studies have demonstrated that FC improves 92.7% and 70.9%, respectively [27]. Herr et al., showed that the
the detection of superficial bladder cancer when compared use of NBI was associated with fewer recurrences and longer
to WLC alone [10,13-18]. Kausch et al., recently performed a recurrence-free intervals [28]. However, to our knowledge
meta-analysis of 17 prospective randomized trials [19]. This there are no published randomized control trials to support

Detailed PubMed searches were performed using the terms
“fluorescence cystoscopy,”“narrow-band imaging,” and “optical
coherence tomography” with “bladder cancer” and “urothelial
carcinoma.” Clinically relevant articles published in the English
language were selected for analysis including in vivo and ex
vivo use of these technologies in the urinary tract. We explored
the clinical evidence to support the use of these technologies
for the detection and surveillance of bladder cancer. Clinical
results were summarized in the body of this text.
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the use of this technology. The Clinical Research Office of the
Endourological Society recently launched an international
randomized trial to evaluate NBI [29]. In summary, NBI appears
to result in better bladder cancer detection without the use
of an intravesical infusion. Clearly further research is needed
before routine use of NBI for bladder cancer diagnosis and
treatment.

Optical coherence tomography

Optical coherence tomography (OCT) is a noninvasive imaging
technique that uses near-infrared light waves for the crosssectional images containing subsurface tissue information.
This technology is similar to ultrasound imaging, except that
it is based on depth resolved detection of backscattered
light instead of reflected sound waves. OCT produces high
resolution images approaching the resolution of a microscopy
(up to 2µm) and a maximum imaging depth of 2-3mm [30].
OCT discriminates normal bladder mucosa from bladder
cancer based upon qualitative analysis of the images: normal
mucosa is uniform and the bladder walls are clearly delineated
based upon their different backscattering capacities versus
bladder cancer increased the backscattering producing
heterogeneity. Extensive research has been performed using
OCT in the field of ophthalmology for visualizing the retina,
and has recently gained attention in urology. OCT probe can
be inserted through the working channel of a cystoscope and
provide real-time identification of bladder tumors.
Several studies have been conducted on the ability of OCT
to detect bladder cancer. These studies have demonstrated
that the different bladder wall layers including the lamina
propria and the muscularis propria can be distinguished
with OCT [31-33]. OCT can also differentiate bladder cancer
from normal bladder mucosa with a sensitivity and specificity
ranging from 84-100% and 78-90%, respectively [32,34-36].
Two studies have shown that OCT can determine the clinical
stage of bladder cancer in real-time. Goh et al., reported 90%
sensitivity and 89% specificity using OCT to detect superficial
bladder cancer, and 100% sensitivity for detecting muscle
invasive disease [35]. Goh et al., demonstrated that OCT could
discriminate Ta, T1, and T2 tumors with a sensitivity of 90%,
75% and 100%, respectively and a specificity of 89%, 97%
and 90%, respectively. Zagaynova et al., found that OCT
could discriminate between muscle invasive and superficial
bladder tumors with 100% sensitivity and 77% specificity at
the time of TURBT. Although the studies appear promising,
some limitations do exist. Inflammation or scarring of the
mucosa may lead to false-positives [35,36]. The size of the
probe limits the field of view making the technique unsuitable
for bladder mapping. In addition, large tumors with extensive
broadened urothelium imaging depth will be impaired, thus
compromising the ability to stage the tumor. In summary, OCT
is a noninvasive imaging technique that can provide real-time
tissue staging information. More clinical trials are needed before
implementing this technology into everyday clinical practice.
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Discussion

The three cystoscopic advancements describe above have
advantages and disadvantages. The goal of all these techniques
is to improve the detection of superficial bladder cancer. OCT
differs dramatically because of its ability to give real-time
information on pathologic stage. The clinical impact of improved
detection cannot be fully understood until long term studies
are done to show the overall effect on morbidity and mortality.
However, improved detection should clearly improve outcomes.
One of the most challenging clinical scenarios is a patient
with a positive urine cytology report and negative WLC: “invisible
tumor.” Schwalb et al., reported up to 15% of patients with
positive urine cytology might have no detectable tumor after
WLC [38]. Approximately, 75% of these patients will have a
visible tumor on follow up WLC [38]. FC has been shown to
improve detection on the initial exam, and this may be true
for NBI as well. Random biopsies are still recommended by
the National Comprehensive Cancer Network [39], however
targeted biopsies using FC or NBI seems to be more rational.
Carcinoma in situ (CIS) lesions are particularly problematic.
Schmidbauer et al., reported 67% increased detection of
CIS lesions with FC when compared to WLC [9]. Ray et al.,
showed that additional pathology was detected by FC in
32% of patients with confirmed positive urinary cytology and
negative WLC [3]. Indisputably earlier detection of CIS lesions
will result in a more complete transurethral resection with
lower early recurrence rates and potential improve overall
survival. No official recommendations have been made by
the American Urology Association; however, the European
Association of Urology has recommended it for the diagnosis
of carcinoma in situ of the bladder when available [46]. The
body of literature supporting the use of FC is larger; however
both FC and NBI appear to be promising techniques for the
treatment of patients with unconfirmed positive urine cytology.
Another difficulty in the management of bladder cancer is
the high recurrence rate. Recurrent tumors have been found
in 30-44% of patients at 2-8 weeks following initial bladder
resection [37]. Because of this fact, periodic urinary cytology
and cystoscopic examinations are required. The imperfect
sensitivity of traditional WLC may explain the high rate of cancer
recurrence. The most likely explanation for the recurrence is
that non-visible cancer is present at the time of resection.
Enhanced visibility of the tumor can decrease recurrence
rates by improving the transurethral resection. FC has already
been shown to statistically lower residual tumor rates [19].
Fluorescent TURBT also significantly reduces the incidence
of tumor recurrence [48-51]. The NBI and OCT techniques
presented in this review could lead to a more complete
resection however this question remains to be answered.
The high recurrence rates of bladder cancer make it the
highest lifetime treatment costs per patient of all cancers
[42]. The American Cancer Society estimates the cost of nonmuscle invasive bladder cancer at $31.5 million per year in
the United States [43]. One of the obstacles facing complete
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implementation of these new cystoscopic approaches is
the believed economic burden. Specialized cystoscopes,
light source, and light cables cost an additional $30,00040,000. Sievert et al., performed an economic comparison of
conventional TURBT versus FC assisted TURBT which proved
to be economically friendly due to the decreased rate of
recurrence [44]. This occurred despite the initial increase in
cost for added equipment and intravesical infusion. Each
HAL dose costs approximately $600. A similar study from
Sweden estimated over $600,000 could be saved by simply
performing TURBT under FC on high risk patients in the first
year [45]. NBI and OCT could prove to be more cost effective
because no intravesical instillation is required. However, the
cost analysis of NBI and OCT has yet to be performed.
The review of literature supports the utilization of each of
these modalities in order to optimize bladder cancer detection
and treatment. More research is needed before FC, NBI or OCT
can be completely implemented into common practice. Longterm randomized trials are still needed to determine improved
recurrence rates, morbidity and mortality. At this conjuncture,
it is difficult to tell if one of these technologies may emerge as
the new standard of care and replace WLC, or if the standard
of care will become a combination of these optical techniques.
One thing is certain that these technological advancements
are revolutionizing the detection of superficial bladder tumors.
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