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Chapter 1

Aim
Bladder cancer is the fourth most common cancer in men and the 8th most common in 

women worldwide. Its high incidence and good survival rates make bladder cancer one of 
the most prevalent types of cancer in the western world. In the Netherlands, each year 5,400 
new patients with bladder cancer are diagnosed. Approximately 75% of the patients have 
non-muscle invasive bladder cancer and have good prognosis. However, 50% will develop a 
recurrence within 18 months after initial treatment. Disease progression to muscle-invasive 
is relatively rare and occurs in 10-15% of the cases which severely affects the prognosis of 
these patients.

The gold standard for the diagnosis and treatment of bladder cancer is transurethral 
resection of bladder tumors (TURBT). Frequent reexaminations and repeated TURBT create 
a significant burden to the patient. Repeated surgery, though it is an endoscopic procedure, 
is accompanied by the risk of anesthesia and other surgical complications. In addition, the 
high recurrence rate and the need for repeated treatments make bladder cancer the most 
expensive cancer from diagnosis till death of the patient: about € 90,000- € 150,000 per 
patient. The TURBT is relatively expensive and accounts for 70% of the total cost of bladder 
cancer. Optimizing the quality of the TURBT, i.e., improving the detection and removal 
of bladder tumors, will directly have an effect on the patient’s outcome and the cost of 
bladder cancer treatment.

Fluorescence cystoscopy has demonstrated to improve the visualization of bladder 
tumors during transurethral resection and, progressively, has become a common tool for 
bladder cancer diagnosis in the urologist’s operating room. It significantly enhances the 
sensitivity of bladder cancer detection, but it is hampered by a substantial number of false 
positive results, i.e., a lower specificity.

Raman spectroscopy is an optical technique that utilizes the interaction of light with 
molecular bonds to identify anorganic and organic substances with high specificity. The 
technique has shown to be a promising diagnostic tool for bladder cancer diagnosis and 
might be used in combination with fluorescence cystoscopy to improve diagnostic accuracy.

The aim of this thesis is to optimize the efficacy of fluorescence cystoscopy and to assess 
the feasibility of in vivo diagnosis of bladder cancer by means of Raman spectroscopy in 
combination with fluorescence cystoscopy. The ultimate goal is to develop a Raman 
spectroscopy-based system which allows the diagnosis of tumor stage and grade with high 
specificity whilst leaving out the need for histopathologic diagnosis and allowing for ‘see-
and-treat’ strategy protocols in bladder cancer patients.
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Aim and outline

Outline of the thesis
Chapter 2 summarizes the epidemiology, diagnosis and treatment of bladder cancer, 

and describes potential novel optical tools for the diagnosis of bladder cancer.
Fluorescence cystoscopy is an optical technique that improves the detection of bladder 

cancer increasing the sensitivity of bladder cancer diagnosis. However, a considerable 
amount of benign lesions produce fluorescence resulting in a reduced specificity. In 
chapters 3 to 6, the clinical studies that elucidate factors predicting for reduced fluorescence 
specificity are presented.

Raman spectroscopy enables the characterization of tissue at the molecular level and 
might provide a differential diagnosis of cancers with high specificity. The technique uses 
laser light to investigate the molecular composition at a small target and, therefore, it is not 
(yet) suitable for screening the entire bladder. On the other hand, fluorescence cystoscopy 
enables gross evaluation of the bladder wall surface with high sensitivity. A combination 
of fluorescence cystoscopy and Raman spectroscopy might therefore result in optimal 
sensitivity and specificity of bladder cancer diagnosis. Previous research has demonstrated 
that Raman spectroscopy is not hampered by the intravesical instillation of photosensitzers 
used for fluorescence cystoscopy and that Raman spectroscopy can be applied during 
fluorescence-guided cystoscopy (Thesis, Dr. Matthijs C.M. Grimbergen, UMC Utrecht, 2010). 
The combined technique has been tested in a clinical setting. Results are presented and 
discussed in chapter 7.

A bladder diagram and, even, photo or video documentation have been advised as a 
preventive measure to reduce the number of residual tumors and improve the probability 
of a complete resection. Traditionally, bladder location details are recorded in the patient’s 
medical record and precisely illustrated in bladder diagrams. But, navigation-assisted 
electronic mapping of the bladder has not yet been investigated. Navigational systems 
might help urologist to ensure that the bladder is fully inspected and that bladder locations 
are found again easily during transurethral resection. Chapter 8 demonstrates the feasibility 
of accurate bladder mapping using a stereotactic navigational system.

Finally, in chapter 9 the results of the thesis are discussed, conclusions are given and 
directions for future research are postulated. A short summary is provided with a Dutch 
version.
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Chapter 2

Epidemiology, etiology and presentation
Bladder cancer accounts for 5-10% of all malignancies in males worldwide and ranks 6th 

on the worldwide cancer incidence list[1;2]. More than 90% of bladder cancers are either 
transitional cell carcinomas (TCC) or urothelial cell carcinoma (UCC), 5% are squamous cell 
carcinomas and less than 2% are adenocarcinomas[3]. Worldwide, the incidence of bladder 
cancer varies considerably, with Egypt, Israel, Western Europe, and North America having 
the highest, and Asian countries the lowest incidence rates. The highest incidence rates in 
men are in Egypt (23.7 per 100,000 person-years), The Netherlands (25.3 per 100,000 person-
years), Spain (27.1 per 100,000 person-years) and Israel (29.7 per 100,000 person-years). The 
lifetime risk for developing bladder cancer in the Netherlands is 4.5% and 1.2% for men and 
women respectively. Bladder cancer incidence in the Netherlands ranks 4th for males and 9th 
for females (figure 1)[4].

Figure 1. The life-time risk for any type of cancer in the Netherlands for men and women 
according to the Dutch Cancer Registration (NKR: Nederlandse Kankerregistratie, www.iknl.nl)
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The two best-known factors for the development of bladder cancer are cigarette smoking 
and exposure to occupational carcinogens[5;6]. Smoking is the most important risk factor 
and accounts for 50% of the bladder cancer cases in men and 35% in women[6]. Chemical 
and environmental exposures include polycyclic aromatic hydrocarbons (PAH) used in the 
aluminum, coal and roofing industries[7] and aromatic amines used in the chemical, rubber 
and dye industries[8-10]. An increased risk has been reported in hairdressers, painters and 
varnishers[11]. Other environmental risks include exposure to radiotherapy[12], the use of the 
chemotherapeutical agent cyclophosphamide[13] and chronic urinary tract infections[14]. In 
parts of Africa and the Middle East bladder cancer, particularly of the squamous cell type 
(SCC), is linked to chronic infection with Schistosoma haematobium. This flatworm causes a 
parasitic disease, schistosomiasis or bilharziasis. It typically affects farming communities that 
are dependent upon irrigation to sustain their agriculture[15;16].

Microscopic and macroscopic hematuria is the most important presenting symptom 
and occurs in the majority of bladder cancer patients. Irritative lower urinary tract symptoms 
such as urinary frequency, urgency and dysuria can also be presenting signs, mainly in case 
of carcinoma in situ, high-grade papillary tumors and invasive bladder cancer[17].

Staging and grading
Stage and grade are important prognostic factors for recurrence, progression, and 

survival, and, therefore, play a role in the decision-making of the treatment and management 
of bladder cancer. The TNM-system (Tumor-Node-Metastasis) is used worldwide for the 
staging of bladder cancer (table 1)[18;19].

The stages include papillary tumors confined to the epithelial mucosa (Ta), tumors 
invading in the subepithelial connective tissue or lamina propria (T1) and the detrusor 
muscle of the bladder (T2, figure 2).

Figure 2. Illustration of TNM bladder cancer staging.
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Table 1. TNM-classification of bladder tumors.

TNM classification of bladder carcinoma

T: Primary tumour
 TX Primary tumour cannot be assessed
 T0 No evidence of primary tumour
 Ta Non-invasive papillary carcinoma
 Tis Carcinoma in situ (CIS): ‘’flat tumour’’ 
 T1 Tumour invades subepithelial connective tissue
 T2 Tumour invades muscle
 T2a:  Tumour invades superficial muscle (inner half)
 T2b:  Tumour invades deep muscle (outer half)
 T3 Tumour invades perivesical tissue:
 T3a:  Microscopically
 T3b:  Macroscopically
 T4 Tumour invades any of the following: prostate, uterus, vagina, pelvic wall, 

abdominal wall
 T4a:  Tumour invades prostate, uterus, or vagina
 T4b:  Tumour invades pelvic wall or abdominal wall

N: Lymph nodes
 NX Regional lymph nodes cannot be assessed
 N0 No regional lymph node metastasis
 N1 Metastasis in a single lymph node < 2 cm in greatest dimension
 N2 Metastasis in a single lymph node > 2 cm, 

but not > 5 cm in greatest dimension, or multiple lymph nodes, none > 5 
cm in greatest dimension

 N3 Metastasis in a lymph node >5 cm in greatest dimension

M: Distant metastasis
 MX Distant metastasis cannot be assessed
 M0 No distant metastasis
 M1 Distant metastasis

Carcinoma in situ (CIS) is a tumor that is confined to the mucosa and is non-invasive, 
but is associated with a high risk of progression to high-grade transitional cell carcinomas 
(TCC’s). Of all bladder tumors, the majority, 75-80% presents as non-muscle-invasive bladder 
cancer (NMIBC). In NMIBC, approximately 70% present as Ta lesions, 20% as T1 lesions and 
10% as CIS or Tis lesions.

Grading of urothelial papilloma is performed according to the World Health Organization 
(WHO) 1973 grading system: well differentiated (G1), moderately differentiated (G2), or 
poorly differentiated (G3). In 2004, the WHO and the International Society of Urological 
Pathology (ISUP) published a new grading system that defines more detailed histological 
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criteria for papillary urothelial lesions[20]. The new classification classifies papillary 
urothelial neoplasms of low malignant potential (PUNLMP), low-grade and high-grade 
urothelial carcinomas (figure 3)[21]. PUNLMPs are lesions that do not have cytological 
features of malignancy and show normal urothelial cells in a papillary formation. The 2004 
grading system was developed to obtain an objective classification system with high 
reproducibility and a powerful ability to predict the prognosis. However, studies showed 
controversial results and did not demonstrate the superiority of one grading system over 
the other[22-27]. Most clinical trials up to now have used the 1973 WHO classification, and 
therefore the guidelines of the European Association of Urology (EAU) are based on this 
scheme[17]. The 15-year disease specific survival is 100%, 74% and 62% for low-grade Ta, 
high-grade Ta and T1 tumors, respectively[28].

Figure 3. Comparison of the 1973 and 2004 World Health Organisation (WHO) grading systems. 
Some of the WHO grade 1 carcinomas are assigned to the papillary urothelial neoplasm of low 
malignant potential (PUNLMP) category and others to the 2004 WHO low-grade carcinoma 
category. Similarly, 1973 WHO grade 2 carcinomas are assigned, some to the low-grade 
carcinoma category and others to the high-grade carcinoma category.

Risk group classification
Researchers from the European Organisation for Research and Treatment of Cancer 

(EORTC) developed a scoring system from a database of 2,596 patients to estimate the risk 
of recurrence and progression of NMIBC. The scoring system combines several standard 
pathological and clinical criteria, such as previous tumor recurrence, number of tumors, 
tumor diameter, the presence or absence of concomitant CIS, and the stage and grade of 
the tumor (table 2)[29]. Consequently, bladder cancer is classified into low-, intermediate-, 
or high-risk bladder cancer. The calculated probability for progression is 0.8% at 5 years for 
low risk and 17-45% for high risk TaT1 bladder cancer (table 3).

A shortcoming of the EORTC risk table is that it might have lost its accuracy because 
intravesical therapy has improved over the years and patients are nowadays treated more 
often with bacillus Calmette-Guérin immunotherapy (BCG). Furthermore, the patients from 
the database did not receive one immediate chemotherapeutic instillation after transurethral 
resection of bladder tumors (TURBT) and did not have a second transurethral resection (see 
treatment section). As a consequence, newer risk tables will be needed in the near future.
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Table 2. European Organisation for Research and Treatment of Cancer (EORTC) weighting used 
to calculate the risk for recurrence and progression.

The EORTC risk table
Factor Recurrence Progression

Number of tumours
Single 0 0
2–7 3 3
≥8 6 3

Tumour diameter
<3 cm 0 0
≥3 cm 3 3

Prior recurrence rate
Primary 0 0
≤1 recurrence per year 2 2
>1 recurrence per year 4 2

Category
Ta 0 0
T1 1 4

Carcinoma in situ
No 0 0
Yes 1 4

Grade (1973 WHO)
G1 0 0
G2 1 0
G3 2 5

Total score 0–17 0–23

Genetic profile
Urothelial carcinomas are thought to evolve from at least 2 distinct mechanisms (figure 4)

[30;31]. The mechanisms result in 2 separate groups of lesions, namely the low-grade papillary 
variant and invasive tumor variant, both with its own biological behavior and prognosis.

The first pathway is characterized by mutations in the HRAS gene encoding for a GTPase 
protein involved in regulating cell division in response to growth factors (HRAS: rat sarcoma 
induced by Harvey sarcoma virus) and fibroblast growth factor receptor 3 (FGFR3) resulting 
in papillary hyperplasia and the development of low-grade noninvasive (Ta) tumors. Only 
15% of the low-grade tumors will eventually progress to muscle invasive lesions.

The second pathway describes defects in the p53 and pRb tumor-suppressor pathways 
leading to dysplasia, carcinoma in situ (CIS) and progression to high-grade invasive tumors 

24930_Draga.indd   16 01-04-13   17:37



17

Introduction

CHAPTER

2

(T1 and T2). Lastly, the deletion of both arms of chromosome 9 (9p-/9q-) occurs in both 
pathways early during tumorigenesis. Elucidating the genetic and epigenetic origins of 
tumorigenesis might eventually lead to the development of biomarkers to differentiate 
between low risk and potentially high risk tumors.

Table 3. Probability of recurrence and progression according to total score provided by the 
European Organisation for Research and Treatment of Cancer (EORTC) risk table.

Probability of recurrence and progression according to total score.

Recurrence score Recurrence risk group Probability of recurrence at 5 yrs
% (95% CI)

0 Low risk 31 (24–37)
1–4 Intermediate risk 46 (42–49)
5–9 Intermediate risk 62 (58–65)
10–17 High risk 78 (73–84)

Progression score Recurrence risk group Probability of progression at 5 yrs
% (95% CI)

0 Low risk 0.8 (0–1.7)
2–6 Intermediate risk 6 (5–8)
7–13 High risk 17 (14–20)
14–23 High risk 45 (35–55)

CI= confidence interval. Electronic calculator is available at http://www.eortc.be/tools/bladdercalculator/.

Bladder cancer diagnosis
Diagnosis includes cytology, cystoscopy and radiological investigation of the upper 

urinary tract. In urinary cytology voided urine or bladder-washing specimen is examined 
for exfoliated bladder cancer cells. Cytology has a high specificity (>90%) but a suboptimal 
sensitivity (<50%), especially for low-grade tumors, and is subject to interobserver 
variability[32-34].

Cystoscopy remains the gold standard for the detection of bladder cancer. In the 
outpatient clinic a flexible cystoscope is used for inspection of the bladder[17]. If bladder 
cancer is suspected, the patient is scheduled for a transurethral resection (TURBT) in the 
operating room (figure 5). Because urothelial malignancies can be multifocal with lesions in 
the renal pelvis and ureter, an evaluation of the upper urinary tract is advocated. Common 
imaging modalities used are Computed Tomography (CT) with urography, intravenous 
pyelogram (IVP) and ultrasonography (US)[35;36].

Urinary markers
A number of tumor markers have been tested for their clinical usefulness in the 

detection and monitoring of bladder cancer. Fluid-based biomarker assays include NMP22 

24930_Draga.indd   17 01-04-13   17:37



18

Chapter 2

BladderChek Test (nuclear matrix protein, Matritech Inc, Newton, MA) and BTA Stat test 
(bladder tumor antigen, Polymedco, Inc, Quebec City, Quebec, Canada). Well-known 
cell-based assays are ImmunoCyt test (Diagnocure Inc, Quebec City, Quebec, Canada) 
and the FISH analysis (fluorescence in situ hybridization, Vysis UroVysion Systems, Abbott 
Laboratories, Abbott Park, IL). Many of these assays have a higher sensitivity, but lower 
specificity for bladder cancer detection compared to cytology [37;38]. The false positives 
resulting from these biomarkers might lead to unnecessary diagnostics and bladder 
biopsies. To date, no single marker is accurate enough for the surveillance of bladder cancer 
and which might lower the frequency of diagnostic cystoscopy[39].

Transurethral resection of bladder tumors (TURBT)
Transurethral resection is the first step in the initial management of bladder cancer. The 

aim of the TURBT is to acquire histologic diagnosis, to document all clinically important 
prognostic factors (number and size of the tumors) and to achieve complete removal of the 
tumors. A rigid cystoscope is inserted into the bladder to take biopsies of lesions with a cup 
biopsy forceps and to resect tumors with an angled loop (figure 6)[40;41]. The European 
Association of Urology (EAU) points out that small tumors (< 1cm) can be resected in one 
chip. Larger tumors should be resected in fractions which include the underlying detrusor 
muscle of the bladder wall to adequately asses the depth of the invasion for accurate 
staging of the cancer[42;43].

CIS are non-papillary lesions with a high risk of tumor progression, which in many cases 
are barely visible, and may present as reddish or velvet-like mucosa. Biopsies should be 
taken from all areas suggestive for CIS lesions.

Biopsies from normal looking mucosa, so-called random biopsies (R-biopsies), are only 
recommended in patients with positive urinary cytology in the absence of visible bladder 
tumors. In patients with low-risk tumors, R-biopsies are not recommended because CIS 
lesions are rarely associated with these lesions (<2%)[44].

The prostatic urethra can be involved in bladder cancer, especially if the tumor is 
present in the trigone or bladder neck, in the presence of CIS or multiple tumors[45]. When 
abnormalities of prostatic urethra are visible, and when cytology is positive without the 
evidence of tumor in the bladder, biopsies from the precollicular area between 5 and 7 
o’clock are recommended[17]. A bimanual examination under anesthesia before or after 
TURBT is performed to determine the extent of the disease.

Repeat transurethral resection of bladder tumor (re-TURBT)
Incomplete resection resulting in residual tumors occurs in 27-78% of the cases[41;46;47] 

and, therefore, re-TURBT may be necessary to remove remaining lesions. Furthermore, 
upstaging of T1 to muscle-invasive cancer in repeated TURBTs is observed in 2-28% of 
cases[48;49].
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Figure 4. Illustration of potential pathways of urothelial tumorigenesis. Likely pathways are 
indicated by solid arrows; broken arrows indicate uncertain relationships. Adapted from 
Knowles MA. Molecular subtypes of bladder cancer: Jekyll and Hyde or chalk and cheese? 
Carcinogenesis. 2006;27(3):361-373.

Figure 5. Illustration of rigid cystoscopy.

Figure 6. A tumor is resected with an angled loop during cystoscopy in the operating room.
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Accurate staging is of the utmost importance for providing the optimal bladder cancer 
treatment. Indeed, a re-TURBT has shown to improve the outcome in patients with non-
muscle invasive bladder cancer[48;50]. In a prospective study Divrik et al. evaluated the 
recurrence and progression rates in patients with newly detected T1 tumors with and without 
re-TURBT. Recurrence was observed in 26% and 63% in patients with and without a re-TURBT, 
respectively. The progression rates were 4% and 12%, respectively[48]. According to the EAU 
guidelines, a re-TURBT performed within 2-6 weeks after the primary TURBT is recommended 
when the resection is incomplete, when biopsy specimens do not contain muscle tissue, or 
when a non-muscle invasive high-grade tumor is found in the initial TURBT[17].

Therapy of non-muscle invasive bladder cancer

Immediate postoperative intravesical chemotherapy
An immediate instillation of chemotherapy after the TURBT decreases recurrence 

compared to TURBT alone[51;52]. One immediate instillation reduces the recurrence rate 
of Ta and T1 bladder cancer patients from 48% to 37% based on a median follow-up of 3.4 
years. The effect of one single postoperative instillation of chemotherapy can be explained 
by destroying circulating tumor cells or ablation on residual tumor cells at the resection 
site. No difference in efficacy between chemotherapeutic agents, such as Mitomycin C, 
Epirubicin and Thiotepa, was reported. The benefit is mainly observed in primary disease 
and in patients with single tumors. Translated in EORTC scores, the benefit was seen in 
scores 0-2, but not in scores ≥3. One immediate instillation of chemotherapy after TURBT 
is therefore indicated in low- and intermediate risk patients. In high risk patients one 
immediate instillation after TURBT may be considered[17].

Adjuvant intravesical chemo- and immunotherapy
The need of further adjuvant intravesical therapy depends on the patient’s prognosis. 

In patients with a low risk of recurrence, one immediate postoperative instillation of 
chemotherapy has shown to be sufficient[17;43].

Intravesical chemotherapy, i.e., maintenance schedules with Mitomycin C, has shown 
to prevent recurrence, but not progression[17]. Thus, in patients with a considerable risk of 
recurrence, but low risk of progression, intravesical therapy should be considered. Multiple 
instillations of bacillus Calmette-Guérin (BCG) provides no additional benefit in patients 
with low-risk disease compared to chemotherapy[17;43].

In intermediate and high risk patients, intravesical immunotherapy with bacillus 
Calmette-Guérin (BCG) is more effective than intravesical chemotherapy in reducing 
recurrence and progression. Because BCG has more side effects than chemotherapy, the 
choice between intravesical therapy and BCG maintenance depends on the individual 
patient’s risk and tolerability of the treatment. BCG toxicity includes non-infectious cystitis 
(>50%), fever (25%), symptomatic prostatitis (<5%), epididymitis (<2%) and sepsis (<0.5%).
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The optimum maintenance schedule and duration of intravesical therapy (MMC) remains 
to be determined, but the available evidence does not support schedules with a duration 
of > 1 year. BCG is given empirically in a 6-weekly induction schedule and maintenance 
schedules. The best evidence for a BCG maintenance schedule comes from the Southwest 
Oncology group (SWOG 8507). BCG maintenance is given in 3-weekly maintenance courses 
at 3, 6 and 12 months and every 6 months until a total of 3 years[53]. Immediate cystectomy 
can be considered for high-risk patients with multiple recurrent high-grade tumors, high-
grade tumors with concurrent CIS, or high-grade T1 tumors[17].

Recent and newer optical developments for bladder cancer diagnosis
Besides the two optical techniques (fluorescence cystoscopy and Raman spectroscopy) 

that are the subject of this thesis, there are a few other novel optical techniques for bladder 
cancer diagnosis that are in different stages of research. These techniques include narrow 
band imaging (NBI), optical coherence tomography (OCT), high magnification cystoscopy 
and confocal laser endomicroscopy (CLE). In the following chapters fluorescence cystoscopy 
and Raman spectroscopy will be discussed, followed by an overview of the other novel 
optical techniques. Table 4 provides a summary of these different techniques, their 
similarities, their differences and their clinical outcome.

Fluorescence cystoscopy
Since the 1960’s urologists are investigating markers that facilitate the identification of 

neoplastic lesions, to reduce the risk of overlooking tumors. Photosensitising molecules 
were found that accumulate in neoplastic cells and glow with a reddish colour after the 
excitation with violet-blue light, thus enhancing the visualisation of tumors (figure 7). 
Clinical experience of fluorescence diagnosis reported the use of tetracycline, hypericin 
and porphyrin-related substances such as the purified form of haematoporphyrin 
(Photophrin®), 5-aminolevulinic acid (5-ALA) and its hexyl ester hexaminolevulinate 
(Hexvix®)[62;63]. Hypericin is a natural substance which has potent photoactive properties 
and is extracted from a plant known as St. John’s wort (Hypericum perforatum L.). Major 
disadvantages of hypericin are a costly production, low water solubility and a relatively 
low stability in an aqueous solution[64]. Tetracycline and synthetic porphyrins were 
administered intravenously, showing red fluorescence after illumination, but did not 
show to be convenient in clinical practice. Tetracycline was abandoned because of a lack 
of specificity and because ultraviolet light (UV) was necessary for illumination which was 
not practical to be incorporated in conventional cystoscopy. Synthetic porphyrins caused 
significant cutaneous toxicity, lasting up to several weeks, which certainly contributed to 
limit the clinical application. Photophrin, 5-ALA and Hexvix showed more promise. These 
substances are discussed in more detail below.
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Figure 7. A bladder lesion seen by 5-aminolevulinic acid-based photodynamic diagnosis. The 
lesion is suspicious for carcinoma in situ, not seen by conventional white light endoscopy (WLE).

Figure 8. Bladder instillation with 5- aminolevulinic acid leads to excess accumulation of 
fluorescent protoporphrin IX (PPIX) in neoplastic or highly proliferating cells.

5-aminolevulinic acid (5-ALA)
In the early 1990’s delta-aminolevulinic acid (5-ALA) was investigated for fluorescent 

detection of bladder cancer. Baumgartner et al. were the first to describe intravesical 
instillation of 5-ALA in bladder cancer patients and did not find any systemic side effects for 
this compound[65]. A red fluorescence was endoscopically observed even in tiny superficial 
tumors. 5-ALA itself has no photochemical activity, but it induces the transient formation 
of endogenous photoactive porphyrines[66]. 5-ALA is a precursor in the heme biosynthesis 
and induces the accumulation of fluorescent endogenous protoporphyrins, especially 
protoporphrin IX (PPIX, figure 8). The accumulation of PPIX occurs in excessive amounts in 
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neoplastic or highly proliferating cells and is caused by a reduced activity of ferrochelatase 
and a relative increase of porphobilinogen deaminase activity in cancer cells[67;68]. An 
increased permeability of 5-ALA and a difference in intracellular metabolic activity may 
also contribute to increased PPIX concentrations in cancerous tissues. Fluorescence spectra 
have shown large tumor-to-normal tissue fluorescence ratios which exceed 20:1[65;69]. 
PPIX is the fluorescent metabolite with an excitation spectrum around 400nm (violet-blue) 
and emits light with wavelengths above 600 nm (red colour).

For the first clinical studies a Krypton ion laser was used with excitation wavelengths at 
407 nm and a power of 50-150 mW. Not much later the system was replaced by a Xenon arc 
lamp with a corresponding band pass filter at 375-440 nm and a significant higher power 
of 150-480 mW. The advantage of this light source is that it was already used in standard 
cystoscopy practice as a white light source and therefore also could be coupled directly into 
the optical system of the endoscope, thus eliminating the necessity of an auxiliary device. 
The band-pass filter could be activated with a foot-switch or a switch on the camera head. 
Color sensitive cameras such as coupled charged device cameras (CCD-cameras) enhance 
the sensitivity in the wavelength above 600nm and perfectly visualize the red fluorescence 
which stands out against the blue background of normal bladder tissue.

Kriegmair et al. were the first to report clinical results of bladder cancer detection by 
photodynamic diagnosis[70]. A total of 68 bladder cancer patients were instilled with a 
3% ALA solution for 1-3 hours prior to blue light examination. In 15 patients, 26 neoplastic 
lesions had been identified by fluorescence diagnosis only. A sensitivity and specificity of 
100% and 67% was found, respectively. The study was repeated in a larger series by the 
same research group[71]. In 104 patients, sensitivity for detecting urothelial neoplasia was 
significantly greater compared to white light cystoscopy, 96.9% versus 72.7%. The specificity 
of white and blue light cystoscopy did not differ significantly. The largest published series 
was presented by Hungerhuber et al. and included 1,713 PDD procedures which were 
performed in 875 patients[72]. The sensitivity (92%) and specificity (62%) were comparable 
to previously published data. Carcinoma in situ (CIS), a flat high-grade neoplastic lesion 
with a high risk of tumor progression, was found by white light endoscopy only in 57% and 
by PDD in 93% of the cases. Other studies report similar results[73-77].

The specificity varies among studies and ranges from 33%[74] to 67%[71]. In general, 
the false-positive rate in 5-ALA induced fluorescence cystoscopy is about 30-40%. The 
most false positives are thought to be caused by inflammatory reactions, due to bacterial, 
chemical or radiotherapy-induced cystitis or previous transurethral resection of bladder 
tumors[73;74;78]. Grimbergen et al. reported a decreased specificity in patients who had 
intravesical therapy within 6 months before fluorescence cystoscopy[79]. The rate of false 
positives was 31% in the group intravesical therapy > 6 months and 40% in the group < 
6 months before photodynamic diagnosis. This thesis, in part, will discuss the origins of 
these false-positive results. We found that female gender and a TURBT within 90 days 
before fluorescence imaging are independent predictors of false positives in fluorescence 
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cystoscopy. In a further analysis we demonstrated that BCG instillations in the last 90 days 
before PDD is an important determinant as well. In addition, a urologist with no or little 
experience with PDD will find more false-positive biopsies. Namely, tangential illumination 
of the bladder wall with blue light will generally result in red fluorescence of the trigone, 
bladder neck and anterior bladder wall[71;74;79]. PPIX accumulates in normal mucosa but 
at a 5- to 10-fold lesser concentration[80] and when this normal mucosa is illuminated 
at an acute angle, relatively more PPIX molecules are excited at the surface which will 
result in a stronger fluorescence comparable to the intensity of tumor fluorescence. Next, 
premalignant lesions such as hyperplasia and dysplasia have shown to result in false-positive 
results[72]. Lastly, study protocols, patients selection and different levels of experience and 
skills in fluorescence cystoscopy may result in varying false-positive rates[81].

Hexyl-aminolevulinic acid (HAL or Hexvix®)
A limitation of 5-ALA is its low lipophilicity reducing the bioavailability in the bladder 

mucosa. To compensate for this, 5-ALA must be instilled in relatively high concentrations 
for a minimum of 2 hours. Therefore, a hexyl ester of 5-ALA, hexyl-aminolevulinic acid (HAL 
or Hexvix®) was produced to improve lipophilicity and to reach higher PpIX concentrations 
in the bladder with shorter instillation times. HAL produces a 2- to 4-fold higher PpIX 
yield and a 2 times faster PpIX accumulation in the urothelium [82]. The improvement 
in bioavailability is thought to have resulted in lower false-positive rates or improved 
specificity rates. A large meta-analysis by Mowatt et al. reports a biopsy-based sensitivity 
and specificity for 5-ALA and HAL of 95% and 57%, and 85% and 80%, respectively[54]. 
However, a head-to-head comparison of 5-ALA and HAL has not (yet) been performed. Of 
note, changes in PDD quality and differences in study methods may have led to improved 
specificity rates in HAL-studies, which were conducted years after the studies with 5-ALA. 
Even so, discrepancies in specificity rates can be found between studies with HAL. In two 
studies the false-positive rates for HAL were 12% and 39%[83;84], and more importantly, 
the false-positive rates of HAL varied consistently with the false-positive rate for white light 
endoscopy (WLE). Stenzl et al. demonstrated relatively low false-positive rates for both 
HAL and WLE, 12% for HAL and 11% for WLE[84]. Grossman et al. found much higher false-
positive rates for both HAL and WLE, 39% and 31%, respectively[83]. The thoroughness of 
the operator and the quality of the transurethral resection might have led to lower false-
positive rates for HAL fluorescence and WLE. Lastly, in a study by Stenzl et al., patients were 
excluded from the study who received BCG or multiple instillation chemotherapy in the 3 
months before initial TURB. This could have resulted in a decrease of the bladder mucosa 
inflammation and, consequently, a lower number of false positives for HAL.

Recurrence and progression rates after PDD
A meta-analysis by Kausch et al. was performed in 2010 to evaluate the benefits of 

fluorescence cystoscopy, for both 5-ALA and HAL[85]. They reported an additional detection 
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rate of 20% for all entities of non-muscle invasive tumor (95% CI, 8-35%) and 39% for CIS 
patients (95% CI, 23-57%)[85]. Residual tumor was seen in 15% of pooled observations after 
PDD and 35% after WLE. The random effects ratio was 0.28 (95% CI, 0.15-0.52). From 3 trials, 
the recurrence-free survival at 12 months was 16%-27% higher in the PDD group and 12-
15% higher at 24 months compared to the WLE-only group (p<0.001)[86-88]. Median time 
to recurrence is 5-8 months in the WLE groups and 12-17 in the PDD group[88;89]. Tumor 
progression to muscle invasion or metastasis reduced significantly from 18% to 8% in the 
5-ALA group compared to the WLE group [89]; two other studies did not find a reduction of 
tumor progression by fluorescence cystoscopy[88;90].

In 2009, Burger et al. demonstrated in a retrospective study of 416 patients that 5-ALA 
and HAL are equal concerning residual tumor rate and tumor recurrences[91]. On the other 
hand, two recent large studies did not show any benefit using 5-ALA based TURBT[92;93]. 
To date, expert panels believe that data for 5-ALA and HAL are generally transferable[94]. 
Future studies will have to discriminate between 5-ALA and HAL to find the true clinical 
value of fluorescence cystoscopy.

Cost
Bladder cancer is assumed to be the most expensive cancer from diagnosis till death 

of the patient[95]. The high cost is mainly due to the high incidence rate, relatively good 
survival rate. Because of that, most bladder cancer patients require repeated courses of 
treatment. Transurethral resection of bladder tumors accounts for 70% of the total cost[96].

Burger et al. compared the costs of 5-ALA and HAL-based PDD during a 7 years follow-
up. They found that the number of recurrences and costs were significantly higher in 
the WLE group and that fluorescence cystoscopy reduced the total cost with € 168 per 
patient per year (including correction for additional costs) [97]. In this study, a series of 301 
patients in Germany were prospectively randomized to standard WLE and PDD. The mean 
number of recurrence for WLE and PDD was 1.0 and 0.3 during a median follow-up of 7.1 
years, respectively, resulting in costs of € 1750 for WLE versus € 555 for PDD. Hexvix, a HAL 
compound, is a more expensive compound compared to 5-ALA, but also saves € 140 per 
patient in the first year[98]. Malmström et al. have shown that the use of HAL results in 
cost savings in high-risk patients, and not in intermediate- and low-risk patients. If HAL is 
limited to high-risk patients the financial savings increase, but the clinical advantages in 
intermediate- and low-risk patients are lost[99].

Raman spectroscopy

The history of Raman spectroscopy
Raman spectroscopy was discovered in the first quarter of the 20th century by Sir 

Chandrasekhara Venkata Raman (figure 9). Sir Raman was born on November 7th 1888 
in the South of India. Chandrasekhara was his father’s name and Venkataraman was his 
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given name. Venkataraman, which is also the name of a god, he later wrote it as two words, 
Venkata Raman, so that we now speak of the Raman effect rather than the Venkataraman 
effect[100;101]. The scattering or “bouncing” of photons by various media had long been 
studied by Rayleigh in 1871[102], Einstein in 1910[103] and others. Most light is scattered 
without a change of wavelengths, which is called “Rayleigh elastic scattering” of light. It 
occurs when light travels through transparent solids and liquids, and it is most prominently 
observed in gases. For example, the Rayleigh scattering is responsible for the blue color 
in the sky: as Rayleigh scattering is inversely proportional to the fourth power of the 
wavelength and the wavelength of blue light is shorter than red light, blue light will scatter 
more which results in the blue color of the sky at daytime.

Figure 9. Sir Chandrasekhara Venkata Raman. Taken in 1930, the year he received the Nobel 
Prize.

In 1923 Arthur Holly Compton observed a form of inelastic scattering of X-rays and 
gamma rays (both photon rays but with different energy ranges) in matter. Inelastic 
scattering means that the scattered photons lose a part of their energy, which results in 
an increase in wavelength: the Compton Effect. This discovery was important because 
it demonstrated that light can behave as a stream of particles or quanta rather than an 
electromagnetic wave. Before, it was believed that monochromatic light could not 
change its wavelength by interacting with matter. In 1927 Compton earned the Nobel 
Prize in Physics for this discovery. When Compton received the Nobel Prize in 1927, Raman 
wondered if there was an analogue to the Compton Effect in the visible spectrum of light.

In 1928, Raman and his colleague K.S. Krishnan were studying the phenomenon of 
scattering of light through organic fluids. In February 1928, Raman observed that in pure 
glycerin the scattered light was greenish in color, instead of the original blue. At this point, 
the Raman effect was discovered. The experiment was as follows. Sunlight was brought into 
the laboratory through mirrors and focused into a spherical bulb containing purified (and 
colorless) glycerin. Before reaching the bulb the light was passed through a filter to transmit 
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only blue light. After the bulb a second filter was placed to block the blue light and let pass 
only longer wavelengths (figure 10 and 11). On February 16th 1928, Raman and K.S. Krishnan 
sent a telegram to Nature describing their experiment and explicating the phenomenon.

Simultaneously, two Russian scientists, Mendelsram and Landsberg, were carrying out 
studies in the same direction as that of Raman. From 1925, they executed studies in quartz. 
Unfortunately, they bought low quality quartz passing for pure and could not demonstrate 
the light scattering as expected. Finally, they got a batch of pure quartz and, on February 
21st 1928, witnessed for the first time the phenomenon similar to that observed by Raman. 
It was, however,  a little too late to be recognized as the discoverers of the effect. Raman 
received the Nobel Prize in 1930 for the discovery of the Raman effect, that is the inelastic 
scattering of light through transparent materials.

Figure 10. Illustration of the experiment of Sir C.V. Raman performed in 1928 discovering the 
Raman Effect. Sunlight was passed through a filter to transmit only blue light onto a spherical 
bulb containing purified glycerine. After the bulb a second filter was placed to block the blue 
light and let through longer wavelengths.

Figure 11. An illustration of the Raman Effect, similar as seen by Sir C.V. Raman in 1928.
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Raman spectroscopy for molecular analysis
Raman spectrospcopy is an optical technique that uses the Raman effect, or more precise, 

molecular-specific Raman shifts to identify molecular composition and structures[104]. It 
relies on the use of monochromatic light, that is light of one specific color or wavelength, 
usually laser light in the visible, near infra-red and near ultra-violet range. The inelastic 
scattering happens when photons donate or receive energy to molecular bonds in the 
sample which results the Raman scattered light to be shifted to longer (“Stokes”) and shorter 
wavelengths (“anti-Stokes”). Detection of the scattered photons results in a spectrum of 
peaks, each of which is characteristic for a specific molecular bond and, thus, provides an 
intrinsic “molecular fingerprint” of the sample. Only about one out of 1 million photons have 
inelastic scattering, which makes the Raman signals very weak. Long-pass or notch filters are 
used to block the excitation light and the Rayleigh scattered photons, in order to detect the 
weak signal of the Raman scattered photons. The high sensitivity and performance of CCD 
cameras, which are the most commonly used for the detection of Raman scattering, make 
it possible to detect high quality Raman spectra with good signal-to-noise ratios nowadays.

Raman spectroscopy for cancer diagnosis
Raman peaks can be associated with a particular chemical bond in a molecule. Thus, 

Raman spectroscopy is a molecular specific technique that can be used as a biochemical 
tool for study of biological tissues. In particular, this technique has the capability to provide 
differential diagnosis of precancers and cancers[105]. Several biological molecules such 
as nucleic acids, proteins and lipids have distinctive Raman features that yield molecular 
specific structural and environmental information. Thus, the biochemical changes within 
the tumor cells that occur with disease progression yield characteristic Raman features that 
allow their differentiation. For example, one of the more prominent changes that occur 
with cancer and precancer is increased cellular content of nucleic acids; extensive studies 
indicate that it may be possible to detect these molecular-specific changes using Raman 
spectroscopy[106;107]. On the basis of such biochemical differences, several groups have 
studied the potential of Raman spectroscopy for cancer diagnosis in various organ sites. 
These groups have shown that neoplastic transformation can be related to features of the 
vibrational spectrum associated with molecular and structural changes.

Raman spectroscopy has been applied towards in vitro detection of cancers of epithelial 
and mesenchymal origin such as breast, colon, esophagus and bladder[108]. Crow et al. 
reported the sensitivity and specificity of bladder cancer diagnosis by Raman spectroscopy 
in vitro[109]. A confocal microscopy setup was used to record 1,685 spectra from the 
bladder biopsies of 76 patients. Resulting from the computer algorithm, the sensitivity and 
specificity for normal, cystitis and transitional cell carcinoma (TCC) were 91% and 96%, 79% 
and 92%, and 84% and 96%, respectively.

Recent reports describe the human application of Raman spectroscopy in vivo in organs 
such as cervix[110-112], colon[113], esophagus[114], breast[115], lung[116] and skin[117]. For in 
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vivo diagnosis of cervical dysplasia Raman spectroscopy was able to discriminate the following 
4 classes: normal, metaplasia, low grade (LGSIL) and high grade squamous intraepithelial 
lesions (HGSIL) with an overall prediction accuracy of 94%[112]. For the in vivo diagnosis of 
colon cancer Raman spectroscopy differentiated adenomatous from hyperplastic polyps with 
a sensitivity of 100%, specificity of 89%, and accuracy of 95%[113]. In humans, the application 
of in vivo Raman spectroscopy in the bladder had not yet been described.

Narrow-band imaging (NBI)
Narrow-band imaging (NBI) is an optical image enhancement technology that filters 

white light into a narrow band at 415 nm (blue light) and at 540 nm (green light). The 2 
narrow bands are strongly absorbed by haemoglobin increasing the visibility of surface 
capillaries and larger blood vessels in the submucosa. The technique enhances the contrast 
between well vascularized bladder cancer lesions and normal mucosa[118].

In 2007, Bryan et al. were the first to report the results of NBI using a flexible endoscope 
in 29 patients with known recurrences of bladder cancer. NBI detected additional bladder 
cancer lesions in 12 of the 29 patients (41%)[119]. Herr and Donat evaluated 427 patients 
for recurrent bladder tumors by flexible white light endoscopy (WLE) and, afterwards, by 
flexible NBI. The sensitivity and specificity were 87% and 85%, and 100% and 82% for WLE 
and NBI, respectively. Of the 103 recurrences, 13 recurrences were detected by NBI only 
(13%) of which 8 were CIS lesions[55]. TURBT performed in the NBI modality significantly 
reduces tumor residuals from 31% to 15%[120] and decreases the 1-year recurrence rate 
from 51% to 33% compared to WLE[121]. To date, no comparison has yet been made 
between NBI and fluorescence cystoscopy.

Optical coherence tomography (OCT)
Optical coherence tomography (OCT) is a new optical imaging technique that provides 

real-time cross-sectional imaging of biological tissues with a spatial resolution close to the 
cellular level at depths of up to 2-6 mm. The principle is analogous to B-mode ultrasound 
imaging, except that OCT uses light rather than sound.

In the early 1990’s the technique was first described by Huang et al. for imaging of 
transparent tissues of the eye, such as the retina and the coronary artery[122]. Zagaynova 
et al. were the first to demonstrate that OCT provides detailed information on different 
pathological conditions of the bladder in vivo and, therefore, could be used for the 
diagnosis of bladder cancer[58]. Lerner et al. assessed the sensitivity and specificity of OCT 
in 32 patients undergoing transurethral resection. The sensitivity and specificity for the 
diagnosis of non-muscle invasive and muscle invasive bladder cancer was 90% and 89%, 
and 100% and 90%, respectively[123].

Schmidbauer et al. investigated the additional value of OCT in combination with HAL-
induced fluorescence cystoscopy. In 66 patients, the sensitivity and specificity on a per-
biopsy protocol was 69% and 84% for WLE, 98% and 79% for HAL, and 98% and 98% for 
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HAL combined with OCT. Thus, OCT markedly reduces the number of false positives of HAL-
induced fluorescence cystoscopy. The technique correctly identified the invasion into the 
submucosa in 88% (140 of 159) of the bladder cancer lesions[124].

High magnification cystoscopy
High magnification cystoscopy was developed to discriminate true positives from false 

positives in HAL-induced fluorescence cystoscopy[59]. The modified cystoscope is fitted 
with optical zoom with magnification between 30x for standard cystoscopy and 650x for 
high magnification. At 650x magnification, the smallest diameter of the field of view is 600 
microns and the resolution is 2.5 microns. Five classifications of vascular patterns could 
be identified to discriminate between cancerous and noncancerous tissues. In 78 bladder 
cancer patients, the system successfully confirmed 97% of the cancer biopsies and rejected 
85% of the noncancerous lesions.

Confocal laser endomicroscopy (CLE)
Confocal laser endomicroscopy (CLE) uses intravenous or topical administration of 

fluorescein and the illumination of a blue light laser (488nm) to achieve a 1,000-fold 
magnification which allows nuclear and subnuclear structures to become readily visible. 
For colonoscopy, the system was incorporated into the endoscope and resulted in a 
sensitivity and specificity of colon cancer prediction of 97% and 99%, respectively. Sonn 
et al. were the first to report the use of CLE during TURBT in 27 patients. Endomicroscopic 
images demonstrated clear differences between normal mucosa, and low and high grade 
tumors[60].
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Abstract

Background
In the present study we aim to identify patient groups associated with a high 
probability of false positives in photodynamic diagnosis (PDD) of bladder cancer 
for which the use of highly specific optical instruments could be beneficial.

Methods
This study includes the data of 306 patients. Under white light and 5-ALA-induced 
fluorescence light guidance, tumor locations were recorded, cold cup biopsies 
were taken and tumors resected. Age, gender, recent TURBT, previous intravesical 
therapy (IVT) and urinary tract infections (UTIs) were examined for association with 
the false-positive rates in fluorescence cystoscopy by performing a multivariate 
analysis.

Results
Significant univariate associations were found between false positives and gender 
(p=0.009, OR=0.51), previous IVT instillations (p=0.03, OR=1.78), previous BCG 
instillations (p=0.03, OR=2.05) and TURBT in the past 90 days (p=0.01, OR=2.37). 
In the multivariate regression model, female gender (male; p=0.005, OR=0.41) and 
TURBT within 90 days before PDD (p=0.01, OR=2.38) are significant independent 
predictors of false-positive findings in PDD.

Conclusions
Recent TURBTs and female gender are significant independent predictors of false 
positives in fluorescence cystoscopy.
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Introduction

Recent advances in endoscopic optical and imaging techniques have enabled the 
characterisation of tissue at the microstructural[1] and molecular level[2]. These techniques 
can be used for bladder cancer diagnosis. However, the time required to randomly scan 
the entire bladder wall with highly specific optical techniques such as optical coherence 
tomography (OCT)[1] or Raman spectroscopy[2] may be inordinate. On the other hand, 
photodynamic diagnosis of bladder cancer (PDD) enables gross evaluation of the bladder 
wall surface with high sensitivity (97%) but relatively low specificity (50%)[3;4]. Therefore, a 
combination of PDD and advanced optical techniques would enhance the specificity and 
efficacy for early bladder cancer diagnosis[1].

PDD is achieved by instilling the bladder with 5-aminolevulinic acid (5-ALA) or its hexyl 
ester derivative (hexaminolevulinic acid). Exogenous application of 5-ALA, a precursor of 
heme, leads to accumulation of fluorescent protoporphyrin IX (PpIX) in the bladder wall 
tissue, particularly in cancerous cells[5].

Fluorescence cystoscopy enhances tumor detection, mainly of flat lesions that are 
poorly visible by white light. Consequently, this technique reduces recurrences by 59%[6;7] 
and increases tumor free survival by 67% compared to white light endoscopy (WLE)[8;9]. 
Photodynamic diagnosis is cost-effective and saves $219 per patient per year[10]. On the 
other hand, it has been reported that the usage of HAL, the hexyl ester derivative of 5-ALA 
(hexaminolevulinic acid or Hexvix®), results in cost savings in high-risk patients, and not in 
intermediate- and low-risk patients[11]. The intermediate- and low-risk group account for 
approximately 60% of all bladder cancer cases and reduce the cost savings of PDD, but even 
when the low risk group is included significant cost savings are achieved. If HAL is limited 
to high-risk patients the clinical advantages in intermediate- and low-risk patients are lost, 
but the financial savings increase.

Factors known to negatively affect the specificity of PDD are inflammation[12], previous 
intravesical chemotherapy (IVT)[13] and recent transurethral resection of bladder tumor 
(TURBT)[14].

In the present study we aim to identify the patient groups associated with a high 
probability of false-positives in PDD. In these patient groups the best gain in diagnostic 
accuracy can be achieved with highly specific optical instruments.

Material and Methods

Patients
Procedures were performed between November 1998 and January 2008. Included 

were all consenting patients with symptoms of bladder cancer who were scheduled for 
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transurethral resection of bladder tumor (TURBT). Data from 306 patients, 552 procedures 
and 1874 biopsies were collected and prospectively entered in a database (table 1).

Table 1. Patient characteristics

N %

Patients 306
Women 75 25
Men 231 75

Procedures 552
 IVT prior to PDD 239
 TURBT prior to PDD 367
 Urine cultures 30 days before PDDa 135
 Urinalysis 30 days before PDDa 109

Biopsies 1874
 Fluorescent positive lesions 1208

Tumor stage
pTa 459 66
pT1 120 17
pT2 45 6.5
pT3 2 0.3
CIS 66 9.5
 CIS lesion(s) only 32 4.6
 CIS with concomitant pTa lesionb 8 1.2
 CIS with concomitant pT1 lesionb 19 2.8
 CIS with concomitant pT2 lesionb 6 0.9
 CIS with concomitant pT3 lesionb 1 0.1
Total 692 100

a only performed in patients suspected of urinary tract infection.
b highest tumor classification found in the bladder.
IVT: intravesical therapy; TURBT: transurethral resection of bladder tumor.

To carry out fluorescence diagnosis, patients were instilled with a solution of 1.5g 5-ALA 
(Medac GmbH, Hamburg, Germany) in 50ml 1.4% sodium bicarbonate using a 10F catheter. 
Mean 5-ALA instillation time was 144 minutes (standard deviation ± 51.7 min.).

Intravesical therapy (IVT) with Bacille Calmette-Guérin (BCG), mitomycin C (MMC) or 
Epirubicine was given 0-1 month (n=21), 1-2 (n=29), 2-3 (n=34), 3-4 (n=41) and > 4 months 
(n=114) prior to PDD (239 procedures); 367 PDD procedures were preceded by TURBTs. 
Urine cultures and urinalysis were performed after each IVT instillation and in patients with 
symptoms of dysuria and pollakisuria. Urine cultures and urinalysis 30 days before PDD 
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were performed prior to 135 and 109 procedures, respectively (table 1). When urine cultures 
were positive, patients received the appropriate antibiotics and none of the patients had 
signs of UTI at the time of the PDD procedure.

Procedure
The PDD procedure was performed under spinal or general anesthesia. Initially the 

bladder was examined with conventional white light endoscopy (WLE), followed by 
inspection under fluorescent light. Resection and cold cup biopsies were carried out 
under white light. After resection, the completeness of the TURBT was determined under 
fluorescent light and any areas still fluorescing were resected. A standardized form was 
used to document the location, number and fluorescence status of the individual lesions. 
Data were prospectively collected and entered into the database. Biopsies and resections 
were classified as fluorescent positive or fluorescent negative and white-light positive or 
white-light negative. One fluorescent negative and white-light negative control biopsy 
was taken from the posterior bladder wall. According to protocol a follow-up cystoscopy 
after 3 months was performed in all patients.

Pathologic Findings
Pathological examination was performed by one pathologist who was blinded to the 

endoscopic findings. Urothelial carcinomas were graded and staged according to the 
WHO/ISUP 1998 classification[15] and the UICC/AJC 1992 system. According to the most 
recent WHO classification dysplasia is considered a preneoplastic lesion[16], and therefore 
we decided to regard these lesions as false positives. However, we also analysed the data 
while assuming that dysplasia is not a false positive finding.

System Setup
A Karl Storz D-light series was used in white light and blue light mode. An integrated 

band pass observation filter blocks part of the backscattered blue light resulting in contrast 
enhancement and improved discrimination between normal blue reflection and suspicious 
red fluorescent areas. The PDD-cystoscope was used in combination with an endoscopic 
CCD-camera (Charged-coupled device; 1-chip Urocam, Karl Storz, Tuttlingen, Germany) for 
the PDD procedures.

Urinalysis for leukocyturia was performed using a standardized photometric strip 
analyzer.

Statistical analysis
Data on the patients’ previous TURBTs (n=367), IVTs (n=239), urine cultures (n=135) and 

urinalysis (n=109) performed within 30 days prior to PDD, were collected by reviewing 
the clinical records. A multivariate analysis was performed on all fluorescence positive 
biopsies to identify predictors of false-positives in PDD. Possible determinants included in 
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the statistical analysis are age, gender, previous IVT instillations[13], recent TURBT[14], total 
time of 5-ALA instillation, previous pelvic radiotherapy, positive urine cultures and pyuria 
(defined as ≥50 leukocytes per microliter). BCG and MMC instillations in the patient’s history 
are defined as positive when the last IVT was BCG or MMC, and defined as negative when 
the patient had never received IVT instillations.

To explore the associations between possible determinants and false-positive 
rates in fluorescence diagnosis, multilevel univariate and multivariate logistic 
regression analyses were performed using the linear mixed effect model (lmer: 
to fit a logistic model) from the ‘R’ Statistical package[17]. This method allows for 
repeated measurements within individuals and handles continuous as well as 
categorical explanatory variables, missing data and time-dependent covariates. 
We adjusted for age and gender. Significant variables in the univariate analysis 
(p ≤ 0.05) were entered into the multivariate model. Hypothesized interactions between false 
positives and variables representing IVT and TURBT are tested for statistical significance at 
p ≤ 0.05 to determine the most prognostic one for use in the multivariate model. After 
backward stepwise elimination of the non-significant variables, only the significant 
variables remain in the final model (p ≤ 0.05). Adjusted odds ratios (OR) and 95% confidence 
intervals (95% CI) are presented. The Student’s t-test and the Mann-Whitney test were used 
to compare the means of different subgroups. The computer program ‘R’ version 2.6.1 with 
software library package ‘lme4’ was used for all analyses[17].

In a previous study we used ‘time till latest IVT instillation’ to investigate the effect of 
IVT instillations on the specificity of fluorescence diagnosis[13]. In the present study, we 
not only determined the IVT interval but also counted the number of IVTs within 90 days 
before the most recent IVT. These two variables were combined and analysed as interacting 
factors in the regression model resulting in a new variable defined as ‘intensity of IVTs 
90 days before the latest IVT’.

The graph representing the effect of TURBT intervals on fluorescence specificity is 
drawn; first, by mapping out the scatterplot and, second, by locally weighted scatterplot 
smoothing (LOESS)[18]. LOESS does this by fitting polynomials to a subset of the data at 
each point in the data set. The advantage of this type of regression analysis is that no global 
function of any form has to be specified to produce a fitted model of the data. In this way 
specific variations in the curve can be recognized and discussed. The TURBT graph is based 
on data from cases that only have undergone TURBT and did not receive IVT.

Results

In 306 patients and 552 procedures 1874 biopsies were taken from fluorescent and non-
fluorescent areas (average number of biopsies per procedure was 3.48, range 1-10). In total 
1208 fluorescent positive lesions were found. Table 1 shows the patient characteristics of 
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the study population.
The sensitivity, specificity, positive predictive value and negative predictive value of 

fluorescence diagnosis, calculated from the overall number of biopsies was 96%, 45%, 55% 
and 94%, respectively. The sensitivity and specificity of WLE is 73% and 75%.

Of the 692 tumors, 666 (96%) were identified by photodynamic diagnosis. Of the 
1208  fluorescence positive lesions, 542 (45%) were false positive. WLE failed to detect 
185 of 689 tumors; of these lesions many were either invasive tumors (T ≥ 1: 18%) or CIS 
(26%) (figure 1). Biopsies from normal-looking mucosa (random biopsies) were taken more 
often in patients with pre-existing CIS which resulted in the detection of 8 additional CIS 
lesions. Urine cultures 30 days before PDD were dictated by symptoms of dysuria and 
pollakisuria, and were performed prior to 135 procedures, of which 29 were positive. The 
median intervals from ‘latest TURBT to PDD’ and ‘latest IVT to PDD’ were 210 and 147 days, 
respectively.

Figure 1. Pathologic classification of tumor lesions detected by fluorescent negative and white-
light negative control biopsies, by white light endoscopy (WLE), photodynamic diagnosis (PDD) 
or a combination of WLE and PDD. Numbers within bars represent the absolute number of 
lesions. Many CIS lesions are detected by PDD alone.
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Significant univariate determinants of false positives were gender (p=0.009, OR=0.51, 
95% CI -0.01-1.02), IVT instillations in the last 90 days (p=0.03, OR=1.78, CI 95% 1.25-2.31), 
BCG instillations in the last 90 days (p=0.03, OR=2.05, CI 95% 1.41-2.69) and TURBT in the last 
90 days (p=0.01, OR=2.37, 95% CI 1.70-3.03). In multivariate analysis only gender (p=0.005, 
OR=0.41, 95% CI -0.22-1.04) and TURBT within 90 days before PDD (p=0.01, OR=2.38, 95% CI 
1.72-3.05) remain significant independent predictors of false-positive rates in fluorescence 
cystoscopy (table 2).

“Dysplasia” would not have changed the results of multivariate analysis considerably if 
it would have been regarded as tumor and true positive. Gender (p=0.04, OR=0.47, 95% CI 
-0.25-1.18) and TURBT within 90 days before PDD (p=0.01, OR=2.56, 95% CI 1.83-3.29) would 
still be the only remaining independent predictors. Overall sensitivity and specificity would 
change to 95% and 46%, respectively.

TURBT intervals (weeks)

fa
ls

e 
po

sit
iv

e 
ra

te
 (%

)

Figure 2. LOESS curve of TURBT intervals up to 1 year before PDD and false-positive rates in 
PDD, shown with 95% confidence intervals (191 biopsies). LOESS, locally weighted scatterplot 
smoothing; TURBT, transurethral resection of bladder tumor; PDD, photodynamic diagnosis.
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False positives were found in the dome, trigone, and posterior, left, right and anterior 
bladder wall, respectively, in 14.4%, 15.5%, 23.4%, 20.2%, 18.8% and 7.5% of the cases. 
False positives were pathologically classified as normal (42%), inflammation (36%), mild 
and moderate dysplasia (7.0%), atypia (6.5%), hyperplasia (2.6%) and squamous metaplasia 
(3.3%). False-positive normal urothelium was not found significantly more often in the 
anterior bladder wall and trigone compared to the other bladder regions, 44% versus 41% 
respectively (p=0.67).

In female patients more pyuria (female versus male, 60% and 41%, p=0.025) and positive 
urine cultures (29% and 13%, p=0.001) within 30 days before PDD were found. Squamous 
metaplasia in false-positive biopsies was mainly seen in female patients (85%, p<0.001, 
n=20) and compared to male patients significantly more false positives were found in 
the trigone (19.6% versus 14.3%, p=0.03). No difference was found in the tumor-free rates 
between female and male patients. The mean age for male and female patients was 64 
(range 26-88 years) and 67 years (range 30-91 years), respectively.

Figure 2 shows the effect of the TURBT intervals on PDD specificity in patients who 
never received IVT. There is an increased number of false positives in the first 9 weeks after 
the latest TURBT (0-9 versus 9-18 weeks, 73% and 40%, p=0.005). The lowest false-positive 
rate is seen at 12 weeks and the false-positive rate does not decrease significantly after 
12 weeks (figure 2). A secondary increase in the false-positive rate is seen approximately 
22 weeks (5.5 months) after the TURBT (9-18 versus 18-27 weeks, 40% and 64%, p=0.03). 
In this time interval (18-27 weeks) compared to 27-52 weeks, significantly more 
inflammation was found in histopathology (29% and 10%, p=0.01), but no significant 
difference was seen for positive urine cultures (33% and 38%, p=0.48, n=41) or pyuria (5% 
and 25%, p=0.12, n=31). The lowest false-positive rate, approximately 25%, is observed 
about 40 weeks after the latest TURBT (figure 2).

Discussion

In this study we have shown that the use of emerging highly specific optical 
instruments[1;2] guided by fluorescence cystoscopy could be most beneficial for female 
patients and patients who underwent a recent TURBT. Female gender and recent TURBT are 
independent factors predicting false positives in fluorescence cystoscopy with odds ratios 
of 2.44 (p=0.005) and 2.38 (p=0.01), respectively.

The explanation for the false positives in female patients remains unclear. Female patients 
present with higher rates of pyuria (p=0.025) and positive urine cultures (p=0.001) within 
30 days before PDD, however, univariate analysis showed that these factors do not significantly 
predict for false fluorescence. Squamous metaplasia (p<0.001) and false-positive lesions at 
the trigone (p=0.03) do not explain the full amount of false positives in female patients. In 
addition, tumor-free rates did not appear to be significantly lower in female patients.
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Dysplasia does not change the results of multivariate analysis considerably if it is 
regarded as true positive. Overall sensitivity and specificity would change slightly from 96% 
to 95% and from 45% to 46%, respectively.

The false-positive rate does not decrease significantly 12 weeks after the last TURBT (figure 2). 
A peak in the TURBT graph approximately 22 weeks (5.5 months) before the PDD procedure 
is seen (figure 2). False-positive rates increase significantly from approximately 40% to 64% 
from 9-18 weeks to 18-27 weeks (p=0.03); the percentage of false positives shown in the 
figure do not completely correspond with the percentages calculated for the different 
subgroup intervals as a result of smoothing of the scatterplots and adjustments of the 
outliers towards the mean. The peak at 22 weeks could be explained by growth of tumor 
residuals, progression of precancerous lesions, and inflammatory reactions to normal 
appearing but premalignant mucosa (representing ‘organ disease’[19]). The outgrowth of 
microscopic tumorous lesions in this time period may be detected by PDD and may not yet 
be recognized as tumor by the pathologist.

It has been recommended that re-TURBTs should be performed within 2-6 weeks 
after the primary TURBT when the resection is incomplete, when biopsy specimens do 
not contain muscle tissue, or when a non-muscle invasive high-grade tumor is found[20]. 
In case of an incomplete first resection of low or intermediate risk non-muscle invasive 
tumors[21] we recommend to perform the secondary fluorescence guided TURBT after 
9-12 weeks when the urothelium has recovered, and the false-positive and false-negative 
rates have decreased[14], resulting in a more complete resection with a relatively low risk 
of tumor progression. The probability of progression at 1 year for the low and intermediate 
risk tumors is at most 0.7% and 1.6%, respectively[21]. In case of incomplete resection of 
high risk tumors or when a non-muscle invasive high-grade tumor is found, we advise to 
follow the current guidelines and to perform a secondary PDD-guided TURBT 2-6 weeks 
after the initial TURBT.

A relatively large percentage of the false-positive biopsies represent normal mucosa 
in histopathology (41.9%). Several reports have shown that many false-positive lesions 
harbor genetic alterations[22]. False-positive fluorescence of the anterior bladder wall, 
bladder neck and trigone is most common, but this does not explain the high rate of normal 
urothelium in the false-positive biopsies: high rates of false-positive normal urothelium 
were also found in other bladder regions. False-positive fluorescence in anterior bladder 
wall, bladder neck and trigone may obscure tumor lesions and may result in false-negatives.

Recent IVT may still be an important determinant for false positives in PDD. First, the 
influence of TURBT and IVT may have a different time dependency. Second, multiple 
IVTs within 90 days may affect false-positive rates progressively. This may need further 
investigation.

Ester derivatives of 5-ALA have been synthesised to improve lipophilicity and to reach 
higher PpIX concentrations in the bladder with shorter instillation times. HAL, the hexyl 
ester derivative of 5-ALA (hexaminolevulinic acid or Hexvix®), has shown to produce a 
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2- to 4-fold higher and two times faster PpIX accumulation in the urothelium[23]. Lower 
false-positive rates for HAL have been reported by one group[24]. However, this was not 
confirmed by others as illustrated in a recent review of currently available studies of HAL[3]. 
Both, HAL and 5-ALA, are precursors of PpIX and accumulate in cancerous tissues. Therefore, 
the predictive model and the time-dependent effect of TURBT on the false-positive rate, 
described in this study, most likely hold true for HAL-induced fluorescence cystoscopy.

Conclusions

Recent TURBTs and female gender are independent predictors of false positives in 
fluorescence cystoscopy. The false positive rate decreases during the first 12 weeks after the 
latest TURBT: to take advantage of a decreasing false-positive rate we advise to postpone 
a fluorescence-guided re-TURBT in patients with low or intermediate risk non-muscle 
invasive tumors.
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Abstract

Background
Photodynamic diagnosis (PDD) is a technique that enhances the detection of 
occult bladder tumors during cystoscopy using a fluorescent dye. The aim is to 
study the differential effects of Bacillus Calmette-Guérin (BCG) and Mitomycin C 
(MMC) intravesical therapy on the false-positive rate of PDD of bladder cancer.

Methods
This study includes 552 procedures and 1874 biopsies. Tumors were resected 
and biopsies were taken from suspicious areas, under guidance of white 
light endoscopy (WLE) and 5-ALA (aminolevulinic acid) induced fluorescence 
cystoscopy. The influence of intravesical Bacillus Calmette-Guérin immunotherapy 
(BCG) and intravesical Mitomycin C chemotherapy (MMC) on pyuria, inflammation 
and PDD specificity was examined in univariate analyses.

Results
BCG significantly results in inflammation (OR=1.53, p=0.002), leukocyturia 
(OR=1.84, p=0.034) and false positives in PDD (OR=1.49, p=0.001). However, a 
single BCG instillation within 3 months before PDD is most likely not associated 
with increased false-positive rates (OR=0.35, p=0.26). Leukocyturia normalizes 
within 6 weeks after the last BCG instillation, but PDD specificity is reduced up to 
3 months.

Conclusions
BCG is an important predictor for false positives in PDD. More than 1 BCG instillation 
within 3 months before fluorescence cystoscopy decreases the specificity of PDD.
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Introduction

Photodynamic diagnosis enhances bladder tumor detection during cystoscopy by 
instilling the bladder with a photosensitive dye such as 5-aminolevulinic acid (5-ALA) or 
hexaminolevulinic acid (HAL). δ-aminolevulinic acid is a precursor in the heme biosynthesis 
pathway and leads to the predominant accumulation of endogenous protoporphyrin 
IX (PpIX) in malignant cells. After illumination with violet-blue light, PpIX will show red 
fluorescence in contrast to the blue reflection of normal bladder tissue[1].

Fluorescence cystoscopy improves the detection of occult bladder tumors, especially 
carcinoma in situ (CIS). The overall sensitivity of fluorescence cystoscopy is 97%, compared 
to 76% of white light endoscopy (WLE). On the other hand, the specificity of 5-ALA induced 
PDD is merely 50%[2;3]. False fluorescence is associated with the female gender[4], recent 
transurethral resection of bladder tumors (TURBT)[4;5], previous intravesical therapy (IVT)
[6], inflammation[7] and tangential illumination of the bladder wall with blue light which 
generally results in fluorescence of the trigone, bladder neck and anterior bladder wall[7].

BCG instillation induces inflammation of the bladder wall with chemotaxis and 
infiltration of neutrophils, monocytes/macrophages and lymphocytes. Activation of the 
innate immunity will induce and support anti-tumor mechanisms[8]. It is assumed that BCG 
induced inflammation causes false-positive fluorescence in PDD, but this has not yet been 
proven. Mitomycin C is an antibiotic antitumor agent which exerts its anti-cellular activity 
by inhibiting DNA synthesis, primarily by inducing DNA cross-linking[9]. The specificity of 
photodynamic diagnosis of bladder cancer (PDD) may be improved if the time-dependent 
influence of intravesical therapy (IVT) on false-positive rates is demonstrated and PDD is 
postponed after a recent IVT.

The objective of this study is to investigate the influence of BCG and MMC on false 
positives in PDD, and to determine the optimal waiting period after IVT to minimize the 
number of false positives in a subsequent PDD. A secondary objective was to investigate 
whether leukocyturia could be related to IVT-induced inflammation.

Material and methods

Patients
Between November 1998 and January 2008 data of 306 patients, 552 PDD procedures 

and 1874 biopsies were prospectively collected (table 1). About 2 hours before the PDD 
procedure, patients were instilled with a solution of 1.5g 5-ALA (Medac GmbH, Hamburg, 
Germany) in 50ml 1.4% sodium bicarbonate using a 10F catheter, to induce fluorescence. 
In total 151 patients had undergone IVT with Bacillus Calmette-Guérin (BCG), mitomycin C 
(MMC), Epirubicine or other chemotherapy (i.e., 239 procedures) (table 1). Patients did not 
receive one immediate postoperative instillation, except for one patient with T1G3 bladder 
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cancer who received MMC. Urine cultures and urinalyses were always performed after IVT 
instillations; however, urinalysis < 30 days before PDD was also performed in patients with 
urinary tract infection symptoms.

Table 1. Patient characteristics

N %

General
 Patients 306 -
 Procedures 552 -
 Biopsies 1874 -

 Fluorescent positive lesions 1208 100
 Tumor biopsies 666 55
 False positives 542 45

Gender
 Women 75 25
 Men 231 75

Procedures 552 100
 Urine cultures 30 days before PDDa 135 24
 Urinalysis 30 days before PDDa 109 20
 TURBT prior to PDD 367 66
 IVT prior to PDD 239 43
 BCG 134 24
 MMC 60 11
 Epirubicin 17 3
 Other 28 5

Tumor stage
 Ta 459 66
 T1 120 17
 T2 45 6.5
 T3 2 0.3
 CIS 66 9.5
 Totalb 692 100

BCG = Bacillus Calmette-Guérin intravesical immunotherapy; CIS = carcinoma in situ; IVT = intravesical 
therapy; MMC = mitomycin C; PDD = photodynamic diagnosis; TURBT = transurethral resection of 
bladder tumor.
a only performed in patients suspected of urinary tract infection. 
b 666 tumor biopsies with a known fluorescent status.
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PDD Procedure
Patients were treated under spinal or general anesthesia. Initially, patients underwent 

inspection and mapping of the bladder under white light and blue light separately. Resection 
and cold cup biopsies were performed under white light. After resection, the completeness 
of the resection was determined under blue light and any areas still fluorescing were 
resected. A standardized form was used to document the location and fluorescence status 
of the individual lesions. One ‘fluorescent negative and white-light negative’ control biopsy 
was taken from the posterior bladder wall. In all patients a follow-up WLE was performed 
after 3 months.

A Karl Storz D-light source was applied in white light and blue light mode (375-405 nm) 
and a PDD-cystoscope was used in combination with an endoscopic CCD-camera (Charge-
coupled device, 1-chip Urocam, Karl Storz, Tuttlingen, Germany) for the PDD procedures. 
The same protocol was used throughout the study.

IVT-induced Leukocyturia
Leukocyte concentrations during BCG and MMC treatment schedules were recorded 

prospectively. Both MMC and BCG were given in 6 weekly schedules[10]. A subsequent IVT 
was defined as an IVT given within 10 days following the previous IVT. A new IVT schedule was 
recorded when a subsequent IVT was given > 90 days after the previous IVT. Consequently, 
IVTs between 10 and 90 days after the previous IVT were excluded from the analysis, as 
well as all following IVTs thereafter. Pyuria was defined when leukocyte concentrations 
were ≥ 50 leukocytes per microliter. Urinalyses were performed within 8 days after each 
IVT. Urinary leukocyte counts within 15 days prior to the first IVT instillation was used as a 
reference.

A study of the recover-time of leukocyturia after IVT was performed by collecting all 
urinalysis data after the last IVT of the maintenance schedule. Urinalysis for leukocyturia 
was carried out using a standardized photometric strip analyzer. Automated strip analyzers 
have a concordance of about 70% with manual microscopic sediment examination for 
determining leukocyturia[11].

Pathology
One uropathologist reviewed the histopathology of all biopsies and was blinded to 

the endoscopic findings. Urothelial carcinomas were graded and staged according to the 
WHO/ISUP 1998 classification[12] and the UICC/AJC 1992 system.

Statistical Analysis
A univariate analysis was performed retrospectively to investigate the interactions 

between false positives, inflammation in histopathology, pyuria and positive urine cultures 
within 30 days before PDD, the number of IVT instillations and TURBT < 3 months before 
PDD. Only patients with Epirubicin or both MMC and BCG instillations < 3 months before 
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PDD were excluded from all analyses. One IVT instillation < 3 months before PDD was 
defined as a last IVT instillation of a maintenance or induction cycle which fell within the 
3 months before PDD.

Univariate logistic regression analysis was performed using a linear mixed effect model 
which adjusted for repeated measurements within individuals. All analyses were adjusted 
for age and gender. Adjusted odds ratios (OR) and 95% confidence intervals (95% CI) are 
presented. The Student’s t-test and the Mann-Whitney test were used to compare the 
means. The statistical computing environment ‘R’, version 2.6.1 with linear-mixed-effect 
library package (lme4) was used for all analyses[13].

Figure 1. LOESS curve of BCG intervals up to 1 year before photodynamic diagnosis (PDD) and 
false-positive rates in PDD, shown with 95% confidence intervals (214 biopsies). LOESS, locally 
weighted scatterplot smoothing; BCG, Bacillus Calmette-Guérin intravesical immunotherapy.
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The graph representing the influence of IVT intervals on the false-positive rate was 
generated by plotting the false-positive rate (0, true positive; 1, false positive) against IVT-
PDD time-intervals and, next, by drawing a smooth curve through the scatterplot using 
locally weighted smoothing (LOESS)[14]. The LOESS curve of IVT is based on data from cases 
that have undergone IVTs as well as recent TURBTs. To partially correct for this, IVT cases 
were excluded from the IVT graph when these cases had been followed by a TURBT before 
the PDD procedure.

Results

Photodynamic diagnosis resulted in the resection of 1208 fluorescent positive lesions, 
of which 542 (45%) were false positive. Fluorescence cystoscopy led to the identification of 
96% of the 692 tumors. The sensitivity and specificity of WLE and PDD are 73% and 75%, 
96% and 45%, respectively. The PDD specificity of primary patients, patients with a first, 
second, third, fourth and fifth PDD procedure, are 52%, 47% to 44%, 41%, 38% and 33%, 
respectively.

Table 1 shows the patients’ characteristics. Figure 1 illustrates the effects of BCG intervals 
on fluorescence specificity. An increase in the false-positive rate between 0-10 weeks after 
the last BCG instillation is seen (0-10 versus 10-52 weeks, 63% and 41%; p=0.001). The 
percentage of false positives decreases up to 3 months after the last BCG instillation. The 
false-positive rates ≤ 3 months and > 3 months are 59% and 44%, respectively (p=0.01). 
Histopathology of the false positives after recent BCG therapy was mainly described as 
inflammation (51%) and normal urothelium (36%). BCG instillations < 3 months significantly 
reduce the sensitivity from 97% (95% CI 95-98%) to 90% (95% CI 84-98%, p=0.015). Figure 2 
demonstrates that MMC instillations do not result in increased false-positive rates.

Table 2 demonstrates that multiple BCG instillations < 3 months (BCGno) are associated 
with pyuria 30 days prior to PDD (p=0.034, OR=1.84), inflammation (p=0.002, OR=1.53) and 
false positives in PDD (p=0.001, OR=1.49). In contrast, multiple MMC instillations < 3 months 
(MMCno) are not significantly associated with inflammation and false fluorescence. Lastly, 
pyuria is not significantly associated with false positives in PDD (table 2). Table 3 shows 
the influence of multiple BCG instillations < 3 months on false fluorescence. A single BCG 
instillation within 3 months most likely does not increase false-positive rates (OR=0.35, 
p=0.26). On the other hand, multiple BCG instillations within 3 months most certainly 
reduce PDD specificity (ORs > 1).
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Figure 2. LOESS curve of MMC intervals up to 1 year before photodynamic diagnosis (PDD) and 
false-positive rates in PDD, shown with 95% confidence intervals (78 biopsies). LOESS: locally 
weighted scatterplot smoothing. MMC: Mitomycin C.

Urine leukocyte concentrations during BCG and MMC treatment schedules were 
recorded prospectively. In some cases the IVT maintenance schedule was not continued, 
for example, due to urinary tract infections and fever. In this manner we analyzed 242 BCG 
and 87 MMC therapy cycles with one (20%), two (10%), three (39%), four (7%), five (4%), six 
(18%) and seven (1%) BCG instillations (789 instillations), and one (38%), two (7%), three (9%), 
four (30%), five (6%) and six (9%) MMC instillations (252 instillations), respectively. Urinalyses 
during the IVT cycles were available after 689 (87%) BCG instillations and 185 (73%) MMC 
instillations. BCG instillations increase pyuria rates from 40% to > 56% after the third BCG 
instillation (p=0.001). In contrast, MMC decreases pyuria rates from 67% to a mean of 46% 
after the 2nd MMC instillation (p=0.009).
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The pyuria rate after the last BCG instillation cycle decreases from 65% to 30%, from 
0-6 weeks to 6-24 weeks (p<0.001). Six weeks after the last BCG instillation the pyuria rate 
does not decrease significantly. The pyuria rates for 6-8 weeks and 8-24 weeks are 35% and 
29%, respectively (p=0.37).

Discussion

This study shows that BCG is associated with an increase in urinary leukocyte 
concentrations, bladder inflammation and false positives in PDD. The specificity of PDD is 
decreased up to 3 months after the last BCG instillation (figure 1).

Grimbergen et al have previously reported that intravesical therapy (IVT) < 6 months 
results in a significantly higher false-positive rate compared to IVT > 6 months before 
fluorescence cystoscopy, 39.6% and 30.6% respectively[6]. We now demonstrate that BCG 
instillations are responsible for these false positives. A single BCG instillation < 3 months 
does not significantly reduce PDD specificity. The specificity of PDD is reduced if more than 
1 BCG instillation is given < 3 months before PDD.

In an earlier report we found that female gender and transurethral resection of bladder 
tumors (TURBT) are the only two remaining predictors of false positives in multivariate 
analysis[15]. Still, BCG therapy is an important determinant for false fluorescence. First, it has 
been reported earlier that TURBT only affects false-positive rates within 3 months before 
PDD. If TURBT is performed beyond the 3 months interval, recent BCG could certainly be 
responsible for the excessive false-positive results. Second, it has been shown that recent 
BCG therapy is associated with false-positive results in univariate but not multivariate 
analysis[16]. The association between recent transurethral resection and intravesical 
therapy may have caused BCG to fall out of multivariate analysis. It might be inappropriate 
to incorporate time-dependent factors, such as TURBT and IVT, in multivariate analysis. 
Last, a time-dependent effect of BCG is demonstrated in the LOESS curve (figure 1). The 
LOESS curve of MMC does not show a similar correlation (figure 2).

BCG immunotherapy is associated with bladder inflammation (OR=1.53, p=0.002) and 
pyuria (OR=1.84, p=0.034). This concurs with previous reports which show that cellular 
infiltrates continue to develop for several weeks during a 6 weekly BCG treatment[17;18] and 
leukocyturia reaches its high point after the 5th and 6th BCG instillation[19;20]. Leukocyturia 
most likely results from infiltrated leukocytes which detach from the mucosa during BCG-
induced bladder inflammation. However, pyuria does not predict for false fluorescence. In 
addition, BCG induced pyuria (within 6 weeks after the last instillation) is not associated with 
a higher chance of false-positive results (63% vs 70%, p=0.43, data not shown). Therefore, 
urinalysis for leukocyturia within 6 weeks after the last BCG instillation can not be used as a 
marker for false fluorescence in PDD.
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False-positive rates remain increased during the 3 months after the last BCG instillation 
(figure 1). Studies have shown that histopathological changes in the bladder wall 
remain present for 3-6 months following the first BCG cycle and will gradually disappear 
thereafter[8].

A single BCG instillation < 3 months before fluorescence cystoscopy most likely does 
not result in additional false positives. The odds of 1 BCG instillation for producing false 
fluorescence is less than 1 (OR=0.35, p=0.26, table 3). It has been reported that 3 consecutive 
BCG instillations in maintenance therapy would give a maximum response based on the 
extent of the immune response in the bladder[21]. Consequently, we advise to postpone 
fluorescence cystoscopy after BCG therapy to ensure that ≤ 1 BCG instillation was given in 
the last 3 months thereby minimizing the number of false positives.

Table 3. Biopsy based univariate analysis to investigate the association between multiple Bacillus 
Calmette-Guérin intravesical instillations and false positives in photodynamic diagnosisa.

false positives
Number of BCG instillations 

within 3 months before PDDb N OR CI 95% OR p-value

 0c 169 - - -
1 27 0.35 -1.45 – 2.16 0.26
2 20 3.05 1.07 – 5.02 0.27
3 26 2.31 0.31 – 4.30 0.41
4 15 1.82 -0.23 – 3.87 0.57
5 16 26.7 24.05 – 29.35 0.02*
6 31 6.73 5.01 – 8.45 0.03*

BCG= Bacillus Calmette-Guérin intravesical immunotherapy; PDD= photodynamic diagnosis; 
CI= confidence interval; OR= odds ratio
a adjusted for age and gender.
b variable time-interval between last BCG instillation and PDD; in the time-interval patients underwent 
a control flexible cystoscopy and were scheduled for transurethral resection of bladder tumor.
c zero BCG instillations within 3 months was used as a reference.
* p ≤ 0.05.

The new photosensitizer, hexaminolevulinate (HAL or Hexvix®), has shown to result 
in lower false-positive results, between 12-39%[22;23]. A recent multicenter, prospective, 
randomized study demonstrated relatively low false-positive rates for both HAL and white 
light endoscopy (WLE), 12% for HAL and 11% for WLE[22]. Surprisingly, others have found 
much higher false-positive rates for both HAL and WLE, 39% and 31%, respectively[23]. 
Furthermore, in the latter, the investigators excluded patients with BCG or IVT < 3 months 
before PDD and might have found even higher false-positive rates if these patients were 
included. Patient selection, the aggressiveness of tumor resection and the study type 
(clinical trial or real life practice) may result in varying reports of false-positive rates for both 
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HAL and WLE. Our study is not a randomized controlled trial, but the strength of our study is 
the real life practice setting. The false-positive rates in PDD studies can not be generalized, 
i.e. they are only comparable in similar cohorts. In conclusion, we expect a similar time-
dependent effect of BCG on HAL-induced fluorescence cystoscopy.

Conclusions

More than 1 BCG instillation within 3 months before fluorescence cystoscopy decreases 
the specificity of PDD. The false positives in PDD should be weighed against the increase in 
detection rate. For future studies, it would be worthwhile to study the cost-effectiveness of 
PDD in patients with multiple recurrences, especially in patients with recurrent Ta tumors.
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Abstract

Background
Photodynamic diagnosis (PDD) is a technique that enhances the detection of 
tumors during cystoscopy using a photosensitizer which accumulates primarily 
in cancerous cells and will fluoresce when illuminated by violet-blue light. 
We hypothesized that invasive tumors (T1/T2) are associated with more false 
fluorescence in PDD because inflammatory reactions have shown to be common 
in the stroma adjacent to these tumors. The aim of this study is to investigate 
the association between tumor stage and the number of tumor biopsies and the 
occurrence of false positives in PDD (yes/ no).

Methods
In this retrospective study, data of 434 procedures were available. Only procedures 
in which single stage and single grade tumors were found were used for the 
analysis. After instillation with the photosensitizer 5-aminolevulinic acid (5-ALA) 
intravesically, cold cup biopsies were taken and tumors were resected.

Results
In contrast to our hypothesis, the presence of false fluorescence irrespective of the 
number of false positives is significantly more common in Ta bladders compared to 
T1/T2 bladders (yes/ no; 32% versus 49%, p= 0.02). In addition, more tumors were 
found in Ta bladders (mean 1.99 versus 1.49 tumor biopsies, p= 0.006).

Conclusions
During PDD more tumors and more false positives are found in Ta bladders 
compared to T1/T2 bladders. Fluorescence cystoscopy is less effective in bladders 
with Ta tumors with regard to the number of false-positive results and, therefore, 
this might argument against the use of PDD in this patient category.
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Introduction

Photodynamic diagnosis (PDD) is a technique that enhances tumor detection 
during cystoscopy using a photosensitive dye[1] such as 5-Aminolevulinic acid (5-ALA) 
or hexaminolevulinic acid, the hexyl ester of 5-ALA (HAL or Hexvix®). These substances 
are precursors in the heme biosynthesis and will lead to intracellular accumulation 
of protoporphyrin IX (PpIX) when applied in excess intravesically. After illumination 
with violet-blue light (405 nm) PpIX will show red fluorescence (630 nm). Because PpIX 
accumulates particularly in malignant cells, bladder tumors can easily be discriminated 
from the surrounding blue of normal bladder tissue[2].

Fluorescence detection has proven to detect bladder tumors which are poorly visible 
under white light endoscopy, such as carcinoma in situ (CIS). As a result of an increased 
detection of bladder cancer, fluorescence cystoscopy has demonstrated to reduce 
recurrence rates by 59%[3;4] and to increases tumor-free survival rates by 67%[5;6].

The major disadvantage of photodynamic diagnosis (PDD) is the mediocre specificity, 
approximately 50%[7]. About 25-30% of false positive specimens represent normal bladder 
mucosa[8;9] and about 55% represents inflammation in pathology[8;9]. The factors known 
to affect the specificity of PDD are inflammation[10], previous intravesical therapy (IVT)
[11], recent transurethral resection of bladder tumor[12] and a high cellular turnover due 
to metaplasia or hyperplasia[9]. Furthermore, application of blue light tangential to the 
bladder wall will show a red fluorescence due to the detection of increased fluorescence 
from a relatively thicker mucosa[10]. Therefore, false-positive fluorescence is commonly 
seen in the trigone, bladder neck and anterior bladder wall.

Tumor stage might also have an influence on PDD specificity, but this has not yet 
been investigated. We hypothesize that invasive tumors (T1/T2) are associated with more 
false fluorescence in PDD because tumor-associated inflammation is significantly more 
common in T1 tumors compared to Ta tumors[13;14]. These inflammatory reactions occur 
in association with 13% and 35% of the Ta and T1 tumors, respectively (p < 0.001)[13]. 
Also, invasive bladder tumors are generally treated with bacillus Calmette-Guérin (BCG) 
immunotherapy which is known to cause inflammation and false fluorescence[11].

The aim of this study is to investigate the association between tumor stage and the 
occurrence of false positives in fluorescence cystoscopy.

Material and methods

Patients
Between November 1998 and January 2008 data of 306 patients were collected. In 

552 procedures 1874 biopsies were taken. Because recent TURBT and IVT have shown to 
cause false positives in PDD, PDD procedures with a TURBT or IVT up to 90 days before 
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the fluorescence cystoscopy have been excluded from the analysis. Finally, 280 patients 
and 434 procedures were used in analysis. A total of 1457 tissue samples, i.e. biopsies and 
resections, were taken during the procedures.

Intravesical therapy with Bacille Calmette-Guérin (BCG), mitomycin C (MMC) and 
Epirubicine was given prior to 148 procedures, whereas transurethral resection of bladder 
tumors was performed prior to 251 procedures.

Procedure
Before performing PDD patients were instilled with a solution of 1.5g 5-ALA (Medac 

GmbH, Hamburg, Germany) in 50ml 1.4% sodium bicarbonate using a 10F catheter. Mean 
5-ALA instillation time was 144 minutes (standard deviation 51.7). The PDD procedure was 
performed under spinal or general anesthesia. Initially the bladder was examined with 
conventional white light. Next, the bladder was inspected with blue light, and cold cup 
biopsies and resections were carried out. The number, locations and fluorescence status of 
the lesions were documented in a standardized form.

System Setup
A Karl Storz D-light series was used in white light and blue light mode. An integrated 

band pass observation filter blocks part of the backscattered blue light resulting in an 
improved discrimination between normal blue reflection and suspicious red fluorescent 
areas. The PDD-cystoscope was used in combination with an endoscopic CCD-camera 
(1-chip Urocam, Karl Storz) for the PDD procedures.

Pathology
Pathological examination was performed by one pathologist who was blinded to the 

endoscopic findings. Urothelial carcinomas were graded and staged according to the WHO 
1997 classification and the UICC/AJC 1992 system. Thereafter, the number of false positives, 
and the number, stage and grade of tumor biopsies were evaluated.

Statistical Analysis
Procedures with single tumor stage (only Ta, T1, T2 or CIS) are used in analysis. The T1/T2 

group comprises of patients with only T1 or T2 tumors.
All patient’s previous TURBTs (1134 in total) and IVTs (2203 in total) were collected by 

reviewing clinical records. All means were compared to the means of the Ta group using 
Chi-square test.

The association between tumor stage and the outcome variables (occurrence of false 
positives, the mean number of false positives and the mean number of tumor biopsies) was 
investigated by multilevel univariate logistic regression analysis. This method allows for 
repeated measurements within individuals and handles continuous as well as categorical 
explanatory variables, missing data and time-dependent covariates. All univariate analyses 
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were corrected for age and gender. The computer program ‘R’ version 2.6.1. with software 
library package ‘lme4’ was used for all analyses[15].

Figure 1. The presence of false fluorescence irrespective of the number false positives calculated 
for different tumor stage subgroups. ‘no tumor’: 71 primary patients, 9 patients with no previous 
tumor, 23 previous pTa, 11 previous pT1, 1 previous pT2 (7 missings). T1/T2 = formed by combining 
the T1 and T2 groups. * p ≤ 0.05 (Chi-square). CIS = carcinoma in situ. PDD = photodynamic 
diagnosis.

Results

The sensitivity, specificity, positive predictive value and negative predictive value of 
fluorescence diagnosis, calculated from the overall number of biopsies was 96%, 45%, 
55% and 94%, respectively. The average number of biopsies per procedure was 3.48 
(range 1 to 10).

In 122 of the 434 fluorescence cystoscopies (28.1%) no tumors were found in the 
bladder; 71 primary TURBTs, 9 cases with no previous tumor, 23 cases with previous Ta, 
11 cases with previous T1, 1 case with previous T2 and 7 missings. In 27.9% of the bladders 
without tumors found no fluorescence was seen.
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Table 1 shows the characteristics of procedures for the subgroups no tumors and single 
stage tumors (only Ta, T1, T2 or CIS). Table 2 shows the number of false positives and the 
number of tumor biopsies in the tumor subgroups. The mean number of false positives of Ta 
is higher compared to T1 and T2 (0.75 versus 0.54), however this is not significant (p= 0.135). 
On the other hand, T2 tumors are associated with a significantly lower presence of false 
fluorescence irrespective of the number compared to Ta tumors in univariate analysis (25% 
versus 49%, p= 0.032); T1 and T2 tumors combined also correlate with a significantly lower 
occurrence of false positives (32% versus 49%, p= 0.019). More tumor biopsies were taken 
from bladders with Ta tumors compared to bladders with T1/T2 tumors (mean 1.99 versus 
1.49 tumor biopsies, p= 0.006). Figure 1 illustrates the correlation between the presence of 
false positives and tumor classification. Significant linear association was found between 
the presence of false positives and tumor stage (Chi-square p= 0.042). The false-positive 
occurrence rate found for CIS and T1/T2 was similar (31% versus 32%). Table 3 demonstrates 
the pathological classification of the false-positive biopsies. A relative large number of 
false-positive biopsies are classified as normal urothelium (59%).

Table 3. Pathological classification of false-positive biopsies by 5-ALA induced PDD

PDD
N %

Normal urothelium 233 59
Inflammation 130 33
Atypia 30 7.7
Dysplasia 27 6.9
Squamous metaplasia 13 3.3
Hyperplasia 15 3.8
Other 42 11

Totala 392a

a Total counts may exceed the sum of the individual subgroup counts because of doubles.
5-ALA: 5-aminolevulinic acid; PDD: photodynamic diagnosis

Discussion

In contrast to our hypothesis, the presence of false fluorescence irrespectable of the 
number of false positives is significantly more common in Ta bladders compared to T1/T2 
bladders. This was not expected because previous studies show that inflammatory cell 
responses are more common in the stroma adjacent to invasive tumors[13;14].

Many of the false-positive biopsies might harbour genetic alterations appearing as normal 
mucosa in histopathology, and thus, might be premalignant. Genetic alterations in bladder 
tissues may lead to increased cell metabolism, high cell turnover resulting in false positives 
in fluorescence cystoscopy. Junker et al found molecular alterations in 72% of histologically 
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normal lesions detected by fluorescence diagnosis, comprising of 59% of telomerase activity 
and 27% genetic changes[16]. Hartmann et al obtained biopsies of patients with urothelial 
hyperplasias and non-invasive bladder tumors by using 5-ALA induced fluorescence 
cystoscopy[17] and found chromosome 9 deletions in 75% of the low stage bladder tumors, 
71% of the hyperplasias and 50% of the normal urothelium. Hendricksen et al also looked at 
genetic mutations in histopathological benign biopsies obtained through PDD[18] and found 
that 5.5% and 33% of the biopsies were positive for p53 and p16, respectively.

Typical features of bladder cancer are multifocality and the recurrence of bladder tumors 
at different anatomic locations[19]. Two hypotheses for the mechanisms of synchronous and 
metachronous development of bladder cancer have been formulated. One theory is called 
the ‘field cancerization’ hypothesis, in which the whole urothelium has been exposed to 
carcinogenic agents leading to genetic mutuations in individual cells, consequently leading 
to the development of independent multifocal tumors[20;21]. The other hypothesis, the 
‘seeding theory’, postulates that such multifocal tumors are monoclonal and are derived 
from a single malignantly transformed cell through subsequent intraluminal spreading or 
intraepithelial migration[22-24].

Two explanations can be postulated to account for the association of Ta tumors with 
a high multifocality. Firstly, genes associated with non-invasive bladder cancer may be 
more susceptible for carcinogen-induced mutations resulting in the development of 
independent multifocal tumors as stated by the ‘field cancerization’ hypothesis. This is 
concordance with previous results showing that heterogeneity is more common in low 
stage bladder cancer[17;25]. Secondly, if non-invasive bladder tumors bleed infrequently, 
these tumors will be clinically detected later and as a result more tumors and premalignant 
lesions may be found at primary diagnosis.

We reported higher numbers of normal mucosa (59%) and lower numbers of 
inflammation in the false positives (33%) compared to others[8;9] most certainly due to the 
exclusion of patients who have had a recent IVT and TURBT.

Should we abandon PDD in primary patients and patients with known Ta lesions? First, 
in a relative high number of PDD procedures no tumors were found in the bladder (31.8%); 
the absence of tumors was seen mostly in primary patients, 58%, (71/122) and patients with 
previous Ta tumors, 19% (23/122, table 1). Second, if we discard PDD in patients with known 
non-invasive bladder cancer and WLE would fail to detect a small papillary non-invasive 
tumor this would not have major consequences. The progression rate of non-invasive 
bladder cancer at 5 years is relatively low, 0.8-17%[26]. Lastly, it has been reported that HAL, 
the hexyl ester derivative of 5-ALA (hexaminolevulinic acid or Hexvix®), is less cost-effective 
when this is used in low- and intermediate-risk patients[27]. In conclusion, an increased 
number of false-positive findings in patients with Ta tumors might furthermore argue for 
the abandonment of PDD usage in this patient category. It would be worthwhile to evaluate 
the quality of life in patients with previously pathologically confirmed non-invasive cancer, 
with and without PDD, to assess whether the costs weigh up against the benefits.
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Abstract

Background
The aim of this study is to evaluate the quality of photodynamic diagnosis (PDD) 
and transurethral resection of bladder tumors (TURBT) among different urologists.

Methods
The selected data consists of 194 patients, 268 aminolevulinic acid (5-ALA) induced 
PDD procedures and 934 biopsies. Tumors were resected and biopsies were taken 
from suspicious areas, under guidance of white light endoscopy (WLE) and 5-ALA 
induced fluorescence cystoscopy. The quality of photodynamic diagnosis (PDD) 
was determined by evaluating the mean number of tumors resected by 5 urologists 
and, thereafter, assessing the time to recurrence between groups.

Results
Urologist 1 took 37% more biopsies (p<0.001) and diagnosed 42% more tumors 
(p=0.005) and 46% more false positives (p<0.001) from bladders compared to 
urologists 2, 3, 4 and 5 combined. The mean time to bladder cancer recurrence for 
all recurrences within 0-18 months is 11.0 months for operator 1 and 8.3 months for 
the other urologists (p=0.01).

Conclusions
The resecting urologist appears to be an important factor for the quality of 
standard and PDD assisted TURBT. Learning curve programs may be required with 
experienced surgeons accompanying those with less experience.
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Introduction

Transurethral resection of bladder tumors (TURBT) remains the gold standard for 
the initial diagnosis and treatment of bladder cancer. Photodynamic diagnosis (PDD) or 
fluorescence cystoscopy is a technique which uses blue light to enhance the detection of 
occult bladder tumors, especially carcinoma in situ (CIS) which is a flat malignant lesion 
associated with a relatively poor prognosis[1]. The overall sensitivity of fluorescence 
cystoscopy is 95%, versus 70% of white light endoscopy (WLE)[2].

Fluorescence cystoscopy is achieved by instilling the bladder with 5-aminolevulinic 
acid (5-ALA) or its hexyl ester derivative (hexaminolevulinic acid or HAL) which has a better 
bioavailability. It is assumed that the recurrence rates are equal for 5-ALA and HAL[3] and 
that data for 5-ALA and HAL are generally transferable[4].

The major disadvantage of PDD is the relatively low specificity. The false-positive 
rate of 5-ALA induced PDD is approximately 38%[5]. False fluorescence is associated with 
inflammation as a result of previous intravesical chemotherapy (IVT) and recent transurethral 
resection of bladder tumor (TURBT), female gender[6;7] and tangential illumination of 
the bladder wall with blue light[8]. The urologist might be an important factor for PDD 
specificity and the overall quality of PDD.

The aim of this study is to investigate the quality of 5-ALA-induced PDD among 
urologists, i.e. to evaluate the mean number of tumors resected from bladders and assessing 
the time to recurrence between groups.

Patients and Methods

Patients
Procedures were performed between November 1998 and January 2008 at our 

multidisciplinary bladder clinic. Patients eligible for photodynamic diagnosis are all patients 
with symptoms of bladder cancer who are scheduled for a transurethral resection of bladder 
tumor (TURBT). Data from 306 patients, 552 procedures and 1874 biopsies were collected 
and prospectively entered in a database (table 1). Excluded from the analyses are patients 
with TURBT or intravesical therapy (IVT) up to 90 days before the fluorescence cystoscopy, 
because these factors are known to cause false fluorescence[7]. Exclusion resulted in a 
selected data set of 280 patients and 434 procedures (figure 1). The 434 PDD-assisted TURBTs 
were performed by 13 different surgeons. Five surgeons (in random order: BO, KO, LO, MO 
and NA) carried out 268 procedures (62%). The remaining 8 urologists performed only a 
mean of 13 procedures per operator which was considered to be too low to calculate reliable 
recurrence rates and, therefore, the data from these 8 urologists were not used for analysis. 
All the surgeons started to use fluorescence cystoscopy during this period at our facility. 
Surgeons 1, 2 and 3 performed more than 500 TURBTs before commencing their first PDD.
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Table 1. Patient characteristics (n=434)

Surgeon 1 Surgeon 2, 3, 4 and 5 Other surgeons
N (%) N (%) p-value a p-value a

Procedures 119 149 166

Age (mean) 68,3 66,1 0,10 65,6 0,03*

Gender b

 Women 31 (26) 32 (21) 44 (27)
 Men 88 (74) 117 (79) 0,38 122 (73) 0,93

Prior recurrence rate
 Primary patients 64 (54) 72 (48) 0,38 108 (65) 0,06
 ≤ 1 recurrence per year 29 (23) 42 (28) 0,31 28 (17) 0,22
 > 1 recurrence per year 28 (23) 35 (24) 0,99 30 (18) 0,26

Category
 Ta 44 (51) 74 (73) 0,02* 70 (66) 0,04*
 T1 19 (22) 18 (18) 0,47 23 (22) 0,95
 T2 16 (19) 6 (6) 0,007* 10 (9) 0,07
 T3 0 (0) 0 (0) N/A 0 (0) N/A
 CIS only 7 (8) 3 (3) 0,12 3 (3) 0,10

CIS present
 No 75 (87) 94 (93) 97 (92)
 Yes 11 (13) 7 (7) 0,18 9 (8) 0,34

Grade c

 G1 26 (33) 37 (38) 0,51 32 (32) 0,85
 G2 33 (42) 42 (43) 0,90 47 (47) 0,54
 G3 19 (25) 18 (19) 0,35 21 (21) 0,60

re-TURBT d

re-TURBT < 6 weeks after PDD 0 (0) 3 (3) 0,12 1 (1) 0,36
re-TURBT < 12 weeks after PDD 8 (11) 8 (9) 0,60 8 (10) 0,72

CIS = carcinoma in situ; PDD = photodynamic diagnosis; TURBT = transurethral resection of bladder 
tumor; N/A = not applicable.
a surgeon 1 is the reference.
b exceeds the total number of procedures due to double counts.
c five procedures with unknown grading.
d Repeat TURBT calculated from 552 procedures without data exclusion.
* p ≤ 0.05.

All patients were treated according to Dutch Urological Association and European 
Association of Urology (EAU) Guidelines. A repeat transurethral resection within 2-6 weeks 
was indicated after incomplete resection, when biopsy specimens did not contain muscle 
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tissue, or when a non-muscle invasive high-grade tumor was found. Repeat TURBTs 
could not always take place exactly after 6 weeks due to operating waiting lists and were 
therefore performed within 6-10 weeks after the initial TURBT. All patients underwent 
a follow-up flexible cystoscopy after 3 months in the outpatient clinic. Maintenance 
schedules of intravesical chemotherapy, mainly Mitomycin C instillations, were given to 
patients with low risk bladder cancer, but with substantial risk of recurrence. Intravesical 
immunotherapy with bacillus Calmette-Guérin (BCG) was indicated for intermediate and 
high risk bladder cancer patients. At first consultation, patients were randomly assigned 
to one of the urologists. Most patients underwent transurethral resection multiple times, 
usually performed by different urologists. Patients with muscle-invasive bladder cancer 
were scheduled for a cystectomy within a few weeks after the TURBT.

Figure 1. Flowchart of the data used for analysis. IVT = intravesical therapy.
a Including doubles (patients were treated multiple times by different urologists).

PDD Procedure
To carry out fluorescence diagnosis, patients were instilled with a solution of 1.5g 5-ALA 

(Medac GmbH, Hamburg, Germany) in 50ml 1.4% sodium bicarbonate using a 10F catheter. 
The PDD procedure was performed under spinal or general anesthesia. Initially the bladder 
was examined with conventional white light endoscopy (WLE), followed by inspection 
under fluorescent light. Resection and cold cup biopsies were carried out under white light. 
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After resection, the completeness of the TURBT was determined under fluorescent light 
and any areas still fluorescing were resected. A standardized form was used to document 
the location and fluorescence status of the individual lesions.

Data were prospectively collected and entered into the database. Biopsies and 
resections were classified as fluorescent ‘+’ or ‘-’ and white-light ‘+’ or ‘-’. One fluorescent 
negative and white-light negative control biopsy was taken from the posterior bladder 
wall in order to calculate PDD specificity adequately. Occasionally, multiple resections 
of the same location were taken in case of fluorescent-positive resection borders and 
deeper resections containing detrusor muscle, and put in separate containers for 
histopathological examination. For statistical analysis, the location of the lesion was 
recorded only once in the database. In all patients a follow-up WLE was performed after 
3 months.

Pathology
All histopathology was revised retrospectively by one pathologist who was blinded to 

the endoscopic findings. Urothelial carcinomas were graded and staged according to the 
WHO/ISUP 1998 classification[9] and the UICC/AJC 1992 system.

System Setup
A Karl Storz D-light series was used in white light and blue light mode. An integrated 

band pass observation filter blocks part of the backscattered blue light resulting in contrast 
enhancement and improved discrimination between normal blue reflection and suspicious 
red fluorescent areas. The PDD-cystoscope was used in combination with an endoscopic 
CCD-camera (1-chip Urocam, Karl Storz) for the PDD procedures. PDD equipment has not 
changed considerably during the 10 year period.

Statistical Analysis
The Student’s t-test and the Mann-Whitney test were used to compare the difference 

in the number of tumor- and false positive biopsies between surgeon 1 and surgeons 2, 3, 
4 and 5. The computer program ‘R’ version 2.6.1 with software library package ‘lme4’ was 
used for all analyses[10]. A p-value of <0.05 was considered significant.

The time to recurrence of bladder cancer was determined by calculating the time from 
one TURBT to the next. Bar charts demonstrate the time to recurrence for both groups.

The learning curve of surgeon 1 illustrates the false-positive rates over time (in months). 
The learning curve was produced, first, by plotting the false-positive status of biopsies 
(y-axis) against time (x-axis) in the chart and, second, by drawing a line fitted through the 
scatters using locally weighted scatterplot smoothing (LOESS)[11]. LOESS does this by fitting 
polynomials to a subset of the data at each point in the data set; 95% confidence intervals 
(95% CI) are shown in the LOESS plots.
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Results

In 280 patients, 1457 biopsies were taken from fluorescent and non-fluorescent areas. The 
average number of bladder locations from which biopsies were taken was 3.4 with a range 
of 1-10 per procedure. Fluorescence cystoscopy resulted in the resection of 933 fluorescent 
positive lesions, of which 391 (42%) were false positive. Fluorescence cystoscopy led to the 
identification of 97% of the 559 tumors. The sensitivity and specificity of white light endoscopy 
(WLE) and PDD are 75% and 76%, 97% and 47%, respectively. The patient characteristics of the 
study population are shown in table 1. Operators 2, 3, 4 and 5 treated more patients with Ta 
tumors compared to operator 1 (73% versus 51%, p=0.02). Operator 1 had more procedures 
with T2 tumors compared to operators 2, 3, 4 and 5 (19% versus 6%, p=0.007).

Surgeon 1 took 37% more biopsies (mean 4.1 versus 3.0, p<0.001), 42% more tumors 
(1.81 versus 1.27, p=0.005) and 46% more false positives during PDD (1.24 versus 0.85, 
p=0.01) compared to surgeons 2, 3, 4 and 5 combined (table 2). Surgeons 2, 3, 4 and 5 took 
significant more false-positive biopsies in WLE (18% versus 8%, p<0.001).

Table 2. The mean number of biopsies, tumor biopsies and false-positive results between groups.

mean number of 
biopsies

mean number of 
tumors

mean number of 
false positives

Surgeon 1 4.1 1.81 1.24

Surgeon 2, 3, 4 and 5 3.0 1.27 0.85
    p-value a <0.001* 0.005* 0.01*

Other surgeons 3.1 1.29 0.70
    p-value a <0.001* 0.003*  <0.001*

a surgeon 1 is the reference.
* p ≤ 0.05.

The mean time to bladder cancer recurrence for all recurrences within 0-18 months is 
11.0 months for operator 1 and 8.3 months for operators 2, 3, 4 and 5 (p=0.01, figure 2). The 3 
month recurrence rate in case of any recurrence is 35% for operator 1 and 51% for the other 
operators (p=0.11).

The false-positive rate of surgeon 1 over time is shown in figure 3. The false-positive rate 
decreases up to 12-18 months after the first PDD procedure. The false-positive rate between 
12-18 months is significantly lower compared to the other periods, 28% versus 45% (p=0.007). 
The false-positive rate between 12-18 months for the other 4 surgeons is also lower, 32% versus 
43% (p=0.07, data not shown). The mean number of tumors found in the bladder between 
12-18 months by surgeon 1 is significantly higher compared to overall, 3.3 versus 1.6 tumors 
(p<0.001). The mean number of tumors found by the other 4 surgeons in the abovementioned 
period is also higher, 1.6 versus 1.2 tumors, however this was not significant (p=0.11).
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Figure 2. The bars represent time categories (in months) and the number of bladder cancers 
which recur after PDD-assisted transurethral resection, for operator 1 and operators 2, 3, 4 
and 5 (42 and 46 procedures, respectively). The numbers in the squares show the amount of 
procedures in the time categories.
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False-positive rate of operator 1

Figure 3. Learning curve of operator 1. The LOESS curve shows the false positive rates of PDD 
over time, shown with 95% confidence intervals (357 fluorescent lesions). LOESS, locally weighted 
scatterplot smoothing. PDD, photodynamic diagnosis.
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Discussion

Our data show that the urologist appears to be an important factor for the quality 
of PDD. We found that one urologist took more biopsies, found more false positives and 
resected more tumors compared to the other urologists. Also, the mean time to recurrence 
of the patients treated by this urologist was significantly increased even though this 
urologist treated significantly less patients with Ta tumors which according to the risk 
table of the European Organization for Research (EORTC) would increase the risk of early 
recurrences[12].

Some urologists might inspect the bladder more carefully for suspicious areas. These 
urologists find more false positives, but also resect more tumors leading to more complete 
TURBTs and longer recurrence times. In accordance, others have found that the false-
positive rates vary largely between institutions[13;14], 4% to 53%, which might be the 
result of a different PDD qualities[15]. Similarly, the rate of tumor residuals found at second 
look TURBT also varies greatly among hospitals and urologists, 27-78%[16-18]. Many of the 
residual tumors [54%] are found outside the primary resection site[19] which would suggest 
that tumors can be overlooked by urologists.

Residual rates could be prevented by performing flexible cystoscopy and TURBT 
orderly. First, a bladder diagram and, even, photo or video documentation is useful 
to map the bladder and facilitates the resection of the tumors[18]. The use of a bladder 
diagram has shown to be an independent predictor for lower recurrence rates[20] and is 
recommended in guidelines for bladder cancer treatment[21]. Second, careful inspection 
of the entire bladder should be performed at the beginning of the TURBT procedure, even 
though the bladder has been mapped earlier by flexible cystoscopy. Rod-lens cystoscopy 
finds approximately 9% additional tumors after inspection with flexible cystoscopy[22]. 
Most of the lesions missed are < 5 mm in diameter. Third, the bladder volume is maintained 
at 50%-75% capacity during TURBT to improve the identification of carcinoma in situ. In 
addition, overfilling of the bladder increases the risk of bleeding which impairs inspection 
of the bladder mucosa[16].

The learning curve of the resecting urologists in this study shows a decrease in the 
number of false-positives up to 12-18 months after the first photodynamic diagnosis (PDD) 
procedure. It has been suggested that a limited experience could result in additional false-
positive biopsies at the beginning of the learning curve[15]. Urologists might be unsure 
about the histopathological nature of fluorescent lesions resulting in a more aggressive 
approach with more false-positive results. Non-malignant bladder lesions can produce 
fluorescence, but, to our knowledge, the relative fluorescence intensity of false-positive 
biopsies has not yet been investigated. On the other hand, major variations in PPIX 
accumulation, with a 10-50 fold difference, can be observed in various cell lines[23;24] 
which is attributed to a difference in metabolic activity[25].
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More tumors were found between 12-18 months after the first PDD assisted TURBT. 
Fluorescence cystoscopy might have helped the surgeons to better recognize superficial 
and occult bladder tumors, even during WLE, without the use of blue-light cystoscopy. 
Fluorescence cystoscopy might encourage surgeons to better inspect the bladder with the 
endoscope close to the bladder wall, to search for hidden bladder cancer features.

Surgeon 1 performed more PDD procedures per year and, therefore, might have had 
more experience and gained better skill. For the other operators, insufficient training 
and experience might have resulted in poorer outcomes[15]. As others have proposed, 
dedicated teaching programs (DTP) for staff members and young residents could improve 
the quality of the TURBT and reduce the residual rates after the TURBT[26]. An experienced 
senior urologist might be needed for teaching in the operating room to improve the quality 
of the TURBT. DTP decreased the 3 month recurrence rate from 8% to 3% for staff members 
and from 28% to 16% for residents. Learning curve programs for PDD assisted TURBT might 
be required with experienced surgeons accompanying those with less experience.
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Abstract

We studied the feasibility of Raman spectroscopy for the diagnosis of bladder 
cancer in vivo. Since the invasion stage is crucial for the treatment choice, a high-
volume based Raman probe was used to investigate the potential of determining 
the invasiveness of bladder cancer. High quality spectra were obtained from 
suspicious and non-suspicious bladder locations during the procedure of 
transurethral resection of bladder tumors (TURBT) with collection times of 
1-5 seconds. Multivariate analysis was used to generate the classification models. 
The algorithm was able to distinguish bladder cancer from normal bladder 
locations with a sensitivity of 85% and a specificity of 79%. The Raman spectra of 
bladder cancer stages showed a gradual increase in the intensity of specific amino 
acid peaks and, most likely, an increase in the intensity of DNA peaks.
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Introduction

Bladder cancer is the ninth most frequently diagnosed cancer[1] and accounts for 
5-10% of all malignancies in males worldwide[2]. Approximately 75-80% of the patients 
with bladder cancer present with nonmuscle-invasive bladder cancer (NMIBC). Disease 
recurs in 50-70% of the patients with NMIBC after transurethral resection alone[3], of which 
approximately 13% have the tendency to progress to muscle-invasive bladder cancer or 
worse[4]. Therefore, early detection, complete resection and surveillance of bladder cancer 
are essential for preventing early recurrence and progression.

Transurethral resection of bladder tumors (TURBT) followed by histopathology and 
urine cytology are the gold standard for the diagnosis of bladder cancer. However, flat 
neoplastic lesions such as carcinoma in situ (CIS) and small papillary lesions are easily 
overlooked during TURBT which contribute to increased residual rates after 6 weeks varying 
between 25 and 78%[5;6] and recurrence rate of 50% within 18 months[7].

The use of photodynamic diagnosis or fluorescence cystoscopy (PDD) improves the 
detection of bladder cancer during cystoscopy and increases the recurrence free survival 
by 67% compared to white light cystoscopy[8;9]. Fluorescence cystoscopy enhances 
the visual contrast between benign and malignant tissue using violet-blue light after 
instilling the bladder with a photosensitive dye such as 5-aminolevulinic acid (5-ALA) or 
hexaminolevulinic acid (HAL). Aminolevulinic acid is a precursor in the heme biosynthesis 
pathway and leads to the accumulation of protoporphyrin IX (PpIX) in malignant cells. 
After illumination with violet-blue light, PpIX will show red fluorescence in contrast to 
the blue reflection of normal bladder tissue. Although PDD has a much higher sensitivity, 
97% compared to 76% of white light endoscopy (WLE), higher false detection rates of 
approximately 38% have been reported[10;11]. Patients that might benefit most from highly 
specific optical diagnosis, such as Raman spectroscopy, to improve the overall diagnostic 
accuracy in combination with fluorescence cystoscopy, are female patients and patients 
with a TURBT within 3 months before the PDD procedure[12].

Raman spectroscopy has the capability of characterizing tissues at a molecular level 
and could be used to ascertain the pathological nature of suspicious fluorescent positive 
lesions in photodynamic diagnosis. The Raman effect is an inelastic scattering process, 
where scattered photons donate energy to the sample’s molecular bonds which results 
the Raman scattered light to be shifted to longer wavelengths (red-shifted inelastic 
scattering or “Stokes” Raman scattering). Detection of the scattered photons results in a 
spectrum of peaks, each of which is characteristic for a specific molecular bond and, thus, 
provides an intrinsic “molecular fingerprint” of the sample. The advantages of in vivo Raman 
spectroscopic diagnosis is that it is nondestructive and does not require any pretreatment. 
The micro-fiber optic probes can be applied endoscopically with clinically acceptable 
measurement times (< 5 s). The feasibility of in vivo Raman spectroscopy through natural 
orifices in humans has been evaluated previously in various organs, such as cervix[13-15], 
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colon[16], esophagus[17] and lung[18]. To our knowledge, Raman spectroscopy has not yet 
been tested for its capability of diagnosing bladder cancer in vivo.

The aim of the study is to investigate the feasibility of in vivo Raman spectroscopy for 
the diagnosis of bladder cancer and staging of bladder cancer invasion. For this, we used 
a high-volume based Raman probe which collects Raman signals up to a depth of 2 mm. 
A second objective is to examine the effect of 5-ALA and HAL on the Raman spectra of 
bladder lesions.

Patients and methods

Study Design
The Raman measurements were performed in vivo inside the bladders of patients 

suspected of primary or recurrent bladder cancer. Between 2007 and 2009 38 patients (men 
and women) with a mean age of 70 years (range 51-88 years) were included in the study. 
The study was conducted at the University Medical Center Utrecht and the St. Antonius 
hospital Nieuwegein, The Netherlands. The study was approved by the Ethics committee 
in both hospitals. Written informed consent was obtained from each patient prior to the 
measurements.

Patients were treated under spinal or general anesthesia. Raman spectra were acquired 
during the procedure of transurethral resection of bladder tumors (TURBT) prior to excision 
of the bladder lesions. Control measurements were taken from normal appearing bladder 
tissue of which, in most cases, a biopsy was taken for histopathological evaluation. All H&E-
stained slides were examined by two experienced pathologists (TGNJ and JAK) without 
information on the spectral data during histological classification. In some patients, 
measurements were taken from more than 1 suspicious lesion. Tumors were measured by 
positioning the Raman probe toward the middle and basis of the bladder lesion with slight 
pressure. Raman spectroscopy was performed on bladder lesions with varying integration 
times of 1, 2, 3, 4 and 5 seconds. The average laser excitation power at the tip of the probe 
varied between 56 and 89 mW.

Photodynamic diagnosis (PDD) or fluorescence cystoscopy was used in 21 of the 
38 patients, of which 12 patients with 5-aminolevulinic acid (5-ALA) and 9 patients with 
hexaminolevulinic acid (HAL). TURBT was performed without the use of PDD in 17 patients. 
For 5-ALA induced fluorescence, patients were instilled with a solution of 1.5g 5-ALA 
(Medac GmbH, Hamburg, Germany) in 50ml 1.4% sodium bicarbonate using a 10F catheter. 
HAL was instilled in a 50 ml solution of a 2.0 mg/ml (8 mM) HAL hydrochloride in phosphate 
buffered saline (Hexvix, Photocure, Olso, Norway). A Karl Storz D-light series in white light 
and blue light mode (375-405 nm) and a PDD-cystoscope was used in combination with 
an endoscopic CCD-camera (Charge-coupled device, 1-chip Urocam, Karl Storz, Tuttlingen, 
Germany) for the PDD procedures.
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Data from six patients were excluded from the analysis for one of the following reasons: 
instrument failure, poor calibration, insufficient signal-to-noise ratio (SNR) or excessive 
intrusion of light within the operating room that obscured the Raman spectra.

Instrumentation
The portable Raman spectroscopy system consists of a 785 nm diode laser (DFB-

0785-1000, Sacher-Lasertechnik, Marburg, Germany), fiber-optic probe (Emvision LLC, 
Loxahatchee, Florida), a custom-made imaging spectrograph, charge-coupled device 
(CCD) camera (PIXIS, Princeton Instruments, Trenton, New Jersey) and a personal computer 
(figure 1). The Raman probe used for in vivo measurements has been described in detail 
elsewhere[19]. Briefly, the probe has an external diameter of 2.1 mm and consists of a central 
excitation fiber (diameter 400 μm) surrounded by seven collection fibers (diameter 300 μm). 
A band-pass filter is incorporated in the delivery fiber at the end of the probe to eliminate 
the Raman scattering generated in the delivery fiber by the excitation light. Long-pass or 
notch filters were placed in the collection fibers to block laser light backscattered from the 
tissue. The probe collects Raman signals up to 2 mm in tissues[20]. The Raman signal was 
collected in the 400-1800 spectral region with spectral resolution of 4 cm-1. The reusable 
probes were sterilized using gas- and plasma sterilization.

 
Figure 1. Left: picture taken of the Raman probe (front). Right: diagram of the clinical Raman system.

Spectral Processing
After the measurements, spectral calibration of the system was performed using 

a neon-argon lamp to calibrate the spectral dispersion of the detection system, 
acetaminophen to standardize the Raman shift axis and a standard reference material SRM 
2241 (NIST, U.S.) to correct for the system’s throughput variations[21]. The spectra were 
processed for background fluorescence subtraction and noise smoothing[22]. Next, each 
spectrum was normalized towards a mean spectral intensity of “1” to account for variations 
in absolute spectral intensity[13;14]. The normalized spectra were grouped according to 
the histopathological classification. For per-sample analysis, the mean spectrum of each 
bladder location was computed.
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Analysis
Principal-Component fed Linear-Discriminant Analysis (PCA/LDA) in Matlab (The 

Mathworks, Inc., Natick, MA) was used to develop a diagnostic algorithm for differentiation 
between different groups within the data set (pathology, aminolevulinic acid). PCA is a 
data compression procedure which finds major trends within the spectral data set and 
redefines the data set using a small set of component spectra or principal components 
(PCs) and scores (S). LDA finds discriminant function with n-1 linear discriminants (LDs) that 
maximizes the variances in the data between n groups while minimizing the variances 
between members of the same group. The selected region of 1000-1720 cm-1 gave the 
best discrimination and was used for all analyses.

A Student t-test was performed at each wavenumber to compare the mean spectral 
intensities between different groups within the data set, that is, invasion status, inflammation 
and aminolevulinic acid (ALA/HAL).

Figure 2. The mean spectra of normal, noninvasive (Ta and invasive bladder cancer (T1 and T2).
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Figure 3. Mean spectra with corresponding significance (1-p value) of Student’s t test along the 
spectral axis.
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Results

The mean spectra of normal, noninvasive (Ta) and invasive bladder cancer (T1 and T2) 
are shown in figure 2. Significant differences in peak intensities between subcategories 
are demonstrated in figure 3. The wavenumbers are grouped along the x-axis and the 
corresponding significance (1-p) is shown on the y-axis. In normal bladder tissues the 
peaks 875, 1080, 1289, 1303, 1446 and 1657 cm-1 were significantly increased which can be 
attributable to lipids and proteins (table 1). Significant peaks in bladder cancer are 680, 789, 
1003, 1170, 1180, 1208, 1370, 1386, 1560 and 1610 cm-1 which might be assigned to specific 
amino acids, such as phenylalanine and tryptophan, and DNA.

Inflammatory changes are distinguished by the wavenumbers 526, 572, 1485 and 1569 
cm-1. For ALA/ HAL the discriminative wavenumbers are 789, 1373, 1499 and 1646 cm-1. No 
adverse events during the measurements were recorded.

Table 1. Tentative assignments of distinctive increased Raman peaks identified in normal 
bladder tissue and bladder cancer in vivo.

Raman
Wavenumber/cm-1 p-value

Normal bladder locations (increased Raman peaks)
875 Hydroxyproline p<0.001
1080 C-N stretching of proteins (and lipids mode to lesser degree) p<0.001
1220-1300 Amide III (C-N stretching mode of proteins), collagen p<0.001
1303 CH3, CH2, lipids, DNA (adenine, cytosine) p<0.001
1446 CH2 deformation lipids and proteins p<0.001
1657 Amide I (C=O stretching mode of proteins, alfa-helix conformation), 

C=C lipid stretch, phospholipids
p<0.001

Bladder cancer locations (increased Raman peaks)
680 DNA (guanine) p<0.001
789 DNA (O-P-O, cytosine, uracil, thymine) p<0.001
1003 Phenylalanine p<0.01
1170 Tyrosine p<0.001
1180 DNA (cytosine, guanine, adenine) p<0.001
1208 Tryptophan, phenylalanine p<0.001
1370 DNA (adenine, thymine, guanine), lipids p<0.001
1386 CH3, lipids p<0.001
1540-1580 Tryptophan, DNA(guanine, adenine), phenylalanine p<0.001
1600-1620 Phenylalanine, tyrosine, tryptophan p<0.001

Multivariate Analysis
Per sample leave-one-out cross validation of the complete data set to discern between 

normal from malignant bladder tissue resulted in a sensitivity and specificity of 85% and 
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79%, respectively (n=63, table 2). A 3-group algorithm for normal bladder tissue, noninvasive 
TCC (Ta) and invasive TCC (T1 and T2) resulted in a sensitivity and specificity of 79% and 
85%, 41% and 83%, and 58% and 76%, respectively. A 3-group algorithm for normal bladder 
tissue, inflammation and bladder cancer resulted in a sensitivity and specificity of 78% and 
89%, 60% and 84%, and 71% and 87%.

The presence of ALA/ HAL can be discriminated with a sensitivity and specificity of 
85% and 69% (n=83), respectively. The discrimination between normal bladder tissue and 
bladder cancer in the absence and presence of ALA/HAL are 88% and 79% (n=44), and 78% 
and 70% (n=19), respectively. The algorithm derived from Raman measurements in the 
absence of ALA/HAL misclassified 4/19 (21%) of all biopsies in the presence ALA/ HAL which 
resulted in an overall sensitivity and specificity of 78% and 80%, respectively (figure 4).

Signal acquisition times of 1, 2, 3, 4 and 5 seconds were used for the collection of Raman 
spectra in bladder locations. Increasing acquisition times did not change the prediction 
accuracy considerably. The sensitivity and specificity resulting from spectra with an acquisition 
time ≤ 3 and ≥ 3 seconds are 85% and 79% (n=62), and 86% and 78% (n=56), respectively.

Figure 4. The discrimination between normal bladder tissue and bladder cancer tissue in 
the absence and presence of 5-aminolevulinic acid (5-ALA) or hexaminolevulinic acid (HAL) 
illustrated by the weights of the first linear-discriminant function (LDF1).
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Discussion

This is the first study to investigate the diagnostic potential of Raman spectroscopy for 
bladder cancer diagnosis in vivo in the clinical setting. Raman spectroscopy successfully 
discriminated between healthy and cancerous bladder tissue, with a sensitivity and 
specificity of 85% and 79% (table 2).

Table 2. PCA/LDA-based spectral classification of bladder locations in vivo with per sample 
leave-one-out cross-validation.

Histopathologic diagnosis
samples normal bladder 

tissue
transitional cell 

carcinoma

Raman prediction
normal bladder tissue 23 6
Transitional cell carcinoma 5 29

PCA: Principal-Component Analysis. LDA: Linear-Discriminant Analysis.

Significant spectral differences for bladder cancer compared to normal bladder 
tissue were found at specific wavenumbers. First, the spectra of normal bladder tissue 
were characterized by substantial lipid and protein peaks. Because we used a high-
volume based Raman probe which measures up to a depth of 2 mm, the lipid and protein 
signals in normal bladder tissues were most likely derived from the submucosa and 
muscle layer. The spectra of invasive cancer lesions were gradually expressed by lower 
intensities of lipid and protein peaks, probably, because these lesions extended deeper 
into the bladder layers and reduced the relative contribution of submucosal fatty tissue. 
Therefore, the spectral features of lipids in the submucosa could be used to assess the 
tumor invasiveness of cancers. Second, Raman microscopy showed that bladder cancer 
spectra are characterized by a decrease of collagen I and III and an increase of lipids 
and DNA[23;24]. In concordance, we found a significant peak at 875 cm-1 in the spectra 
of normal bladder tissues which can be assigned to hydroxyproline, an important 
molecular component of collagen. In addition, the cancer spectra also show significant 
elevated peaks at the wavenumbers 1003, 1208, 1580 and 1601 cm-1 and 1208, 1548 and 
1617 cm-1 which might be attributed to the amino acids phenylalanine and tryptophan, 
respectively[19;25-27]. We might conclude that malignant bladder tissue contains lower 
concentrations of collagen and increased concentrations of other specific proteins. Due 
to the use of the high-volume based Raman probe we could not ascertain the relative 
increase of lipid content in malignant mucosa in vivo. Third, we found that bladder cancer 
spectra might be characterized by significant DNA peaks. Bladder cancer spectra were 
significantly expressed by elevated intensities of the wavenumbers 680, 789, 1180, 1580 
and 1610 cm-1 which are most likely due to nucleotide chains[25;26]. Accordingly, in 
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histopathology, the increase of the nuclear-cytoplasmic ratio due to DNA aneuploidy is 
an important feature in the diagnosis of cancer.

The 3-group algorithm for normal bladder tissue, noninvasive TCC (Ta) and invasive TCC 
(T1 and T2) results in a sensitivity and specificity of 79% and 85%, 41% and 83%, and 58% 
and 76%, respectively. The 3-group algorithm for normal bladder tissue, inflammation and 
TCC (Ta, T1 and T2) results in a sensitivity and specificity of 78% and 89%, 60% and 84%, and 
71% and 87%, respectively. The algorithm might not be able to discriminate between three 
categories due to an insufficient sample size[28]. But also, the design of the Raman probe 
might need further refinement to increase the diagnostic accuracy.

High-volume Raman spectroscopy could be valuable to improve bladder cancer 
diagnosis. First, it is hypothesized that normal tissue below or adjacent to cancer tissue 
is biochemically altered, called malignancy-associated changes (MACs)[29-31] and that 
these MACs may contribute to the discrimination of cancers in Raman spectroscopy[32]. 
However, it is desirable to rely purely on cancer spectra, and not on spectra of MACs, for 
efficient bladder cancer diagnosis. Second, de Jong et al have shown that the molecular 
composition of bladder layers can be investigated by Raman spectroscopy[33]. Therefore, 
confocal Raman spectroscopy could be used to examine the molecular constituents at 
distinct tissue layers and may determine the depth of tumor invasion. Nevertheless, it will 
remain a challenge to identify the stage of tumor invasion by Raman spectroscopy in vivo. 
For example, the invasion of bladder cancer in the submucosa (T1) is regularly diagnosed by 
the invasion of a single tumor cell into the lamina propria on histopathology.

Confocal Raman probes, such as the Visionex probe[20] and the probe described 
by Motz et al[34], have been designed with the aim to reduce the sampling volume of 
tissues. Most of the confocal probes have a sampling depth of about 500 μm and have 
the advantage of collecting less confounding signals from deeper non-cancerous tissue 
layers. These probes are ideal for discriminating low grade from high grade cancers[14]. 
Then again, the mucosal thickness in case of hyperplasia, a premalignant bladder lesion, 
is only >100 μm or >7 cell layers and carcinoma in situ (CIS) is mostly composed of only 
one cell layer with a cell diameter of approximately 15 μm. Thus, even the now-existing 
confocal Raman probes might be hindered by ambient signals from deeper tissue layers. 
Crow et al showed that the spectra obtained by Raman microscopy could be used to 
discriminate between stages of bladder cancer invasion[35]. In case of bladder cancer, 
grade and stage of the disease are clinically closely correlated. Tumor grade may likely be 
a confounder in the tumor stage model resulting in deceptively high prediction accuracy. 
In conclusion, the ideal situation would be to have a Raman probe which collects signals 
from <100 μm, thereby measuring the tumor grade and aggressive potential of the tumor, 
in combination with the measurement of the molecular composition of separate bladder 
layers to determine the invasion depth of the cancer.

The influence of the aminolevulinic acid bladder instillation (ALA/HAL) on Raman 
diagnostic capability was assessed. The data in this study indicate that the accumulation of 
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protoporphyrin IX (PpIX) in the bladder wall most probably does not interfere with Raman 
spectroscopic diagnosis. The algorithm derived from Raman measurements without ALA/ 
HAL could be used to accurately classify bladder tissues with ALA/HAL. Therefore, Raman 
spectroscopy could most likely be combined with fluorescence cystoscopy in vivo to 
improve the diagnostic accuracy compared to PDD alone[21].

Treatment delays have been shown to be associated with worse outcome in bladder 
cancer[36-38]. With or without the use of fluorescence cystoscopy, Raman spectroscopy 
may contribute to fast and accurate diagnosis by way of an “optical biopsy” and a reduction 
of treatment delays. Raman optical biopsies in the framework of a see-and-treat strategy 
may result in an immediate start therapy and could improve the patient’s outcome.

The PCA/LDA has been used extensively due to its simplicity and good results. New 
and improved algorithms have been developed which could result in better results such 
as, random forest diagnostics[25] and maximum representation and discrimination 
feature (MRDF) in combination with a Bayesian method for classification based on sparse 
multinomial logistic regression (SMLR)[39]. SMLR algorithm uses a framework of statistical 
pattern recognition resulting in a direct and efficient multiclass classification[39]. For the 
diagnosis of cervical dysplasia MRDF/SMLR improved the prediction accuracy from 88% to 
94% by incorporating the hormonal and menopausal status of patients[14]. Similarly, because 
bladder cancer has been shown to express differently in male and female patients[12;40], 
including the gender status of patients might improve the prediction model. Both PCA/
LDA and MRDF/SMLR find spectral features in the data set that discriminate between 
distinct pathology groups, but do not give information about the molecular contents of 
tissues. Hierarchial cluster analysis (HCA) or multiple least-square analysis (MLS) have the 
advantage of describing the composition of bladder cancer tissue biochemistry using 
reference spectra of molecular constituents such as DNA, proteins, collagen and lipids[23]. 
For real-time clinical use it would be preferable to provide surgeons not only with on-the-
spot cancer diagnosis, but also with biomolecular diagnostic information.

Raman spectroscopy is safe and is not impeded by environmental factors during in 
vivo measurements. First, near-infrared light (NIR) is nonmutagenic. Second, Puppels et 
al showed that Raman measurements of 5 seconds with a laser output of 250 mW and a 
sampling depth of 500 μm resulted in a temperature rise of 0.8 degrees Celsius. No tissue 
damage was noticed on histological examination [17;41]. Third, the variation in probe-
tissue pressure during gastro-intestinal endoscopy did not result in significant differences 
in Raman spectra. Heme did not contaminate the collection of Raman spectra of tissue in 
the midst of blood[42].

In vitro, Raman spectroscopy has been used successfully for bladder cancer diagnosis. 
Raman microscopy has shown to produce sensitivities and specificities > 90% in an 8-group 
algorithm[35]. Raman measurements on bladder tissue samples resulted in a diagnostic 
accuracy of 84%[28]. We now demonstrated that high-volume Raman spectroscopy could 
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be used in vivo as an objective clinical tool for real-time staging of bladder cancer invasion 
with acceptable measuring times.
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Abstract

Background
Surgical navigation systems have proven to support surgeons to localize and 
target anatomical structures. The aim of this study is to investigate the accuracy 
of reproducing bladder coordinates during transurethral resection using a 
navigational system, as a first step to assess the feasibility of accurate navigation-
assisted resection of bladder tumors.

Methods
Seven patients with clinical bladder cancer were randomly included in the study. 
A Medtronic Stealth Station Navigational system was used for the collection of 
bladder coordinates. Coordinates of bladder lesions and ureteral orifices were 
recorded twice, independently, after filling the bladder with an arbitrary fixed 
volume of 390 mL saline. The distance, in millimeters, between the coordinates 
of two consecutive measurements of the same bladder location was calculated.

Results
Ureteral orifices could be retrieved with an accuracy of 8.1 mm (SD= 7.8, n=9). 
Bladder lesions could be found again with an accuracy of 8.2 mm (SD= 5.1, n=12).

Conclusions
Navigation-assisted mapping of the bladder is accurate at constant bladder 
volumes. We will continue this research, and further improve the system’s software 
to study the feasibility of image-guidance surgery, logging of bladder coordinates 
and easy retrieval of bladder tumors during transurethral resection.
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Introduction

Navigational devices have been implemented in neurosurgery and orthopedics and 
ear-nose-throat surgery to improve surgical accuracy[1-3]. These navigational devices track 
the coordinates of the patient and surgical instruments in the operating room. Image-
guided surgery matches the coordinates from medical images with coordinates from the 
patient and displays the tracking instruments in real time on the pre-operatively acquired 
volume to guide the surgeon towards anatomical targets.

In the last few years, research groups have taken it a step further and are evaluating 
the efficacy of navigation in soft tissues, while the technique was primarily used for the 
navigation of bony structures. In urology, soft-tissue navigation has already proven its 
benefits for prostatectomy and partial nephrectomy[4-7].

In line with these developments, we investigated the accuracy of reproducing 
bladder coordinates using a navigational system during transurethral resection, as a first 
step to assess the feasibility of accurate image-guidance inside the bladder. We made an 
adjustment to the software of a navigational system to track the coordinates of the tip of 
the probe[8] and we took the system into the urologist’s operating room.

Beforehand, we expected that the deformity of the bladder would impair with the 
reproducibility of the coordinates and that the bladder locations would readily change 
position when the bladder is filled and emptied again. This would severely hamper with the 
navigation inside the bladder. But, if the mean error showed to be only about 10 millimeters, 
virtual bladder lesions would be within the line of sight of the endoscope when it is not held 
to close to the bladder wall during image-guidance. Then, we would presume that bladder 
lesions could be found again easily and that bladder navigation is feasible.

Patients and Methods

Patients
The feasibility of bladder navigation was investigated in patients suspected of primary 

or recurrent bladder cancer planned for a transurethral resection of bladder tumors. 
Between January and July 2008 seven patients (4 men and 3 women) with a mean age 
of 65 years (range 50-73 years) were randomly included in the study (table 1). The Ethics 
committee of the University Medical Center Utrecht, the Netherlands, approved the study. 
Informed consent was obtained from each patient prior to the measurements.

Navigation System
A commercially available stereotactic navigation system, equipped with a stereo 

infrared camera for depth perception (StealthStation TREONplus, Medtronic Navigation, 
Louisville, CO, USA) was used to determine the position and orientation of the surgical 
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instruments in the operating room. Infrared light is used to track the positions of the 
instruments with an accuracy of approximately 1-2 mm; for this, the instruments are fitted 
with reflecting spheres (figure 1)[8]. A small adjustment to the system’s software was made 
to log the coordinates of the instruments during the transurethral resection procedure.

Table 1. Precision of the measurement of bladder coordinates using an optical tracking device.

Patient Gender Age (years) Locations Histopathology Precision(mm)a

1 female 50 left ostium N/A 2.99
2 male 62 posterior bladder wall/ left inflammation 6.85

62 posterior bladder wall/ right inflammation 7.11
3 female 59 posterior bladder wall/ right pTaG1 1.45

59 posterior bladder wall/ left pTaG1 4.32
59 left ostium N/A 1.02

4 male 66 right bladder wall pTaG1 4.84
66 right bladder wall pTaG1 5.70
66 left bladder wall pTaG1 6.51
66 right ostium N/A 9.42
66 left ostium N/A 4.35

5 male 72 left bladder wall inflammation 11.34
72 right ostium N/A 25.60

6 male 69 right bladder wall pTaG1 9.52
69 dome normaal 19.22
69 right ostium N/A 2.74
69 left ostium N/A 3.73

7 female 73 right ostium N/A 8.65
73 left ostium N/A 14.51
73 right bladder wall pTaG2 5.55
73 posterior blader wall inflammation 16.36

a The coordinates of the bladder locations were determined twice. The precision was defined as the 
Euclidean distance between the two coordinates, in millimeters.
N/A not applicable.

Procedure
Patients were treated under spinal or general anesthesia (figure 2). The endoscope 

was prepared for navigation and fitted with a sterile tracker mounted with reflecting 
spheres. The tip of endoscope was calibrated to enable its use as a pointer to collect 
coordinates inside the bladder. Before tumors were resected, the spatial coordinates of 
bladder locations were recorded, two times independently, after emptying and filling the 
bladder with a fixed volume of 390 ml (3 times 130 mL using a 150 mL syringe). Thus, in 
between the 2 measurements the bladder was emptied and re-filled with the same volume. 
The precision of bladder navigation was defined as the Euclidean distance between the 
spatial coordinates of two consecutive measurements, in millimeters, calculated by using 
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Pythagoras’ equation. The coordinates were plotted in a 3D Cartesian coordinate system. 
Measurements were made by 4 different surgeons. SPSS version 15.0 was used for all 
statistical analysis.

Figure. 1. Endoscope mounted with the tracker and reflecting spheres.

  
Figure. 2. Left: bladder navigation in the operating room with the navigation camera (dashed 
arrow) and the navigation computer (white arrow). Right: close-up of the operating field with 
the instrument tracker.

Results

In seven patients, the coordinates of 21 locations, 9 ureteral orifices and 12 bladder 
lesions, were recorded (table 1).  The mean registrational precision for all bladder locations 
is 8.2 mm (95% CI 5.3-11.0 mm; n=21; range 1.0-25.6 mm; SD= 6.2). The bladder coordinates 
of each patient were rendered in virtual space (figure 3). Ureteral orifices could be retrieved 
with an accuracy of 8.1 mm (95% CI 2.1-14.1 mm; n=9; range 1.0-25.6 mm; SD= 7.8). Bladder 
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lesions could be found again with an accuracy of 8.2 mm (95% CI 5.0-11.5 mm; n=12; range 
1.5-19.2 mm; SD= 5.1). The mean precision for male and female patients is 6.9 mm and 
9.0 mm, respectively.

In patient 5, the precision of reproducing the coordinates of the right ureteral orifice and 
a tumor on the left bladder wall were 25.6 mm and 11.3 mm, respectively. Both coordinates 
shifted towards an infero-posterior direction. This huge shift is probably due to the patient’s 
coughing fit, thereby moving slightly forward on the operating table and causing a change 
in the position of the bladder relative to the first measurements.

Figure 3. Virtual view of the posterior bladder wall of patient 2. Two lesions were measured 
with a precision of 6.9 mm and 7.1 mm, respectively.

Figure 4. Illustration of image-guided surgery. The computer moves virtual images 
corresponding to endoscopic movements. Arrows and dots guide the surgeon towards the 
lesions inside the bladder.
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Discussion

To our knowledge, navigation inside the urinary bladder has not been investigated 
before. In previous studies alternative methods for bladder mapping have been explored. 
First, a 3-dimensional panoramic view of the inside of the bladder was generated by 
fusing together endoscopic images[9]. The clinicians appreciated the continuity of marks, 
spots and blood vessels and could quickly retrieve the regions of interest. In laparoscopy, 
panoramic views have demonstrated to shorten operating time and to reduce blood 
loss[10]. Second, virtual cystoscopy by CT and MRI images was used to visualize bladder 
tumors in a virtual environment[11;12]. Major limitations are that the current helical CT and 
MRI resolutions do not allow the detection of lesions < 5 mm. Biopsies are often required to 
distinguish between inflammation, fibrosis and cancer[11].

Image-guided bladder navigation could be useful for several reasons. Firstly, bladder 
navigation could help the urologist to ensure that the bladder is fully inspected. Video 
feedback shows bladder lesions that have been registered before and portrays areas that 
would need further inspection. Secondly, conventional documentation is suboptimal and 
does not show the exact location of bladder lesions. Bladder navigation could help to 
retrieve bladder locations accurately, especially in critical situations such in cases of multiple 
tumors and bleeding. Lastly, an electronic map of bladder may be useful for follow-up. An 
overlay of a previous bladder map could redirect the urologist to earlier resection sites for 
careful inspection. The positions of the ureteral orifices may be used as landmarks to fit the 
previous bladder map over the bladder in subsequent resection procedures.

Complete tumor resection is critical for a successful treatment of bladder cancer. 
Noticeably, the residual tumor rate detected at second look cystoscopy after 2-6 weeks 
is particularly high and varies between 27 and 78%[13-15]. A large meta-analysis of 2410 
bladder cancer patients performed by the European Organization for Research and 
Treatment of Cancer (EORTC) demonstrated that the 3 month recurrence rate after TURBT 
ranged between 0 and 46%. These differences are not the result of the clinical features of 
the tumor but probably of the quality of transurethral resection performed by individual 
surgeons[16]. In other words, urologists frequently overlook and leave behind tumors[17]. 
A bladder diagram and, even, photo or video documentation have been advised as a 
preventive measure to reduce the number of residual tumors[15].

A limitation of soft-tissue navigation is the influence of tissue deformation and 
organ shift. In liver surgery, researchers found an average movement of the liver surface 
of 10.3 mm ± 2.5mm[18]. In cardiovascular surgery, augmented reality was successful in 
determining the best access port for thoracoscopic surgery. The accuracy of localizing 
coronary arteries was 9.3-19.2 mm[19]. In neurosurgery, brain shifts of 10 mm caused by 
cerebrospinal fluid leakage and tumoral volume resection have been reported[20;21] which 
is within the range of our results. In contrast to the latter examples, in bladder navigation 
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point-to-point accuracy for retrieving the tumors is not needed because the endoscope 
portrays endoscopic images. Even if there is some inaccuracy, bladder lesions will appear 
within the line of sight of the endoscope.

For this feasibility study we decided to fill the bladder twice with the same volume, 
however, most cystoscopy systems fill the bladder to a maximum after which the bladder 
is emptied manually. Still, we observed that varying bladder volumes did not change 
bladder coordinates to a great extent. This could be explained by the bladder’s geometry; 
if the bladder is regarded a perfect sphere and the volume increases by 10%, (the volume 
is defined by V= 4/3∙π∙r3, where r is the radius), the radius increases only by 3%. As an 
alternative solution, the bladder volume could be kept at a relatively constant volume by 
using a continuous flow resectoscope. In addition, we expect that smaller bladder volume 
variations due to urine production, bleeding and removal of bladder tumors would not 
cause significant inaccuracies.

In conclusion, navigation-assisted mapping of the bladder has shown to be accurate 
at constant bladder volumes. In future research, we will further improve the software to 
construct an image-guided video system (figure 4) and study the long-term outcome of 
navigation-assisted bladder tumor resection.
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Challenges in bladder cancer diagnosis

Bladder cancer ranks on the 6th place in worldwide cancer incidence[1] and is considered 
to be the most expensive cancer during the patient’s lifetime[2]. The high incidence and 
good survival rates make bladder cancer one of the most prevalent cancer types and one of 
the most costly in the western world. The high costs are mainly due to the need of repeated 
treatment courses. Transurethral resection of bladder tumors accounts for 70% of the total 
costs[3].

Complete tumor resection is important to prevent repeat resections which cause 
significant burden to the patient and are associated with the risks of anesthesia and other 
surgical complications, and also increase treatment costs. However, the rate of an incomplete 
resection is particularly high and varies between 27-78% among institutions[4-6]. This is 
probably the result of a varying quality of the TURBT among urologists and institutions[7].

To achieve complete resection and to reduce early recurrence, the European Association 
of Urology (EAU) guidelines now advise to perform a repeat TURBT as a preventive measure. 
A re-TURBT within 2-6 weeks after the primary TURBT is mandatory when the resection is 
incomplete, when biopsy specimens do not contain muscle tissue, or when a non-muscle 
invasive high-grade tumor is found in the initial TURBT[8].

New optical technologies, such as fluorescence cystoscopy or photodynamic diagnosis 
(PDD), have been investigated to enhance the visualization of bladder tumors and to reduce 
tumor residual rates. Fluorescence cystoscopy is an optical technique, which uses blue light 
to detect additional bladder tumors. However, a shortcoming of PDD is the relative high 
number of false-positive results leading to biopsy of non-malignant bladder tissue.

Other optical technologies, such as Raman spectroscopy, have been developed 
to assess the histopathological nature of the lesions in vivo by way of taking an “optical 
biopsy”. These techniques could be used in concordance with fluorescence cystoscopy to 
improve the specificity of bladder cancer diagnosis. In addition, fast and accurate diagnosis 
could shorten the time between diagnosis and actual treatment.

In this thesis we studied a method to improve the quality of transurethral resection 
of bladder tumors using 3 techniques, fluorescence cystoscopy, Raman spectroscopy and 
bladder navigation, to achieve the following three goals:
1. find the lesion of interest (fluorescence cystoscopy).
2. assess the histopathological nature of the lesions of interest by taking optical biopsies 

(Raman spectroscopy).
3. record the locations of the lesions of interest using a stereotactic navigation system 

(bladder navigation).
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 Finding the lesion of interest by fluorescence cystoscopy

Fluorescence cystoscopy or photodynamic diagnosis (PDD) has shown to increase 
the tumor detection rate by 20% for all tumors and 39% for carcinoma in situ lesions[9]. 
Initially, 5-amino levulinic acid (5-ALA) was used as a photosensitizer for PDD, but it has 
become outdated in the last few years. Hexaminolevulinic acid (HAL or Hexvix), a hexyl 
ester of 5-ALA, produces higher fluorescence intensities with shorter instillation times 
and has demonstrated improved tumor specificity. It is now the most common used 
photosensitizer for PDD. Expert panels believe that data for 5-ALA and HAL are generally 
transferable, and that more comparative studies are needed to discriminate between the 
two compounds[10].

The major disadvantage of HAL-guided PDD is the relative high number of false-
positives, ranging from 12-39%. Furthermore, the false-positive rate would be much higher 
ranging up to 50%, if visible and evident malignant lesions under white-light endoscopy 
(WLE) are excluded from the equation. In other words, a blue-light positive lesion that 
is not clearly malignant under WLE will only have an approximate 50% chance to be of 
neoplastic origin. The advantages of a higher sensitivity of PDD should be weighed against 
the disadvantages of a lower specificity. The disadvantage of a lower specificity is the 
resection of benign bladder lesions with a chance of seeding of bladder cancer cells at the 
resection sites, additional unnecessary investigations and anxiety caused to patients and 
their family[11].

Previous reports have shown that false positives in PDD are caused by inflammatory 
reactions, due to bacterial, chemical or radiotherapy-induced cystitis, previous TURBT and 
intravesical therapy (IVT)[12-15]. Another factor is the tangential illumination of the bladder 
wall with blue light which results in red fluorescence of the trigone, bladder neck and 
anterior bladder wall[16-18]. Furthermore, premalignant lesions are associated with genetic 
changes and altered cellular metabolism which could result in PPIX accumulation and 
increased fluorescence[19]. Furthermore, the level of experience and skill in fluorescence 
cystoscopy might be strongly correlated with PDD specificity rates[20]. Bordier et al. 
describe that an experienced urologist could discern false-positive results from CIS lesions 
by a slightly raised appearance of the lesion and the detachment of fluorescence by gentle 
stroking with the loop, called the “pink veil sign”[21].

In this thesis, we investigated the predictors of false positives in PDD with the aim of 
ultimately lowering the number of unnecessary biopsies. We found that the female gender 
and a TURBT within 90 days before fluorescence imaging are independent predictors of false-
positives in fluorescence cystoscopy (chapter 3). The explanation for the false positives in 
female patients remains uncertain. One would presume that a higher occurrence of urinary 
tract infections in women would predispose for higher false-positive numbers. However, 
signs for urinary tract infections such as positive urine cultures and leukocyturia did not 
predict for false positives. Cancer statistics show that women are less likely to develop 
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bladder cancer, but, once they acquire the disease, they have also a less favorable prognosis 
compared to men[22]. It was hypothesized that women present with more advanced tumors 
at initial diagnosis because early signs of bladder cancer were misinterpreted as benign 
conditions, such as urinary tract infections. However, after adjustment for stage and other 
tumor characteristics excess mortality still persists. Hormonally mediated differences in 
bladder cancer biology might play a role in a lower cancer incidence rate, a worse outcome, 
but also an increased false-positives rate in women.

The resection of bladder tumors results in scar tissue and inflammation leading to false 
positive fluorescence in a subsequent TURBT. We found that the number of false positives 
resulting from the previous resection decreases up to the first 12 weeks after the last 
TURBT. Guidelines describe that re-TURBTs should be performed within 2-6 weeks after the 
primary TURBT when the resection is incomplete, when biopsy specimens do not contain 
muscle tissue, or when a non-muscle invasive high-grade tumor is found[23]. Resulting 
from our findings we recommend to perform the secondary fluorescence guided TURBT 
after 9-12 weeks in case of an incomplete first resection of low or intermediate risk non-
muscle invasive tumors[24], so that the urothelium can recover, and the false-positive 
results decrease. This would result in a more complete resection with a relatively low risk 
of tumor progression. In case of incomplete resection of high risk tumors or when a non-
muscle invasive high-grade tumor is found, we advise to follow the current guidelines and 
to perform a secondary PDD-guided TURBT 2-6 weeks after the initial TURBT.

In chapter 4 we investigated the influence of intravesical bacillus Calmette-Guérin 
immunotherapy (BCG) and intravesical chemotherapy with Mitomycin (MMC) on the false 
positives in PDD, and to determine the optimal waiting period after intravesical therapy 
(IVT) to minimize the number of false positives in a following TURBT. We found that BCG, and 
not MMC, results significantly in inflammation, leukocyturia and false positives in PDD. The 
specificity of PDD is reduced if more than 1 BCG instillation is given within 3 months before 
PDD. A single BCG instillation within 3 months probably does not affect PDD specificity 
and, thus, for patients on maintenance therapy receiving a single BCG instillation within 
3 months the false-positive rate will not be increased. In other cases, if clinically feasible, 
we recommend postponing fluorescence cystoscopy after BCG therapy to ensure that less 
than 2 BCG instillations was given in the last 3 months, thereby minimizing the number 
of false positives. Importantly, we found that PDD specificity decreases after multiple 
recurrences and repeated treatments and that the number of false positives is lowest in 
primary patients. This would be in favor of restricting PDD for primary TURBTs and, if low 
risk bladder cancer is found, to leave out PDD in following TURBTs until the progression 
to higher-risk bladder cancer is suspected. In theory, bladder navigation might be used to 
record the locations of false-fluorescent lesions and to guide the urologist to these areas for 
inspection in following TURBTs without the use of PDD (chapter 8).

In chapter 5 we showed that bladder cancer confined to the bladder mucosa (pTa) is 
associated with more tumors and more false positives compared to invasive bladder cancer 
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(pT1 and pT2). Two explanations are postulated to account for the association of Ta tumors 
with high multifocality and an increased number of false positives. Firstly, genes associated 
with non-invasive bladder cancer may be more susceptible for carcinogen-induced 
mutations resulting in the development of independent multifocal tumors as stated by the 
“field cancerization” hypothesis. This is in concordance with previous results showing that 
heterogeneity is more common in low stage bladder cancer[25]. Secondly, if non-invasive 
bladder tumors bleed infrequently, these tumors will be clinically detected later and as a 
result more tumors and premalignant lesions may be found at the first diagnosis. Some 
authors suggest abandoning fluorescence cystoscopy in patients with known non-invasive 
bladder cancer because of failure to detect small papillary non-invasive tumor with a low 
progression rate of 0.8-17% at 5 years would be a relative save option[26]. Furthermore, it 
has been reported that HAL is less cost-effective when used in low- and intermediate-risk 
patients[27]. The increased number of false positives associated with non-invasive bladder 
cancer would argue against the use PDD in this patient category. It would be worthwhile 
to evaluate the quality of life in patients with previously pathologically confirmed non-
invasive cancer, with and without PDD, to assess whether the costs weigh up against the 
benefits.

Several studies have suggested that the urologist him- or herself is an important factor 
for the quality of transurethral resection and photodynamic diagnosis. The residual tumor 
rate 2-6 weeks after the initial TURBT is particularly high and varies between 27-78% among 
institutions[28-30]. In a large meta-analysis was found that the 3 month recurrence rate 
after transurethral resection ranges between 0-46%. This could be attributed to the quality 
of TURBT performed by individual surgeons[31]. Urologists inevitably overlook and leave 
behind tumors leading to early recurrences[32]. Similarly, it was demonstrated that residual 
tumors were found in approximately 35% of the TURBTs even though the surgeon considers 
the TURBT to complete in 93 % of the cases[33].

Photodynamic diagnosis is subject to major differences in quality between individual 
urologists. The false-positive rates vary between 7.1%-47%. The additional tumor detection 
rate for HAL-based fluorescence cystoscopy ranges between 17%-78% in all patients and 
5%-49% in patients with CIS. Residual tumors are found in 4.5%-32.7% of the cases[34]. 
Recurrence-free survival for 5-ALA-induced PDD was increased in one study, but did not 
improve in the other. Burger et al. demonstrated that 5-ALA-induced PDD significantly 
improves the recurrence-free survival at 3 years from 67% to 80%[35]. Two following studies 
did not show any benefit[36;37]. The authors speculated that the limited experience in 
fluorescence cystoscopy by the participating urologists in their study resulted in a worse 
outcome[38]. Thus, better experience with PDD may increase tumor detection rates, lower 
tumor residual rates and improve tumor-free survival rates.

A large multicenter study demonstrated no more than 9% reduction for the recurrence-
free survival at 9 months for HAL-induced PDD compared to white-light endoscopy[39]. 
Importantly, this study was pivotal to the restriction of PDD use for only CIS patients 
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described in the EAU guidelines[40]. However, in the last study, centers might have had 
insufficient experience with PDD, which might have led to significantly worse outcomes 
concerning tumor residuals and early recurrences. Namely, only the first 5 patients treated 
by the urologists were considered training patients, after which adequate skill was assumed. 
In conclusion, more future study is needed to investigate the outcome of fluorescence 
cystoscopy in experienced hands.

In chapter 6, for the first time, a difference in PDD quality was found between urologists. 
We found that one urologist took more biopsies, found more false positives and resected 
more tumors compared to the other urologists. Also, the mean time to recurrence of the 
patients treated by this urologist was significantly increased. This urologist performed 
more PDD procedures per year and, therefore, might have had more experience and 
gained better skill. The urologist might have inspected the bladder more carefully for 
suspicious areas resulting in more tumor biopsies and increased recurrence times. Also, it 
was found that less false positives, and more tumors, were found 12-18 months after the 
first fluorescence cystoscopy compared to the other periods. Fluorescence cystoscopy 
might have helped the surgeons to better recognize superficial and occult bladder tumors, 
even during WLE, without the use of blue-light cystoscopy. Fluorescence cystoscopy might 
encourage surgeons to better inspect the bladder with the endoscope close to the bladder 
wall, to search for hidden bladder cancer features. Therefore, PDD could be used as a 
teaching tool to visualize tumors and tumor margins improving the quality of the TURBT. 
An experienced urologist might have to accompany those with less skill in the operating 
room to improve the quality of the TURBT[41]. More future studies are needed to compare 
recurrence and progression rates after PDD between less and more experienced urologists.

Assessing the histopathological nature of the lesions of 
interest by taking optical biopsies (Raman spectroscopy)

Raman spectroscopy is an optical technique that uses molecular-specific, inelastic 
scattering of photons to assess the molecular contents of biological tissues[42]. Photons 
donate energy to or receive energy from intramolecular bonds resulting in an altered 
energy level and, therefore, a different wavelength from the original laser light. Raman 
peaks in many cases can be associated with the vibration of a particular bond in the 
molecule. Thus, Raman spectroscopy is a molecular specific technique that can be used as a 
biochemical tool for study of different materials and tissues. In particular, this technique has 
the capability to provide differential diagnosis of precancers and cancers[43].

We are the first to demonstrate the feasibility of Raman spectroscopy in vivo for the 
diagnosis of bladder cancer (chapter 7). Raman spectra were collected from 83 bladder 
locations in 38 patients, of which 21 patients were instilled with 5-ALA or h-ALA, using a 
portable Raman system at 785 nm excitation (figure 1 en 2). The multivariate analysis 
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algorithm resulted in the detection of bladder cancer and normal bladder tissue with a 
sensitivity of 85% and a specifi city of 79%. The Raman spectra of bladder cancer stages 
show a gradual increase in the intensity of specifi c amino acid peaks and an increase in the 
intensity of DNA peaks, which can be explained by the increase of the nuclear-cytoplasmic 
ratio due and DNA aneuploidy in neoplastic cancer cells.

Figure 1. A clinical Raman probe was custom build for the University Medical Center Utrecht. It 
consists 25cm stainless steel tubing with a 5-round-one fi ber optical confi guration. The Raman 
probe can be used through the working element of the cystoscope during cystoscopy (left). A 
clinical and transportable system consists of a Sacher Diode laser, Kaiser spectrograph and a 
Princeton Instruments coupled charger device (CCD) camera (right).

Figure 2. The Raman probe is inserted into the bladder through the working element of the 
cystoscope (left). The biopsy forceps is kept into position to take biopsies for histopathological 
investigation (right).

In addition, we demonstrated that 5-aminolevulinic acid (5-ALA) mediated fl uorescence 
diagnosis could be used in combination with Raman spectroscopy. The algorithm derived 
from Raman measurements in the absence of 5-ALA could easily be used to diagnose 
lesions in the presence 5-ALA. Thus, the data in this study indicate that the accumulation 
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of protoporphyrin IX (PpIX) in the bladder mucosa most probably does not interfere with 
Raman spectroscopic diagnosis.

Several studies have shown that many of the false-positives lesions found by PDD, 
appearing as normal mucosa in histopathology, harbor genetic alterations. Junker et al. 
found molecular alterations in 72% of the false-positive biopsies, comprising of 59% of 
telomerase activity and 27% genetic changes[44]. Hartmann et al. found chromosome 9 
deletions in 75% of the low stage bladder tumors and 50% of the normal urothelium with a 
false fluorescence[45]. Hendricksen et al. found that 5.5% and 33% of the histopathological 
benign biopsies obtained through PDD were positive for p53 and p16, respectively[46]. 
Genetic alterations and an increased cell metabolism might lead to the accumulation of 
PPIX and false fluorescence. Optical diagnosis by Raman spectroscopy might be able to 
differentiate between malignant, pre-malignant and benign fluorescent bladder lesions. 
The identification of false-positive bladder lesions could avoid resection and prevent 
unnecessary investigations. Then again, bladder navigation might be a helpful tool to 
register the exact locations of premalignant lesions and to further inspect these areas in 
concurrent TURBTs (chapter 8).

Design improvements of the Raman probe
Substantial research has been invested in the design and development of fiber-optic 

Raman probes for in vivo cancer diagnosis. The primary aim of the probe design is to optimize 
Raman signal detection with a maximum output power while avoiding thermal injury to the 
tissue. Therefore, the design should maximize collection efficiency and reduce background 
signals from Rayleigh-scattered light, fiber fluorescence and silica Raman signals aiming for 
optimal signal-to-noise ratios. A second important objective is to minimize the sampling 
volume. Namely, the frequency of light used for Raman diagnosis, i.e., around 785 nm, 
travels efficiently through human tissues and results in unwanted Raman signals from 
deeper non-cancerous tissues which will interfere with the scarce amount of cancer Raman 
signals from superficial tissue layers. Several probes have been designed over the years 
with good results[47].

In 1998, Mahadevan-Jansen et al. described the use of a fiber-optic Raman probe for the 
clinical diagnosis of cervical precancers[48]. The probe consists of one delivery fiber (diameter 
200μm diameter) at one side of the Raman probe to transmit the excitation light and 50 fibers 
(diameter 100μm diameter) on the other side of the probe to collect the Raman signals. The 
tip of delivery fiber is angled inwards and coated with gold to act as a mirror and to reflect 
the laser output on a 900μm excitation spot on the tissue surface. A band-pass filter is placed 
at the end of the delivery fiber to eliminate Raman scattering produced by the excitation 
light. A long-pass or notch filter is placed in the collection fibers to block laser light scattered 
back from the tissue. Raman features from cervical tissue could clearly be discerned with 
acceptable signal-to-noise ratios. However, the dimensions of the Raman probe and the time 
for spectral acquisition (90 seconds) are impractical for endoscopic applications.
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In 1999, Shim et al. reported the first Raman probe suitable for open, laparoscopic and 
endoscopic procedures[49]. Previous designs used one silica fiber for both light delivery and 
Raman signal collection, but this resulted in considerable Rayleigh backlight scattering from 
the tissues into the collection fibers which in turn generates significant silica Raman signals 
throughout the length of the fiber. The new design (Enviva Raman probe, Visionex) consists 
of one central delivery fiber (400μm diameter) surrounded by seven collection fibers (300μm 
diameter). The band-pass filter and notch filters are placed 2.5 cm from the tip of the probe. 
Most importantly, the collection fibers are angled inwards to increase the overlap zone 
between the collection and delivery light cones, called “beam-steering”, which reduces the 
Raman sampling volume up to 1 mm3 and to a depth of 500μm. Unfortunately, in 1999 the 
company seized to exist and this exact probe design was not produced anymore. To date, 
the existing Enviva probe is carefully conserved and is still used for clinical studies. In 2009, 
the probe demonstrated an overall prediction accuracy of 94% for the in vivo differentiation 
between normal tissue, metaplasia, low grade (LGSIL) and high grade squamous 
intraepithelial lesions (HGSIL) of the cervix with 3 seconds acquisition times[50]. Emvision 
LLC (Loxahatchee, Florida) was able to continue the production of the probe design but 
without the patented beam-steering technology. In this thesis, we used this Emvision probe 
replica without beam-steering optics, for in vivo bladder cancer diagnosis.

In 2001, Huang et al. designed a Raman probe for real-time in vivo human skin 
measurements[51]. A focusing lens delivers the laser light onto the skin surface with a spot 
size of 3.5 mm. Good quality spectra were acquired in less than 1 second. However, the Raman 
probe design is too bulky and unsuitable for in vivo (endoscopic) biomedical applications 
as well. In 2009, Huang et al. developed a Raman probe for endoscopic purposes consisting 
of one delivery fiber (200μm) surrounded by 32 collection fibers (200μm) without focusing 
optics[52]. The probe was used for the diagnosis of neoplastic lesions in the stomach during 
gastroscopy. The predictive sensitivity and specificity was 89% and 98%[53].

Several research groups have built compact Raman probes for endoscopic purposes 
with beam-steering technology by installing lenses at the end of the collection fibers. 
Motz et al. put a sapphire ball lens at the end of the probe, with one central excitation 
fiber surrounded by 15 collection fibers. The total diameter of the probe is less than 3 
mm[54]. Hattori et al. attached a doughnut-shaped lens in front of the delivery fiber and 
8 collection fibers. The probe diameter is 2.5 mm[55]. Day et al. describe the development 
of a miniature, confocal fiber-optic probe to fit within the instrument channel of a standard 
medical endoscope[56]. The probe consists of a single delivery and a single collection fiber 
both with a diameter of 100μm. A graded index (Grin) half-sphere lens was placed at the 
tip of the probe to limit the depth of field to approximately 150μm. The probe was able to 
differentiate between cancers and pre-cancers of the esophagus in vitro with a sensitivity 
of 71-88% and a specificity of 77-99%[57].

In 2009, the research group led by Huang et al. described a Raman probe consisting 
of 2 fiber arms and a ball lens placed in front of the tip for the in vivo detection of cervical 
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dysplasia[58]. The researchers extracted diagnostic information from the so-called 
high wavenumber (HW) region (2400-3800 cm-1). The advantage of HW is that it avoids 
fluorescence background and silica Raman signals which severely interfere with the 
detection of the inherently weak Raman signals in fingerprint range (800-1800 cm-1). The 
HW Raman spectra yielded a diagnostic sensitivity of 94% and specificity 98% for dysplasia 
identification.

Mahadevan-Jansen et al. investigated the feasibility of obtaining Raman signals below 
layers of normal tissue[59]. They demonstrated that spatially offset Raman spectroscopy 
(SORS) could detect spectral features from breast tumors hidden under 0.5 mm to 2 mm 
of normal breast tissue. Photons scatter through the underlying tissue before exiting 
at larger source-detector (S-D) offsets allowing the prediction of the tumor depth. 
A Monte Carlo prediction model of the photon pathways was developed and compared to 
experimental results to investigate the effects of the tissue and probe geometry on SORS 
measurements. Calculations from this model suggest that an S-D offset up to 3.75 mm 
will result in the detection of sub-millimeter-thick tumors under a 1 mm normal layer and 
tumors at least 1 mm thick under a 2 mm normal layer[60]. In collaboration with Emvision, 
the research group built the SORS probe design with increasing S-D offsets[61]. Positive 
tumor margins up to 2 mm in mammary cancer were predicted with a sensitivity of 95% 
and a specificity of 100%.

More research is needed to develop a fiber-optic Raman probe that is reusable and 
suitable for endoscopic procedures, and collects good quality spectra for accurate 
cancer diagnosis. The Visionex design has demonstrated to be very effective for cancer 
diagnosis, but unfortunately, the probe is not produced anymore. The main technical 
difficulties are, first, placing miniature filters in the silica fibers at the end of the Raman 
probe, and, second, cutting the fiber tips to an angle and applying a coating to create 
miniature mirrors. The circular arrangement of the collection fibers around the delivery 
fiber most optimally reduces backscattering Raleigh light from the tissues and minimizes 
the collection of unwanted background signals. However, the sampling depth of the 
Visionex probe is about 500 μm and has still the disadvantage of collecting ambient 
signals from deeper noncancerous tissue layers. The mucosal thickness in case of 
hyperplasia, a premalignant bladder lesion, is only 100 μm or 7 cell layers; carcinoma in 
situ (CIS) is generally composed of only one cell layer with a diameter of approximately 
15 μm. The probe design by Day et al. uses a graded index (Grin) half-sphere lens and has 
a small depth of field of approximately 150 μm which would be more efficient for the 
diagnosis of flat bladder tumors such as CIS[62].
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Bladder navigation

The goal of fluorescence cystoscopy and Raman spectroscopy, and most other new 
optical technologies is to improve the sensitivity of bladder cancer detection. But after 
tumor detection and risk group classification, the next important step is to remove all 
tumors, i.e., not leaving behind tumors in the bladder. A bladder diagram and, even, photo 
or video documentation have been advised as a preventive measure to reduce the number 
of residual tumors and to improve the complete resection rate[63]. Traditionally, bladder 
location details are recorded in the patient’s medical record and precisely illustrated in 
bladder diagrams. Up to now, navigation-assisted electronic mapping of the bladder had 
not been investigated.

In chapter 8 we demonstrated that navigation-assisted mapping of the bladder can 
be accurate at constant bladder volumes. Bladder navigation could be an important 
tool for bladder cancer treatment for several reasons. Firstly, bladder navigation could 
help the urologist to ensure that the bladder is fully inspected. Video feedback presents 
bladder lesions that have been registered before and shows areas that would need further 
inspection. Secondly, conventional documentation is suboptimal and does not show the 
exact location of bladder lesions. Bladder navigation could help to retrieve bladder locations 
accurately, especially in critical situations such in cases of multiple tumors and bleeding. 
Lastly, an electronic map of bladder may be useful for follow-up. An overlay of a previous 
bladder map could redirect the urologist to earlier resection sites for careful inspection. The 
positions of the ureteral orifices may be used as landmarks to fit the previous bladder map 
over the bladder in subsequent resection procedures.

Further adjustments could improve the navigational system. In our study we used a 
commercially available stereotactic navigation system, equipped with a stereo infrared 
camera for depth perception to determine the position and orientation of the surgical 
instruments which are fitted with reflecting spheres. First, reflecting spheres or even 
LED-lights could be attached directly to the camera at the base of the cystoscope. Sterile 
sheets may cover the camera because these transparent plastic sheets have shown to only 
partially block the infrared light. No navigation components such as reflecting spheres have 
to be sterilized and attached prior to the resection procedure resulting in a simple “plug-
and-perform” system. Second, stereotactic cameras could be placed at fixed points in the 
operating room, for example at the ceiling of the room, which would shorten the system’s 
setup time. Third, electromagnetic tracking is an alternative method for optical tracking 
and is already being used in several clinical studies[64]. The technique has demonstrated to 
visualize the maneuvers of flexible endoscopes with high accuracy. Its advantage is that is 
does not use reflecting spheres and is able to track the instruments even when the patient 
is between the instrument and the localization system. A disadvantage is that the magnetic 
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field can be disturbed by the vicinity of metallic materials. Magnetic tracking might be used 
in the outpatient clinic to map the bladder during flexible cystoscopy. When a bladder 
map is created in the outpatient clinic by flexible cystoscopy it could be uploaded in the 
operating room to start the navigation-assisted transurethral resection. Lastly, in many 
medical fields we have seen that the combination of 2 or more techniques will improve 
the efficacy of individual techniques. Optical or magnetic tracking may be combined with 
inside-out tracking and/or inertial tracking to ensure continuation of the tracking at all 
times and to add to the overall accuracy of the navigation. Firstly, inside-out tracking relies 
on the real-time processing of the endoscopic video and does not use external tracking 
devices[65]. The computer uses patterns of small spots and blood vessels to find its way 
inside the bladder. Inside-out tracking might supplement navigational tracking when 
the navigation system is not providing good accuracy, and vice versa. Secondly, inertial 
navigation for cystoscopy uses accelerometers and gyroscopes to track the endoscope 
motion. The cystoscope has demonstrated to produce an overall accuracy of < 1º, 2 º and 4º 
in vertical, horizontal and axial direction, respectively[66]. Inertial navigational devices can 
be produced at low-cost and have become popular in the gaming industry at the present 
time, referring to the Wii remote controller of the Nintendo gaming system[67;68].

In future research, we will further work to improve the software to construct an image-
guided video system to implement augmented reality. Augmented reality refers to the 
integration of images from a virtual environment with the “real-world” images. In this way, 
arrows and dots could guide the surgeon towards the lesions inside the bladder. In a final 
stage, we will investigate the long-term patient’s outcome after video-assisted bladder 
tumor resection.

Future perspectives

A consensus about the indications for 5-ALA or HAL-based PDD has not yet been fully 
developed. This is due to conflicting results of retrospective studies and a few randomized 
controlled trials described below.

A meta-analysis in 2010 evaluated the benefits of 5-ALA and HAL-based PDD[69]. Kausch 
et al. reported an additional detection rate of 20% for all entities of non-muscle invasive 
tumor and 39% for CIS lesions[70]. In 3 trials, the recurrence-free survival at 12 months 
was 16%-27% higher in the PDD group and 12-15% higher at 24 months compared to the 
standard white light-only group (p<0.001)[71-73].

Two randomized controlled trials did not find any advantages for 5-ALA induced PDD 
with regard to recurrence-free and progression-free survival[74;75]. Still, expert panels 
believe up to now that data for 5-ALA and HAL are generally transferable[76]. A head 
to head, prospective, randomized clinical study will have to discriminate between the 
outcomes of 5-ALA and HAL fluorescence cystoscopy.
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For HAL-based PDD, a large randomized prospective study demonstrated that 
fluorescence cystoscopy reduces recurrences rates by only 16% at 9 months in patients with 
high-risk bladder cancer. Furthermore, the benefits for HAL are unclear in patients with low- 
and intermediate risk bladder cancer[77]. This large multicenter study was pivotal for the 
European bladder cancer panel to look more critically at the advantages of fluorescence 
cystoscopy. But, the urologists of the last study might have had poor experience with 
fluorescence cystoscopy. Only the first 5 patients treated by the urologists were considered 
training patients, after which adequate skill was assumed. Moreover, 200 patients were 
included in 28 institutions, which equals to a mean of approximately 7 patients per 
institution, which is modest, especially for urologists with little or no experience with 
PDD. Thus, insufficient experience might have led to lower recurrence-free survival rates 
in the low- and intermediate bladder cancer groups. In chapter 6 we have shown that 
the learning curve of fluorescence cystoscopy takes about 12-18 months. In 12 months 
urologists will usually perform more than 5 PDD procedures, and will have gained better 
skill and experience. Experienced urologists would increase recurrence intervals and, thus, 
would improve patient’s prognoses. More future study is needed to investigate patient 
outcomes with fluorescence cystoscopy performed in more experienced hands.

Cost savings by 5-ALA and HAL-based fluorescence cystoscopy were estimated at € 168 
per patient per year, mainly through the reduction of tumor recurrences[78]. Hexvix is a more 
expensive compound, but also saves € 140 per patient within the first year[79]. Malmström 
et al. have shown that the use of HAL results in cost savings in high-risk patients, and not in 
intermediate- and low-risk patients. When all bladder cancer patients are considered, the 
use of HAL still delivers a cost saving compared to white light endoscopy[27]. But again, 
these studies were based on retrospective data and were not verified in larger prospective 
randomized trials. In a worse case, fluorescence cystoscopy is not cost-effective for the 
bladder cancer population as a whole, but only for the group of high-risk bladder cancer 
patients.

Because of the conflicting results on recurrence-free survival rates, the European 
Urology guidelines currently restrict the utilization of PDD to those patients who are 
suspected of high grade tumors, particularly CIS[80]. Still, the use of HAL-guided PDD could 
be considered in many other cases for which further research might be needed[81;82]:

i. In primary TURBTs, PDD would help with initial staging of all tumors.
ii. In patients with positive urine cytology but negative WLE findings, PDD could 

facilitate the detection of missed tumors.
iii. In the follow-up of high-risk patients, PDD could detect residual disease which 

could lead to a change in the ongoing management.
iv. In patients with earlier diagnosis of CIS, PDD could find lesions which may not be 

readily visible under white-light endoscopy.
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v. In patients with recurrent bladder cancer and not previously examined with HAL, 
PDD could correct staging errors and detect tumors with higher staging.

vi. At first cystoscopy after induction with bacillus Calmette-Guérin immunotherapy 
(BCG), PDD may evaluate the response of the treatment and may continue staging 
of bladder cancer, which might result in a change of treatment strategy.

vii. PDD might be used as a teaching tool enhancing the visualization of tumors and 
tumor margins, thereby improving the quality of the resection.

An important alternative for PDD is narrow-band imaging (NBI). It is an optical technique 
that also improves the visualization of bladder tumors during cystoscopy, but without the 
instillation of a photosensitizer. The technique filters white light in into 2 narrow bands of 
blue and green light to enhances the contrast between well vascularized bladder cancer 
lesions and normal mucosa[83]. Current studies have shown an increased detection rates 
for bladder tumors, especially CIS, resulting in lower recurrences compared to WLE[84;85]. 
In one study NBI was compared to PDD for the early detection of CIS. The sensitivity and 
specificity for the detection of CIS is 90% and 28%, and 45% and 100% for NBI and PDD, 
respectively. The sensitivity and specificity of NBI could be significantly increased by the 
addition of optical coherence tomography (OCT), to 93% and 95% respectively[86]. Further 
studies are needed to investigate the long-term outcomes of NBI and PDD, with and without 
Raman spectroscopy or another highly specific optical technique.

Even if fluorescence cystoscopy is not efficient for the patient population of non-muscle 
invasive bladder cancer as a whole, the technique is essential for the application of highly 
specific optical techniques, such as Raman spectroscopy. Raman spectroscopy enables the 
characterization of tissue at the molecular level and provides the differential diagnosis of 
bladder cancer with high specificity[87]. However, the time required to randomly scan the 
entire bladder wall may be excessive. On the other hand, fluorescence cystoscopy enables 
gross evaluation of the bladder wall surface with high sensitivity. Therefore, a combination 
of the techniques with Raman spectroscopy would enhance the specificity and efficacy for 
(early) bladder cancer diagnosis. In chapter 3 and 4 we described that female gender, recent 
TURBT and BCG immunotherapy are associated with false-positive results in PDD. More 
false fluorescence is expected within 9-12 weeks after the last TURBT and BCG instillation, 
but this will not cause any problem when Raman spectroscopy differentiates between true 
and false positives with high specificity. In a distant future, Raman technology might have 
evolved in such a way that it is able to scan all around the bladder within seconds, and 
localize and grade all bladder tumors. But until that time a highly sensitive optical method 
for the evaluation of the whole bladder is needed.

Navigation-assisted bladder mapping might be useful to map the bladder and to 
display locations that have shown false-fluorescence in the past during PDD and locations 
that have been investigated by Raman spectroscopy (chapter 8). Furthermore, bladder 
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navigation could also be valuable without the use of PDD or Raman spectroscopy to ensure 
that the whole bladder is fully inspected. Firstly, it might decrease the number of tumors 
left behind inside the bladder after TURBT. Secondly, video-assisted feedback might be 
valuable for the urologist in medico-legal disputes when patients present with early tumor 
residuals to confirm that tumors were not visible during earlier TURBTs.

Raman spectroscopy holds the promise to become an important tool in bladder cancer 
management and research (chapter 7). Fast and accurate diagnosis by way of an “optical 
biopsy” is important for the timing of treatment. Namely, treatment delays have been 
shown to be associated with worse oncological outcome[88-90]. Optical diagnosis could 
reduce treatment delays and, therefore, could decrease the chance of tumor progression 
and improve patient survival. First, in non-muscle-invasive bladder cancer, treatment can 
be started immediately upon optical diagnosis, without the need to resect or biopsy the 
tumor and wait for a pathology result. Second, in muscle-invasive bladder cancer, the 
patient can be scheduled for curative treatment immediately upon optical diagnosis, 
again, without the need to wait for pathologic confirmation, which usually takes 10-14 days. 
Also the risk of a deep tumor resection that sometimes leads to bladder perforation with 
possible tumor spill is avoided. Most importantly, an early start of the treatment of bladder 
cancer is associated with improved oncological outcomes. Last, incorporation of optical 
diagnosis would lead to cost savings because many transurethral resections or biopsies 
under anesthesia would become superfluous.

Since the early 00’s, substantial research has been invested in the design and 
development of fiber-optic Raman probes, but the ultimate Raman probe design has not 
yet been produced. The difficulties in the Raman probe design are minimizing the sampling 
depth < 100 micrometers and requiring the approval by the authorities for sterilization 
and endoscopic application. The “beam-steering” design of the Enviva probe (Visionex) 
with inwards angled fiber tips at the end of the Raman probe is regarded most effective in 
reducing the Raman sampling depth[91]. Others have tried to achieve the same effect by 
installing a lens at the end of the collection fibers with focusing depths up to 150μm[92].

A “double beam-steering” design, which has not been investigated before in a clinical 
setting, could be recommended (figure 3). In this design the excitation fiber is tapered to 
an angle and placed at on side of the Raman probe next to one tapered collection fiber 
or a bundle of tapered collection fibers on the other side to minimize the detection of 
Raman signals from deeper tissue layers. The design would not necessarily result in a 
decrease of signal intensity because the 2-fiber probe designs by Day et al and Mo et al 
showed good signal-to-noise ratios at 1-2 seconds acquisition times[93;94]. The application 
of dual-beveled fiber tips has been theoretically and experimentally analyzed by Cooney et 
al.[95;96]. A probe consisting of 2 beveled fibers detects 1.5 times more Raman signals than 
a flat-tipped dual fiber probe and the sampling volume is smaller and located closer to the 
tip (figure 3). Therefore, compared to a flat-dual fiber probe, beveling of the fiber tips might 
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eliminate unwanted Raman signals from the underlying tissue layers without a loss of Raman 
signal intensity leading to a refinement of cancer signal detection. It may improve diagnostic 
accuracy, but more studies will be needed to investigate the efficiency of the design.

Next, high wavenumber (HW) Raman spectroscopy (2400-3800 cm-1) has demonstrated 
to avoid background signals severely interfering with the detection of the inherently 
weak Raman signals in fingerprint range (800-1800 cm-1). The application of HW Raman 
spectroscopy would lead to superior signal-to-noise ratios, better quality Raman spectra 
and more valuable information for bladder cancer diagnosis[97]. Furthermore, HW 
technology would significantly simplify probe design leaving out the need of in-line optical 
filters[98;99].

Figure 3. Raman probes without beam steering (a), beam steering of the collection fiber (b) 
and beam steering of both the collection and excitation fiber (c). The dark-grey shaded areas 
represent the interrogation volumes derived from the excitation and collection light cones. 
Large dark arrow: excitation fiber. Smaller light arrows: collection fiber.

Spatially offset Raman spectroscopy (SORS) could be useful for the determination of 
tumor depth and tumor stage in bladder cancer. The ideal situation would be to have a 
Raman probe which collects signals from < 100 μm, thereby measuring the tumor grade and 
aggressive potential of the tumor, in combination with the measurement of the molecular 
composition of separate bladder layers to determine the invasion depth of the cancer.
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Important competing techniques of Raman spectroscopy are optical coherence 
tomography (OCT), high magnification cystoscopy and confocal laser endomicroscopy (CLE). 
These techniques provide cross-sectional imaging of tissues with micrometer resolution 
and allow evaluation of subsurface cellular structures. OCT has shown the best results 
so far in improving the sensitivity and specificity of fluorescence cystoscopy and narrow 
band imaging (NBI). Schmidbauer et al. demonstrated that OCT increases the sensitivity of 
Hexvix-induced fluorescence cystoscopy from 98% and 79%, to 98% and 98%[100]. Ren et 
al. demonstrated an improvement of the sensitivity and specificity for the detection of CIS 
by NBI from 90% and 28% without OCT, to 93% and 95% with OCT[101]. High magnification 
cystoscopy and confocal laser endomicroscopy have been developed more recently. High 
magnification cystoscopy has shown to confirm 97% (32/33) of the true positives of Hexvix-
induced fluorescence cystoscopy and reject 85% (17/20) of the false positives[102]. However, 
in 5 of the 58 lesions (8.6%) high-magnification diagnosis could not be made because the 
vascularization could not be discerned. Confocal laser endomicroscopy (CLE) reaches the 
highest magnifications of the above-mentioned technologies, up to subcellular levels after 
the intravesical instillation with Fluorescein. Fluorscein has been approved by the Food and 
Drug Administration for optalmic applications and has a well-established safety profile. The 
technique revealed cellular morphology of bladder mucosa with high detail in vivo[103], 
but further clinical results are still awaited.

The integration of OCT and Raman spectroscopy in one probe design has shown to be 
feasible. Mahadevan-Jansen et al. recently developed a probe that shows cross-sectional 
images up to 2.4 mm using OCT and simultaneously collects Raman signals up to 530 
μm. The new probe was tested on skin tissue. The data set from a superficial scar and a 
nodular basal cell carcinoma of the skin demonstrated great potential for accurate optical 
diagnosis[104]. The combination would be most favorable with Raman spectroscopy 
determining the tumor grade and aggressive potential of the tumor, and OCT providing 
a cross-sectional image of the bladder wall to determine the invasion depth of the cancer.

Lastly, Raman spectroscopy has shown large promises for enhancing the performance 
of cytology. Cytology has a sensitivity of less than 50%, especially for low-grade tumors, 
and is subject to major interobserver variability[105-107]. Shapiro et al. demonstrated that 
Raman spectroscopy with green laser illumination (532 nm) of epithelial cells in voided 
urine correctly diagnosed 92% of the bladder cancers. This technique could become an 
important tool for the diagnosis and follow-up of bladder cancer, and possibly for the 
screening of bladder cancer in high-risk patients[108].
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English summary

Chapter 1 presents the aim and outline of the thesis. In chapter 2 an introduction 
is given about the diagnosis and management of non-muscle-invasive bladder cancer. 
Transurethral resection of bladder tumors (TURBT) is the cornerstone of both the diagnosis 
and treatment of bladder cancer. Fluorescence cystoscopy or photodynamic diagnosis 
(PDD) is an optical technique that uses blue light to improve the sensitivity of the detection 
of bladder tumors during transurethral resection. However, the major disadvantage of 
fluorescence cystoscopy is the relative high number of false-positives leading to the biopsy 
of non-malignant bladder tissues. Chapter 3 to 5 presents clinical studies that investigate 
the factors predicting for reduced fluorescence specificity. Predisposing factors for false 
fluorescence are female gender and recent TURBT (chapter 3). Previous intravesical 
instillation with bacillus Calmette-Guérin immunotherapy (BCG) has demonstrated to 
significantly increase the number of false-positive results (chapter 4). In chapter 5 is 
described that bladder cancer confined to the bladder mucosa (pTa) is associated with more 
false fluorescence compared to invasive bladder cancer. In chapter 6 we show that the 
urologist’s skill and experience have an effect on the quality of the TURBT and fluorescence 
cystoscopy. Chapter 7 demonstrates the feasibility in vivo Raman spectroscopy for the 
diagnosis of bladder cancer. Raman spectroscopy is an optical technique that utilizes the 
interaction of light with molecular bonds to assess the molecular contents of biological 
tissues. The technique could be used to increase the specificity of bladder cancer 
diagnosis. Navigational tools have been used in many surgical fields, but have not yet been 
investigated for accurate bladder mapping to facilitate the retrieval of bladder lesions 
during transurethral resection. Chapter 8 shows that navigation-assisted mapping of the 
bladder is accurate at constant bladder volumes.

I. Which patient groups are associated with a high 
probability of false positives in fluorescence 
cystoscopy and may benefit most from highly specific 
optical diagnosis, such as Raman spectroscopy?

Known factors to negatively affect the specificity of fluorescence cystoscopy or 
photodynamic diagnosis (PDD) are inflammation caused by previous intravesical 
chemotherapy (IVT) and recent transurethral resection of bladder tumor (TURBT). In 
chapter 3 we aimed to further investigate the factors that predict for false fluorescence. 
Univariate analysis indicated that female gender, previous intravesical instillations and 
recent TURBT are factors that are associated with false positives in fluorescence cystoscopy. 
Signs for urinary tract infections such as positive urine cultures and leukocyturia did not 
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predict for false-positive results. Multivariate analysis showed that only female gender 
(male; OR=0.41, p=0.005) and recent TURBTs (OR=2.38, p=0.01) are independent factors 
predicting false positives in fluorescence cystoscopy. The false-positive rate is increased 
during the first 12 weeks after the last TURBT. Guidelines describe that re-TURBTs should 
be performed within 2-6 weeks after the primary TURBT when the resection is incomplete, 
when biopsy specimens do not contain muscle tissue, or when a non-muscle invasive high-
grade tumor is found. Resulting from our findings we recommend to perform the secondary 
fluorescence guided TURBT after 9-12 weeks in case of an incomplete first resection of low 
or intermediate risk non-muscle invasive tumors, so that the urothelium can recover and 
the false-positive and false-negative rates decrease. This would result in a more complete 
resection with a relatively low risk of tumor progression in this subcategory. In case of 
incomplete resection of high risk tumors or when a non-muscle invasive high-grade tumor 
is found, we advise to follow the current guidelines and to perform a secondary PDD-
guided TURBT 2-6 weeks after the initial TURBT. Intravesical therapy was associated with 
false fluorescence in univariate but not in multivariate analysis. Further research is needed 
to study the influence of intravesical therapy (IVT), and more specifically the effect of 
bacillus Calmette-Guérin (BCG) intravesical therapy, on PDD specificity.

II. Does previous intravesical therapy increase the 
false-positive rate of fluorescence cystoscopy?

Bacillus Calmette-Guérin (BCG) immunotherapy and Mitomycin C (MMC) chemotherapy 
are commonly used as intravesical therapies for the treatment of bladder cancer. BCG 
induces inflammation of the bladder wall with chemotaxis and infiltration of neutrophils, 
macrophages and lymphocytes. Activation of the innate immunity will induce and 
support anti-tumor mechanisms. MMC is an antibiotic antitumor agent which exerts its 
anticellular activity by inhibiting DNA synthesis, primarily by inducing DNA cross-linking. 
In chapter  4 we investigated the influence of BCG and MMC on the false positives in 
photodynamic diagnosis (PDD), and particularly to determine the optimal waiting period 
after IVT to minimize the number of false positives in a subsequent PDD. We found that BCG 
is significantly associated with inflammation (OR=1.53, p=0.002), leukocyturia (OR=1.84, 
p=0.034) and false positives in PDD (OR=1.49, p=0.001). Leukocyturia normalizes within 
6 weeks after the last BCG instillation, but urinalysis for leukocyturia after recent BCG 
instillations could not be used as a marker for false fluorescence in PDD. The specificity 
of PDD is reduced if more than 1 BCG instillation is given within 3 months before PDD 
(OR=1.49, p=0.001). A single BCG instillation within 3 months does not significantly reduce 
PDD specificity (OR=0.35, p=0.26). Thus, for patients on maintenance therapy receiving 
a single BCG instillation within 3 months the false-positive rate is not increased. In other 
cases, if clinically feasible, we recommend postponing fluorescence cystoscopy after BCG 
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therapy to ensure that less than 2 BCG instillations were given in the last 3 months, thereby 
minimizing the number of false positives. Instillation of MMC does not cause inflammation 
and is not associated with a higher rate of false-positive results. Importantly, we found that 
PDD specificity decreases after multiple treatments and that the number of false positives is 
lowest in primary patients. This would therefore argue for the abandonment of PDD usage 
in low-risk bladder cancer patients with multiple treatments in the past.

III. Is the invasion stage of the bladder cancer associated 
with the false-positive rate in fluorescence assisted 
TURBT?

We anticipated that invasive tumors (T1/T2) are associated with more false fluorescence 
in photodynamic diagnosis (PDD) because tumor-associated inflammation has shown to 
be significantly more common in T1 tumors compared to Ta tumors. Furthermore, invasive 
bladder tumors are generally treated with bacillus Calmette-Guérin (BCG) immunotherapy 
which instigates inflammation and false fluorescence (chapter 3). However, in chapter 5 we 
demonstrated that the presence of false positives (yes/ no) is significantly more common 
in bladders with Ta tumors (49% versus 32%, p=0.02). Patients with Ta tumors already have 
a relatively favourable prognosis, and therefore, with the addition of an increased number 
of false positives this may argument against the use of PDD in this patient category. 
Furthermore, studies have shown that the use of HAL, the hexyl ester derivative of 5-ALA 
(hexaminolevulinic acid or Hexvix®), results in cost savings in high-risk patients, and not in 
intermediate- and low-risk patients, which includes many patients with Ta tumors. If HAL 
is limited to high-risk patients the financial savings increase, but the clinical advantages in 
intermediate- and low-risk patients are lost. It would be worthwhile to evaluate the quality 
of life in patients with previously pathologically confirmed non-muscle invasive bladder 
cancer, with and without PDD, to assess whether the costs weigh up against the benefits.

IV. Does the urologist’s skill and experience have an 
effect on the quality of the TURBT and fluorescence 
cystoscopy?

The false-positive rates for standard and fluorescence cystoscopy have shown to vary 
largely between institutions. It has been suggested that these variations are the result 
of different skill and experience of the urologists. In chapter 6 we demonstrated that 
the quality of photodynamic diagnosis (PDD) differs among urologists. One urologist 
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took 37% more biopsies (p<0.001) and diagnosed 42% more tumors (p=0.005) and 46% 
more false positives (p<0.001) compared to the other urologists. Also, the mean time to 
recurrence of the patients treated by this urologist was significantly increased. The mean 
time to bladder cancer recurrence for all recurrences within 0-18 months is 11.0 months 
for the abovementioned urologist and 8.3 months for the other urologists (p=0.01). This 
urologist performed more PDD procedures per year and, therefore, might have had more 
experience and gained better skill. In addition, less false positives, and more tumors, were 
found 12-18 months after the first fluorescence cystoscopy compared to the other periods. 
Fluorescence cystoscopy might help urologists to better recognize superficial and occult 
bladder tumors, even during white light endoscopy (WLE), without the use of blue-light 
cystoscopy. In other words, fluorescence cystoscopy might encourage surgeons to better 
inspect the bladder with the endoscope close to the bladder wall, to search for hidden 
bladder cancer features. PDD could therefore be used as a teaching tool to visualize tumors 
and tumor margins improving the quality of the TURBT. Learning curve programs for PDD 
assisted TURBT might be required with experienced surgeons accompanying those with 
less experience.

V. Can in vivo Raman spectroscopy diagnosis be used 
for the diagnosis of bladder cancer and can it be 
used in combination with fluorescence cystoscopy?

Raman spectroscopy has shown to provide differential diagnosis in several cancers such 
as skin, cervix and lung with high sensitivity and specificity. In chapter 7 we investigated the 
feasibility of in vivo Raman spectroscopy for the diagnosis of bladder cancer. Raman spectra 
were collected from 83 bladder locations in 38 patients, of which 21 patients were instilled 
with 5-ALA or h-ALA, using a portable Raman system at 785 nm excitation and 2-5 seconds 
acquisition times. We found that Raman spectroscopy can be used in vivo for the diagnosis 
of bladder cancer. Multivariate analysis algorithm was able to distinguish bladder cancer 
from normal bladder locations with a sensitivity of 85% and a specificity of 79%. The Raman 
spectra of bladder cancer stages showed a gradual increase in the intensity of specific 
amino acid and DNA peaks. Despite the use of the photosensitizers 5-ALA and h-ALA 
Raman spectroscopy detects reproducible differences in the Raman spectra of malignant 
and benign lesions. It is therefore possible to apply Raman spectroscopy in combination 
with fluorescence cystoscopy to improve the specificity of bladder cancer diagnosis. But 
also, Raman spectroscopy could be applied without the use of fluorescence cystoscopy. 
The technique may contribute to fast and accurate diagnosis by way of an “optical biopsy” 
and may reduce treatment delays improving the outcome in bladder cancer.
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VI. Could optical navigation devices be used for accurate 
bladder mapping?

In many cases, the transurethral resection is incomplete and tumor residuals are left 
behind in the bladder. The residual tumor rate after initial TURBT is particularly high and 
varies between 27-78% among institutions. A bladder diagram and, even, photo or video 
documentation have been advised as a preventive measure to reduce the number of 
residual tumors. Traditionally, bladder location details are recorded in the patient’s medical 
record and illustrated in bladder diagrams. But, the use of electronic navigation tools for 
mapping of the bladder had not yet been investigated. In chapter 8 we investigated the 
feasibility of real-time bladder mapping during transurethral resection. The coordinates 
of 21 bladder locations in seven patients were collected using a Medtronic Stealth Station 
Navigational system with infra-red optical tracking. Coordinates of bladder lesions and 
ureteral orifices were recorded twice, independently, after filling the bladder with a fixed 
volume. Bladder lesions and ureteral orifices could be retrieved with a mean accuracy of 
8.2 mm (SD= 6.2; n=21). We therefore have shown that navigation-assisted mapping of 
the bladder is accurate at constant bladder volumes. Bladder navigation could help the 
urologist to ensure that the bladder is fully inspected at the beginning of the TURBT and 
that all suspicious lesions are resected at the end of the TURBT. The next step is to construct 
an image-guided video system and study the long-term outcome of video-assisted bladder 
tumor resection.
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Nederlandse samenvatting

Hoofdstuk 1 beschrijft de doelstellingen van dit proefschrift. Hoofdstuk 2 geeft een 
inleiding over niet-spierinvasieve blaaskanker. Transurethrale resectie (TURBT) is de gouden 
standaard voor de diagnostiek en behandeling van blaaskanker. Een TURBT is een kijkoperatie 
waarbij via de plasbuis of urethra blaastumoren worden verwijderd. Fluorescentie 
diagnostiek of fotodynamische diagnostiek (PDD) is een optische techniek waarmee 
blaastumoren tijdens de TURBT beter zichtbaar gemaakt kunnen worden. De blaas wordt 
één uur van te voren gevuld met een lichtgevoelige stof. Bij de inspectie van de blaas met 
blauw licht worden tumoren en andere verdachte afwijkingen beter zichtbaar doordat deze 
rood oplichten. Het voordeel van blauwlicht diagnostiek is dat 30-35% meer blaastumoren 
worden gevonden. Echter, een groot nadeel van deze techniek is de aanwezigheid van 
achtergrond fluorescentie of foutpositieve bevindingen die leiden tot het onnodig 
verwijderen van goedaardig blaasweefsel. In hoofdstukken 3 tot en met 5 onderzoeken 
wij de factoren die voorspellen voor foutpositieve fluorescenties. Foutpositieve resultaten 
komen vaker voor bij vrouwen en patiënten die recentelijk een transurethrale resectie 
hebben ondergaan (hoofdstuk 3). Intravesicale immunotherapie met bacillus Calmette-
Guérin (BCG) is eveneens een belangrijke factor die de specificiteit verlaagd (hoofdstuk 4). 
In hoofdstuk 5 wordt beschreven dat achtergrondfluorescentie relatief vaker voorkomt 
in een blaas met oppervlakkige blaastumoren (pTa). In hoofdstuk  6 wordt aangetoond 
dat ervaren urologen efficiënter zijn in het uitvoeren van een transurethrale resectie en 
een fluorescentie cystoscopie ten opzichte van hun minder ervaren collegae. Hoofdstuk 7 
beschrijft de resultaten van Raman spectroscopie ten behoeve van blaaskankerdiagnostiek. 
Raman spectroscopie is een nieuwe optische techniek waarbij blaasweefsel met een laser 
wordt onderzocht op carcinogene eigenschappen. In hoofdstuk 8 wordt aangetoond 
dat een optisch navigatiesysteem locaties van tumoren in de blaas kan vastleggen tijdens 
een transurethrale resectie. Navigatiemiddelen worden bij veel chirurgische disciplines 
gebruikt om nauwkeuriger te kunnen opereren. De haalbaarheid van navigatie in de blaas 
was nog niet eerder onderzocht.

I. Welke patiënten hebben een grote kans op 
achtergrond fluorescentie en zouden het meeste 
baat hebben bij aanvullende Raman spectroscopie?

In hoofdstuk 3 onderzoeken wij de factoren die voorspellen voor foutpositieve 
fluorescentie. Statistische analyse toont aan dat vrouwelijke patiënten (man; OR=0.41, 
p=0.005) en een recente transurethrale resectie (OR=2.38, p=0.01) onafhankelijke 
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voorspellers zijn voor foutpositieve fluorescenties. Tekenen van blaasontstekingen, zoals 
positieve urine kweken en een toename van het aantal witte bloedcellen in de urine, 
hebben geen samenhang met de aanwezigheid van foutpositieve resultaten. Na een 
recente transurethrale resectie (TURBT) ontstaan foutpositieve bevindingen die na 9-12 
weken niet meer aankleuren. Daarom adviseren wij in geval van een incomplete resectie 
de PDD-geleide TURBT te herhalen na 9-12 weken zodat het blaasslijmvlies kan herstellen 
en het aantal foutpositieve fluorescenties afneemt. Echter, dit adviseren wij alleen voor 
patiënten met een laag- en middelhoog risicoprofiel omdat de kans op tumor progressie 
binnen 12 weken in deze patiënten groep relatief laag is. In geval van hoogrisico blaaskanker 
stellen wij voor de huidige richtlijnen te volgen en een tweede fluorescentiegeleide TURBT 
uit te voeren binnen 2-6 weken. Verder onderzoek is nodig om de invloed van intravesicale 
therapie, met name van bacillus Calmette-Guérin (BCG) intravesicale immunotherapie, op 
het ontstaan van foutpositieve achtergrond fluorescentie te bestuderen.

II. Wat is de invloed van recente intravesicale therapie 
op foutpositieve achtergrond fluorescentie?

Chemotherapie en immunotherapie worden toegepast in de blaas bij bijna alle 
patiënten met blaaskanker (Intravesicale Therapie, IVT). Intravesicale chemotherapie 
met Mitomycine C (MMC) remt tumorgroei door de synthese van DNA tegen te gaan. 
Intravesicale immunotherapie met Bacillus Calmette-Guérin (BCG) daarentegen induceert 
ontstekingsreacties in de blaaswand met de infiltratie van witte bloedcellen, zoals 
neutrofielen, macrofagen en lymfocyten. Vervolgens leiden deze ontstekingsreacties tot 
gerichte antitumor reacties. In hoofdstuk 4 bestuderen wij het effect van BCG en MMC 
op het aantal foutpositieven in fluorescentie cystoscopie. BCG leidt tot een significante 
toename van het aantal ontstekingsverschijnselen in de blaas (OR=1.53, p=0.002), een 
stijging van de concentratie witte bloedcellen in de urine (OR=1.84, p=0.034) en een 
toename van het aantal foutpositieve fluorescenties (OR=1.49, p=0.001). Het aantal 
foutpositieve fluorescenties neemt toe wanneer meer dan 1 BCG intravesicale therapie 
binnen 12 weken vóór fluorescentie diagnostiek (OR=1.49, p=0.001) wordt gegeven. Een 
enkele BCG instillatie binnen 12 weken heeft waarschijnlijk geen invloed op de specificiteit 
fluorescentie cystoscopie (OR=0.35, p=0.26). Daarom adviseren wij dat maximaal 1 BCG 
instillatie wordt gegeven in de 12 weken vóór de fluorescentie diagnostiek om het aantal 
foutpositieve resultaten te minimaliseren. Intravesicale chemotherapie met MMC heeft 
geen invloed op het aantal ontstekingsreacties in de blaaswand en heeft geen correlatie 
met een toename van de achtergrond fluorescentie. Tot slot, verdere analyse wees uit dat 
het aantal foutpositieve fluorescenties lineair toeneemt met het aantal behandelingen van 
de patiënt, m.a.w. het foutpositieve percentage het hoogst is in patiënten met meerdere 
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transurethrale resecties (TURBTs) en IVTs in het verleden. Bij laagrisico patiënten en 
meerdere behandelingen in het verleden zouden wij kunnen pleiten voor het achterwege 
laten van fluorescentie diagnostiek, enerzijds omdat de prognose in deze patiëntengroep 
relatief gunstig is, anderzijds omdat het foutpositieve percentage relatief hoog is en kan 
leiden tot het onnodig verwijderen van goedaardig blaasweefsel.

III. Is er een verband tussen het tumorstadium 
van blaaskanker en het aantal foutpositieve 
fluorescenties?

Wij verwachten dat meer foutpositieve fluorescenties voorkomen bij invasieve tumoren 
(pT1/ pT2) omdat uit onderzoek is gebleken dat deze tumoren vaker geassocieerd worden 
met tumorgeassocieerde ontstekingsreacties. Bovendien worden deze invasieve tumoren 
in de regel behandeld met intravesicale bacillus Calmette-Guérin (BCG) immunotherapie dat 
leidt tot een toename van achtergrond fluorescentie, zoals in hoofdstuk 3 werd beschreven. 
Echter, in hoofdstuk 5 vonden wij dat de kans op aanwezigheid van foutpositieven (ja/nee) 
significant groter is bij Ta blaastumoren in vergelijking met T1/ T2 tumoren (49% versus 
32%, p=0.02). Aangezien de prognose van patiënten met Ta tumoren relatief gunstig is 
en foutpositieve fluorescenties relatief vaak voorkomen, zou dit kunnen pleiten tegen 
het gebruik van fluorescentie cystoscopie bij deze patiënten. Daarnaast hebben studies 
aangetoond dat fluorescentie cystoscopie kostenvoordeel oplevert bij hoogrisico patiënten 
en niet bij patiënten met een laag- en middelhoog risicoprofiel die in veel gevallen Ta 
gestadieerd zijn. Indien fluorescentie cystoscopie wordt beperkt tot hoogrisico patiënten 
nemen de kostenbesparingen toe, maar verliezen het voordeel van een betere tumor 
detectie bij de patiënten met een laag- en middelhoog risicoprofiel. Verder onderzoek is 
nodig om de kwaliteit van leven na fluorescentie diagnostiek in patiënten met een laag- en 
middelhoog risicoprofiel te beoordelen, om vast te stellen of de kosten van fluorescentie 
cystoscopie opwegen tegen de baten.

IV. Heeft de ervaring van de uroloog invloed op de 
kwaliteit van transurethrale resectie en fluorescentie 
diagnostiek?

De kwaliteit van standaard witlicht cystoscopie en fluorescentie diagnostiek varieert 
aanzienlijk tussen ziekenhuizen. Een tekort aan ervaring in het uitvoeren van deze 
operaties kan hier een oorzaak van zijn. In hoofdstuk 6 wordt een verschil gevonden 
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in kwaliteit van fluorescentie cystoscopie tussen verschillende urologen. Een uroloog 
nam 37% meer biopten (p<0.001), diagnosticeerde 42% meer tumoren (p=0.005) en 46%  
meer foutpositieve resultaten (p<0.001) ten opzichte van andere urologen. Ook was de 
gemiddelde duur tot een recidief significant groter bij de bovengenoemde uroloog. De 
gemiddelde duur tot een recidief binnen een periode van 18 maanden was 11.0 maanden 
voor de bovengenoemde uroloog en 8.3 maanden voor de andere urologen (p=0.01). De 
eerste uroloog voerde meer fluorescentie cystoscopieën per jaar uit en heeft hierdoor 
waarschijnlijk meer kunde en ervaring opgedaan. De urologen diagnosticeerden tussen 12-
18 maanden na hun eerste fluorescentie cystoscopie minder foutpositieve fluorescenties 
en meer tumoren in vergelijking met de andere perioden. Fluorescentie cystoscopie helpt 
de urologen wellicht bij het herkennen van oppervlakkige en moeilijk zichtbare tumoren, 
ook zonder gebruik van blauwlicht onderzoek, tijdens standaard witlicht cystoscopie. De 
techniek helpt de urologen bij het nauwkeuriger inspecteren van de blaaswand (bij het 
zoeken naar verborgen blaastumor kenmerken), zodat de kwaliteit van de transurethrale 
resectie (TURBT) verbetert. Onderwijsprogramma’s voor fluorescentiegeleide TURBT 
kunnen nuttig zijn waarbij ervaren urologen onderwijs geven aan de urologen met minder 
ervaring.

V. Kan Raman spectroscopie in de blaas worden 
gebruikt in combinatie met fluorescentie diagnostiek 
ter verbetering van blaaskankerdiagnostiek?

Raman spectroscopie is een optische techniek waarbij met een laser kankerspecifieke 
eigenschappen in weefsels kunnen worden aangetoond. Nog niet eerder was de 
techniek gebruikt in de blaas van patiënten om blaaskanker aan te tonen. Hoofdstuk 7 
beschrijft de haalbaarheid van Raman spectroscopie tijdens transurethrale resectie ter 
verbetering van de blaaskankerdiagnostiek in combinatie met fluorescentie diagnostiek. 
In 38 patiënten werden 83 locaties in de blaas met de laser onderzocht. De sensitiviteit 
en specificiteit van Raman spectroscopie om blaaskanker te diagnosticeren bedragen 
85% en 79%, respectievelijk. In de gemeten spectra van blaaskanker wordt een toename 
van spectrale pieken waargenomen die kenmerkend zijn voor specifieke aminozuren en 
DNA componenten. Ondanks de instillatie van licht gevoelige stoffen die gebruikt worden 
ten behoeve van fluorescentie diagnostiek (5-ALA en h-ALA) konden kankerspecifieke 
eigenschappen worden herkend en werd de Raman diagnostiek niet gehinderd. Het is 
dus mogelijk om Raman spectroscopie te combineren met fluorescentie cystoscopie 
ter verbetering van de blaaskankerdiagnostiek. Echter, Raman spectroscopie zou ook 
gebruikt kunnen worden zonder een combinatie met fluorescentie cystoscopie. Raman 
spectroscopie zou namelijk aan de hand van optische biopten kunnen bijdragen aan een 

24930_Draga.indd   156 01-04-13   17:38



157

English and Dutch Summary

CHAPTER

10

snellere diagnostiek van tumoren die worden ontdekt met witlicht cystoscopie. Het zou de 
behandeling van blaaskanker kunnen bespoedigen wat ten goede komt aan de prognose 
van de patiënt.

VI. Kunnen navigatie middelen de locaties van 
blaastumoren tijdens een transurethrale resectie 
nauwkeurig vastleggen?

De transurethrale resectie (TURBT) is in veel gevallen incompleet en blijven er na de 
ingreep ongewild tumoren in de blaas achter. Het percentage van achtergebleven tumoren 
na een TURBT bedraagt tussen de 27-78%. Dit percentage kan worden teruggedrongen 
door de locaties van blaastumoren vooraf en tijdens de transurethrale resectie nauwkeurig 
vast te leggen zodat de tumoren makkelijk worden terug gevonden. Gebruikelijk worden 
locaties van blaastumoren beschreven in het patiëntendossier of geïllustreerd met behulp 
van een blaasdiagram. Het gebruik van optische navigatie om de locaties van blaastumoren 
elektronisch vast te leggen was nog niet eerder onderzocht. In hoofdstuk 8 onderzochten 
wij de haalbaarheid van optische navigatie in de blaas met behulp van een bestaand 
en commercieel beschikbaar optisch navigatiesysteem (Medtronic Stealth Station). De 
coördinaten van 21 blaas locaties in 7 patiënten werden in 2 onafhankelijke metingen 
gemeten nadat de blaas was gevuld met een vooraf bepaald volume. De locaties konden 
worden vastgelegd met een gemiddelde nauwkeurigheid van 8.2 millimeter (SD= 6.2; n=21). 
Hiermee hebben we aangetoond dat navigatiegestuurde registratie van blaastumoren 
haalbaar is bij een constant blaasvolume. Blaasnavigatie kan de effectiviteit van de TURBT 
verbeteren door de uroloog er van te verzekeren dat de hele blaas is geïnspecteerd en 
alle tumoren zijn verwijderd. De volgende stap is het ontwikkelen van een videogestuurde 
navigatiesysteem die de uroloog naar eerder gemarkeerde locaties zal leiden. Daarna zal 
een gerandomiseerde studie nodig zijn om de klinische lange termijn uitkomsten van het 
videogeassisteerde navigatiesysteem nader te onderzoeken.
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Promoveren en een proefschrift schrijven doe je niet alleen. De hulp en bijdrage van 
velen is onmisbaar geweest en daar wil ik graag een aantal personen in het bijzonder 
bedanken.

Professor Bosch, het is eindelijk gelukt, het boekje is af. Dank je wel voor het aanbieden 
van de promotieplek. Fijn dat je het vertrouwen in mij hebt gesteld en mij de tijd hebt 
gegeven om het onderzoek af te ronden. Ik heb veel van je geleerd. Je hebt ruime kennis 
van de urologie en de ervaring in het doen van onderzoek. Onderzoeksresultaten kan 
je als de beste interpreteren om deze vervolgens om te zetten naar klinische adviezen. 
Je hebt geholpen richting te geven aan het onderzoek en toe te werken naar dit mooie 
eindresultaat.

Mijn co-promotor, Dr. van Swol. Beste Christiaan, ik bewonder je vrolijkheid en 
nuchterheid. Tijdens ons maandelijkse werkoverleg gaf jouw rotsvaste vertrouwen mij 
telkens weer energie, met name op momenten dat het onderzoek niet zo wilde vlotten.

Dr. Grimbergen. Matthijs, je hebt zeer veel voorwerk gedaan. Je hebt subsidies 
aangevraagd en een pareltje van een Raman systeem gebouwd. In de jaren hebben we vele 
uren samen doorgebracht en verhitte discussies gevoerd. Dit heeft tot mooie publicaties 
geleid. Jij hebt me geleerd te programmeren en de ‘bugs’ te vinden in de ingewikkelde 
computer scripts. Zonder jou was het Raman onderzoek nooit gelukt.

Drs. Lock, iedere keer als ik de operatiekamer op kwam rijden met een kar vol met 
instrumenten was je bereid te helpen en nam je alle tijd voor het onderzoek. Ik heb grote 
bewondering voor je rust en vriendelijkheid. Als geen ander zet je je in voor de jonge arts-
assistenten en arts-onderzoekers, op zowel professioneel als persoonlijk vlak.

Dr. Jonges, beste Trudy, honderden coupes bekeken wij onder de microscoop. Je 
moest hiervoor veel tijd vrijmaken. Iedere keer was het gezellig en kletsten we heel wat 
af. We discussieerden over het gedrag van de cellen en de fenomenen die we onder de 
microscoop ontdekten. Er ging een wereld voor me open. Je wist me enthousiast te maken 
voor de pathologie.

Dr. Kok. Beste Esther, als student kwam ik bij je terecht met vragen over de statistiek. Jij 
hebt me wegwijs gemaakt met het programma SPSS. Het leek me allemaal erg ingewikkeld, 
maar met jou hulp werden de analyses een eitje.
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Urologen, fellows en arts-assistenten van het UMC Utrecht, dank voor jullie interesse 
en hulp in de operatiekamer toen er weer een meting gedaan moest worden. Zonder jullie 
medewerking was dit onderzoek niet mogelijk geweest. Namens mij en het team bedankt.

Mijn kamergenootjes, dr. Peter Rosier en drs. Boris van Doorn. Beste Peter, we hebben 
elkaar 2 jaar gezelschap gehouden op de F-vleugel van het UMCU. Regelmatig kon ik met 
jou discussiëren over mijn onderzoek. Op belangrijke momenten heb ik hier veel aan 
gehad. Beste Boris, samen bewoonden wij het penthouse, de bovenste verdieping van 
het van Unnikgebouw, op een steenworp afstand van het UMCU. Wat een groot kantoor 
hadden wij toch, en wat een uitzicht… Samen hebben we er een goede tijd gehad. Nog 
even doorzetten en dan ben jij aan de beurt.

Dr. Noordmans. Herke Jan (Klinische Fysica), de beste computer programmeur van 
het UMCU! Jouw enthousiasme en hulp heeft er toe geleid dat blaasnavigatie apparatuur 
binnen enkele weken in de operatiekamers kon worden getest. Je hebt in een korte 
tijd commerciële partners gevonden en fondsen binnengehaald. Met jouw kennis en 
gedrevenheid is het navigatie onderzoek in goede handen.

Collega’s van de Klinische Fysica, Tjeerd de Boorder, Stefan Been, John Klaessens, 
Natascha Cuper, Alex Rem, Joris Jaspers, Annemoon Timmermans, Leo van den Berg, 
bedankt voor de gezellige tijd in Califorinië, de lunches, koffiepauzes en de interessante 
discussies tijdens de project overleggen.

Michelle Agenant, mijn opvolgster, jij hebt behoorlijk wat werk op je schouders gekregen 
met de ontwikkeling van de nieuwe navigatie apparatuur en het Raman onderzoek. Even 
doorbijten en dan komt het helemaal goed.

Collega’s medische technologie (Esther Niewenhuis, Erwin Bakker en Joost Ansems). 
Dank voor alle risico-analyses en rapporten over de veiligheid en biocompatibiliteit van de 
Raman probe. Jullie werk heeft geleid tot de officiele registratie van het Raman instrument 
en konden we starten met het Raman onderzoek in de operatiekamers.

OK-assistenten F2, dank je wel voor jullie interesse, hulp en geduld, met name op de 
momenten dat de instrumenten niet zo hanteerbaar waren en het weer een latertje werd.

Secretaresses van het stafsecretariaat: Margo en Maria. Jullie waren onmisbaar voor de 
communicatie binnen en buiten het team en het inplannen van de vergaderingen.
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Rick Mansveld-Beck (Elana B.V.), een technicus puur sang. Het was enerverend met 
jou over mogelijke technische oplossingen te discussieren. Voor moeilijke technische 
problemen had je altijd een simpele en elegante oplossing. Het instrument was vaak de 
volgende dag al af.

Dr. Vijverberg en de andere urologen van het St. Antonius Ziekenhuis in Nieuwegein, 
dank voor jullie interesse in het Raman onderzoek. Door jullie enthousiasme hebben we in 
een korte tijd veel metingen kunnen doen.

Medewerkers van het St. Antonius Ziekenhuis (Dr. Kummer, patholoog; Herman Misran, 
hoofd sterilisatie-afdeling; OK-personeel), dank je wel voor de keren dat jullie mij hielpen 
als ik weer een lastig verzoekje had.

Arjen van Rhijn, Wim Koomen, Arjen Brinkman, Marc Lausberg en andere werknemers 
van PS-Tech, onze samenwerking verliep en verloopt op een bijzonder vriendschappelijke 
manier. Jullie maken grote stappen bij de ontwikkeling van de blaasnavigatie. Ik kijk uit naar 
de eerste grote klinische resultaten.

Davide Ianuzzi en Jan Rector (Condensed Matters Physics, Vrije Universiteit Amsterdam), 
ik kwam bij jullie terecht met de vraag of jullie een instrument konden opdampen met een 
goudlaagje. Dit was voor jullie een koud kunstje. Ik ben onder de indruk van jullie kennis 
en ervaring in het bewerken van de kleinste glasvezels. Dank je voor jullie hulp bij het 
aanpassen van het Raman instrument.

Paranimfen, mijn allerliefste zusje Eva Draga en Joyce van Ee, ik ben zeer vereerd dat 
jullie me bijstaan op deze bijzondere dag. Eva, fijn dat je zo zorgvuldig hebt gekeken naar 
mijn Nederlandse samenvatting.

Alle vrienden en familieleden, dank voor jullie interesse en betrokkenheid de afgelopen 
jaren.

Pap en Mam, mijn doorzettingsvermogen en perfectionisme, eigenschappen waar ik 
tijdens mijn promotieonderzoek veel profijt heb gehad, heb ik van jullie geleerd. Bedankt 
voor jullie continue steun en vertrouwen.
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