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Abstract

Context: New developments in optical diagnostics have a potential for less invasive and improved 
detection of bladder cancer.

Objective: To provide an overview of the technology and diagnostic yield of recently developed 
optical diagnostics for bladder cancer and to outline their potential future applications.

Evidence acquisition: A PubMed literature search was performed and papers on Raman 
spectroscopy (RS), Optical Coherence Tomography (OCT), Photodynamic Diagnosis (PDD) 
and Narrow Band Imaging (NBI) regarding bladder cancer were reviewed. Technology, clinical 
evidence and future applications of the techniques are discussed. 

Evidence synthesis: With RS, the molecular components of tissue can be measured objectively 
in a qualitative and quantitative way. The first studies demonstrating human in vivo applicability 
are still awaited. OCT produces high resolution, cross-sectional images of tissue, comparable 
with histopathology, and provides information about depth of tumour growth. The first in 
vivo studies demonstrated a promising diagnostic accuracy. RS and OCT are not suitable for 
scanning the entire bladder. PDD is a technique using fluorescence to indicate pathological 
tissue. Several studies have shown that PDD increases the detection rate of bladder tumours 
and improves resection resulting in fewer early recurrences. The relatively low specificity of PDD 
remains a problem. NBI enhances contrast of mucosal surface and microvascular structures. 
The technique has clear advantages over PDD and the two studies published to date, showed 
promising preliminary results. PDD and NBI do not provide information on histopathological 
diagnosis.

Conclusions: RS and OCT aim at providing a real-time, minimally invasive, objective prediction 
of histopathological diagnosis while PDD and NBI aim at improving visualisation of bladder 
tumours. For RS, OCT and NBI more research has to be conducted before these techniques 
can be implemented in the management of bladder cancer. All techniques might be of value in 
specific clinical scenarios.
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Introduction

Cystoscopy and cytology are the contemporary cornerstones for detection and follow-up of 
non-muscle invasive bladder cancer (NMIBC). Although considered the current “gold standard”, 
these techniques have some limitations. Firstly, with cystoscopy carcinoma in situ (CIS) of the 
bladder may easily be missed [1]. Secondly, no information on histopathological diagnosis is 
provided during cystoscopy, which makes discrimination of inflammatory lesions and CIS often 
difficult, since they both can appear as mucosal red spots. Lastly, estimation of the grade 
or stage of a bladder tumour identified at cystoscopy, even by an experienced urologist, is 
often not accurate [2]. The Endocytoscopy System, a supermagnifying cystoscope, has been 
developed to overcome these limitations. It has the potential to provide microscopic imaging 
of bladder mucosa cells, but it is not routinely applied in the management of NMIBC [3]. One 
of the limitations of cytology is the high inter- and intraobserver variability [4]. In general, for 
high grade lesions sensitivity is over 90%, but for low grade lesions, it can be as low as 25-
40%, or even less in the case of inflammation [1]. Furthermore, cytology is a non-real-time 
diagnostic method, making immediate treatment decisions impossible. In order to reach the 
final diagnosis, tissue specimens obtained during transurethral resection (TUR) and/or biopsies 
are therefore necessary. 
Up to 70% of the patients with NMIBC will develop a recurrence after the TUR [5]. It is suggested 
that besides tumour size, number of tumours, presence of CIS and prior recurrence rate, the 
quality of TUR also substantially influences the recurrence rate [6]. Therefore, optimizing TUR, 
e.g. by improving visualisation of the tumours, is highly desirable. 
Optical diagnostics are based on the interaction of light with tissue. By detecting differences 
between the incident and detected light, they can provide information on the tissue under 
examination. These differences are caused by interactions such as scattering, absorption and 
fluorescence, all of which are characteristic for certain tissue types. Developments in optical 
diagnostics might reduce the limitations of the current methods in several ways. Some techniques 
aim at better visualization of bladder tumours during cystoscopy while other techniques aim at 
providing a prediction of histopathological diagnosis during cystoscopy, in real-time and in a 
minimally invasive way. 
We aim to review the technology and diagnostic yield of these relatively new optical diagnostics 
for bladder cancer (photodynamic diagnosis, narrow-band imaging, Raman spectroscopy, optical 
coherence tomography) and to outline their potential future applications. 

Evidence acquisition

For this non-systematic review, we performed a literature search by PubMed for original and 
review articles written in English using the search terms “bladder cancer and Raman spectroscopy” 
(rendering 6 articles), “bladder cancer and optical coherence tomography” (rendering 16 
articles), “bladder cancer and photodynamic diagnosis” (rendering 166 articles) and “bladder 
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is molecular composition changes if pathological transformations occur and by this means RS 
can provide an objective prediction of pathological diagnosis (Figure II). 
 
 
 
 
 
 
 
 

 

 
 
 
 

Figure II. Raman spectroscopy – Raman spectra of normal urothelium in blue and bladder tumour in red (Courtesy 
of M. Grimbergen, University Medical Center Utrecht (NL))

 

To assist interpretation of RS, a pseudocolor map of the tissue under examination can be created. 
Tissue areas with similar spectra and therefore similar molecular composition are depicted in 
the same colour, thus creating a picture comparable to histopathology [8-10]. 
Several groups have determined the diagnostic accuracy of RS by comparing ex vivo Raman 
measurements of bladder samples with histology. De Jong et al showed that in 15 bladder 
tissue samples classification between tumour and non-tumour was possible with a sensitivity 
and specificity of 92% and 94%, respectively [9]. Crow et al demonstrated that differentiation 
between normal, inflammatory and malignant tissue was feasible with a sensitivity of 90-95% 
and a specificity of 95-98% in 75 bladder tissue samples. In the malignant samples, differentiation 
between grade 1 and 2 was difficult, yet differentiation between grade 1/2 versus 3 was feasible 
with sensitivity and specificity of more than 93% [11]. Although to be confirmed in larger series, 
the ability to discriminate inflammatory tissue and malignant tissue is an important finding. It 
indicates that RS could contribute to the interpretation of red mucosal spots seen at cystoscopy 
which might be CIS, inflammation, or an effect of intravesical therapy.
 Until recently, the systems for RS were designed to fit on a laboratory bench. For in vivo 
measurements, small flexible fiber-optic probes compatible with the working channel of a rigid 
or flexible cystoscope have been developed, but the application has been hampered by many 
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and 44%). Additionally, an increase in recurrence-free survival was demonstrated for PDD-
assisted TUR (41% and 71% versus 25% and 45% for TUR with white light only) [37,38]. In one 
study no adjuvant intravesical treatment was used, explaining the differences in recurrence rate 
between the two studies.
So far, two studies have assessed whether PDD-assisted TUR would be cost-effective in the long-
term as well as reducing patient morbidity [38,40]. Taking the costs of surgery, hospital stay, 
fluorescence agents and amortization of the PDD equipment into consideration, the authors 
calculated that, due to the decreased rate of re-TUR, $425 [38] and €168 [40] was saved per 
patient per year in the PDD group. 
The major concern with PDD is the relative low specificity, ranging from 41.4-98.5% [36]. False-
positive fluorescence can be induced by inflammation, scarring after TUR, prior intravesical 
therapy and tangential illumination of the mucosa. Furthermore, hyperplasia can result in 
fluorescence, although hyperplasia might be considered as a premalignant lesion [30,41]. RS 
and OCT might help to reduce this high false-positive rate. Two groups have already conducted 
a study on the combination of PDD and OCT in rats and their preliminary results show that this 
combination effectively increased the specificity of PDD [42,43].
In summary, PDD enables better detection and more complete resection of bladder tumours, 
resulting in a lower residual tumour rate. Whether this also results in longer recurrence- or 
progression-free survival still has to be proven in larger randomized clinical trials (as highighted 
in the EAU guidelines) [44]. PDD is not yet widely used, mainly due to the fact that it is expensive, 
not approved in several countries and has low specificity. However, by combining this technique 
with either RS or OCT, specificity might increase.

Narrow Band Imaging (NBI)
NBI is an optical image enhancement technique designed for endoscopy to enhance the contrast 
between mucosal surfaces and microvascular structures without the use of dyes. This technique 
is based on the phenomenon that the depth of light penetration into the mucosa increases 
with increasing wavelength. With NBI, the tissue surface is illuminated with light of a narrow 
bandwidth with center wavelengths in the blue (415nm) and green (540nm) spectrum of light 
(Figure VII). Since these specific wavelengths are strongly absorbed by haemoglobin, the vascular 
structures  appear dark brown/green against a pink/white mucosal background. (Figure VIII).
Systems that have integrated NBI and WLC are already commercially available. With the push of 
a button, the NBI-mode is activated by mechanical insertion of the narrow band filter in front of 
the white light source [45,46].
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inflammation or scarring, like PDD, is yet unknown.
In gastroenterology the value of NBI has already been demonstrated extensively: in NBI 
colonoscopy for adenoma detection [49] and NBI endoscopy in patients with Barrett’s 
oesophagus [50]. 

Table I provides an overview of the four optical techniques, including sensitivity and specificity 
of WLC and cytology.

Aim Optical principle Stage of research Sens (%) Spec (%)

RS [9,11] prediction on histopathologi-
cal diagnosis scattering human ex vivo 90-95 94-98

OCT 
[25,26,28]

prediction on histopathologi-
cal diagnosis scattering human in vivo 83.8-100 78.1-89

PDD [36] improving visualisation of 
bladder tumours fluorescence human in vivo 82-97 41.4-98.5

NBI [48] improving visualisation of 
bladder tumours absorption human in vivo 100 82

Endocytos-
copy [3]

prediction on histopathologi-
cal diagnosis

reflection/absorp-
tion human in vivo - -

WLC [35] - - - 62-84 43-98
Cytology [51] - - - 16-60 90-95

 
Table I. Overview of the four optical techniques, including sensitivity and specificity of white light cystoscopy and 
cytology
RS = Raman spectroscopy, OCT = optical coherence tomography, PDD = Photodynamic diagnosis, 
NBI = Narrow-band imaging, WLC = white light cystoscopy.

Potential future applications of these techniques for the 
practicing urologist

All techniques described in this review, except for PDD, still need comprehensive investigation 
before they might be used in clinical practice. In order to evaluate the true value of these 
techniques, future clinical studies should provide a full diagnostic accuracy analysis including 
sensitivity, specificity, positive predictive value and negative predictive value. Several clinical 
scenarios where they may be of value are outlined below. 
The first scenario, which remains a challenge for the practicing urologist, is a patient with 
suspected CIS. In case of positive cytology without visual abnormalities at cystoscopy so-called 
random biopsies have to be taken to exclude or confirm this diagnosis. In such cases it would 
be helpful to target the biopsies by improving the visual detection of CIS. In this scenario, PDD 
could be the answer since it has been shown that it significantly improves the detection of CIS. 
Whether NBI could also play a part in this scenario, has to be established in future research. In 
case of mucosal red spots at first or follow-up cystoscopy, office-based OCT or RS measurements 
via the working channel of a cystoscope could be of value to differentiate between CIS and 
inflammation or post-instillation effects. 
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Another challenging topic in NMIBC is the high early recurrence rate after TUR. These recurrences 
may be residual tumour due to incomplete resection or overlooked tumours at initial TUR.[6] 
PDD-guided resection can reduce the number of overlooked or incompletely resected tumours. 
However, a major pitfall of PDD is its low specificity, resulting in unnecessary resected bladder 
tissue. Furthermore, although the intravesical instillation of most PDD agents is proven to be 
safe, it requires preparation and can cause physical discomfort for patients. NBI, alternatively, is 
immediately applicable, does not cause side effects, is not restricted in time by photobleaching 
and avoids the extra costs of an intravesical agent. By evaluating the lateral margins or base of 
the resection plane with either OCT or RS, one might discover whether the resection is complete 
at the time of the TUR and extend it if necessary. Consequently, this might reduce the need for 
repeat TUR. However, the feasibility of measurements at the margins or base of the resection is 
questioned, since cauterization may cause problematic artefacts.
For recurrent small bladder tumours in patients previously diagnosed with a low grade, low 
stage tumour, office-based laser fulguration or electrocoagulation are nowadays applied more 
frequently. One of the drawbacks of these treatments is that no pathology specimen is obtained. 
Consequently, the urologist has to rely on his/her estimation of tumour stage and grade and be 
sure that progression has not occurred. Since this estimation is often inaccurate, a pathological 
diagnosis before fulguration is desirable. OCT measurement of these tumours might provide this 
diagnosis, so that office-based fulguration becomes a safer treatment modality.
Pre-treatment diagnosis of upper urinary tract (UUT) tumours also remains challenging. Papillary 
or solid lesions can be reliably identified by ureterorenoscopy, but estimation of the stage remains 
difficult. Biopsies of suspect lesions in the ureter are often non-diagnostic due to insufficient size 
or quality. Since endoscopic, organ-sparing treatment has become an excellent option for low 
grade, low stage tumours a precise pre-operative pathological diagnosis is essential. OCT or RS 
might be of value in this scenario, although the tangential beam might impair accuracy. 
Identification of CIS in the UUT also remains difficult, since these flat lesions are generally not 
detected by any radiological imaging modality. PDD is not feasible for the UUT due to difficulties 
in the effective instillation of the agent. Furthermore, it will cause many false positives, since a 
tangential light beam is almost inevitable in the ureter. NBI does not require instillations and is 
not hampered by a tangential light beam and therefore might aid in detecting CIS in the UUT. 
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Conclusion

RS and OCT are two relatively new optical diagnostics both aiming to predict histopathological 
diagnosis objectively, real-time and in a minimally invasive way. While RS can estimate the 
molecular composition of tissue, OCT can produce cross-sectional images with high resolutions 
comparable to histopathology. Both methods show promising preliminary results, but more 
research is needed before any of the techniques can be implemented in the management of 
bladder cancer. 
PDD and NBI both aim at improving visualisation of bladder tumours. Several studies have shown 
that PDD increases the detection rate of bladder cancer, especially for CIS, and that it improves 
TUR, resulting in fewer early recurrences. However, the system also has some drawbacks 
and more series with long-term follow-up are needed to establish if this method results in 
improvements on recurrence- and progression-free survival. NBI is the latest technique with 
only two published studies to date in bladder cancer. It has some clear advantages over PDD, but 
whether it is as good has yet to be established in larger series.
These techniques might overcome the limitations of the current methods and be of value in 
several specific clinical scenarios. RS and OCT must be used at a specific target since they are 
unsuitable for screening the entire bladder, while PDD and NBI do not provide a histopathological 
diagnosis. Therefore, a combination of techniques should probably be used in the future.
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Editorial Comments on: A new generation of optical diagnostics 
for bladder cancer: technology, diagnostic accuracy and future 
applications.

By Leonard G. Gomella 
Department of Urology, Kimmel Cancer Center, Thomas Jefferson University, Philadelphia, USA 

As Cauberg and associates note, up to 70% of patients with non–muscle-invasive bladder cancer 
recur after transurethral resection (TUR) [1]. Therefore, it is critical to identify small tumors and 
carcinoma in situ (CIS) that may not be readily visualized by standard white-light cystoscopy, as 
one strategy to help reduce recurrences. The authors have provided a state-of-the-art overview 
of the optical technologies that are currently in use or in 
development for  bladder cancer. 
Of the techniques reviewed, photodynamic diagnosis (PDD; or fluorescence cystoscopy) is the 
technology in widespread commercial use today in many countries. In our multi-institution 
study of almost 300 patients, hexaminolevulinate (Hexvix; PhotoCure, Oslo, Norway) blue-light 
fluorescence cystoscopy detected CIS lesions that were not detected with white-light cystoscopy 
in 15.5%of patients, and it detected more CIS lesions than white-light cystoscopy in 42%. 
Additionally, four patients with no coexisting disease had CIS identified by hexaminolevulinate 
fluorescence cystoscopy and not by white-light examination [2]. Hexaminolevulinate can also 
detect more Ta and T1 papillary tumors than standard white-light cystoscopy [3]. More recently, 
Ray and associates confirmed the utility of hexaminolevulinate in patients with positive cytology 
and no visible evidence of disease after standard evaluation [4]. Additional pathologic changes 
were detected in 32% of patients after PDD. 
A recent review in European Urology notes that fluorescence diagnosis using hexaminolevulinate 
is widely available in Europe for the detection of bladder cancer [5]. A testimony to the utility of 
this optical diagnostic technology is that PDD now is recommended by the European Association 
of Urology for the diagnosis of CIS of the bladder. In the United States, we anxiously await 
the final results of a hexaminolevulinate fluorescent cystoscopy registration trial that was 
completed in 2008 for the US Food and Drug Administration, which will allow us to bring this 
optical technology to our patient population as well. 
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By Richard T. Bryan 
Department of Public Health and Epidemiology, University of Birmingham, Birmingham, UK 
Department of Urology, The Queen Elizabeth Hospital, Birmingham, UK 

The review above by Cauberg et al [1] provides a timely overview of this rapidly changing field, 
which may have become something of a minefield for the urologist who 
wishes to keep up to date or wants to upgrade equipment. As for the authors’ focus, it is 
important to remember that even in this molecular-genetic era, direct visualization of 
the urothelium remains the mainstay of bladder cancer diagnosis and follow-up and is a 
fundamental urologic technique; in some form or another, this situation is unlikely to change for 
the foreseeable future [2,3]. 
Based on this review, photodynamic diagnosis (PDD) and narrow-band imaging (NBI) seem to 
have most relevance for today’s urologist and, when used together, could represent a powerful 
combination, resulting in a more thorough initial resection (PDD) with better identification of 
subsequent recurrences (NBI). Improved detection of carcinoma in situ is also of significant 
importance in this group of patients [4]. For tomorrow’s urologist, other techniques may come 
to the forefront (Raman spectroscopy, optical coherence tomography), used in combination 
with white-light cystoscopy, NBI, or PDD. 
Unfortunately, there are difficulties in providing the evidence base to thoroughly justify the 
use of these new technologies [4]. In this group of patients, one would need to carry out large 
randomized studies to demonstrate a clear benefit in patient outcome when these techniques 
are compared with conventional cystoscopy or to advocate for one technique over another. 
Such studies are unlikely to be feasible, especially when innovation progresses so rapidly, which 
remains a dilemma for researcher and manufacturer alike. Small studies, however, may be 
enough to justify the careful adoption of some of these techniques, possibly within the setting of 
multicentre trials. Such research can only benefit patients, as we strive to reduce the frequency 
of cystoscopic observation, as well as health organizations in reducing the significant cost of 
bladder cancer treatment and follow-up [5]. 
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