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Part I
Introduction





Chapter 1 
General introduction

Based on: 
  

Bladder cancer. Cauberg ECC, de la Rosette JJMCH, de Reijke ThM. Practical 
Urology: essential principles and practice (Springer specialist surgery series). 

Springer-Verlag London Limited 2011. Editors: Chapple CR and Steers WD. 
Pages 511-525.

 
 

Emerging optical techniques in advanced cystoscopy for bladder cancer 
diagnosis: review of the current literature. Cauberg ECC, de la Rosette 

JJMCH, de Reijke ThM. Ind J Urol 2011; 27(2): 245-251
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Urothelial carcinoma (UC) originates from the epithelial lining of the urinary tract, called 
urothelium. UC can occur at any site of the urinary tract: in both the upper urinary tract (UUT) 
which encompasses the renal calyces, pelvis and ureter as well as the lower urinary tract (bladder 
and proximal urethra in females or prostatic urethra in males) (Figure 1). 

Figure 1. Anatomy of the urinary tract system

Approximately 95% of UCs occur in the bladder opposed to only 5% in the UUT [1]. From all UCs 
in the UUT, renal pelvic tumours are 3 to 4 times more common than ureteral tumours [1].

Epidemiology and etiology of urothelial carcinoma
In Europe, 110,500 cases of bladder cancer were diagnosed in 2008 [2] and an estimated 70,530 
will be diagnosed in the USA in 2010 [3], making it the fourth most common cancer in men and 
twelfth most common cancer in women. The incidence is around 3 to 4 times higher among 
men than women and 2 times higher among white than black populations [4]. It has been 
demonstrated that bladder cancer is one of the most expensive cancers in terms of lifetime 
costs per patient, mainly due to the life long need for follow-up and high recurrence rates in 
non-muscle invasive disease requiring multiple treatments [5]. 
UUT-UC is far less common, with an incidence of 2.06 cases per 100,000 person-years in the USA 
in 2008 [6]. This may be explained by the shorter exposure time to urinary carcinogens in the 
UUT compared to the bladder, because the UUT serves as a conduit for the urine whereas the 
bladder serves as a reservoir. Bilateral UUT disease (synchronous or subsequent) occurs only in 
2-5% of cases [1,7]. In patients with bladder cancer, synchronous and subsequent UUT-UC is also 
only seen in 2% [8] and 0.8% [9] of cases, respectively. However, in 30-75% of patients primary 
diagnosed with UUT-UC a bladder tumour may develop subsequently [1]. 
Several risk factors contributing to the development of UC have been identified. Cigarette 
smoking is the most important risk factor for developing UC, both of the bladder and UUT. 
Cigarette smoking results in a 2 to 4-fold increased risk. Although cessation of smoking reduces 



3General introduction |

Chapter

1
the risk, the risk level will always remain higher compared to non-smokers [1,10]. Occupational 
exposure to urothelial carcinogens is another important risk factor. Workers in the chemical, dye 
and rubber industries (aromatic amines) or aluminum, coal and roofing industries (polycyclic 
aromatic hydrocarbons) have an increased risk of developing UC, as well as painters and 
hairdressers [1,10]. Furthermore, exposure to pelvic radiotherapy or antecedent treatment with 
cyclophosphamide, a drug used in the management of lymphoproliferative and myeloproliferative 
diseases, increase the risk for UC [1,10]. This risk is proportional to the duration of exposure or 
received dose. Consumption of coffee or artificial sweeteners have been suggested as risk factor; 
however, this has never been confirmed in large series [10]. A specific risk factor for developing 
UUT-UC is Balkan endemic nephropathy, which is a degenerative interstitial nephropathy. This 
disease is endemic in rural areas of Balkan countries and leads to a even 100 fold increase in 
incidence of UUT tumours [11]. The exact etiology of Balkan endemic nephropathy is not yet 
fully understood, but dietary exposure to aristolochic acid (which is present in a plant growing 
in the wheat fields of the Balkans) has been proposed as an important factor. Likewise, the 
carcinogenic effect of Balkan nephropathy is also thought to be caused by aristolochic acid, 
because it induces a mutation of the p53 gene [12]. Another specific risk factor for UUT-UC 
is long term exposure to phenacetin-based analgesics. It is believed that phenacetin induces 
papillary necrosis which could promote carcinogenesis [12]. 
While the aforementioned risk factors may lead to the development of UC, chronic urinary 
tract infection (e.g. due to indwelling bladder catheter) and Schistosomiasis infection are both 
associated with an increased risk of developing squamous cell carcinoma of the urinary tract 
[13]. Schistosomiasis (also known as bilharziasis) is a parasitic disease which is highly endemic 
in Egypt, but also to a lesser degree in other parts of Africa, in the Middle East, the Carribean, 
South America and East Asia. The eggs of S. haematobium cause a chronic inflammatory 
response, resulting in changes in the urothelium that ultimately may lead to a squamous cell 
carcinoma. The time between onset of schistosomiasis infection and subsequent development 
of squamous cell carcinoma is around 30 years [14]. Chronic inflammation and irritation also are 
important risk factors for the development of adenocarcinoma, which may occur in the bladder, 
urachus and intestinal urinary conduits, augmentations or pouches [1].

Pathology
Of all urinary tract cancers, UC is the most common subtype (>90%). Squamous cell carcinoma 
and adenocarcinoma account for 5% and 1% of urinary tract cancers, respectively. Very rare 
subtypes are small cell carcinoma, sarcoma and metastases [1,10]. 
Pathologic stage is one of the most important prognostic factors for both bladder and UUT 
cancer. Accurate staging is therefore essential, since this highly influences patient management. 
The 2002 TNM classification proposed by the Union International Contre le Cancer (UICC) is 
the most frequently used system for staging of bladder cancer (Table 1) [15]. Stage Ta, T1 and 
Tis (CIS) are grouped as non-muscle invasive bladder cancer (NMIBC) whereas stages T2, T3 
and T4 are grouped as muscle invasive bladder cancer. Of all primary UC’s approximately 70-
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80% presents as NMIBC and the remainder as muscle invasive disease. Among the NMIBC, 
70% present as Ta lesions, 20% as T1 and 10% as CIS. While Ta tumours frequently recur but 
rarely evolve into a fatal cancer, T1 tumours have a high potential to recur but also to progress 
into muscle invasive disease or metastases. This is because they can invade the lymphatic and 
vascular channels within the lamina propria. CIS is a flat, high grade non-invasive UC and is a 
highly malignant entity with potential to become invasive disease. For UUT-UC the TNM system 
is comparable, though some differences exist based on the different anatomical situation (Table 
2) [15]. In contrast to bladder cancer, 60% of UUT tumours are already invasive at diagnosis.

Table 1. 2002 TNM classification of urothelial carcinoma of the bladder 

T:  Primary tumour

Tx Primary tumour cannot be assessed
T0 No evidence of primary tumour
Ta Non-invasive papillary carcinoma
Tis Carcinoma in situ: “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 evidence of regional lymph node metastasis
N1 Metastasis in a single lymph node ≤2cm
N2 Metastasis in a single lymph node >2cm but not >5cm, or multiple lymph nodes, non >5cm
N3 Metastasis in a lymph node >5cm

M: Metastasis

Mx Distant metastasis cannot be assessed
M0 No evidence of distant metastasis
M1 Distant metastasis
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Table 2. 2002 TNM classification of urothelial carcinoma of the upper urinary tract

T:  Primary tumour

Tx Primary tumour cannot be assessed
T0 No evidence of primary tumour
Ta Non-invasive papillary carcinoma

Tis Carcinoma in situ: “flat tumour”
T1 Tumour invades subepithelial connective tissue
T2 Tumour invades muscle
T3 Tumour invades peripelvic tissue or renal parenchyma (pelvic tumours) or periureteric fat (ure-

teral tumours)
T4 Tumour invades surrounding organs or into the perinephric fat   

N:  Lymph nodes

Nx Regional lymph nodes cannot be assessed
N0 No evidence of regional lymph node metastasis
N1 Metastasis in a single lymph node ≤2cm
N2 Metastasis in a single lymph node >2cm but not >5cm, or multiple lymph nodes, non >5cm
N3 Metastasis in a lymph node >5cm

M: Metastasis

Mx Distant metastasis cannot be assessed
M0 No evidence of distant metastasis
M1 Distant metastasis

Another important prognostic factor, besides stage, is grade. The 1973 World Health Organisation 
(WHO) grading system is most commonly used for this [16]. This system discriminates well 
differentiated (G1), moderately differentiated (G2) and poorly differentiated (G3) UC. In 2004, 
the WHO and International Society of Urological Pathology (ISUP) published a new grading 
system in an attempt to reduce the inter-observer variability, frequently encountered in the 
1973 system [17]. This system differentiates between papillary urothelial neoplasms of low 
malignant potential (PUNLMP) and low-grade or high-grade UC. The PUNLMP lesions lack the 
cytological features of malignancy, but the cells do show a papillary configuration. Until the 
system is validated by more clinical trials, it is recommended to use it together with the 1973 
system. The two systems are compared in Figure 2.

 



|
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Nowadays, IVU has been replaced by CT-urography in many centers. CT-urography does not 
require bowel preparation, has a high diagnostic accuracy and also provides information on 
possible invasive growth of the bladder or UUT tumour and lymph nodes or metastatic deposits. 
Disadvantages of CT-urography are its high radiation dose and relatively high costs [18]. Another, 
however invasive, technique for evaluation of the upper urinary tract is retrograde uretero-
pyelography, a combination of cystoscopic administration of a contrast agent via the ureteral 
orifices and abdominal X-ray. At the moment it is questioned whether imaging of the upper 
urinary tract should be performed in all cases of bladder cancer and if so, which modality should 
be used. The European Association of Urology (EAU) guideline recommends IVU or CT-urography 
in selected cases such as tumours located in the trigone and in case of a muscle invasive bladder 
cancer [19].

Endoscopy
Endoscopy enables direct visualisation of the urothelium. White light cystoscopy is the gold 
standard for detection of bladder tumour(s) in combination with urinary cytology. Cystoscopy 
may also be valuable in diagnosis of UUT tumours: it will help in localising the side of the tumour 
in case bloody efflux is seen from one of the orifices. Also, it can rule out synchronous bladder 
tumours. However, for detection of UUT tumours ureterorenoscopy (URS) is essential to ensure 
accurate diagnosis. Most UC’s present as papillary lesions, but solid lesions or a mixed type can 
also be seen. CIS is often not visible macroscopically, but it can present as mucosal velvety red 
spots, although these could be confused with sequelae of urinary tract infections or intravesical 
instillations. In case a tumour is seen in the UUT, a biopsy can be taken to obtain pathological 
diagnosis [20]. Although staging on these small samples often is impossible, grading usually 
can be performed. Since grade and stage are closely related, a biopsy may thus provide useful 
information [21]. 

Cytology
Urinary cytology is based on a pathologists’ interpretation of morphological changes 
of urothelial cells. It can be performed on freshly voided urine, on a bladder barbotage specimen 
or on selective urine from the upper tract sampled via ureteral catherisation. Voided urine can 
contain malignant cells from the complete urinary tract, while a bladder barbotage only contains 
cells from the bladder mucosa. In the diagnosis of UUT tumours, voided cytology plays a minor 
role due to its limited sensitivity, especially in low grade cancers [1,20]. The diagnostic accuracy 
of selectively sampled urine from the upper tract is somewhat higher, but is still associated with 
a high number of false-positives and – negatives [1]. However, for detection and follow-up of 
bladder cancer cytology is an important tool. Specificity of urine cytology is very high and for 
high grade tumours, sensitivity is also high (>90%). For low grade tumours, sensitivity is limited 
to 30-65%. Thus a negative result can not exclude the presence of a low-grade cancer. Another 
limitation of cytology is its high inter- and intraobserver variability [22]. Cytological evaluation can 
be hampered if the number of cells present in the specimen is low, which is more likely to occur 
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on voided urine specimen compared to a barbotage specimen [23]. Furthermore, interpretation 
can be difficult in case of concomitant urinary tract stones, infection or intravesical therapy.

Treatment of UC of the upper urinary tract
Nephroureterectomy with excision of the ureteral orifice and bladder cuff still is the standard 
treatment option for UC of the UUT. This can be performed either in an open fashion or 
laparoscopically in combination with endoscopic resection of the ureteral orifice [24,25]. 
Historically, conservative surgical techniques were reserved for patients with a functional 
or anatomical solitary kidney or in those not fit for radical surgery. Nowadays, conservative 
surgical treatment is also accepted in selected cases. The major advantage of this treatment is 
of course the preservation of renal function. For distal ureteral tumours, distal ureterectomy 
(distal ureter resection with bladder cuff followed by ureteral reimplantation) can be 
performed without compromising oncologic outcome [1,24]. Endoscopic treatment (either 
ureteroscopic or percutaneous) is an option for low-grade, low-stage tumours [1,21,24]. A 
retrograde ureteroscopic approach has the advantage of maintaining a closed urinary system, 
i.e. the urothelial barrier is not breached hence reducing the risk of tumour seeding. However, 
for relatively larger tumours located in the renal pelvis antegrade percutaneous approach is 
advocated. Tumours can be mechanically removed via biopsy forceps, stone basket (with care) or 
resection with a ureteroscopic resectoscope, or fulgurated by use of electrocautery or vaporised 
by laser energy [26]. In addition to endoscopic treatment of these tumours, a local chemo- or 
immunotherapeutic agent can be administered to the UUT in an attempt to reduce tumour 
recurrence by eradicating microscopic tumour left behind. These agents (mainly Mitomycin C or 
bacille Calmette-Guérin) can be administered retrograde via a ureteric catheter or antegrade via 
a percutaneous nephrostomy tube. The true benefit of topical therapy for the UUT is difficult to 
assess because large prospective or randomised studies are lacking and most reports are case 
series on heterogeneous groups of patients [27]. 

Initial treatment of non-muscle invasive UC of the bladder 
Transurethral resection (TUR) is the primary treatment for bladder tumours and has both a 
diagnostic and therapeutic objective: to obtain tissue for histopathological diagnosis and 
to completely remove all visible tumours. TUR starts with a thorough cystoscopy in order to 
identify all lesions to be resected. Subsequently, all visible tumours are resected and/or areas 
suspect for CIS are biopsied. In case of positive urine cytology and negative cystoscopy, random 
bladder biopsies including biopsies of the prostatic urethra in the male should be taken in order 
to exclude CIS. 
Administration of a single intravesical instillation of chemotherapy after TUR decreases the 
risk of tumour recurrence by 39% in patients with Ta or T1 bladder cancer and is therefore 
recommended in all patients with NMIBC [28]. Mitomycin C (MMC) and Epirubicin are most 
commonly used and are comparable with regard to efficacy. Timing is important though; the 
instillation should preferably be administered within 24 hours following TUR. In case of bladder 
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perforation or extensive TUR, it should not be administered due to the risk of local and systemic 
complications. The rationale behind the immediate post-operative instillation is to eradicate 
microscopic tumour left behind or to destroy circulating tumour cells that could implant at sites 
where the urothelium has been damaged, both factors that are believed to be responsible for 
early recurrences.
It has been demonstrated that based on the specimen obtained from the initial TUR in 7.5-
30% of patients bladder tumours may be understaged [29-33]. This is particularly harmful if 
T2 disease was initially diagnosed as T1 disease, due to the different therapeutic approaches 
of these two tumour stages. In addition, there is a substantial risk of residual tumour after the 
initial TUR: in 30-78% of patients residual tumour is found at re-TUR [29-34]. The site of the 
residual tumours has been assessed in some studies and more tumours were found to be at 
the site of the original tumour (residual tumour) than at a different site (overlooked tumour) 
[29,30,33]. To improve pathologic accuracy and to increase local tumour control, a second or re-
TUR can be performed [35]. Re-TUR should be considered in case of incomplete first resection, 
e.g. in multiple or large tumours or when muscularis propria was not present in the pathology 
specimen. Furthermore, it is recommended in case of high grade Ta or any T1 bladder tumour(s) 
[19]. Preferably, the re-TUR should be performed 2-6 weeks after the initial TUR. It has been 
shown that by doing so, the recurrence-free survival can be increased [36].

Adjuvant treatment of non-muscle invasive UC of the bladder 
After primary treatment, approximately 15-60% of patients with NMIBC will develop
recurrent disease in the first year and 1-45% will progress to muscle-invasive disease in the first 
5 years [37]. Many studies have been conducted to identify prognostic factors for recurrence 
and progression to muscle-invasive disease in patients with NMIBC, with sometimes conflicting 
results. The EORTC-GU group has conducted a multivariate analysis on prognostic factors in 
2596 patients with primary NMIBC in order to develop tables to calculate the risk of recurrence 
and progression in an individual patient [37]. This analysis revealed that the most important 
prognostic factors for recurrence were number of tumours, tumour size and prior recurrence 
rate, whereas the most important prognostic factors for progression were stage, presence of 
concomitant CIS and grade. A scoring system was developed based on these six factors, in order 
to calculate the total scores for recurrence and progression in an individual patient (Table 3). 
These total scores correspond to a certain risk for recurrence and progression at 1 and 5 years 
(Table 4). Based on these risk tables, low-, intermediate- and high risk groups can be defined 
(last column of Table 4). 
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Table 3. EORTC Risk tables for NMIBC: weights used to calculate the recurrence and progression scores

Factor Recurrence Progression

Number of tumours
single 0 0
2-7 3 3
≥ 8 6 3

Tumour size
< 3 cm 0 0
≥ 3 cm 3 3

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

T category
Ta 0 0
T1 1 4

CIS
No 0 0
Yes 1 6

Grade
G1 0 0
G2 1 0
G3 2 5

Total score 0-17 0-23

Table 4. EORTC Risk tables for NMIBC: probability of recurrence and progression according to total score

Recurrence score Prob recurrence

1 year (95%CI)

Prob recurrence

5 years (95%CI)

Risk group

0 15% (10-19%) 31% (24-37%) Low
1-4 24% (21-26%) 46% (42-49%) Intermediate
5-9 38% (35-41%) 62% (58-65%) Intermediate
10-17 61% (55-67%) 78% (73-84%) High
Progression score Prob progression 1 year 

(95%CI)
Prob progression 5 

years (95%CI)
Risk group

0 0.2% (0-0.7%) 0.8% (0-1.7%) Low
2-6 1.0% (0.4-1.6%) 6% (5-8%) Intermediate
7-13 5% (4-7%) 17% (14-20%) High
14-23 17% (10-24%) 45% (35-55%) High

These individualized risk tables can help the urologist in making management decisions. However, 
these risk tables have not yet been validated externally. In addition, the tables are based on the 
WHO 1973 grading system, which is known for its low reproducibility. Furthermore, 20% of 
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patients from the analysis initially received no treatment, less than 10% received an immediate 
instillation of chemotherapy, a re-TUR was not performed in high-risk patients, and BCG was 
given without maintenance instillations. Therefore, the predicted recurrence and progression 
rates of the risk tables might be higher compared to current clinical practice. 
The need for adjuvant intravesical instillations depends on the patient’s risk of recurrence and 
progression to muscle-invasive disease. In patients with a low risk of recurrence and progression 
no further adjuvant treatment is recommended following one immediate adjuvant instillation 
following TURB. In patients with a high risk of progression, i.e. those with a high grade tumour 
or CIS, further adjuvant treatment with intravesical immunotherapy is recommended. For the 
remaining intermediate risk patients, either further intravesical chemotherapy or immunotherapy 
is recommended [19,38].
Adjuvant intravesical chemotherapy reduces the risk of recurrence with 14-26%, but not the 
risk of progression or survival [39]. There are no differences in efficacy between the available 
intravesical chemotherapeutic agents whereas side-effects are mostly mild and transient. 
Despite the large amount of research on adjuvant intravesical chemotherapy, the optimal dose, 
schedule and duration of treatment have not yet been determined. It seems that long-term 
instillations, e.g. during more than 1 year, only outperform short-term instillations when an 
immediate post-operative instillation was not administered [40]. 
Intravesical immunotherapy by administration of bacille Calmette-Guérin (BCG), a live attenuated 
strain of Mycobacterium bovis, causes an inflammatory immunologic response in patients with 
NMIBC [41]. In bladder cancer patients at high risk of tumour recurrence, intravesical BCG 
instillations reduce recurrence risk significantly (31% reduction compared to MMC). In patients 
at low risk of recurrence, this effect was not observed [42]. In all patients with CIS, Ta and 
T1 bladder cancer, BCG instillations reduce the risk of progression to muscle-invasive disease 
equally (a reduction of 37% in the odds of progression), but only when a form of maintenance 
instillations has been given [43]. Compared to intravesical chemotherapy, BCG induces greater 
toxicity [42]. Of all patients receiving BCG instillations, approximately 11% have to stop treatment 
due to mild side-effects (irritative bladder symptoms, haematuria) and approximately 5% due to 
severe side-effects (fever, BCG-induced lung infection, liver toxicity, sepsis) [44]. The optimal dose 
of BCG has not yet been defined, nor the optimal schedule of instillations. An induction course 
of 6 weekly instillations is advised, but the maintenance schedules vary widely. The South-West 
Oncology Group proposed maintenance schedule of 3 weekly instillations at 3,6,12,18,24,30 
and 36 months is generally used, but many patients cannot complete this intensive scheme. In 
the EORTC-GU group different treatment schedules are now evaluated in a recently completed 
randomized trial 30962 (full dose 1 year versus 3 years - versus 1/3 dose 1 year versus 3 years). 
BCG is indicated in patients at high risk of progression and is the first-line treatment in patients 
with CIS. In intermediate risk patients either BCG or chemotherapy can be administered [19].
Cystectomy is the treatment of choice for patients with CIS not responding to adequate 
BCG treatment [19]. The timing of cystectomy remains a challenge and is still controversial. 
There are no prospective trials comparing immediate cystectomy with BCG, but for some 
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patients immediate cystectomy will be overtreatment [45]. Immediate cystectomy after TUR as 
primary treatment option for CIS patients is advised especially in case of concomitant high grade 
papillary tumours. 

Follow up
For UUT tumours the follow-up strategy is highly dependent on the initial treatment. If radical 
nephroureterectomy has been performed, local recurrence is rare and follow up should mainly 
focus on detecting distant metastases and/or metachronous tumours in the bladder [46]. In 
case of conservative surgical management, follow-up needs to be timely and thorough. A check 
URS is advised in all these patients, usually at 3 months after surgery. Further follow up should 
be tailored based on the risk of recurrence according to the stage, grade and multiplicity of 
the tumours, and may consist of alternating CT-urography or retrograde pyelography and URS. 
Cystoscopy should also be part of the follow-up because of the high incidence of subsequently 
developing bladder tumours [46].
The high number of recurrence and progression of NMIBC, even in the long term, 
demand meticulous follow-up. Assessment should include a history with special focus on voiding 
symptoms and haematuria, cystoscopy and cytology. There is no role for urinary markers in 
the follow-up since no urinary marker available to date meets the requirements to replace 
cystoscopy. Early recurrences are a very important prognostic factor and therefore, the first 
follow-up cystoscopy should be performed 3 months after the TUR in every patient with NMIBC. 
Further follow-up schemes are based on the risks of recurrence and progression [19]. The 
following schedule for follow-up is proposed by the EAU. In patients with low-risk tumours and 
no recurrence on cystoscopy at 3 months, the next follow-up assessment can be performed 9 
months later and then yearly up to 5 years. In patients with high risk tumours assessment should 
be performed every 3 months following TUR for the first 2 years, every 4 months in the third year, 
every 6 months up to the fifth year and annually thereafter. For patients with an intermediate 
risk tumour, the schedule lies in between [19]. The AUA recommends a likewise schedule with 
assessment every 3 months in the first 2 years, every 6 months for the subsequent 2-3 years 
and annually thereafter [38]. The risk of upper urinary tract tumours increases in patients with 
multiple and high-risk tumours. Therefore, it is advised to evaluate the upper urinary tract every 
year in high risk patients [19].  

What items need to be addressed in research on UUT-UC?
Besides the direct endoscopic inspection with URS, various imaging modalities for the detection 
of UUT tumours exist, such as CT- or MR-urography, IVU, ultrasound and retrograde uretero-
pyelography and all have their pros and cons. Although recent publications demonstrated that 
CT-urography outperforms IVU in terms of diagnostic accuracy for detection of UUT tumours 
[47,48], the drawbacks of this modality are increased radiation dose and costs. Ultrasound does 
not have these limitations and is widely available but at the price of a lower diagnostic accuracy. 
It is yet unclear when to apply which tool, especially in the evaluation of patients presenting 
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with haematuria (which may be a sign of UUT tumours). 
As expressed before, valuable data on epidemiology of UUT-UC is sparse. Munoz et al [49] and 
Mellemgaard et al [50] have previously described an increase in incidence of UUT-UC in the 
USA and Denmark, respectively. Whether such trends in incidence occurred in the Netherlands 
is not known so far. In terms of treatment, organ preserving surgery has entered the field of 
possible treatment strategies in the past years, albeit only for selected cases. Because UUT-UC is 
quite rare, most publications on type of treatment are single center experiences with a limited 
number of patients, prohibiting a valid analysis on trends in surgical treatment. 

What challenges are we facing in bladder cancer management?
Although 70-80% of bladder cancer patients present with non-muscle invasive disease, which 
has a relatively good prognosis in terms of cancer-specific survival, in approximately 75% of 
these patients the cancer will eventually recur [37]. Remarkably, in up to 45% of patients the 
recurrence presents already at the first follow up cystoscopy (at 3 months after TUR) [51]. This 
may be explained by several theories: floating cancer cells may implant during TUR thereby giving 
rise to new tumour formation or recurrences may rapidly occur just based on the aggressive 
tumour biology. For these reasons early intravesical instillations are administered to the patient. 
However, it is commonly believed that most early recurrences actually are rest-tumours that 
have been left behind at TUR (residual tumour) or tumours that have been completely missed at 
initial TUR (overlooked tumours) [51], which strongly emphasises the importance of adequate 
cystoscopic visualisation in order to perform a complete TUR. 
Cystoscopy was first attempted in 1806 by Philipp Bozzini [52]. His “Lichtleiter” was composed 
of aluminum tubes with several angled mirrors to project the internal image to the human eye 
and a single candle to serve as a light source [52]. Since this first prototype many advancements 
have been made, among which the development of resectoscopes, video cameras, charge 
coupled devices (CCDs) and flexible scopes [53]. Despite these important developments, 
cystoscopy still has its limitations. Although operator dependent, the sensitivity and specificity 
of standard white light cystoscopy range from 62-84% and 43-98%, respectively [54]. Especially 
the detection of small papillary bladder tumours and satellite lesions as well as carcinoma in 
situ (CIS) is known to be suboptimal with white light cystoscopy [54]. In order to decrease the 
number of residual or overlooked tumours it is therefore important to improve the endoscopic 
visualisation of bladder tumours. 
Another hurdle in the management of bladder cancer to date is the lack of real-time pathological 
information at cystoscopy. Once a tumour has been detected by white light cystoscopy, it can be 
difficult to accurately predict the stage or grade based on its visual appearance [55]. Although 
cytology may provide insight in the grade of a detected bladder tumour, it will take at least 
a few days before results are available. Nevertheless, many urologists nowadays will opt for 
surveillance once a small papillary tumour recurs in a patient with a history of low grade, non 
muscle invasive bladder cancer [56]. In order to increase the safety of this strategy (i.e. not 
to defer active treatment of high grade or invasive lesions) it is desirable to have some kind 
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of real-time pathological information during cystoscopy. Besides surveillance, some urologists 
nowadays choose to fulgurate a small recurrence with laser, under local anesthesia in an out-
patient setting [57,58]. Although this is of course less invasive to the patient than a standard 
TUR, due to lack of tissue specimen no pathological confirmation is available. Again, real-time 
pathological information is desirable in this setting to increase the safety of the treatment. In 
addition, real-time pathological information is desired to discriminate between inflammatory 
lesions (e.g. due to previous instillation therapy) and CIS, which both can present as red lesions. 
Cytology can not solve this problem: although it is very sensitive to detect high grade UC such as 
CIS, in the presence of inflammation its sensitivity is decreased.

In summary, the ideal imaging mode for detection of UUT tumours in patients presenting with 
haematuria needs to be sorted out. In addition, valuable data on trends in epidemiology and 
treatment strategies of UUT-UC are missing. In the current management of UC of the bladder 
there is a strong need for improved endoscopic visualization and real-time pathological 
information of bladder tumours. 
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Haematuria, either macroscopic or microscopic, is one of the most frequent reasons for referral 
of a patient to the urologic department. Consequently, patients presenting with hematuria 
encompass a considerable proportion of the urologist’s workload. Nowadays, an increasing 
number of specialized one-stop haematuria clinics arise in urology departments, in order to 
rapidly detect the origin of the haematuria. Haematuria can occur anywhere in the urinary 
system and its causes may range from benign and self-limiting to malignant and potentially 
life-threatening disease. Therefore, it is commonly accepted that haematuria warrants a 
thorough examination. For evaluation of the lower urinary tract (i.e. urethra and bladder) 
urethrocystoscopy is the first choice, but the ideal mode of evaluation for the upper urinary 
tract (UUT) has not been established yet. In Chapter 3 we aim to clarify the role of CT-urography 
in the primary evaluation of patients presenting with haematuria. Therefore, we analysed in a 
prospective study the results of all patients presenting at our haematuria clinic during a 4 years 
period. At this clinic we used a risk factor based management algorithm as a tool for choosing 
the mode of additional UUT diagnostics. 
Obviously, from all malignancies causing haematuria, the most frequent pathological type is 
urothelial carcinoma (UC). The incidence of UC in the UUT is low and thus epidemiological as 
well as management data of these tumours are very sparse. This is also caused by the fact that 
in many countries figures for kidney and collecting system tumours are reported in a clustered 
way, without distinguishing renal cell carcinoma from UC. In Chapter 4 we present an overview 
of the epidemiology of surgically treated UUT-UC in the Netherlands and we look for trends in 
incidence and management strategies in an 11 years period. 
UC in the bladder, as opposed to UUT-UC, is very frequently diagnosed. One of the major challenges 
in the management of bladder cancer, as discussed in Chapter 1, is to improve the visualisation 
of bladder tumours and to obtain real-time pathological information. Optical diagnostics, i.e. 
advanced diagnostic tools with a working mechanism all based on the interaction of light with 
tissue, may fulfill this need. An overview of four relatively new optical diagnostics (Raman 
spectroscopy, Optical Coherence Tomography, Photodynamic diagnosis and Narrow Band 
Imaging) is provided in Chapter 5. Their working mechanisms, diagnostic value and potential 
application are discussed. One of these techniques, Optical Coherence Tomography (OCT), aims 
to provide real-time histopathological information. Most research on this technique has looked 
at qualitative analysis of the OCT image based on differences in greyscale level and structural 
appearance. Although initial results seem promising, this remains a subjective method. Since 
one of the main problems with the current gold standard (histopathology) is the fact that it is 
subjective and therefore has a high intra- and interobserver variability, we investigated whether 
the images obtained with OCT could also be analysed in a quantitative way. Therefore, in 
Chapter 6, we examined bladder tissue chips and biopsies obtained at TUR in an ex vivo setting 
with OCT. We analysed the images in a quantitative way by means of the attenuation coefficient 
and tested whether the attenuation coefficient could discriminate UC from normal urothelium 
and whether it could distinguish the different grades of UC. In Chapter 7 we explore another 
optical technique, Narrow Band Imaging (NBI) in an international prospective comparative study. 
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Because this technique aims to improve the visualisation of bladder tumours, we investigated 
its value on bladder tumour detection. Because of the promising results of this study, NBI is 
further investigated in Chapter 8. In that study we evaluated whether the improved bladder 
tumour detection with NBI cystoscopy also would have a positive impact on the early tumour 
recurrence rate. Therefore, the recurrence rates of all the patients that had undergone NBI-
assisted TUR were compared to the recurrence rates of a historical matched cohort of standard 
white light TUR patients. 
Based on the work described in this thesis and on the literature, a reflection on the current 
position of imaging and optical diagnostics for UC and an outlook to future perspectives is given 
in Chapter 9.
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Abstract

Introduction: The initial evaluation of patients presenting with haematuria should be 
comprehensive in order to detect the source of bleeding and detect or rule out malignant 
disease. Studies have demonstrated an improved diagnostic accuracy for computed tomographic 
urography (CTU) over intravenous urography and ultrasound, albeit at the expenses of an 
increased radiation hazard. Therefore, it is yet unclear for which patients CTU should be reserved. 
This study was designed to define in which patients presenting with microscopic or macroscopic 
haematuria a CTU is indicated as imaging mode for the upper urinary tract (UUT).

Materials & Methods: We conducted a prospective study on all consecutive patients attending a 
modern protocol-driven haematuria clinic for the first time between Jan 2006 and Feb 2010. The 
clinic was designed as following: standard tests (history taking, physical examination, urinalysis 
via dipstick method, ultrasound of kidneys and bladder performed by urologists, cystoscopy and 
cytology) were directed to all patients, whereas the mode of additional UUT imaging (ultrasound 
by radiologist or 4-phase CTU/MR-urography (MRU) when CTU was contra-indicated) was 
selected according to a risk factor-based management algorithm. The added value of cross-
sectional urography (CTU/MRU) supplementary to ultrasound (by urologists) to detect renal 
masses, UUT tumours and stones was assessed. Univariate and multivariate analysis on possible 
predictive factors for cross-sectional urography result were performed.

Results: Out of a total of 841 patients, lesions that might account for the haematuria could not 
be identified in 462 (54.9%), whereas in 250 (29.7%) and 124 (14.7%) patients haematuria was 
due to benign and malignant disease, respectively. Cross-sectional urography (CTU in 515 and 
MRU in 10 patients) revealed relevant UUT lesions in 73 out of 525 (13.9%) patients. Only result 
of ultrasound (OR 7.7 (95%CI 4.0-14.9), p<0.001) and type of haematuria (OR 2.6 (95%CI 1.3-
5.1), p=0.01) were significant predictors for cross-sectional urography result. In 44 out of 456 
(9.6%) patients with no abnormalities on ultrasound CTU/MRU revealed that these were false 
negatives, with the majority of lesions missed being stones. In 253 of 309 (81.9%) patients with 
macroscopic haematuria no lesions were detected in the UUT on CTU/MRU, in contrast to 199 
of 216 patients (92.1%) with microscopic haematuria. 

Conclusion: For patients presenting with microscopic haematuria ultrasound is sufficient to 
exclude significant UUT disease. For patients presenting with macroscopic haematuria the 
likelihood of finding significant UUT disease is higher and a CTU as a first-line test seems justified. 
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Introduction

Patients presenting with haematuria encompass a considerable proportion of referrals to a 
urology department. Since haematuria can originate from anywhere along the urinary tract and 
may be a sign of serious underlying disease, it is commonly believed that the initial evaluation 
of these patients should be comprehensive [1]. However, the existing guidelines on which 
diagnostic tools to apply are neither consistent nor based on a high level of evidence. Cystoscopy 
is generally accepted as a first choice for lower urinary tract evaluation [2], but the optimal 
imaging modality to study the upper urinary tract (UUT) is still open for discussion. Intravenous 
urography (IVU) has been the traditional mode of investigation for decades, but several series 
have demonstrated an improved diagnostic accuracy for computed tomographic urography 
(CTU) over IVU, especially for detection of renal masses and stones [3-5]. The yet unsolved 
issue is when to apply CTU in the evaluation of haematuria. A CTU evaluation for all patients 
presenting with either microscopic or macroscopic haematuria is most probably too aggressive, 
because it will expose at least a proportion of them to unnecessary hazards. The most important 
risk is the relatively high radiation exposure and additionally the iodine contrast agents which 
can cause serious side effects (e.g. anaphylactic shock or contrast-induced nephropathy) [6,7]. 
This study was conducted to define in which patients presenting with microscopic or macroscopic 
haematuria CTU is indicated as imaging mode for the upper urinary tract (UUT).

Materials and Methods

Study design
We conducted a prospective study on all consecutive patients attending a protocol-driven 
haematuria clinic for the first time from Jan 2006 until Feb 2010. Demographic variables, details 
of medical history and type and results of examination, diagnosis and therapy were recorded in 
an electronic database.

Haematuria clinic
Patients were referred by general practitioners, consultants from other departments in the 
hospital, or they learned about the clinic through the internet and made an appointment on 
their own initiative.
The haematuria clinic was designed according to a specific testing algorithm. Each patient 
attending the clinic underwent extensive history taking (including smoking habits, occupation, 
medication use, previous treatments), physical examination (including digital rectal examination 
(males) or vaginal examination (females)), urinalysis via dipstick method (Multistix® 8 SG 
analysed with Clinitek Status, Siemens Healthcare Diagnostics, Breda, the Netherlands), 
ultrasound of the kidneys and bladder and flexible cystoscopy complemented with bladder 
wash out cytology. Microscopic haematuria was defined as ≥17 erythrocytes/µL, which is 
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comparative to >3 erythrocytes/field of view [8]. In general, dipstick haematuria had to be 
confirmed by microscopic urinalysis. If the urinary dipstick demonstrated an active urinary tract 
infection (UTI) defined as positive testing for nitrite and/or leucocytes, urine culture was taken 
and cystoscopy was postponed until UTI was treated adequately. Both the ultrasound (Philips 
iU22, Bothell, WA, USA) and cystoscopy (Olympus CYF-V2 flexible chip-on-the-tip cystoscope 
with Olympus Visera video system, Olympus Europa Holding GmbH, Hamburg, Germany) 
were performed by experienced residents of urology supervised by a staff member. Additional 
4-phase CTU for upper tract imaging was performed in case of abnormal findings on cystoscopy 
or ultrasound, or in patients with risk factors for significant disease as defined by the American 
Urological Association best practice policy [2]. The risk factors taken into account were: age 40 
years or older, history of gross haematuria, irritative voiding symptoms, occupational exposure 
to chemicals or dyes, smoking history or urologic history. In patients with renal insufficiency 
(roughly defined as creatinin level above 130 µmol/L) or allergy for iodine containing contrast 
agents a MR urography (MRU) was performed instead. For all other cases, an additional plain 
abdominal X-ray (KUB) and ultrasound (Philips iU22, Best, the Netherlands) by the department 
of radiology was requested. This algorithm is displayed in Figure 1. 

    Figure 1. Flowchart

Figure 1 Flowchart 
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CTU/MRU protocol   
The scanning protocol for CTU was performed without oral contrast or bowel preparation using 
a 64 multidetector CT (Brilliance-64, Philips Medical Systems, Best, the Netherlands). The total 
amount of contrast used was 120 mL of 300 mg/mL iodine (Ultravist 300®, Bayer-Schering, 
Berlin, Germany) followed by a saline flush of 40 mL. The flow of infusion was 4 mL/sec. The 
whole imaging protocol consisted of acquiring 3 mm reconstructed axial images in four phases: 
a plain series of the total abdomen (from diaphragm to perineum) for the detection of urinary 
stones, a cortico-medullary phase (after 45 seconds) of the upper abdomen (from diaphragm to 
iliac crest) for the evaluation of renal masses and lymph node or liver metastases, a nephrogenic 
phase (after 115 seconds) of the total abdomen for renal masses and lesions of the urinary tract 
and finally a delayed phase (after 10 minutes) of the total abdomen for the detection of filling 
defects of the urinary tract including the bladder.
The MRU protocol was also performed without oral contrast or bowel preparation using a 1.5 
Tesla MRI (Avanto, Siemens Medical Systems, Erlangen, Germany). The contrast used was 0.2 mL/
kg bodyweight, 0.5 mmol/mL gadolinium (Dotarem®, Guerbet, Gorinchem, the Netherlands). 
Imaging was performed from diaphragm to perineum and consisted of 4 plain series: coronal T2 
(TRUE FISP) with fat saturation (fatsat), transverse T2 (HASTE) with and without fatsat, transverse 
3D T1 (VIBE) with fatsat before contrast, followed by 7 contrast series: transverse 3D T1 (VIBE) 
with fatsat at contrast injection and after 30 and 60 seconds, coronal 3D T1 (VIBE) with fatsat at 
5 and 10 minutes after contrast injection and finally transverse and coronal 3D T1 (VIBE) with 
fatsat 15 minutes after contrast. All the transverse VIBE series, with exception of the last, were 
performed of the upper abdomen including the kidneys. 

Outcome measures and statistical analysis
Patient characteristics, presenting symptoms, an overview of diagnoses and details of benign 
and malignant causes of haematuria in this population were summarised. Descriptive results 
are presented as mean ± standard deviation (SD) for parametric variables and as median with 
interquartile range (IQR) for non-parametric variables.  
The results of cross-sectional urography (CTU or MRU) supplementary to initial ultrasound 
(performed by urologist) to detect renal masses, upper tract tumours and stones in ureter or 
kidney were assessed. For a representative assessment of the diagnostic value of CTU in clinical 
practice, the report of the prospective reading of the CTU scan constructed by a radiologist who 
was informed about clinical details by the referring urologist was used, instead of an independent 
retrospective evaluation of the scans by a radiologist blinded for clinical details. Baseline factors 
predicting relevant UUT disease on cross-sectional urography were assessed (CTU/MRU + 
or -) with univariate and multivariate analysis. The following variables were tested: sex, age 
(both mean and clustered in decades), type of haematuria, smoking history (in pack years), 
occupational risk exposure, symptoms and use of anticoagulant therapy. To evaluate the value 
of ultrasound performed by urology as a first line test the relation between the results of CTU/
MRU and ultrasound were explored. Independent T-tests were used for parametric continuous 
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variables and Mann-Whitney tests for non-parametric data. Pearson Chi-square tests were used 
for categorical variables and logistic regression for multivariate analysis. Additionally, incidental 
findings on cross-sectional urography and their clinical significance were described. 
Statistical analysis was performed using the Statistical Package for Social Sciences, version 16.0 
(SPSS, Chicago, Ill., USA) and p<0.05 was considered statistically significant. 

Results

From January 2006 until February 2010 a total of 841 patients visited the haematuria clinic for 
the first time. Patient characteristics are presented in Table 1. Lesions that could account for 
the haematuria could not be identified in 462 (54.9%) patients, whereas in 250 (29.7%) and 
124 (14.7%) patients haematuria was due to benign and malignant disease, respectively. An 
overview of causes for haematuria (benign, malignant, no urologic cause or missing) in this 
population with stratification for sex, age, type of haematuria and symptoms is shown in Table 
2. Details of the benign and malignant diagnoses are presented in Tables 3 and 4, respectively.

               Table 1. Patient characteristics

N (%)
Patients 841
Sex
     Male
     Female

497 (59.1)
344 (40.9)

Age, mean ±SD (range) yrs 56.7 ±16.6 (18-99)

Type haematuria
     Microscopic
     Macroscopic

362 (43.0)
479 (57.0)

History of cigarette smoking (past or present)
     No
     Yes
          Packyears, median (IQR)
          Unknown number of packyears

342 (40.7)
499 (59.3)
22.0 (10.0-35.0)
49

Occupational risk
     Yes
     No

66 (7.8)
775 (92.2)

Ethnic background
     Caucasian
     Asian
     African
     Latin-American
     Unknown

671 (79.7)
35 (4.2)
94 (11.2)
17 (2.0)
24 (2.9)

Referred by
     General Practitioner
     Other department in hospital
     Patient self
     Unknown

645 (76.7)
168 (20.0)
21 (2.5)
7 (0.8)

Asymptomatic
Symptomatic
     Voiding complaints (urgency, frequency, dysuria)
     Pain complaints (flank, bladder)

308 (36.6)
533 (63.4)
335 (39.8)
366 (43.5)

Anticoagulant therapy
     No
     Yes

660 (78.5)
181 (21.5)
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         Table 2. Overview of diagnoses – overall and for specific groups of interest

Diagnosis

No urologic cause Malignant cause Benign cause
Missing – 

Patient LTFU 
Overall 462 (54.9) 124 (14.7) 250 (29.7) 5 (0.6)
Gender
  Male 248 (49.9) 96 (19.3) 150 (30.2) 3 (0.6)
  Female 214 (62.2) 28 (8.1) 100 (29.1) 2 (0.6)
Haematuria
  Macroscopic 183 (38.2) 110 (23.0) 182 (38.0) 4 (0.8)
  Microscopic 279 (77.1) 14 (3.9) 68 (18.8) 1 (0.3)
Age
  < 40 101 (71.1) 1 (0.7) 38 (26.8) 2 (1.4)
  ≥ 40 361 (51.6) 123 (17.6) 212 (30.3) 3 (0.4)
Symptoms
  Symptomatic 294 (55.2) 70 (13.1) 166 (31.1) 3 (0.6)
  Asymptomatic 168 (54.5) 54 (17.5) 84 (27.3) 2 (0.6)

              

         Table 3. Benign causes of haematuria

N (%)
Urinary tract infection

      Bacterial

      Schistosomiasis

96 (38.4)

    92 (95.8)

    4 (4.2)
Urolithiasis

      Renal calculi

      Ureteral calculi

      Bladder calculi

64 (25.6)

    45 (70.3)

    9 (14.1)

    13 (20.3)
Bleeding from prostate 48 (19.2)
Radiation cystitis 16 (6.4)
Urethral lesions

      Urethral stricture

      Urethral meatal stenosis

      Urethral caruncula

17 (6.8)

    11 (64.7)

    5 (29.4)

    1 (5.9)
Overanticoagulated (INR>3) 3 (1.2)
Renal trauma 3 (1.2)
Benign bladder lesions

     Nephrogenic adenoma

     Haemangioma

     Foreign body in bladder

3 (1.2)

    1 (33.3)

    1 (33.3)

    1 (33.3)
Total 250
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         Table 4. Malignant causes for haematuria

N (%)
Bladder cancer

    No pathology*

    Urothelial carcinoma

           Non-muscle invasive

           Muscle invasive

    Small cell carcinoma

    Squamous cell carcinoma

93 (75.0)

5

86

69

17

1

1
Renal cancer

    No pathology (active surveillance)

    Renal cell carcinoma

10 (8.1)

2

8
Prostate cancer

    Adenocarcinoma

13 (10.5)

13
Upper tract cancer

    Urothelial carcinoma 

         Non-muscle invasive

         Muscle invasive

    Metastasis cholangiocarcinoma 

8 (6.4)

7

4

3

1
Total 124

       * No pathology: transurethral resection performed in other hospital (2 patients) or   
          expectative management because of comorbidities (3 patients).

Value of CTU/MRU for detecting UUT disease  
Based on above mentioned criteria, in 617 patients additional cross-sectional UUT imaging 
was indicated. This comprised CTU in 521 patients, MRU in 12 patients (because of renal insuf-
ficiency in 11 patients and iodine contrast allergy in 1 patient) and in 84 patients the protocol 
was breached and IVU was requested. Request of IVU occurred mainly just after the protocol 
was introduced, in the transition between former management which still used IVU. Because 
some patients did not show up for the requested examinations, even not when repeatedly 
asked, 515 (CTU) and 10 (MRU) cross-sectional studies eventually were available for analysis.

From all 525 cross-sectional imaging studies 452 (86.1%) revealed no abnormal UUT findings 
while 73 (13.9%) studies did. Not all CTU/MRU findings were registered as the final diagnosis 
for the haematuria. In 5 of the 50 patients in whom stones in the ureter or renal pelvis were 
detected on CTU these were subordinate to other causes (bladder tumour, UTI, radiation cystitis 
and urethral meatal stenosis). In 1 out of 9 patients with an UUT tumour detected on CTU this 
was not listed as cause for haematuria due to the presence of a much more prominent bladder 
tumour. In 14 patients a renal mass was detected and in 10 patients the image was compatible 
with renal cell carcinoma and in 4 with a small angiomyolipoma. At least for the 2 patients 
presenting with macroscopic haematuria, the angiomyolipomas were too small and too far from 
the collecting system to be a likely explanation for the haematuria. 
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The only statistically significant predictors for + and – cross sectional urography cases were type 
of haematuria and initial ultrasound results, on both univariate and multivariate analysis (Table 
5). The CTU/MRU findings for these two variables are specified in Table 6.

Table 5. Univariate and multivariate analysis on variables predicting a positive or negative CTU/MRU

CTU/MRU+

(N=73)

CTU/MRU-

(N=452)

Univariate 
analysis

Multivariate analysis

p-
value test OR (95% CI) p-

value

Age, mean ±SD 59.8 ± 15.9 59.3 ± 14.2 0.92 ^ 0.97 (0.88-1.08) 0.60

Age, clustered (%)

   18-29

   30-39

   40-49

   50-59

   60-69

   70-79

   80-99

2 (14.3)

7 (23.3)

10 (10.9)

15 (11.7)

23 (16.3)

5 (6.6)

11 (25.0)

12 (85.7)

23 (76.7)

82 (89.1)

113 (88.3)

118 (83.7)

71 (93.4)

33 (75.0)

0.06 * reference

2.0 (0.2-16.8)

1.4 (0.4-21.0)

1.8 (0.1-58.0)

3.6 (0.0-259.8)

1.1 (0.0-211.1)

10.9 (0.0-4712.7)

0.08

Sex (%)

   Male

   Female

48 (15.0)

25 (12.1)

271 (85.0)

181 (87.9)

0.35 * 1.1 (0.6-1.9)

reference

0.87

Type of haematuria (%)

Macroscopic

Microscopic

56 (18.1)

17 (7.9)

253 (81.9)

199 (92.1)

0.001 * 2.6 (1.3-5.1)

reference

0.01

Smoking in packyears, 

median (IQR)
6.5 (0-25) 8 (0-28) 0.56 § 1.0 (0.9-1.0) 0.94

Occupational risk (%)

   Yes

   No

3 (6.5)

70 (14.6)

43 (93.5)

409 (85.4)

0.13 * 0.5 (0.1-1.8)

reference

0.28

Symptomatic (%)

   Yes

   No

48 (15.0)

25 (12.3)

273 (85.0)

179 (87.7)

0.38 * 1.1 (0.6-2.1)

reference

0.66

Anticoagulant therapy (%)

   Yes

   No

19 (14.5)

54 (13.7)

112 (85.5)

340 (86.3)

0.82 * 1.1 (0.5-2.2)

reference

0.81

Ultrasound  (by urology)

    Positive (stones or tumour)

    Negative

29 (42.0)

44 (9.6)

40 (58.0)

412 (90.4)

<0.001 * 7.7 (4.0-14.9)

reference

<0.001

^ Independent T-test 
* Chi-square test 
§ Mann-Whitney test
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Table 6. CTU/MRU findings specified for type of haematuria and ultrasound result

Total Type of haematuria Ultrasound (by urology)
Macroscopic Microscopic Negative Dilatation Positive

Stones 50 38 12 27 5 18

Renal mass 14 9 5 5 - 9

UUT tumour 9 9 - 2 5 2

Total 73 56 17 34 10 29

CTU/MRU results in relation to results of ultrasound (performed by urologist) 
In 69 of the 525 patients who underwent cross-sectional imaging initial ultrasound was suspect 
for a renal or urothelial tumour or stones. In 40 of them (58%) the initial US was false-positive 
(for stones in 18 and tumour in 22 patients) because cross sectional imaging could not confirm 
this. From the 22 suspected tumours on ultrasound, 10 lesions were finally diagnosed as benign 
renal cysts.  
In 456 patients the ultrasound was negative (e.g. no lesion or only dilation seen), and in 44 
(9.6%) CTU/MRU revealed that these were false negatives, with the majority of lesions 
missed being stones (Table 6). In 10 out of 32 (31.3%) patients with stones not detected on 
ultrasound active treatment was indicated, e.g. URS (5 patients), PNL (3 patients) and ESWL (2 
patients). From the 7 UUT tumours detected only on cross-sectional imaging 4 were treated 
with nephroureterectomy, 1 with URS and laser fulguration and in 2 patients an expectant 
management was chosen (because of patients’ age/comorbidities and because of metastatic 
disease in the ureter from a primary cholangiocarcinoma, respectively). From the 5 renal masses 
detected only on cross-sectional imaging, all 3 renal cell carcinomas were treated actively (2 
with radical nephrectomy and one with nephroureterectomy because of primary suspicion of 
urothelial carcinoma on CTU). The 2 angiomyolipomas detected only with CTU are still in follow-
up without a need for active treatment so far.

CTU/MRU results in relation to type of haematuria
In total, 309 patients who underwent cross-sectional imaging presented with macroscopic 
haematuria and in 253 of them (81.9%) no lesions were detected in the UUT on CTU/MRU. 
From all gross haematuria patients, 209 were male (67.6%) and 100 (32.4%) were female. The 
type of macroscopic haematuria was unknown in 64 (20.7%) patients and defined as initial, total 
or terminal in 34 (11%), 175 (56.6%) and 36 (11.7%) patients, respectively. No association was 
found between these two variables and CTU/MRU results (type of gross haematuria: 
χ2(3)=9.01 p=0.06; Sex: χ2(1)=0.89, p=0.35).
In 199 of 216 patients (92.1%) with microscopic haematuria no abnormalities were detected on 
UUT cross-sectional studies. From the 17 patients with microscopic haematuria who did have 
UUT disease on CTU/MRU 12 had stones and 5 a renal mass (2 angiomyolipomas, 3 renal cell 
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carcinomas). One patient with a stone needed active treatment with URS and 1 patient with 
renal cell carcinoma underwent nephrectomy, the angiomyolipomas and other 2 renal masses 
were managed with active surveillance because of small size and comorbidities, respectively. 
From these 17 lesions 9 were not yet detected on ultrasound examination (8 stones and 1 
angiomyolipoma). However, none of the lesions missed with ultrasound needed active treatment.

Incidentalomas
Incidental findings were discovered in 139 (26.5%) out of 525 cross-sectional imaging studies. 
The majority were benign liver lesions (33.8%), followed by cholelithiasis (12.9%), adrenal 
lesions (11.5%), diverticulosis (10.1%), anomalies to the female reproductive tract (9.4%), aortic 
aneurysms (diameter ranging from 28-65 mm) (6.5%), hepatic steatosis (4.3%), pulmonary 
nodules (4.3%), metastases of non-urological primary tumour (2.2%), benign spleen lesions 
(2.2%), malignant liver lesion (0.7%), liver cirrhosis (0.7%), retroperitoneal fibrosis (0.7%) and 
UPJ stenosis (0.7%). Of these 14.4% were potentially life threatening (aortic aneurysm, malignant 
lesions, liver cirrhosis), whereas 40.2% may require further evaluation.

Discussion

This paper represents the largest published prospective series of CTU as a diagnostic modality 
of UUT imaging for both macroscopic and microscopic haematuria patients. Although it has 
been proven that CTU outperforms IVU in terms of diagnostic accuracy, the modality in itself 
has some obvious disadvantages. The major drawback is the increased radiation hazard. Each 
CTU delivers about 25-35 mSv to the patient, depending on the number of image acquisitions 
[9]. Knowing that the radiation dose of a typical adult abdominal CT, which is in the range of 
+/- 10mSv, already can increase the risk for development of cancer [10], the hazard of CTU 
should not be underestimated. An additional disadvantage of CTU is the need of using iodine 
containing contrast agents, which may pose danger to the patients’ renal function or even 
be accompanied by serious side effects (e.g. anaphylactic shock) [7]. At last, CTU is relatively 
expensive. Nevertheless, some clear advantages are the fact that CTU is fast and nowadays 
widely available. It enables imaging of filling defects as well as parenchymal lesions in one 
examination. In case of malignancy it also allows for clinical staging and specifically in bladder 
tumours for exclusion of upper tract involvement. The anatomical information provided by CTU 
may aid in decision making for surgical approach. At last, incidentalomas may be discovered 
timely, which theoretically may result in better patient outcomes. On the other hand, it may 
also lead to unnecessary additional examinations or patients’ anxiety. Incidentalomas were 
discovered in 26.5% of scans of this study and 14.4% of these was potentially life threatening. 
The goal of investigations in patients with haematuria is twofold: to rule out malignant disease 
and to detect the source of the bleeding. Because of the trade-off between improved diagnostic 
accuracy and increased risk for adverse events, it is unclear for which patients CTU should 
be reserved. Due to the prospective nature of this research, the fact that CTU was part of a 
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management algorithm and prospective readings were used for CTU results, this study provides 
valuable real-life data that may answer this question.

The diagnoses of the patients presenting with both microscopic and macroscopic haematuria 
in the current series are consistent with prior publications: in 8-17% of patients malignancies 
are detected, in 8-30% benign causes and in 52-82% no abnormalities are found [11-16]. The 
higher prevalence of malignant disease in patients presenting with gross haematuria, males and 
patients above the age of 40 was also noted by other authors [11,12,14,15]. In the majority of 
patients cross-sectional urography revealed no significant lesions. Upon analysis, only type of 
haematuria and results of ultrasound (as performed by urologist) were predictive factors for 
final CTU/MRU results. Although age is a commonly used factor in diagnostic decision making, 
the current study could not provide evidence for that. Because we looked for evidence of UUT 
disease overall, not only including malignancies but also stones (which can occur on any age), 
this may prohibit age to be a statistically significant predictor for finding UUT disease on CTU. 
The ultrasound examination performed by our urologists had a relatively good capability of 
excluding UUT disease. Nevertheless, in 9.6% of patients with negative ultrasound examination 
additional CTU revealed UUT disease. However, Table 6 shows that most lesions missed were 
stones and that although the majority of UUT tumours were not directly visualised hydronephrosis 
was apparent, which would normally prompt further investigations. In addition, all UUT tumours 
presented with macroscopic haematuria (in two with red efflux from the ipsilateral orifice at 
cystoscopy), which already induces a higher index of suspicion and a more extensive search for 
a diagnosis. However, the false-positive rate was relatively high. It may be speculated that the 
diagnostic accuracy of an ultrasound examination would improve if performed by radiologists.
In a large proportion of patients presenting with macroscopic haematuria no abnormalities were 
identified on CTU/MRU (81.9%), but this was even more prominent for microscopic haematuria 
(92.1%). Although 9 of 17 UUT lesions in patients with microscopic haematuria were missed 
with the first-line ultrasound, none of them were malignant or needed active treatment. Thus 
ultrasound seems a reliable diagnostic tool for patients presenting with microscopic haematuria.
The results of this study can also be evaluated in an exploratory way. If all patients presenting 
with microscopic haematuria and a negative ultrasound examination (performed by urologist) 
as a first-line test would not have had an additional CTU, no significant lesions would have 
been missed (8 stones and 1 small angiomylipoma). Then, for 196 out of 525 patients the risks 
associated with CTU and health care costs would have been avoided. Therefore, based on the 
data of the current study, we would propose the following management algorithm for UUT 
imaging for patients presenting with haematuria: for macroscopic haematuria a CTU should be 
done (or MRU in selected cases with renal insufficiency or iodine contrast allergy), based on the 
higher likelihood of detecting significant disease. For patients with microscopic haematuria an 
ultrasound should be done as initial assessment. If this ultrasound is positive, findings need to 
be confirmed with CTU. If it is negative, the patient can be followed and in case of persistent 
microscopic haematuria (e.g. after 6 months as defined by the AUA guidelines [2]) in combination 
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with risk factors for significant disease cross sectional UUT imaging has to be re-considered. 
The Dutch association of Urology has recently adopted an update of their haematuria-guideline 
that underlines the above proposed diagnostic management algorithm [8]. Whether a CTU 
should consist of 4 phases as in the current study protocol or fewer phases (using a split-bolus 
or triple-bolus technique which decreases radiation exposure) [9,17,18] is yet unknown. Due to 
the low prevalence of renal and UUT tumours in the current series, an analysis on the diagnostic 
value of each individual phase of the 4 phase CTUs performed in this study will be inconclusive 
and was therefore not performed. Future protocols might include risk-tailored cross sectional 
investigations as proposed by The European Society of Urogenital Radiology. They stated that 
for high-risk cases the increased radiation risk seems balanced against the need for detection 
or exclusion of significant disease. For low-risk cases they proposed to use CTU as a problem-
solving approach, with risk-tailored protocols (either 1 or 2 phase scans) [9].

This study has several possible limitations that need to be addressed. First, the accuracy of 
ultrasound is highly investigator-dependent. Although radiologists are specialised in ultrasound 
imaging, this diagnostic tool is also frequently employed by urologists. The reason why we chose 
to have the initial ultrasound performed by a urologist instead of radiologist is mainly because 
of logistics. The reason why we chose to have the initial ultrasound performed by a urologist 
instead of radiologist is twofold: because of logistics and healthcare costs. In the Netherlands 
this investigation is included in the medical reimbursement system for patients presenting with 
haematuria. Second, although we did advise the general practitioner to repeat urinalysis after 3 
months in case of negative examinations, we did not collect data on follow up. Hence, there is 
a possibility of yet unidentified false negative results. Nevertheless, recent studies have shown 
that the likelihood of detecting significant disease after negative initial evaluation is rather 
low in patients with microscopic haematuria (risk <1%) [19,20]. For macroscopic haematuria 
this likelihood is slightly higher (up to 5%) [19]. However, it must be noted that in the referred 
study initial evaluation consisted of IVU, which is known to have a lower diagnostic accuracy 
than CTU, as employed in the current protocol. Third, the number of patients in the current 
population with microscopic haematuria due to nephrological disease is unknown. Although we 
did perform microscopic urinalysis if indicated, results of this examination were not recorded in 
the database because this was beyond the scope of our study. We do want to stress here that 
it is of utmost importance to look for signs of nephrological causes of haematuria. This includes 
microscopic urinalysis which allows detection of proteinuria, casts or dysmorphic erythrocytes. 
Also blood pressure and kidney function should be estimated with creatinin serum analysis or 
preferably GFR. Fourth, in the analysis on possible predictive factors for findings on CTU/MRU 
we did not include cytology results, although this does seem to make sense [21]. We decided 
to do so, because in the current haematuria clinic protocol we solely used bladder wash out 
specimens for cytology, which do not provide information on the UUT.
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Conclusion

In most patients (86.1%) cross-sectional urography revealed no significant UUT lesions. Only type 
of haematuria and results of ultrasound were predictive factors for final CTU/MRU results. For 
patients presenting with microscopic haematuria ultrasound is sufficient to exclude significant 
UUT disease. For patients presenting with macroscopic haematuria the likelihood of finding 
significant UUT disease is higher and a CTU as a first-line test seems justified.
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Abstract
 
Objective: To evaluate changes in incidence, distribution of stage and grade as well as surgical 
treatment of UUT tumours in the Netherlands from 1995 to 2005.

Materials and methods: The PALGA-registry, a nationwide network and registry of pathology 
encompassing all hospitals in the Netherlands, was used as primary data source. Pathology 
reports of all primary surgical procedures or biopsies without further surgical treatment 
within the next year, of cancer of the renal pelvis or ureter during the period 1995-2005, were 
included. The number of surgically treated UUT tumours per year, type of treatment and tumour 
characteristics were recorded.

Results: The population consisted of 2321 (67%) men and 1145 (33%) women with a mean age 
of 68.6 years. Distribution according to side was approximately equal (left 44.1%, right 41.5%), 
bilateral tumours were rare (0.6%) and most tumours were in the renal pelvis (51.3%). Both the 
incidence and the incidence rate per 100.000 person-years increased during the study period 
(p<0.001). Most urothelial cancers were grade 2 (40.9%) or 3 (41.2%) and stage Ta (30.6%), T1 
(18.1%) or T3 (22.8%). There was an increase in grade 3 (p=0.003) and muscle invasive (p=0.003) 
tumours in men only. Nephroureterectomy was performed in 41.3% of the cases and there was 
a rising trend towards endoscopic surgery (p=0.019), although the absolute number was low. 

Conclusion: The incidence of surgically treated UUT tumours increased with a significant trend 
towards more advanced disease in men. Most tumours were treated by nephroureterectomy or 
nephrectomy, although a rising trend towards endoscopic surgery was seen. 
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Introduction

Urothelial carcinoma (UC) of the ureter and renal pelvis is relatively uncommon, accounting 
for only 5-6% of all urothelial tumours [1,2]. Two groups have assessed the trends in incidence 
of upper urinary tract (UUT) tumours. Mellemgaard et al [3] described a significant increase in 
incidence of both ureteric and renal pelvis tumours in the period 1943-1988 in Denmark and 
Munoz et al [2] reported an increase in ureteric tumours and an unchanged incidence rate of 
renal pelvic tumours in the USA, based on the SEER database from 1973 to 1996. 
The TNM classification proposed by the Union International Contre le Cancer (UICC) and the 
WHO histopathological grading are the most frequently used systems for UUT UC staging and 
grading [4,5]. Data on distribution of stage and grade at initial presentation indicate that most 
patients present with a low stage (Ta-T1) grade 2 or 3 tumour [1,6-9]. Stage and grade are the 
most important prognostic factors for recurrence and survival [7-11], but type of treatment [7] 
and multifocality [8,12] have also been reported to be important, to a variable extent. 
Although nephroureterectomy with bladder cuff removal is still considered the standard of care 
[13,14], elective conservative surgery (mainly endoscopic) is reported more frequently, with 
good results in low grade and stage tumours [10,13-17].
Large series on the descriptive epidemiology and treatment of UUT UC are limited. The aim of 
the present study was to evaluate changes in incidence, distribution of stage and grade as well 
as surgical treatment of UUT tumours in the Netherlands in the period 1995 to 2005. 

Materials and Methods

We used the PALGA-registry database, a nationwide network and registry of histopathology and 
cytopathology in the Netherlands, as the primary data source for our study [18]. This central 
archiving system encompasses all hospitals in the Netherlands and contains excerpts of all 
pathology reports from the year 1990 onwards. Each excerpt consists of a summary of this 
report, demographic data and a coded diagnosis based upon standard pathology terminology. 

Search strategy and coding 
The search included years 1995 to 2005 and the following terms: “kidney” and “all malignancies 
with exception of carcinoma in situ”; “ureter”, “renal pelvis” and “all malignancies except for 
carcinoma in situ with exception of the kidney” and “ureter”, “renal pelvis” and “all carcinoma in 
situ” in order to cover all UUT tumours. We included all primary surgical procedures of cancer of 
the renal pelvis or ureter. Biopsies were also included as a primary procedure when there was no 
further report on surgery within the next year. Metastatic tumours and reports on cystectomies 
were excluded, except for those cystectomies combined with a nephroureterectomy. Type of 
surgery was categorised as nephroureterectomy, nephrectomy, partial nephrectomy, segmental 
ureterectomy, endoscopic surgery (ureterorenoscopic surgery/percutaneous surgery), renal 
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pelvic excision or biopsy. When the presence of the ureter was not mentioned in the excerpt, type 
of surgery was coded as nephrectomy. Information about patient age, sex and tumour location, 
side, size, multifocality and surgical margins was recorded. The tumour was considered multifocal 
only when specifically mentioned in the excerpt. Grade was reported in the excerpts according 
to either the WHO 1973 or the WHO/ISUP 1998 system. For standardisation purposes we coded 
the low and high grade tumours according to the WHO/ISUP 1998 system as grade 1 and 3 (WHO 
1973), respectively. We staged the tumours according to the TNM 2002 classification, based on 
the description in the excerpt. For the regression analysis we excluded the biopsies, coded type 
of surgery as conventional surgery (nephroureterectomy and nephrectomy), conservative open 
surgery (partial nephrectomy, segmental ureterectomy and renal pelvic excision) and endoscopic 
surgery and we categorised stage as non-muscle invasive (Ta, T1 or Tis only) and muscle invasive 
(T2, T3 or T4). 

Statistics
Incidence data of overall diagnosed UUT tumours in the Netherlands were provided by the 
Association of Comprehensive Cancer Centres (Integrale Kanker Centra, IKC), a population-based 
cancer registry providing national incidence data [19]. To correct for the changes in population 
during the study period, incidence rates were calculated for both overall diagnosed and surgically 
treated UUT tumours using population data provided by Statistics Netherlands (Centraal Bureau 
voor de Statistiek, CBS) [20]. 
All statistic analyses were performed using SPSS version 15.0. Changes in mean age and sex 
distribution during the study period were calculated with One-way ANOVA and the Chi-square 
test, respectively. Changes in incidence and incidence rate of surgically treated and overall 
diagnosed UUT tumours during the study period were calculated using Poisson log linear models. 
For changes in incidence rates we used the population data as an offset variable in the analysis 
to correct for the increase in population. Change in the incidence of surgically treated UUT 
tumours was also calculated for specific age groups (defined as <60, 60-69, 70-79 and ≥80 years) 
and sex. Changes in distribution of stage and grade and surgical treatment were calculated using 
multinomial logistic regression models. The effect of time on these changes was described with 
a linear model which we checked for goodness of fit to the data. For the regression analyses we 
used multiple imputation for the missing values and calculated the weighted average. For all 
analyses, p<0.05 was considered to indicate statistical significance.

Results

During the period 1995-2005 a total of 3,632 excerpts of surgical procedures on UUT tumours 
were available for analysis. Primary surgical procedures or biopsies were performed in 3,466 
cases. The population consisted of 2,321 (67%) men and 1,145 (33%) women. Mean age at 
surgical treatment or primary biopsy was 68.6 years (range 25-96). There were no significant 
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changes in distribution of sex (χ2(10)=11.96, p=0.29) and mean age (F(10;3455)=0.938, p=0.50) 
during the study period. Tumour and treatment characteristics are listed in Table 1. Size was 
only available in 1,012 cases (29.2% of the total). In this subgroup mean tumour size was 4.3 cm 
(SD 2.5). The distribution of grade and stage among men and women is presented in Figure 1.

Table 1. Tumour and treatment characteristics

Characteristics Number of patients (%)

Location
   - ureteropelvic junction 561 (16.2)
   - ureter 997 (28.8)
   - renal pelvis 1777 (51.3)
   - unknown 131 (3.8)
Side
   - left 1529 (44.1)
   - right 1440 (41.5)
   - bilateral 21 (0.6)
   - unknown 476 (13.7)
Multifocality
   - unifocal 2810 (81.1)
   - multifocal 656 (18.9)
Stage
   - Ta 1060 (30.6)
   - T1 629 (18.1)
   - T2 309 (8.9)
   - T3 791 (22.8)
   - T4 274 (7.9)
   - Tis only 64 (1.8)
   - unknown 339 (9.8)
Grade
   - G1 427 (12.3)
   - G2 1417 (40.9)
   - G3 1429 (41.2)
   - unknown 193 (5.6)
Surgical procedure
   - nephroureterectomy 1431 (41.3)
   - nephrectomy 1406 (40.6)
   - partial nephrectomy 11 (0.3)
   - segmental ureterectomy 376 (10.8)
   - endoscopic surgery 
     (ureterorenoscopic / percutaneous surgery) 45 (1.3)

   - renal pelvis excision 23 (0.7)
   - biopsy 144 (4.2)
   - unknown 30 (0.9)
Surgical margins
   - negative 2304 (66.5)
   - positive 482 (13.9)
   - unknown 680 (19.6)
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Figure 1. Distribution of grade and stage in men and women with surgically treated upper urinary tract tumours 
in the Netherlands from 1995 to 2005

Trends in incidence
The incidence of surgically treated UUT tumours increased from 277 in 1995 to 392 in 2005. This 
increase was statistically significant, with a rate ratio of 1.03, or an increase of 3% per year. Data 
from the IKC on incidence of overall diagnosed UUT tumours in the Netherlands were available 
from 1995 to 2003. In this period, the incidence of overall diagnosed UUT tumours increased 
from 331 in 1995 to 389 in 2003. This increase was also statistically significant, with a rate ratio 
of 1.02, or an increase of 2% per year (Table 2). 
When the increase in population in the Netherlands was considered (from 15 424 122 in 1995 
to 16 305 526 in 2005) there was still a statistically significant increase in incidence rate of 
surgically treated UUT tumours, from 1.64 per 100000 person-years in 1995 to 2.40 per 100000 
person-years in 2005. For the overall diagnosed UUT tumours there was an increase in incidence 
rate from 2.10 per 100000 person-years in 1995 to 2.40 in 2003, however, this increase lost its 
statistical significance (Table 2, Figure 2).
Analysis of the change in incidence of the surgically treated UUT tumours for the four age groups 
showed a statistically significant increase in incidence, only in the age groups 60-69 and 70-79 
years. The change in incidence was statistically significant for both men and women (Table 2).
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Table 2. Trend in incidence and incidence rate

N total rate ratio 95%CI p-value

Incidence Surgically treated 3466 1.03 1.02-1.04 < 0.001 *
Age < 60 671 1.01 0.99-1.03 0.48

60-69 1007 1.03 1.01-1.05 0.01 *
70-79 1286 1.05 1.03-1.07 < 0.001 *
≥ 80 502 1.02 0.99-1.05 0.14

Sex male 2321 1.03 1.02-1.04 < 0.001 *
female 1145 1.03 1.01-1.05 0.001 *

Overall diagnosed 3245 1.02 1.00-1.03 0.01 *
Incidence rate Surgically treated 3466 1.03 1.01-1.04 < 0.001 *

Overall diagnosed 3245 1.01 1.00-1.02 0.13

Poisson log-linear analysis for trends in incidence and incidence rate per 100,000 person-years of surgically 
treated UUT tumours 1995-2005 and overall diagnosed UUT tumours 1995-2003 with subdivision in age groups 
and sex for the incidence of surgically treated tumours.  * indicates statistical significance

Figure 2. Trend in incidence rate/100,000 person-years of surgically treated and overall diagnosed upper urinary 
tract tumours in the Netherlands from 1995 to 2005 (Data on overall diagnosed upper urinary tract cancer 
provided by IKC)

Trends in grade and stage
With grade 1 as reference category, there was a statistically significant increase in grade 3 tumours 
in the study period. Grade 2 tumours increased slightly during the study period although not 
statistically significant (Table 3, Figure 3). Analysis of trends in grade with gender showed that 
there was a statistically significant increase in grade 3 tumours only in men (Table 3).
Data on distribution of stage showed a statistically significant increase in muscle invasive 
tumours and a subsequent decrease in non-muscle invasive tumours (OR 0.97, 95%CI 0.95-0.99, 
p=0.003) (Table 3, Figure 3). This increasing trend in muscle invasive tumours was only apparent 
for men (Table 3).
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Table 3. Trend in grade and stage

Sex OR 95%CI p-value

Grade 2 all 1.03 0.99-1.07 0.097
male 1.03 0.99-1.08 0.15
female 1.03 0.96-1.10 0.47

Grade 3 all 1.05 1.02-1.09 0.003 *
male 1.07 1.03-1.11 0.002 *
female 1.02 0.96-1.09 0.49

Muscle invasive all 1.03 1.01-1.06 0.003 *
male 1.04 1.01-1.07 0.005 *
female 1.02 0.98-1.06 0.25

Multinomial logistic regression analysis for trends in grade and stage of surgically treated UUT 
tumours 1995-2005, with subdivision in sex. Reference categories were grade 1 and non-muscle 
invasive.  * indicates statistical significance

Figure 3.  Trend in distribution according to grade and stage of surgically treated upper urinary tract tumours in 
the Netherlands from 1995 to 2005

Trends in surgical treatment
With conventional surgery as the reference category, grade 1 tumours were statistically 
significant more likely to be treated with conservative open surgery then were grade 3 tumours 
(OR 2.71, 95%CI 1.79-4.09, p<0.001). For endoscopic surgery the association was the same, 
although not statistically significant (OR=1.61, 95%CI 0.67-3.91, p=0.29). Grade 2 tumours were 
less likely to be treated with conservative open surgery (OR 0.92, 95%CI 0.68-1.25, p=0.58) or 
endoscopic surgery (OR=0.85, 95%CI 0.42-1.75, p=0.66) then were grade 3 tumours, although 
not statistically significantly (Figure 4). 
Non-muscle invasive tumours were statistically significant more likely to be treated with 
conservative open surgery (OR 2.24, 95%CI 1.65-3.05, p<0.001) or endoscopic surgery (OR 2.98, 
95%CI 1.34-6.64, p=0.008) compared to muscle invasive tumours (Figure 4).
Surgical treatment changed during the study period. With conventional surgery as the reference 
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category, there was a statistically significant increase in endoscopic surgery (OR 1.13, 95%CI 
1.02-1.25, p=0.019). Conservative open surgery remained stable during the study period (OR 
1.00, 95%CI 0.97-1.03, p=0.920) (Figure 5). 
The multinomial logistic regression model did not fit the data for change in location of the 
tumours and therefore, we can conclude that there is no linear change in time for location.

Figure 4.  Type of surgery according to grade and stage of upper urinary tract tumours in the Netherlands from 
1995 to 2005

Figure 5. Trend in surgical treatment of upper urinary tract tumours in the Netherlands from 1995 to 2005
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Discussion

Only a few reported series have assessed the epidemiology of UUT UC; the largest, including 
9072 and 3516 UUT tumours, encompassed 20 and 45 years, respectively [2,3]. The current 
study contributes with a series of 3466 cases from the Netherlands in an eleven year observation 
period. Considering the time span, country population and number of cases, our series provides 
useful epidemiological information.
The percentages of missing data in pathological characteristics and surgical procedure varied 
from 0.9% to 19.6% and are statistically acceptable for a retrospective study. However, tumour 
size had a high percentage of missing data. Therefore, any conclusion drawn about size should 
be considered with caution. Reported data on tumour size in UUT tumours are sparse [6,21], 
presumably due to the multifocality and the papillary character of these tumours, which makes 
measurement difficult. 
The patient characteristics at surgery or primary biopsy (Table 1) are similar to those presented 
in other epidemiological and clinical series [1,2,7,15]. Side distribution, incidence of bilateral 
synchronous tumours, multifocality and location in the UUT is also consistent with previous 
publications [1,3,7,8,15,22,23]. 
The statistically significant increase in incidence rate per 100000 person-years of surgically 
treated UUT tumours between 1995 and 2005 only occurred in the 7th and 8th decade of life. 
Hypothetically, this might be due to a more aggressive surgical policy related to the increase in 
life-expectancy. However, the mean age of the surgically treated patients remained stable during 
the study period. The fact that there was no statistically significant increase in the incidence rate 
per 100000 person-years of overall diagnosed UUT tumours strongly suggests that during the 
last decade more UUT tumours have been surgically treated. The incidence of surgically treated 
and overall diagnosed (IKC-data) UUT tumours is in proportion, confirming the consistency of 
our database. 
Our results are in contrast with the reported increase in incidence rate of overall diagnosed 
UUT tumours in other series [2,3]. The absolute incidence rate of UUT can be inferred at 0.2-2.1 
and 1.6-1.9 per 100000 person-years for the series of Mellemgaard et al [3] and Munoz et al 
[2], respectively. Those are lower than in our study, most likely because our study encompasses 
a more recent period. Other factors that could explain this difference, such as environmental 
exposure or clustering of genetic factors, are beyond the scope of this study.
As in other clinical series, most tumours in the present study were grade 2 or 3 and stage Ta, T1 
or T3 [6-9]. Moreover, there was a statistically significant increase in grade 3 and muscle invasive 
tumours. Re-grading of the high grade tumours (WHO/ISUP 1998) as grade 3, when in fact they 
could be either grade 2 or 3 according to the WHO 1973, could explain the increase in grade 
3. Furthermore, the number of low grade tumours might be underestimated when these have 
been treated by endoscopic surgery with laser ablation, by which no specimen for pathology can 
be provided. On the contrary, the increase in muscle invasive tumours supports the increase in 
grade, as those two variables are strongly associated in UUT UC [22]. The larger proportion of 
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muscle invasive tumours in women (Figure 1) is in line with data from epidemiological series of 
bladder cancer, where women have more advanced disease at presentation and tend to have 
a worse prognosis than men [24]. Strikingly, the significant increase in grade 3 and in muscle 
invasive tumours occurred only in men. The exact cause for this finding is beyond the scope of 
this study, but one could hypothesise that women present with even more advanced disease 
where surgery is not possible or justified for diverse reasons.
Surgical patterns in the last decade were dominated by conventional surgery with a surprisingly 
low percentage of nephroureterectomies. It must be acknowledged that this value might 
be underestimated by coding the type of surgery as nephrectomy in the absence of ureter 
information in the pathology report. However, as evaluation of the ureter and multifocality have 
been defined as key points in the pathology report in case of a UC this explanation is unlikely.
Grade 1 and non-muscle invasive tumours were more likely to be treated with conservative 
open surgery than were grade 3 and muscle invasive tumours. In addition, non-muscle invasive 
tumours were more likely to be treated with endoscopic surgery. This is in line with published 
recommendations [13,15-17]. As the proportion of endoscopic surgery (1.3% of all procedures) 
was insignificant in the last decade, any increasing trend is not yet of clinical significance. 
However, the number of endoscopic surgeries might be underestimated by the absence of tumour 
specimen and consequently of pathological reports if treatment consisted of laser ablation or 
electrocoagulation. Furthermore, some biopsies in this series might have subsequently been 
treated endoscopically.
Despite the low percentage of missing data for most of the demographic and histopathological 
variables, our study has several limitations. These are inherent in all retrospective epidemiological 
studies and have already been noted. In addition to these, we made no differentiation in 
pathologic type of the tumour. Nevertheless, primary non-UC of the upper urinary tract is rare 
[13]. Clinical information in terms of diagnosis and prognosis, which might be more important 
for urologists than epidemiological data, can not be inferred from the current study. However, 
compared to previous series, our study shows original data in terms of increasing proportion of 
surgery being performed and a significant proportion of higher grades and stages in men. 
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Abstract

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

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

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

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

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

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

Evidence acquisition

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

 

 
 
 
 

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

 

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

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

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

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

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

OCT 
[25,26,28]

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

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

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

Endocytos-
copy [3]

prediction on histopathologi-
cal diagnosis

reflection/absorp-
tion human in vivo - -

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

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

Potential future applications of these techniques for the 
practicing urologist

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

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

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

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

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

Introduction: Real-time grading of bladder urothelial carcinoma (UC) is clinically important, but 
the current standard for grading (histopathology) cannot provide this information. Based on 
Optical Coherence Tomography (OCT) measured optical attenuation (µt) the grade of bladder 
UC could potentially be assessed in real-time. We evaluated ex vivo whether µt differs between 
different grades of UC and benign bladder tissue. 

Materials & Methods: Human bladder tissue specimens were examined ex vivo by 850 nm 
OCT using dynamic focusing. Three observers independently determined the µt from the OCT-
images and 3 pathologists independently reviewed the corresponding histology slides. For both 
methods a consensus diagnosis was made. 

Results: We included 76 OCT scans from 54 bladder samples obtained in 20 procedures on 18 
patients. The median (interquartile range) µt of benign tissue was 5.75 mm-1 (4.77-6.14) versus 
5.52 mm-1 (3.47-5.90), 4.85 mm-1 (4.25-6.50) and 5.62 mm-1 (5.01-6.29) for grade 1, 2 and 3 UC, 
respectively (p=0.732). Interobserver agreement of histopathology was “substantial” (Kappa 
0.62, 95%CI 0.54-0.70) compared to “almost perfect” (ICC 0.87, 95%CI 0.80-0.92) for OCT.

Conclusion: Quantitative OCT analysis (by µt) did not detect morphological UC changes. This 
may be due to factors typical for an ex vivo experimental setting.
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Introduction

The current standard for grading and staging of urothelial carcinoma (UC) of the bladder is 
histopathology: the pathologists’ assessment of the bladder specimen obtained by transurethral 
resection or biopsies. However, various clinical scenarios would benefit from real-time 
endoscopic diagnosis, which cannot be provided by histopathology. First, for instance, when 
a bladder tumour is treated by electric coagulation or laser ablation, no tissue is harvested 
and thus the urologist has to rely on his/her estimation of the stage and grade of that tumour, 
without histopathological confirmation. This estimation of grade or stage often is inaccurate [1]. 
Second, and likewise, in many centers nowadays patients with a history of low grade NMIBC with 
small recurrent bladder tumours are being followed-up by regular cystoscopy, instead of directly 
being treated by transurethral resection (i.e. no biopsy) [2,3]. The possibility of determining 
grade or stage at time of the cystoscopy would be very useful for both patient populations. A 
third example is a red lesion seen during cystoscopy, which may be either inflammation or CIS. 
Currently, if the urine cytology is suspicious for bladder cancer, random and targeted biopsies 
need to be taken for these lesions to exclude CIS. This strategy leads to a significant proportion 
of unnecessary biopsies, which might be avoided by use of a reliable, real-time diagnostic 
technique. 
Grade is an important prognostic factor in predicting the biological aggressiveness of papillary 
UC of the bladder. It is the most important factor for progression in the European Organization 
for Research and Treatment of Cancer risk tables [4]. Therefore, grade has a strong impact on 
the clinical management of non-muscle invasive bladder cancer (NMIBC) patients [5,6]. Grade 
is defined based on the degree of morphological changes in the bladder tissue. In normal 
tissue, the urothelium usually contains less than 7 cell layers, has normal sized nuclei and a well 
preserved polarity, whereas in papillary UC, the urothelium is broadened, shows higher mitotic 
activity, cyto-nuclear ratio is changed and in high grade tumours the polarity is also disturbed. 
The first 3 changes are more pronounced as the grade increases. Besides papillary UC with 
different grades, carcinoma in situ (CIS) is a high grade flat lesion in which the urothelium is not 
per se broadened, shows high mitotic activity, severe disturbance in the cyto-nuclear ratio and 
loss of the polarity. 

Optical Coherence Tomography (OCT) is a high-resolution, cross-sectional imaging technique 
that was studied for real-time endoscopic detection of bladder cancer [7-10]. The reported 
diagnostic accuracy is relatively high, with a sensitivity of 84-100% and specificity of 78-89% 
[9,11,12]. For this, the OCT image is evaluated in a qualitative way (based on differences in 
gray scale levels and structural appearance) [10], which requires training and thus makes the 
diagnosis dependent on the skills of the observer. Assessment of the stage (i.e. the depth of 
tumour invasion into the different bladder tissue layers) of a bladder tumour by means of this 
method appears to be feasible [9], but grade is difficult to determine from qualitative analysis 
of OCT images. However, by additional OCT data analysis, the optical properties of tissue can 
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be quantified: from the intensity of detected light versus depth the attenuation coefficient (µt) 
can be fitted using Beers law [13]. This method has been applied in analyzing atherosclerotic 
plaque components [14,15] and apoptosis and necrosis in human fibroblasts [16], showing that 
OCT indeed is sensitive for changes in mt caused by morphological changes in tissue. Moreover, 
it has been demonstrated that the measured backscattering differs at various stages of tumour 
genesis (hyperplasia/dysplasia and neoplasia) in rat bladders [17]. We therefore hypothesize that 
mt measurement from OCT enables assessment of the grade of a bladder tumour. As a first step 
towards in vivo diagnostic application, we tested this hypothesis ex vivo by evaluating whether 
the attenuation coefficient differed between benign bladder tissue and different grades of UC. 

Materials and Methods

Tissue samples and tissue handling
From August to December 2008 we conducted a prospective, double blinded, ex vivo study 
on consecutive patients with single or multiple bladder tumours scheduled for transurethral 
resection (TUR) or patients with positive cytology and negative cystoscopy scheduled for bladder 
biopsies. The study was approved by the Institutional Review Board. 
In the operation theatre, representative bladder tissue samples from each tumour or suspicious 
lesion were put into separate numbered containers filled with isotonic saline. Within 1 to 3 
hours after surgery, examination with OCT was performed at the department of Biomedical 
Engineering & Physics. Samples were measured with (what was considered to be) the luminal 
surface exposed, covered in saline to prevent dehydration. Directly thereafter each sample 
underwent regular histological processing: formalin fixation was followed by paraffin embedding, 
cutting sections of 4 µm thickness and haematoxylin and eosin staining at the department of 
Pathology. 

OCT and histopathology analysis
The employed OCT system was a standard time domain OCT system, operating at 850 nm, using a 
moving reference arm and dynamic focusing in the sample arm. The axial and lateral resolutions 
of the system were 14 µm and 6 µm measured in air, respectively. The measured signal to noise 
ratio (SNR) was 118 dB. We verified that the power coupled back from the reference arm was 
constant over the scan range. Dynamic focusing was achieved by translating the sample arm 
lens in depth, during A-scan acquisition resulting in one A-scan per second data acquisition time. 
From each biopsy, one investigator (DMdB) created 1 to 4 OCT B-scans which were stored on 
hard disk to be analysed at a later date. 
Dynamic focusing allows precise measurements of the µt of weakly scattering media, as 
described by Faber et al [13], because during the measurement, the positions of the coherence 
and confocal gates are matched. Using Beer’s law, the detector current id of the system is 
described as  where 2z is the round trip path length of the light 
in the sample. The square root accounts for the fact that the detector current is proportional 
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to the field returning from the sample, rather than intensity. The attenuation coefficient is 
then extracted from the OCT data by fitting Beer’s law to the averaged A-scans from a selected 
region of interest in the OCT image using the Levenberg-Marquardt least squares minimization 
algorithm(~100 A-scans of 2048 points, 1.5 mm scan length) (Figure 1). 

Figure 1. Demonstration of the quantitative analysis of OCT data to obtain the µt. 
1a is the obtained OCT B-scan of a bladder tumour biopsy (pTa grade 3), 
1b shows the aligned image with the region of interest (ROI) indicated in a square, 
1c shows the plot of the mean signal intensity versus depth of the selected ROI, the slope is fitted using Beers law 
(µt indicated in dashed line).

Prior to averaging and fitting, all A-scans in the region of interest are aligned. The standard 
deviation corresponding to the average A-scan is used for weighting in the fitting procedure 
in such a way that depths with large standard deviation contribute less to the minimization 
procedure.
The fit model features three parameters; an amplitude for scaling, the µt and an offset, which 
is fixed at the mean noise level. An uncertainty estimate for the fitted µt is computed from the 
co-variance matrix returned by the fitting algorithm and is specified as 95% confidence interval 
(95% CI) of the fitted µt. The curve fit typically included ~1500 points. 
The stored OCT B-scans were analysed by 3 independent observers (ECCC, DMdB, DJF), who were 
blinded for clinical information and histopathological diagnosis. After the individual review of 
the B-scans, the 3 observers together repeated the analysis of the B-scans to obtain a consensus-
µt of each scan. To this end, the B-scans were projected on a large screen. One observer aligned 
the image and selected the region of interest for fitting with the other 2 observers commenting 
to reach consensus. 
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In case of multiple B-scans from one biopsy, the mean µt was calculated for both individual as 
well as for the consensus-µt, with the corresponding 95% CI. 
The histopathological diagnoses were made by 3 independent pathologists (MV, JvdT, BR) working 
in the same academic center. They classified each biopsy as normal/benign, UC Grade 1, UC Grade 
2 or UC Grade 3, while being blinded for clinical information and OCT results. Samples in which 
a definitive diagnosis was not possible (e.g. due to cauterization, desquamation, insufficient size 
of the sample), were classified as non-diagnostic. It is well known that histopathological grading 
is a subjective method with a high interobserver variability reported in literature (13-62%) [18-
20], despite guidelines on the interpretation of slides and consensus on the definition of the 
different grades [21,22]. Therefore, we used a consensus diagnosis in order to optimize our 
reference standard. For this, the 3 pathologists reviewed the samples together on a multihead 
microscope to reach a consensus diagnosis, after the individual review of the slides. 

Statistical analysis
Since sample sizes across the different pathological categories were unequal and data was not 
normally distributed, a difference in consensus µt between the various pathological categories 
was evaluated by means of a Kruskal-Wallis test. The samples qualified as non-diagnostic at 
the consensus review procedure of the pathologists, were excluded from this analysis. The 
determined µt are presented as median and interquartile range (IQR).
Interobserver variability of histopathology and OCT was assessed by measuring agreement 
between the 3 pathologists and the 3 OCT-observers, respectively. The interobserver variability 
of histopathology was assessed by calculating the Fleiss generalised Kappa, an interobserver 
variability test for categorical data: both overall Kappa (Kappa for all pathological categories 
combined) and category Kappa (specific Kappa for each category). The interobserver variability 
of OCT-analysis was assessed by calculating the intraclass correlation coefficient (ICC), an 
interobserver variability test for continuous data. For both outcomes (Kappa and ICC) the 
following interpretation of agreement better than expected by chance alone was used: fair 0.00-
0.20, moderate 0.21-0.45, substantial 0.46-0.75, almost perfect 0.76-0.99, and perfect 1.00. 
Negative value indicates less than chance agreement [23]. Statistical analyses were performed 
in cooperation with the Biostatistics department of our clinic, using the Statistical Package for 
Social Sciences, version 16.0 (SPSS, Chicago, Ill., USA). For all analyses, p<0.05 was considered 
statistically significant.

Results

In total, 76 OCT scans from 54 bladder tissue samples obtained in 20 procedures on 18 patients 
were available for analysis. Demographic and pathological characteristics are summarized in 
Table 1. 
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     Table 1. Demographic and pathological characteristics

Patients 18

Gender (%)
Male 14 (77.8)
Female 4 (22.2)

Mean age (range), yrs 73.0 (53.4-88.0)
Procedure (%)

TUR 17 (83.3)
Bladder biopsies 3 (16.7)

Pathology – stage (%)
Normal/benign 9 (16.7)
Ta 20 (37.0)
T1 4 (7.4)
T2 5 (9.3)
Tis 3 (5.6)
Non-diagnostic 13 (24.1)

 

 

The independent as well as consensus diagnosis of pathological grade of the samples is displayed 
in Table 2. 

Table 2. Pathological grade – independent and consensus diagnosis

Pathologist A

N (%)

Pathologist B

N (%)

Pathologist C

N (%)

Consensus diagnosis

N (%)

Normal/benign 7 (13.0) 6 (11.1) 11 (20.4) 9 (16.7)

Grade 1 UC 10 (18.5) 5 (9.3) 7 (13.0) 3 (5.6)

Grade 2 UC 7 (13.0) 13 (24.1) 9 (16.7) 14 (25.9)

Grade 3 UC 22 (40.7) 18 (33.3) 15 (27.8) 17 (31.5)

Non-diagnostic 8 (14.8) 12 (22.2) 12 (22.2) 11 (22.2)

UC: urothelial carcinoma

Overall, 11 samples (20.4%) were classified as non-diagnostic by the pathologists’ consensus 
review procedure and were excluded for the Kruskal-Wallis analysis whilst the remaining 43 
samples (60 OCT scans, 16 patients, 18 procedures) were included. The median 95% CI of 
the fitted µt (consensus review procedure) was 0.06 mm-1 (IQR 0.04-0.10 mm-1), indicating 
accurate fitting procedures. The median attenuation coefficient of normal/benign tissue was 
5.75 mm-1 (IQR 4.77-6.14 mm-1) versus 5.52 mm-1 (IQR 3.47-5.90 mm-1), 4.85 mm-1 (IQR 
4.25-6.50 mm-1) and 5.62 mm-1 (IQR 5.01-6.29 mm-1) for grade 1, 2 and 3 UC, respectively 
(H(3)=1.29, p=0.732) (Figure 2). 

TUR: transurethral resection of bladder tumour; Ta: non-invasive papillary 
tumours confined to urothelium, T1: tumours invading subepithelial 
connective tissue (lamina propria) but not muscularis propria, T2: tumours 
invading muscularis propria, Tis: Carcinoma in situ (highly aggressive flat 
tumour).
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Figure 2.  Boxplot of attenuation coefficients for different pathological categories; horizontal lines represent 
median values, boxes indicate IQR and error bars indicate range

The interobserver agreement on the OCT data, evaluated by intraclass correlation, was “almost 
perfect” (ICC 0.87, 95% CI 0.82-0.92, p<0.001). The overall agreement for histopathology, 
calculated by Fleiss generalised Kappa, was “substantial” (Kappa 0.63, 95% CI 0.54-0.70, p<0.001). 
The Kappa’s and corresponding pathologists’ agreement for the different histopathological 
categories are summarized in Table 3.
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       Table 3. Kappa and corresponding pathologists’ agreement of the different pathological Categories

  

Kappa (95% CI) Interobserver agreement [23]

Normal/benign 0.61 (0.23-0.99) Substantial

Grade 1 UC 0.26 (-0.12-0.64) Moderate

Grade 2 UC 0.50 (0.12-0.87) Substantial

Grade 3 UC 0.75 (0.34-1.00) Substantial

Non-diagnostic 0.84 (0.47-1.00) Almost perfect

      UC: urothelial carcinoma    

Discussion

Although prior research [17] showed a difference in backscattering (e.g. OCT signal amplitude) 
in an OCT image containing both a normal and hyperplastic region, and another image 
containing both a normal and neoplastic region, we could not demonstrate such a difference 
in the attenuation coefficient of bladder cancer tissue, in this human ex vivo study. Xie et al 
assumed in their theoretical model that nuclei were the main source of scattering, and that 
nuclear morphological changes occurring in carcinogenesis (increased nuclear-cytoplasm 
ratio, loss of polarity) could be detected by OCT based on measured backscattering. With a 
controllable bladder tumour model in Fisher rats they showed that the calculated backscattering 
increased less than 20% in hyperplastic lesions, but over 60% for neoplastic lesions, compared 
to normal urothelium. The backscattering change between hyperplastic and dysplastic lesions 
was insufficient to discriminate these stages [17]. Note that changes in cellular morphology do 
not necessarily cause similar changes in mt and backscattering because the former depends on 
the scattering phase function in the backscattering direction which in turn is a strong function 
of particle size. 

Several factors, some inherent to an ex vivo experimental setting, might account for the lack 
of difference in µt between the different pathological types in the current study. First, bladder 
cancer is a morphologically heterogeneous disease and different grades may exist within one 
tumour [18,24]. Though OCT and histopathology both result in cross-sectional images of the 
sample, it is very difficult to obtain a histological section of 4 µm thickness in a sample of 5x5 
mm at the exact same point as where the OCT imaging took place, even if imaged areas would 
have been marked with ink. This discrepancy in region of interest might therefore account for 
difficulties in correlation of the µt with pathological grade. Moreover, histopathological grading 
can be based on just a few altered cells in a specimen, whereas OCT analysis averages morphology 
over a complete OCT image. Second, the relatively low Kappa value of histopathology indicates 
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that grading of (some of) the samples was not straightforward. Despite the fact that we used 
consensus histopathological diagnosis to optimize the reference standard, this subjective nature 
of histopathology might hamper correlation. It must be acknowledged that the OCT-analysis 
also has a subjective element, i.e. the choice of the region of interest. Third, finding the right 
orientation of the biopsy (i.e. to identify the mucosal surface) can be difficult, especially in 
cold cup biopsies, which tend to be rather small (2x2 mm on average). For “warm” biopsies 
(biopsies obtained by resection), cauterization effects helped with the orientation, and the non-
cauterized side was regarded as the mucosal site. Nevertheless, this cauterization may induce 
changes in µt and also account for artefacts in the OCT data. Moreover, the optical properties of 
excised tissue may change from live tissue. Although we took care to image the biopsies as soon 
as possible after resection, our present protocol did not allow faster processing than within 1-3 
hrs after the procedure. To minimize any changes in optical properties, the biopsies were kept in 
isotonic saline solution after resection and during OCT imaging. Furthermore, the samples were 
measured in a relaxed state and not stretched and pinned, which would better mimic the in vivo 
situation in the human bladder. Hermes et al conducted an ex vivo study on qualitative analysis 
of OCT for bladder cancer which enabled detailed tissue characterization, and they did measure 
the specimens under gentle tension by clamping them on cork [11]. Due to the small size of the 
specimens, this was not possible in the current study. In addition, we measured the samples at 
room temperature, and since the optical properties of tissue are temperature-dependent [25], 
this may also have influenced the µt in our study. However, the effect of temperature on µt is 
most prominent in tissue with high-lipid content [26], thus in bladder tissue this effect most 
probable will be minimal. 

Our current protocol did not allow deliberately taking biopsies of normal tissue.  Consequently, 
a paired comparison of µt of normal versus tumour tissue within individual patients (i.e. patients 
as their own control) was not possible. Nevertheless, for 4 patients biopsies were taken that 
were classified as normal/benign and for which a biopsy classified as UC was also available. In 
a post-hoc test, we did compare the median µt of the normal sample with the median µt of 
the tumour sample (5 samples in total for each group, data not shown). In 1 patient only, the 
tumour sample revealed a higher µt (6.70 mm-1) than the normal sample (4.31 mm-1). In the 
other 3 patients the µt of the tumour sample was either equal to or lower than the µt of the 
normal tissue. However, sample size was too small to draw statistically sound conclusions.
In addition, we made a sub-analysis on the 20 biopsies from tumours that were confined to the 
urothelium without invasion in the lamina propria or muscularis propria (pTa tumours). In these 
tumours morphological changes occur solely in the most superficial layer of the bladder (i.e. 
urothelium). We assumed that measuring µt for the complete depth of the sample would be 
inaccurate for these tumours. Therefore, we only determined the µt from the most superficial 
layer identified in the B-scan. Within these 20 samples (3 samples with grade 1, 13 with grade 
2, 4 with grade 3) also no difference in median µt was found for the different grades (data not 
shown).



83optical coherence tomography for grading urothelial carcinoma of the bladder |

Chapter

6

This study did confirm the high interobserver variability of histopathological grading. This was 
especially noticeable for grade 1 tumours, which is also acknowledged in literature [18]. Because 
of this well known interobserver variability, an objective assessment of grade would be desirable 
because of its importance for prognosis and thus management. We could demonstrate that the 
interobserver variability for OCT-analysis was much lower than of pathology. 
Some of the factors that may (at least in part) account for the lack of differences in µt in our 
study, like orientation of the biopsies, cauterization effects and the effect of tissue relaxation 
of the biopsies, are typical for an ex vivo setting. Since these factors may be circumvented in 
an in vivo approach using a cystoscopically guided fiber based catheter to obtain the OCT data, 
further in vivo investigation of our hypothesis is warranted. 
  
Significance of this study – Even though our hypothesis could not be confirmed, this study 
revealed a number of points that are worth stressing. Most importantly, the correlation of in 
vivo measured µt in suspicious lesions with histopathology may be challenging because of the 
heterogeneity of bladder cancer and the (only) “substantial” agreement of the gold standard. 
Moreover, our study shows that the translation of theoretical considerations and controlled 
animal studies [17] to a clinically realistic, heterogeneous patient population is far from 
straightforward. Finally, if an in vivo study (which is about to start in our center) would show 
a positive outcome, we can conclude that our present study mostly reflects limitations due to 
ex vivo circumstances rather than limitations of OCT technology; which could be an important 
factor in future study designs. 

Conclusion

We could not confirm our hypothesis that morphological changes occurring in malignant bladder 
tissue can be assessed in a quantitative way by determining the attenuation coefficient by OCT in 
this ex vivo study. Because this lack of correlation may (at least in part) be due to environmental 
factors typical in an ex vivo setting (orientation of the biopsy, cauterization effects and relaxed 
bladder wall), further in vivo testing is warranted.
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Abstract

Objectives: To determine whether Narrow Band Imaging (NBI) improves detection of non-
muscle invasive bladder cancer (NMIBC) over white light imaging (WLI) cystoscopy. 

Method: We conducted a prospective, within-patient comparison on 103 consecutive 
procedures on 95 patients scheduled for (re-)transurethral resection of a bladder tumour (84) 
or bladder biopsies (19) in the Academic Medical Center, Amsterdam (September 2007-July 
2009) and in the General Faculty Hospital, Prague (January-July 2009). WLI and NBI cystoscopy 
were subsequently performed by different surgeons who independently indicated all tumours 
and suspect areas on a bladder diagram. The lesions identified were resected/biopsied and sent 
for histopathological examination. Number of patients with additional tumours detected by WLI 
and NBI were calculated; mean number of urothelial carcinomas (UCs) per patient, detection 
rates and false-positive rates of both techniques were compared. 

Results: A total of 78 patients had a confirmed UC; there were 226 tumours in total. In 28 
(35.9%) of these patients, a total of 39 additional tumours (17.3%) (26pTa, 6pT1, 1pT2, 6pTis) 
were detected by NBI, whereas 4 additional tumours (1.8%) (1pTa, 1pT1, 2pTis) within 3 patients 
(2.9%) were detected by WLI. The mean (SD, range) number of UCs per patient identified by NBI 
was 2.1 (2.6, 0-15), versus 1.7 (2.3, 0-15) by WLI (p<0.001). The detection rate of NBI was 94.7% 
versus 79.2% for WLI (p<0.001). The false-positive rate of NBI and WLI was 31.6% and 24.5%, 
respectively (p<0.001). 

Conclusions: NBI cystoscopy improves the detection of primary and recurrent NMIBC over WLI. 
However, further validation of the technique with comparative studies is required.
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Introduction

The current diagnostic and therapeutic standard for non-muscle invasive bladder cancer (NMIBC) 
is transurethral resection (TUR) with white light imaging (WLI). However, small papillary tumours 
or carcinoma in situ (CIS) may easily be missed by WLI [1] at the initial TUR, and the residual 
or overlooked tumours may consequently lead to early tumour “recurrences” in up to 45% of 
patients [2]. This high number stresses the need for improved techniques to detect NMIBC in 
order to improve TUR quality. 
Narrow Band Imaging (NBI) cystoscopy is a novel method, which might improve the detection 
of NMIBC. This optical technique filters white light into 2 discrete bands of light in the blue 
(415nm) and green (540 nm) spectrum, which penetrate tissue only superficially and are strongly 
absorbed by haemoglobin. Thereby, small capillaries and submucosal vessels are well visualised 
and appear dark brown or green against a white or pink background. Because bladder tumours 
are well vascularised, the contrast between tumours and normal mucosa is enhanced by NBI. 
The technique has already shown to be beneficial in gastrointestinal disease, especially for 
adenoma detection at colonoscopy [3] and follow-up of Barrett’s oesophagus [4]. For bladder 
cancer, recent single institution studies suggest that NBI cystoscopy improves the detection of 
recurrent NMIBC [5-7]. We aimed to determine, in an international two-center study, whether 
NBI cystoscopy improves the detection of primary and recurrent NMIBC over WLI, and whether 
prior intravesical instillations have an effect on the accuracy of the procedure. 

Materials and Methods

Study population
We performed a prospective, international two-center, within-patient comparison of NBI versus 
WLI cystoscopy. Consecutive patients aged ≥18 years with known or suspected (primary or 
recurrent) bladder cancer who were scheduled for (re-)TUR or bladder biopsies were enrolled 
between September 2007 and July 2009 in the Academic Medical Center Amsterdam, the 
Netherlands and between January 2009 and July 2009 in the General Faculty Hospital Prague, 
Czech Republic. Random bladder biopsies were performed in case of positive (grade 3) urine 
cytology without suspect lesions in the urinary tract or as part of the follow-up after intravesical 
BCG instillations. The study was approved by both institutional medical ethical committees. 

Study procedures
In both institutions the procedures were performed according to the same protocol. All procedures 
were carried out under general or spinal anesthesia. We used a 24 Ch rigid endoscope (OESPro, 
Olympus Medical Systems), connected to an Olympus Evis Exera II xenon light source. Switching 
from WLI to NBI was effectuated by pushing a button on the endoscope or light source. Each 
patient was first evaluated by WLI cystoscopy and subsequently by NBI cystoscopy, which was 
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performed by a different surgeon. The procedures (WLI or NBI) were randomly assigned to the 
surgeons, who were blinded for the findings of their colleague, and independently indicated 
the number and location of tumours or suspect areas on a bladder diagram. NBI was always 
performed after WLI, and all tumours and suspect lesions identified were resected or biopsied 
by one of the two surgeons after both inspections were completed. All specimens obtained 
were collected in separate containers and examined by an institutional pathologist who was 
blinded for the method of detection of each specimen. Stage and grade were defined according 
to the TNM 2002 [8] and WHO 1973 [9] classification, respectively. 

Outcome measures and statistics
Patient characteristics were recorded, including type of intervention (TUR, re-TUR, or bladder 
biopsies), history of bladder cancer, and prior course of intravesical instillations. We recorded 
the number of tumours or suspect areas visualised by WLI and NBI, as well as the corresponding 
histopathological outcome. Specimens classified by the pathologist as normal, reactive, cystitis 
or dysplasia were categorised as benign for statistical analyses. Primary outcomes were the 
number of patients with additional tumours and the mean number of urothelial carcinomas 
(UCs) detected per patient by WLI and NBI. In addition, detection rates (the number of UCs 
detected by one technique divided by the total number of UCs detected) for both techniques 
as well as false-positive rates (the number of lesions with a benign pathology detected by one 
technique divided by the total number of lesions detected by that technique) were compared 
using the Wilcoxon-signed rank test. As secondary outcomes, differences in the accuracy of both 
techniques between patients with or without prior instillations, primary versus recurrent UC, 
and between the two centers were compared by the Mann-Whitney test. Statistical analyses 
were performed using the Statistical Package for Social Sciences, version 16.0 (SPSS, Chicago, 
Ill., USA).  
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Results

A total of 103 procedures were performed on 95 patients. Patient and tumour characteristics 
are listed in Tables 1 and 2, respectively. 

Results on patient level
In total, 78 patients had a confirmed UC. In 3 patients UC (2 with pTaG1 and 1 with pTis) was 
detected by NBI only, versus one patient where UC (pT1G2) was detected by WLI only. In 2 
patients, UC (both pTis) was overlooked by both methods and only detected at random biopsies.
In 28 (35.9%) of the 78 cases with UC, NBI identified additional tumours. In contrast, WLI 
cystoscopy identified additional tumours in only 3 (3.8%) cases. NBI found 1 additional tumour 
in 21 cases (75.0%), 2 additional tumours in 4 cases (14.3%), 3 additional tumours in 2 cases 
(7.1%), and 4 additional tumours in 1 case (3.6%).

   Table 1: Patient characteristics

Number (%) 

Interventions

Patients

103

95
Sex

   Male 

   Female 

70 (73.7)

25 (26.3)
Age, mean ± SD (range) yr 70.6 ± 10.7 (38.1-90.2)
Bladder tumour 

    Primary 

    Recurrent

37 (35.9)

66 (64.1)
Prior instillations 

    Yes 

    No 

38 (36.9)

65 (63.1)

Intervention 

    TUR 

    Re-TUR

    Biopsies

76 (73.8)

8 (7.8)

19 (18.4)
Center

    Academic Medical Center, Amsterdam

    General Faculty Hospital, Prague

57 (55.3)

46 (44.7)

  TUR: transurethral resection; Re-TUR: re-transurethral resection 
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Results on tumour level
From the UCs, 17.3% (n=39) were found only by NBI and 1.8% (n=4) only by WLI cystoscopy. 
The detection rate of NBI was 94.7% versus 79.2% for WLI (z=-4.28, p<0.001). Overall, the false-
positive rate of NBI was 31.6% (n=99), versus 24.5% (n=58) for WLI (z=-4.33, p<0.001). NBI 
rendered a mean (SD, range) of 2.1 (2.6, 0-15) tumours per patient, versus 1.7 (2.3, 0-15) by WLI 
(z=-4.28, p<0.001). The pathologic features of the lesions detected by each method are listed in 
Table 2.

Table 2: Pathological results of lesions identified by WLI and/or NBI and pathological results of random biopsies 
(on a lesion level)

WLI+ NBI+

N (%)

WLI+ NBI-

N (%)

WLI- NBI+

N (%)

WLI-NBI-°

N (%)

Total

N (%)
Lesions identified 235 15 91 48 389
UCs 175 (74.5) 4 (26.7) 39 (42.9) 8 (16.7) 226 (58.1)
Stage    pTa 130 (74.3) 1 (25.0) 26 (66.7) 1 (12.5) 158 (69.9)

      pT1 16 (9.1) 1 (25.0) 6 (15.4) 0 (0.0) 23 (10.2)
      ≥pT2 15 (8.6) 0 (0.0) 1 (2.5) 0 (0.0) 16 (7.1)
      pTis only 6 (3.4) 2 (50.0) 4 (10.3) 7 (87.5) 19 (8.4)
      pTis concomitant 8 (4.6) 0 (0.0) 2 (5.1) 0 (0.0) 10 (4.4)

Grade   Grade 1 50 (28.6) 0 (0.0) 11 (28.2) 1 (12.5) 62 (27.4)
      Grade 2 56 (32.0) 2 (50.0) 9 (23.1) 0 (0.0) 67 (29.7)
      Grade 3 69 (39.4) 2 (50.0) 19 (48.7) 7 (87.5) 97 (42.9)

Benign lesions 54 (23.0) 4 (26.7) 45 (49.5) 40 (83.3) 143 (36.8)
      normal/cystitis/reactive 51 (94.4) 4 (100.0) 36 (80.0) 38 (95.0) 129 (90.2)

             dysplasia 3 (5.6) 0 (0.0) 9 (20.0) 2 (5.0) 14 (9.8)
No diagnosis* 5 (2.1) 7 (46.6) 7 (7.7) 0 (0.0) 19 (4.9)
Small cell carcinoma 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.2)

 
°  Random biopsies taken in the absence of tumours/suspect lesions at WLI and NBI cystoscopy
* No diagnosis: insufficient specimen or no specimen provided because lesion was coagulated
WLI: White Light Imaging; NBI: Narrow Band Imaging; UC: urothelial carcinoma

Carcinoma in situ (CIS)
CIS was found in 11 patients, and there were 29 lesions in total. In 5 patients CIS was the only 
diagnosis, whereas in 6 patients it was concomitant with papillary UC. In one patient (9.1%) 
CIS was detected only by NBI (1 lesion). In 2 patients CIS was missed both by WLI and NBI (3 
lesions). There were no patients where CIS was detected by WLI but missed by NBI. In 3 patients 
NBI detected additional CIS lesions (n=5), but 2 CIS lesions detected by WLI were missed by NBI.
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Secondary outcomes
In total, 38 patients had a course of intravesical instillations before the procedure (27 patients 
had BCG, seven had chemotherapy and four had both), with a median interval of 187 days 
(range 22-3212) between the last instillation and the procedure. Prior instillations did affect the 
accuracy of the procedures (data summarised in Table 3). 
Differences in the accuracy of both techniques between primary versus recurrent UC and 
between the two centers are also summarised in Table 3.

Table 3: Performance of WLI and NBI in patients without or with prior instillations, in primary or recurrent 
tumours and between the two centers

WLI NBI
detection rate false-positive rate detection rate false-positive rate 

Instillations - 84.9 19.0 95.9 23.1

Instillations + 68.8 34.5 92.5 43.5

p-value 0.017 0.071 0.062 0.001

Primary 88.4 20.8 95.7 25.0

Recurrent 75.2 26.3 94.3 34.2

p-value 0.404 0.163 0.588 0.007

AMC 81.3 10.7 92.4 13.6

GFH 75.6 41.5 98.8 49.1

p-value 0.369 <0.001 0.568 <0.001

WLI: White Light Imaging; NBI: Narrow Band Imaging; AMC: Academic Medical Center,
Amsterdam; GFH: General Faculty Hospital, Prague

Comment

This within-patient comparison of NBI versus WLI cystoscopy on patients scheduled for 
(re-)TUR or bladder biopsies clearly demonstrated an improved detection of UC by NBI. In the 
current series, NBI cystoscopy detected additional tumours in 35.9% of patients with UC. In other 
series, these numbers are even higher: 51.7% [5] and 56% [6]. In most patients, NBI detected 1 
or 2 additional tumours, which is consistent with prior results [5,6]. Detection rates significantly 
improved with NBI (94.7%) over WLI (79.2%). Herr et al have demonstrated detection rates of 
100% for NBI versus 87% for WLI in 103 patients found to have recurrent UC [6]. 
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During resection, it facilitated a better identification of the tumour margins, and in 5 patients 
NBI clearly revealed a more extensive tumour field then estimated by WLI. However, we cannot 
draw conclusions on the value of NBI-assisted TUR in accomplishing a more complete resection 
and possibly reducing early recurrence rates. This has yet to be evaluated, preferably in a trial 
randomizing NBI-assisted TUR versus WLI-TUR.    
It is important to critically evaluate the type of additional tumours identified by a new diagnostic 
technique. One can question the value of detecting only low grade, non-invasive UCs (with a 
low risk for progression), as finding and treating those tumours at a later date probably will 
not hamper patient outcome [10]. However, any overlooked tumour will be regarded as a 
“recurrence” later on, which may classify these patients in another risk group necessitating more 
aggressive intravesical adjuvant therapy. Nevertheless, in this series, the tumours additionally 
detected by NBI were mainly grade 3. Because these tumours have a risk for progression of 
17-45% at 5 years according to the EORTC risk tables [11], early detection certainly is of clinical 
relevance. CIS, which is easily overlooked by WLI, is another important category to detect. In 
one patient from our series CIS was detected only by NBI and in 3 patients additional CIS lesions 
were found by NBI. However, the number of patients with CIS in this study is too small to draw 
any conclusion on the value of NBI for detecting CIS.

To be successful, a new diagnostic technique should have an improved sensitivity compared 
to existing techniques, though not at the costs of a lower specificity. High false-positive rates 
can be a concern, as these will lead to a substantial amount of unnecessary resected bladder 
tissue. The series of Herr et al demonstrated comparable false-positive rates for NBI (36%) and 
WLI (33%) [6]. In contrast, the false-positive rate of NBI in our series (31.6%) was higher than 
of WLI (24.5%), nevertheless still acceptable. Our number of false-positives may be somewhat 
overestimated, since we classified dysplasia as a benign lesion, when it may be regarded as a 
precursor of UC [12]. Remarkably, NBI identified 12 out of 14 dysplastic lesions, whereas WLI 
detected only 3. 

Another factor that may have an influence on the accuracy of the procedure is prior intravesical 
instillations. Reactive mucosal changes can be present after intravesical immuno- or chemotherapy 
and these might be erroneously interpreted as suspect lesions. For photodynamic diagnosis 
(PDD), it has been shown that the specificity significantly decreases after recent instillations 
[13]. In our series, a significant higher false-positive rate for NBI was observed in the group of 
patients who had a prior course of instillations. For WLI a similar trend was observed, although 
not statistically significant. Prior instillations also had a negative effect on the detection rate: for 
NBI only slightly, but for WLI significantly. This may be explained by the erythematous changes 
of the mucosa due to instillations, whereby small papillary tumours may be easily missed with 
WLI, but with the enhanced contrast of NBI they may be visualised. However, groups were too 
small to further evaluate the effect of the interval between last instillation and procedure (in 18 
patients the interval was less than 6 months and in 20 patients it was more). Detection rates of 
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both WLI and NBI were comparable in primary and recurrent tumours, but false-positive rates 
were significantly higher in recurrences for NBI and not for WLI. A possible explanation may be 
that many patients with a recurrence had prior instillations, which negatively affects the false-
detection rate of NBI, as shown above. In contrast, Herr et al showed that the false-positive rates 
in patients with recurrent tumours were comparable for WLI and NBI [6].
Overall, the false-positive rate of NBI is somewhat higher than that of WLI, even higher for 
recurrences and after a course of intravesical instillations. However, this seems justified by the 
significantly improved detection rate with NBI.  

This study was the first to evaluate the value of NBI for detection of NMIBC in a multi-institutional 
setting. The detection rate did not differ significantly between the 2 institutions, but the false-
positive rate did. Because patient characteristics in both centers were comparable, and biopsy 
of suspect lesions was performed based on the judgement of the surgeon, this may indicate 
that the investigators in one institution have been more aggressive in taking biopsies of mucosal 
abnormalities, which led to a higher false-positive rate of NBI at that center, and overall. 

When evaluating a new diagnostic technique, another important issue, besides performance, 
is costs. For NBI, a system with an integrated white light source and NBI filter (commercially 
available) and compatible rigid and/or flexible chip-on-the-tip endoscopes have to be purchased 
once. PDD is another effective optical technique that improves detection of NMIBC. The main 
advantage of NBI over PDD, financial as well as practical, is that no intravesical instillations are 
needed prior to the procedure. A comparison between NBI and PDD in terms of detection rate, 
false-positive rate, recurrence rate and costs would be interesting, preferably in the setting of a 
randomized trial.

A few limitations of this study merit consideration. Different surgeons subsequently performed 
the WLI and NBI cystoscopy, thus the accuracy of NBI or WLI might actually be a reflection of the 
detection capabilities of the surgeon. However, more than 10 different surgeons participated 
and they performed WLI as well as NBI. Although our study design does not reflect clinical 
practice (WLI probably would be followed by NBI as an “add-on” procedure), it does avoid the 
bias encountered in the other NBI studies published to date [5-7]. In these studies one surgeon 
performed both interventions by which all lesions detected with WLI are automatically detected 
with NBI, as is also acknowledged by Herr et al [6]. Furthermore, the number of patients in this 
series is still low, prohibiting a definitive conclusion on the value of NBI for detecting CIS. In 
addition, the current study does not provide data on the influence of the improved detection of 
NBI on the three month recurrence rates. 

 



95Narrow Band Imaging cystoscopy improves the detection of non-muscle invasive bladder cancer |

Chapter

7

Conclusions

This preliminary study has demonstrated that NBI cystoscopy significantly improves detection 
of primary and recurrent NMIBC over WLI, particularly for Ta and G3 lesions. The false-positive 
rate of NBI is somewhat higher compared with WLI, even higher for recurrent tumours and after 
intravesical instillations, but still seems acceptable. Whether NBI-assisted TUR also results in 
decreased early “recurrence” rates and longer disease-free interval still has to be evaluated in 
future trials.
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Abstract

Purpose: To investigate whether narrow band imaging (NBI)-assisted transurethral resection 
(TUR) (NBI-TUR) has an impact on non-muscle invasive bladder cancer (NMIBC) residual tumour 
rate compared to white light (WL)-assisted TUR (WL-TUR).

Methods: Patients with NMIBC treated with either NBI- or WL-TUR were compared in a 
frequency-matched index-control setting. During NBI-TUR, all suspicious lesions identified by 
either WL or NBI were resected. Index patients (NBI-TUR, n=40) were prospectively recruited 
and control patients (WL-TUR, n=120) were retrospectively collected, while being blinded for 
their first follow-up (fFU)-status. Non-radical TUR cases, patients without evidence of urothelial 
carcinoma in the pathology specimen and those with isolated carcinoma in situ or muscle invasive 
disease were excluded. Matching was based on the risk of tumour recurrence defined by a) the 
EORTC risk score for recurrence and b) the administration or not of one single chemotherapeutic 
intravesical instillation immediately after TUR. All patients underwent routine follow-up with 
WL cystoscopy supplemented with cytology at three months or re-TUR in selected cases. The 
residual tumour rates at fFU (RR-fFU) of patients with NMIBC submitted to either NBI- or WL-
TUR were compared.

Results: Baseline patient and tumour characteristics were comparable between groups. The RR-
fFU for WL- and NBI-TUR was 30.5% (36 out of 118 patients) and 15.0% (6 out of 40 patients), 
respectively (OR: 2.7, one-sided 95% CI: 1.2-6.1; p=0.03). 

Conclusion: NBI-TUR decreases residual tumour rate significantly when compared to a matched 
cohort of WL-TUR. 
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Introduction

One of the major challenges in the management of non-muscle invasive bladder cancer (NMIBC) 
is to reduce the high frequency of early recurrences, detected in up to 45% of the patients 
at first follow-up (fFU) cystoscopy, three months following transurethral resection (TUR)  [1]. 
These recurrences may be “true” recurrences due to aggressive tumour biology or implantation 
of floating cancer cells. However, it is believed that most of these early “recurrences” in 
fact are overlooked or residual tumours, which stresses the importance of TUR quality  [1]. 
Although a re-TUR contributes to a more complete resection  [2-5], it is an additional invasive 
procedure, increasing the overall patient burden and healthcare costs. Therefore, instead 
of repeating the standard procedure, improving the technique itself represents a challenge. 

Narrow-band imaging (NBI) system (Olympus, Tokyo, Japan) is a diagnostic modality recently 
added to the urologist’s armamentarium. It is an optical tool, independent of fluorescent agents, 
aiming at improving the visualisation of NMIBC by filtering WL into two narrow bandwidths of 
415 nm and 540 nm, that correspond to blue and green light, respectively. Due to the fact 
that these wavelengths are specifically absorbed by haemoglobin, the contrast between 
normal urothelium and vascular structures is enhanced. We have previously reported that NBI 
cystoscopy improves the detection of NMIBC compared to standard WL cystoscopy  [6]. The 
aim of this study is to investigate whether this improved detection rate during NBI-assisted TUR 
(NBI-TUR) translates into a decrease in NMIBC residual tumour rate compared to WL-TUR. 

Materials and methods

Study design
The residual tumour rate at fFU (RR-fFU) of patients with NMIBC submitted to either NBI- or WL-
TUR in our center was compared in a frequency matched index-control setting. Index patients 
submitted to NBI-TUR were prospectively recruited. Control patients submitted to WL-TUR were 
retrospectively collected, while being blinded for their fFU status. Matching was based on the 
risk of tumour recurrence defined by a) the European Organization for Research and Treatment 
of Cancer (EORTC) risk score for recurrence  [7] stratifying patients into three distinct groups 
(low-, intermediate- and high risk) as proposed by the European Association of Urology (EAU) 
working group  [8] and b) the administration or not of one single chemotherapeutic intravesical 
instillation immediately after TUR. By combining these two criteria six different matching 
subgroups were generated. 
All patients underwent routine follow-up with flexible WL cystoscopy supplemented by bladder-
wash out cytology at three months or re-TUR in selected cases. The indication for immediate 
and/or adjuvant instillations was based on risk group criteria and not imposed by the study 
protocol. Histopathological staging and grading was based on the TNM 2002  [9] and the WHO  
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1973 guidelines  [10]. The prospective part of this study (NBI-TUR group) was approved by the 
local medical ethics committee.

Patient selection and procedures
From September 2007-January 2010, consecutive patients with a suspicion of primary or 
recurrent bladder cancer based on cystoscopy or cytology findings were prospectively enrolled 
and submitted to NBI-TUR. The procedure has been previously described by Cauberg et al [6]. 
In brief, under anaesthesia, all patients underwent WL cystoscopy followed by NBI cystoscopy. 
All tumours or suspicious areas were mapped and subsequently resected or biopsied under 
guidance of both techniques. Non-radical TUR cases based on the surgeon’s intra-operative 
impression, patients without evidence of urothelial carcinoma in the pathology specimen, as 
well as those with isolated carcinoma in situ or muscle invasive disease were excluded from the 
study. 
To generate the WL control cohort, data of all patients submitted to WL-TUR or biopsies for 
bladder cancer in our center from January 2000-September 2007 were retrospectively evaluated. 
Eligible patients were filtered out using the aforementioned exclusion criteria and were scored 
based on the matching criteria defined above. Finally, a random subset of patients was included: 
for each matching group triple the number of NBI patients in that group, using nQuery Advisor 
7.0. 
All TURs performed in our center (WL and NBI cohort) are standardised: for all tumours a deep 
biopsy is taken and sent to the pathologist in a separate container. Random cold cup biopsies are 
only taken in case of positive (high grade) urine cytology and negative cystoscopy. The quality 
of the video systems used for both cohorts was comparable: NBI-TUR was performed with 
30 degrees optics connected to an Olympus Evis Exera II xenon light source and WL-TUR was 
performed with Hopkins II 30 degrees optics connected to a Karl Storz Xenon 300 light source. 
Details of the selection process are presented in Figure 1.
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Figure 1. Flow chart of patient selectionFigure 1  Flow chart of patient selection 
 

 
 
 

 
 

 
 
 

Consecutive patients ≥18 years 
scheduled for TUR or bladder 
biopsies  
(Jan 2000 – Sep 2007) 

     N = 440 

Exclusion 
 - Muscle-invasive tumour N = 77 
 - Non radical TUR  N = 21 
- Isolated CIS  N = 18 
- No UC   N = 77 

Included patients 
N = 187 

Consecutive patients ≥18 years 
scheduled for NBI-assisted TUR or 
bladder biopsies  
(Sep 2007 – Jan 2010) 
N = 73 

Included patients 
N = 40 

Exclusion 
 - Muscle-invasive tumour N = 14 
 - Non radical TUR  N = 6 
- Isolated CIS    N = 8 
- No UC   N = 5 
 

Evaluated patients (random subset) 
N = 120 

Eligible patients 
N = 380 

 

Exclusion 
 - PDD-assisted TUR N = 16 
 - evaluated for NBI group N = 41 
- participating in EOquin    N = 3 
     marker lesion study    
  

Eligible patients 
N = 73 
 

Evaluated patients  
N = 40 

Analysis set 
   N = 118 

Analysis set 
N = 40 

Exclusion 
- fFU data missing     N = 2 
     

TUR-transurethral resection; NBI-Narrow band imaging; PDD -Photodynamic diagnosis; 
CIS=Carcinoma in situ; UC=Urothelial carcinoma; fFU-first follow-up 
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Sample size analysis
Based on prior studies on residual tumour rate at re-TUR following photodynamic diagnosis 
(PDD)-assisted TUR  [11]  we considered an absolute difference of 20% in RR-fFU between NBI-
TUR and WL-TUR as clinically relevant. Taking into account that non-radical TURs were to be 
excluded from the current study, we estimated a RR-fFU of 30% for the WL-TUR and a RR-fFU of 
10% for the NBI-TUR cohort. Using a one-sided continuity corrected two sample Chi-square test 
and setting the probability of type I error (α) at 0.05 and type II error (β) at 0.20 (desired power 
80%), the sample sizes of the index and the control groups with a ratio 1:3 were calculated to 
be 40 and 120 for NBI and WL, respectively (total sample size n=160). We chose for a 1:3 ratio 
in order to increase the power of the study. We opted for a one-sided test, instead of the more 
common two-sided approach, because NBI is intended to be used as an add-on to WL, rather 
than a replacement. In this study, NBI-TUR indeed consisted of resection under guidance of both 
WL and NBI and therefore this procedure can only result in either equal or improved residual 
tumour rates, i.e. the alternative hypothesis has only one direction  [12]. Sample size calculation 
was performed with the use of nQuery Advisor 7.0.

Outcome measures and analysis
For each patient the results of the fFU were recorded. If this consisted of cystoscopy plus 
cytology three months after the TUR, written reports and recorded still images of suspicious 
lesions were available. If a second TUR was performed to confirm pathological stage after the 
initial TUR and before the fFU cystoscopy at three months, the results of this procedure were 
used as fFU data. Since virtually all tumours identified at re-TUR and most tumours identified at 
3 month cystoscopy in fact are residual/overlooked tumours rather than true recurrences, we 
present the findings of fFU as residual tumours.
Since frequency-matching design does not require a matched data analysis  [13], baseline 
categorical variables as well as the main variable of interest (residual tumour at fFU in the two 
cohorts) and baseline continuous variables were analyzed using Chi-square test, Fisher exact test 
and independent samples t-test, respectively. Complementary, unconditional logistic regression 
analysis was performed to test the effect of intervention type (WL- or NBI-TUR) on the residual 
tumour rate at fFU, after adjusting for the matching variable to avoid odds ratio (OR) and its one-
sided 95% confidence interval (CI) being biased by the procedure of frequency matching  [13].
Statistical analysis was performed using the Statistical Package for Social Sciences, version 16.0 
(SPSS, Chicago, Ill., USA) and p<0.05 was considered statistically significant.
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Results

All baseline characteristics were comparable between groups (Table 1).

Table 1 Baseline characteristics 

NBI WL P-value

Number of patients 40 120 -

Sex (%)
   Male 
   Female

30 (75.0)
10 (25.0)

86 (71.7)
34 (28.3)

0.68*

Age, mean (SD) yrs 67.9 (13.2) 67.8 (9.6) 0.94^

Number of tumours (%)
   Unifocal
   Multifocal

19 (47.5)
21 (52.5)

66 (55.0)
54 (45.0)

0.41*

Prior recurrence rate (%)     
   Primary
   Recurrence

28 (70.0)
12 (30.0)

70 (58.3) 
50 (41.7)

0.19*

Stage (%)
   Ta
   T1

28 (70.0)
12 (30.0)

91 (75.8)
29 (24.2)

0.46*

Grade (%)
   1
   2
   3

3 (7.5)
15 (37.5)
22 (55.0)

11 (9.2)
60 (50.0)
49 (40.8)

0.29*

Concomitant CIS (%) 4 (10.0) 9 (7.5) 0.62*

EORTC risk group (%)
   Low
   Intermediate
   High

2 (5.0)
33 (82.5)
5 (12.5)

6 (5.0)
99 (82.5)
15 (12.5)

1.00*

Immediate instillation (%) 17 (42.5) 51 (42.5) 1.00*

Adjuvant instillations (%)
   None
   Chemotherapy
      MMC
      MMC+hyperthermia
      EOquin      
      KLH
      Epirubicin
   Immunotherapy (BCG)

23 (57.5)
6 (15.0)
2 (5.0)
4 (10.0)
0 (0.0)
0 (0.0)
0 (0.0)
11 (27.5)

69 (57.5)
22 (18.3)
11 (9.2)
2 (1.7)
3 (2.5)
5 (4.2)
1 (0.8)
29 (24.2)

0.85*

NBI = Narrow band imaging; WL = white light; CIS = Carcinoma in situ; MMC = Mitomycin C; BCG = Bacillus 
Calmette-Guérin; KLH = keyhole limpet haemocyanin 

^ independent t-test  *Chi-square
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For the WL cohort, the fFU data were obtained by cystoscopy and cytology in 97 patients 
(80.8%), by re-TUR in 17 (15.9%) and in two (1.7%) patients a cystectomy was performed within 
three months after the TUR because of recurrent T1G3 disease. fFU data were missing from two 
patients (1.7%): one patient died within three months after the TUR due to non-urological cause 
and the other patient declined follow-up based on her age (84 yr). For the NBI cohort, cystoscopy 
plus cytology was performed in 27 patients (67.5%) and re-TUR in 13 patients (32.5%). 
Residual tumour was detected in 36 out of 118 patients (30.5%) treated by WL-TUR and 
6 out of 40 patients (15.0%) treated by NBI-TUR, thus an absolute difference in RR-fFU of 
15.5% in favour of NBI-TUR (p=0.04). The above result was verified in a logistic regression 
model including matching variable as a covariate, showing that the probability of recurrence 
at fFU is significantly higher in patients previously submitted to WL-TUR (OR 2.7, 1-sided 
95% CI 1.2-6.1, p=0.03). Pathology results of the recurrences are displayed in Table 2. 

Table 2 Pathology results of residual tumours

NBI WL P-value

Patients with residual tumour (%) 6 (15.0) 36 (30.5) 0.04*

Stage (%)
   Ta
   T1
   T2
   Tis only
   Unknown
      Laser treatment
      No pathology obtained because of comorbidity
      Biopsy of insufficient quality for staging

3 (50.0)
2 (33.3)
1 (16.7)
0 (0.0)
0 (0.0)
-
-
-

19 (52.8)
5 (13.9)
1 (2.8)
4 (11.1)
7 (19.4)
4
2
1

-

Grade (%)
   1
   2
   3
   Unknown
      Laser treatment
      No pathology obtained because of comorbidity
      Biopsy of insufficient quality for grading

1 (16.7)
0 (0.0)
4 (66.7)
1 (16.7)
-
-
1

2 (5.6)
13 (36.1)
15 (41.7)
6 (16.7)
4
2
-

-

Residual tumour upstaged/upgraded if compared to initial 
tumour(s) 2 (33.3) 6 (16.7) -

NBI = Narrow band imaging; WL = white light
* Fisher-exact test
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Discussion

This is the first report on the impact of NBI-TUR on residual tumour rate. It has been previously 
shown that NBI cystoscopy significantly improves NMIBC detection since additional tumours 
missed during WL cystoscopy were seen using NBI technology, in 22-56% of the patients  [6,14-
17]. Consequently, it is expected that NBI improves TUR quality by contributing to resection 
completeness, thereby reducing the residual tumour rate. In the current study we provide 
evidence to support this concept, showing that the residual tumour rate after NBI-TUR is 
significantly lower compared to standard WL-TUR (15% vs. 30.5%, respectively). Based on the 
logistic regression analysis, we can state that the odds for detecting a tumour up to 3 months 
after WL-TUR is 2.7 times higher than after NBI-TUR.

Potential limitations of our study are related to its design, namely the retrospective collection 
of the control group. First, it may be speculated that retrospectively collected data including 
baseline characteristics or information on TUR radicality was more difficult to retrieve. 
Nevertheless, there were no missing data on baseline characteristics, which underlines the 
documentation quality. In only two patients (1.7%) data on fFU was lacking, due to non-specific 
circumstances. For all other WL-cohort patients, results of fFU cystoscopy were well documented 
with an electronic report supplemented by bladder diagram, recorded still images of abnormal 
looking urothelium and bladder-wash out cytology. In cases with re-TUR, the surgical as well 
as the final pathological report were available electronically for all patients. Second, the WL-
TUR cohort was treated in an earlier era than the NBI-patients, which may have influenced 
the outcome. However, the treatment strategy has not been altered over these years: the first 
EAU guidelines on bladder cancer already advocated a complete TUR, supplemented by the 
administration of one single chemotherapeutic intravesical instillation immediately after TUR, 
and adjuvant instillations in the intermediate- and high risk group  [18]. This is illustrated by the 
similar number of patients with adjuvant courses of intravesical therapy. In addition, the type 
of adjuvant therapy was not significantly different for the two intervention groups (Table 1). 
Third, despite the fact that re-TUR is the best proof of absence of residual tumour, a re-TUR was 
not incorporated as a standard procedure in the study protocol due to the partly retrospective 
design of the study. Thus, most fFU data were based on outpatient flexible cystoscopy findings. 
Nevertheless, almost 33% of patients in the NBI group and 16% in the WL group had a re-TUR as 
part of routine management. It has to be noted that in all these patients, re-TUR was performed 
to ensure correct staging rather than due to doubt on radicality of the first TUR (which was an 
exclusion criterion). The difference in re-TUR ratios between the two groups may be explained 
by the relatively higher number of pT1 and/or grade 3 tumours in the NBI group (though not 
statistically significant), necessitating confirmation of non-muscle invasive disease. 

To compare the effect of two interventions, it is crucial that groups are identical on potential 
confounders. In this study, we generated two comparable intervention groups by frequency 
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matching based on the EORTC risk criteria and the single intravesical chemotherapy instillation 
status immediately after TUR. These two factors are considered the most important determinants 
of future bladder cancer recurrence  [19,20]. 

Attempting to decrease the well known high number of early recurrences in NMIBC is of utmost 
importance because these recurrences necessitate meticulous follow-up with cystoscopy plus 
cytology and adjuvant courses of intravesical therapy in selected cases, all of which result in high 
patients’ burden and increased costs. In fact, it has been estimated that bladder cancer is one 
of the most expensive cancers of today’s medical practice, mainly due to the lifelong need for 
follow-up and repeated treatments  [21]. Many studies have already proven that PDD is effective 
in reducing the early recurrence rate   [22-25]. However, there are some drawbacks of PDD that 
have restricted a widespread use. Since NBI does not require an intravesical fluorescent it has 
advantages over PDD, provided that the system proves to be equally effective. Theoretically, 
the expenditures probably will be lower, there is no risk of side-effects and the technique is 
immediately applicable without necessitating a special patient preparation.

Of course additional randomized and/or multicenter trials are warranted to confirm these 
first promising results. However, despite the lower level of evidence that the current study 
provides, it is important to have this evidence before investing time and money in constructing 
a randomised controlled trial. Partly triggered by the results of this trial, the clinical research 
office of the endourological society is currently doing a multicenter, international, randomised 
trial on the effect of NBI-assisted TUR on recurrence rates  [26]. In addition, future studies have 
to investigate whether this improved outcome at three months will sustain at longer follow-up. 
Another interesting objective for future research could be to
compare the effect of standard WL-TUR followed by adjuvant intravesical therapy with NBI-TUR 
without this adjuvant therapy. If the NBI-TUR can influence recurrence rate to such an
extent that these intravesical therapies become redundant, this would have a major impact on 
healthcare, both for the patients (increased quality of life) as well as the economics (less
healthcare costs).
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Conclusions
 
This is the first study demonstrating that NBI-TUR for NMIBC decreases residual tumour rate 
significantly when compared to a matched cohort of WL-TUR. 
Residual tumour rate was 30.5% in patients treated by WL-TUR and 15.0% in patients treated by 
NBI-TUR, thus a statistically significant absolute difference of 15.5% in favour of NBI-TUR. 
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Discussion and future perspectives

This thesis has mainly focussed on new strategies for optimisation of diagnosis and ultimately 
improvement of therapy of urothelial carcinoma (UC). However, we must realise that these 
studies are just a small fraction of all research that is directed towards bladder and upper 
tract urothelial cancer. Although we were able to demonstrate the value of haematuria clinics 
and optical techniques in the diagnosis (and treatment) of UC, some questions remain to be 
answered: 
1. What other techniques are being investigated for better UC diagnosis?
2. How can we further reduce the high early recurrence rate in non-muscle invasive bladder 

cancer (NMIBC)?
3. Is there a future for application of optical diagnostics in the upper urinary tract (UUT)?

Optimising diagnosis of urothelial carcinoma

Haematuria clinics
Over the last decade more and more specially developed haematuria clinics have been 
established in Europe, with the UK acting as a pioneer. These clinics are designed to reduce 
delay in the diagnostic process with their primary objective being the detection of (bladder) 
cancer. For patients, haematuria is a disturbing symptom which may frighten them of having 
cancer, and therefore it is desirable to exclude or confirm that diagnosis as soon as possible. In 
addition, the outcome of patients with cancer may be improved if the disease is detected at an 
earlier stage. Most clinics combine initial history taking with physical examination, imaging of 
the upper tract (either by ultrasound, intravenous urography or CT urography) and cystoscopy 
with or without cytology in one visit [1-4]. Because of the substantial workload of evaluating 
patients presenting with haematuria (up to 20% of the referrals to a urology department [5]), 
cost-effectiveness is particularly important. Therefore, we need to critically analyse the value of 
each of the diagnostic tests directed towards these patients. Recent studies have shown that 
there is a limited role for cytology in the initial evaluation of patients presenting with haematuria 
[3,6]. This can be explained by to the low prevalence of primary CIS (e.g. not concomitant with 
papillary UC) in this population in addition to the low sensitivity for low-grade bladder tumours 
(that likely will be detected at cystoscopy). In Chapter 3 we have demonstrated that for cases with 
microscopic haematuria ultrasound is sufficient to study the upper tract, but that CT urography 
is warranted in cases with gross haematuria. Because CT urography and ultrasound both lack 
sensitivity for detection of bladder tumours [7-9], cystoscopy cannot be omitted in the primary 
evaluation. In future, the use of Narrow Band Imaging (NBI)-assisted cystoscopy in haematuria 
clinics should be considered because it may increase the detection rate of bladder tumours 
in this population. Since NBI cystoscopy does not require special patient preparation such as 
fluorescent instillations and because it can be performed with flexible and rigid cystoscopes, this 
is a technique that can easily be incorporated in haematuria clinics. In addition, further research 
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needs to focus on the imaging protocol of CT-urography, e.g how many phases are necessary 
for reliable urinary tract evaluation? This will certainly be a challenging task due to the low 
prevalence of UUT UC in haematuria patients. 

Molecular markers
As outlined in Chapter 1, the current gold standard of bladder cancer diagnosis relies on 
two investigations: cystoscopy and cytology. The former aims at visualising bladder tumours 
or suspicious lesions whereas the latter aims to detect the malignant cells shed in the urine. 
Because it has been shown that frequent follow-up cystoscopies are experienced as bothersome 
by many patients [10,11], it is desirable to have a reliable urine-based test that has the potential 
to replace follow-up cystoscopy. However, when interrogating patients that are at least 1 
year in follow-up for bladder cancer, almost 90% of them will prefer flexible cystoscopy if the 
sensitivity of a urinary test is lower than 90% [12]. It is well established that urinary cytology 
cannot replace cystoscopy because of its low sensitivity for low-grade tumours and its high 
inter- and intraobserver variability. Therefore, a considerable part of research in the field of 
bladder cancer has focussed on finding a potentially more reliable urine-based test: molecular 
markers. The popularity of studying molecular markers is demonstrated by a PubMed search 
for (“Urinary Bladder Neoplasms”[Mesh] AND “Tumor Markers, Biological”[Mesh]) AND “urine 
“[Subheading]) which revealed 574 hits, with 1/3 of al these hits being published in the last 
5 years. However, only a few of these tests became available for clinical practice. Molecular 
tests are based on detection of tumour-associated molecules, altered gene expression or 
chromosomal alterations. They are not only designed to replace cystoscopy in the follow-up, 
but also to be used for screening of bladder cancer or to serve as prognosticators. Nevertheless, 
for screening haematuria home testing is the starting point until now [13,14], as in the ongoing 
bladder cancer screening programmes [15]. Several markers exist to date, among which BTA stat, 
BTA-TRAK, NMP-22, BLCA-4, BLCA-1, Quanticyt, Survivin, FGFR3 and UroVysion test (FISH). Some 
are point-of-care tests whereas other markers require a well-equipped molecular diagnostic 
lab to perform the analysis. Most of these markers have a significantly higher sensitivity than 
cytology, and some can detect tumours before they are visible at cystoscopy. However, specificity 
still is lower than of cytology [16]. Another problem encountered with these markers is that 
although some of these perform overall better than cytology, they miss the high grade cancers 
sometimes. At the moment, no single urine test can replace cystoscopy for diagnosis and in the 
field of prognosis more research is needed. Maybe the diagnostic accuracy can be improved by 
combining two or more of these markers. However, this may exceed cost-effectiveness because 
most urinary molecular diagnostics are fairly expensive. 

Optical diagnostics: new players in the field 
In Chapter 5 we have reviewed 4 optical diagnostics that aim at improving visualisation of 
bladder tumours (Photodynamic diagnosis (PDD), NBI) or at providing a real-time prediction 
on pathological diagnosis, also referred to as “optical biopsy” (Ramans Spectroscopy (RS), 
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Optical Coherence Tomography (OCT)). Although most research has focussed on these 4, other 
optical techniques recently have entered the field. One of these techniques is endocytoscopy. 
This technique aims to enable real-time microscopic imaging of mucosa in vivo. The working 
mechanism is simple: it is based solely on high-level magnification using optical lenses in 
combination with topical application of a contrast agent (in general methylene blue). The 
technique can be integrated within an endoscopy system or probe-based and advanced through 
the working sheet of a regular endoscope. Depending on the device used, the magnification 
capability is x450 or x1125, the imaging depth 50 µm or 5 µm and the field of view 300x300 µm 
or 120x120 µm [17]. Thus, endocytoscopy is limited to the most superficial mucosal layer. Only 
one study on the value of this technique for bladder cancer diagnosis has been published so far 
with a very restricted number of patients included (N=5) [18]. These patients were scheduled for 
transurethral resection of a bladder tumour. Prior to resection, the bladder was filled with air; 
methylene blue was sprayed on the tumour via a ureter catheter inserted in the working channel 
of the cystoscopy and subsequently the endocytoscopy probe was inserted through that channel 
and placed in contact with the lesion of interest. This technique provided high resolution images 
of living bladder cancer cells that were easily distinguished from normal urothelium, according 
to the authors [18]. The histological grade was diagnosed correct in 4 out of 5 tumours. The 
two most obvious limitations of this technique are the difficulties of acquiring optimal staining 
in addition to the only superficial imaging depth, which prohibits tumour staging. The probably 
limited value of this technique for bladder cancer diagnosis is underlined by the fact that no 
papers have been published since the above referred first report in 2006. 
Another new and more promising optical technique on the horizon is confocal laser 
endomicroscopy. It enables obtaining high-resolution en-face images with depth selectivity by 
using fluorescent dyes as contrast agents. In a confocal laser microscope, a laser beam is focused 
by an objective lens into a small focal volume within or on the surface of a specimen. Scattered 
and reflected laser light from the illuminated spot is then re-collected by the objective lens. A 
beam splitter reflects some portion of the light into the detection apparatus. After passing a 
pinhole, the light intensity is detected by a photo detection device, transforming the light into 
an electrical signal that is recorded by a computer. The detector aperture obstructs the light that 
is not originating from the focal point, which results in sharper images and permits obtaining 
images of planes at various depths within the sample [19]. This technique produces en-face 
images parallel to the tissue surface up to 60-240 µm in depth, with lateral resolution down to 
0.7-1 µm and a field of view of 240-475 µm in diameter, depending on the system used [19,20]. 
With the recent development of flexible optical probes that can be passed through the working 
channel of a cystoscope, endoscopic application of this technique became possible. Two ex 
vivo studies and one in vivo study (all on human bladder tissue) have been published to date, 
including 4, 18 and 27 patients, respectively [19-21]. For endoscopic use, the contrast agents can 
be delivered via two routes: intravenously or intravesically. The in vivo study demonstrated that 
intravesical instillation of the contrast agent (fluorescein sodium) via a transurethral catheter 
was feasible and safe, when left indwelling for 5 minutes. However, after approximately 15 
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minutes the contrast disappeared, probably due to bladder irrigation. In that same study, other 
patients received the contrast agent intravenously. The problem encountered with intravenous 
administration was excretion of the contrast into the bladder after 10 minutes, which interfered 
with cystoscopic visualization [21]. The 3 studies showed that the images obtained with 
confocal endomicroscopy are of sufficient resolution to distinguish cell size and differences in 
architecture between normal mucosa and low and high grade UC. Although refinement of the 
administration of contrast agents is needed, these preliminary results seem promising. However, 
the major drawback of this technique is the limited imaging depth, which may prohibit accurate 
staging if the lamina propria cannot be visualised. For comparison, OCT provides cross-sectional 
images with lower resolutions (around 10 µm) but a greater imaging depth (3000-4000 µm). 
Nevertheless, for grading and diagnosis of CIS and Ta tumours imaging depth may be sufficient. 
Objective criteria for identification of normal urothelium and UC need to be developed before 
future studies can focus on the diagnostic accuracy of the technique. Due to the limited field 
of view, this technique probably needs to be reserved for characterisation of lesions of interest 
that are identified by white light cystoscopy or other techniques such as NBI or PDD. 
In addition to these new optical diagnostics, the value of combining two existing optical 
techniques has been investigated. A group from the Netherlands has assessed whether the 
relatively high false-positive rate of PDD could be reduced by immediate measurement of the 
fluorescent positive lesions with RS. The authors performed RS ex vivo on 92 bladder biopsies 
without 5-ALA and 38 biopsies with 5-ALA. They showed that the presence of 5-ALA in the 
biopsies negatively affected Raman spectra. However, significant differences were still observed 
in the Raman spectra of benign and malignant samples with 5-ALA, thus indicating the potential 
of Raman spectroscopy for discriminating bladder cancer in the presence of 5-ALA [22]. Some 
groups have investigated the combination of PDD with OCT, for the same purpose as the 
abovementioned. Their preliminary results show that this combination effectively increased the 
specificity of PDD, albeit in rat bladders [23,24]. Recently, the first human in vivo study was 
published. The authors investigated the added value of OCT on PDD by assessing changes in 
diagnostic accuracy. On a per-lesion basis, sensitivity and specificity changed from 69.3% and 
83.7% for WL, to 97.5% and 78.6% for PDD, and 97.5% and 97.9% for PDD combined with OCT 
[25]. Although further research is warranted, this combination of optical diagnostics may solve 
the frequently encountered problem of high false-positivity in PDD (and maybe also NBI). 
A new application of an optical diagnostic tool discussed in Chapter 5 was recently published: 
Raman molecular imaging on urine specimens [26]. This combines the molecular chemical 
analysis of Raman spectroscopy with microscopic visualisation. The authors analysed urine 
samples from 340 patients (with and without UC of the bladder) and obtained Raman spectra 
from on average 5 cells on a slide. Cancer cells showed a distinct peak that was not present 
in the spectrum of normal cells, and the height of this peak even correlated with grade.  The 
overall sensitivity and specificity of the validation set (166 cases) was 92% and 91%, respectively. 
Interestingly, sensitivity for low grade cancers was 81%, significantly higher than sensitivity 
obtained with urinary cytology. Although these first results need to be verified by further 
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investigations, this fusion of optical diagnostics in a urine based test may be a promising tool for 
future UC diagnosis.
 
Reducing recurrence rate in NMIBC: strategies to tackle this challenge

The optical techniques discussed in part II of this thesis seem promising tools to improve not only 
diagnosis of bladder cancer, but also treatment. Both PDD and NBI can enhance the visualisation 
of bladder tumours and thereby contribute to accomplish a more complete resection. The 
specially developed endoscopes that are required for PDD are currently available from 3 major 
providers (Karl Storz, Richard Wolf and Olympus) and for NBI until now only from Olympus. 
Because PDD requires an instillation with a fluorescent agent before the technique can be 
performed, it is expected that NBI will be less expensive, on the condition that both techniques 
are equally effective. For that same reason it seems more user friendly, because NBI can be 
applied at any time without the need for special patient preparation. However, clear conclusions 
cannot be drawn because no comparative studies have been initiated yet. Techniques such as 
OCT, RS and possibly also confocal endomicroscopy can aid in providing an “optical biopsy” 
which, among other things, may be useful for analysis of resection margins. For PDD many trials 
already have shown its benefit, but more long-term results are awaited. The encouraging results 
for NBI, OCT and RS, albeit still preliminary, definitely warrant further investigation. 

Standard TUR: technique and indications for re-TUR
Although optical techniques can be helpful in reducing early recurrence rate, one must not 
forget the importance of standard TUR technique. From the combined analysis of seven phase 3 
EORTC-GU trials conducted by Brausi and colleagues we have learned that the quality of the TUR 
is an independent prognostic factor for recurrence in NMIBC [27]. Therefore, it is imperative 
to set clinical standards for TUR and to train residents in performing a dedicated TUR [28]. The 
development of video cystoscopy has had a major influence on training TUR. Because both 
teacher and trainee had access to the endoscopic view simultaneously, direct feed-back became 
possible. As minimal standard for a high quality TUR the following recommendations should be 
taken into account. A good planning of the TUR should be performed and all tumours identified 
by initial cystoscopy should be recorded on a bladder diagram. During TUR optimal visibility 
using high-quality equipment with 30 and 70 degrees lenses is necessary, the bladder should not 
be over distended and good haemostasis is essential. Small tumours can be resected en bloc and 
larger tumours (>1cm) should be resected in fractions, e.g. the exophytic part of the tumour, the 
underlying bladder wall with detrusor muscle and the margins of the resected area, all send to 
the pathologist in separate containers [29]. This will facilitate the pathologist to define tumour 
stage and will remind the urologist to sample muscle tissue. Extremely important, the urologist 
has to aim for complete removal of all visible tumours. 
It also has been advocated to repeat the TUR within 2 to 6 weeks after initial TUR in selected 
cases. Obviously, this re-TUR must be performed if the initial resection was incomplete, hence 
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if there was tumour left behind. Single centre studies have demonstrated that in 28.5-78% 
of patients residual tumour was found in the re-TUR specimen [30-35]. This wide range can 
probably be explained by differences in quality of the initial resection as well as by patient 
selection: inclusion of T1 tumours only, exclusion of patients without muscle in the specimen of 
1st TUR etc. A second important reason to advise re-TUR is if muscle was absent in the pathology 
specimen or in case of high grade disease. This is based on the observation that in 7.5-30% of 
patients who underwent a re-TUR the initial pathology result was upstaged [30-35], and based 
on this, treatment strategy was changed in 7.5-17.6% of all patients who had a re-TUR [30-
32,34]. 
In fact, these re-TUR data clearly demonstrate how poor we are performing in our initial TUR. 
In what other cancer treatment is it advised in the guidelines to do a standard re-resection or 
second-look? Therefore, we should focus more on optimising our technique to perform a good 
quality initial TUR. This could be accomplished by the help of these new optical imaging tools 
discussed above. We need to do a better resection, so that a re-TUR may become obsolete. In 
addition, if recurrence rates can be reduced adjuvant instillations may become redundant. This 
again would be beneficial for the patients (due to a better quality of life) and the economics (due 
to reduced healthcare costs).

Developments in adjuvant intravesical therapy
When striving for fewer recurrences it seems most logical to focus on improving and optimising 
the initial treatment. Nevertheless, until that goal has been reached finding better adjuvant 
treatment strategies can also be helpful. In the field of adjuvant intravesical therapy effort has 
been taking place in two directions: a search for new chemotherapeutic agents and for new 
devices that can improve performance of the existing agents [36]. 
Two drugs used in the systemic treatment of muscle-invasive bladder cancer, have recently 
been investigated for the intravesical application in NMIBC: gemcitabine and docetaxel. Both 
drugs were well tolerated [37,38] and preliminary efficacy studies showed promising response 
rates [39-43]. Clearly, further studies are needed to evaluate the safety and efficacy of these 
agents. Apaziquone (EOquin), a derivative of MMC, is another new agent under investigation 
for its potential in the treatment of NMIBC. It requires activation by cellular reductase enzymes, 
which are found in higher concentration in tumour tissue compared to normal tissue, suggesting 
selective therapy. Intravesical use is shown to be safe, with side effects comparable to the other 
chemotherapeutic agents [44]Department of Urology (659. The first marker lesion study has 
shown a promising ablative response rate of 67% [45] which sustained at 24 months follow-up 
with a recurrence free survival of 49.5% for those patients with a initial complete response and 
of 39% overall [46]. 
The combination of bladder wall hyperthermia and intravesical chemotherapy is a relatively 
new treatment modality, also known as thermochemotherapy (Synergo® system, medical 
enterprises Ltd, Amsterdam, the Netherlands). In theory, it offers several anticancer advantages 
over chemotherapy alone: drug uptake is improved by increased cellular permeability, drug 
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reaction with DNA is increased and DNA repair is inhibited [47]. The hyperthermia of 42 +/-2 °C 
is established by a microwave applicator inserted in the bladder through a specially developed 
intravesical catheter that also enables temperature measurements and chemotherapy instillation. 
This modality has been investigated both as ablative therapy and prophylactic treatment. 
Although local side effects appear to be worse compared with intravesical chemotherapy alone, 
the preliminary clinical results seem promising [47-50]. 
Electromotive drug administration is another technique in development aiming at increasing 
the drug diffusion across the bladder wall by using intravesical chemotherapy in combination 
with an external electrical source to temporarily breach the urothelial barrier of the bladder 
[36]. Only few clinical studies on the value of this device for the treatment of NMIBC have been 
published to date. Most remarkable results were obtained with a randomised clinical trial on 
212 patients. This study demonstrated that intravesical administration of sequential BCG and 
electromotive mitomycin in patients with high risk NMIBC improved disease-free interval, 
recurrence and progression rate with 48 months, 16.0% and 12.6%, respectively, compared to 
BCG alone. Side-effects of this treatment were comparable to BCG alone [51].
Although these new agents and techniques show hopeful preliminary results, more evidence is 
needed especially on long-term results before these can be implemented in the management of 
NMIBC. In general, it would be very interesting to assess the effect on recurrence rates of adjuvant 
intravesical instillations compared to complete resection. Therefore, a randomised study on 
patients with NMIBC should be conducted comparing two treatment arms: standard TUR with 
adjuvant intravesical instillations versus standardised TUR assisted by optical diagnostics (e.g. 
PDD or NBI). Probably the early recurrence rates will be equal (if not lower for the latter arm), 
but the results on longer term cannot be speculated. 

Optical diagnostics: is there a future for application in the 
upper urinary tract (UUT)?

From our analysis of the PALGA registration we have learned that there is a trend towards 
increased surgical treatment of UUT urothelial carcinoma (UC) (Chapter 4). Especially endoscopic 
surgery, either percutaneous or ureteroscopic, is being performed more often. Formerly, this 
technique was reserved for patients with renal function impairment or significant comorbidity, 
but nowadays it is also suited for patients meeting the following tumour characteristics: small, 
low grade and non-invasive tumours [52]. To select patients for endoscopic therapy, preoperative 
assessment of the abovementioned parameters is necessary. Whereas the size of the tumour 
usually can be deferred from the current imaging modalities (CT or MR-urography, retrograde 
pyelography) or direct endoscopic inspection, stage and grade cannot. Since we know that 
biopsies from the UUT obtained via ureteroscopy often are too small or of poor quality for 
correct staging [53], and selective UUT urine cytology is of limited diagnostic value [54], current 
pre-operative diagnosis relies on establishment of the grade of a UUT tumour based on a biopsy. 
Although it seems that grade and stage of UUT tumours are closely related [55,56], a non-
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invasive method to obtain reliable information on stage and grade is highly desirable. From the 
optical techniques discussed in Chapter 5 both Optical Coherence Tomography (OCT) and Raman 
Spectroscopy (RS) may be of use for this in the future. For RS no reports on application of this 
technique in the UUT have been published so far. For OCT in only two papers the feasibility of 
ex vivo OCT application in a porcine ureter is described [57,58]. Because of the limited freedom 
of movement in the ureter and renal pelvis, it seems that a rotating optical probe (beaming light 
like a light house) is best used instead of a forward looking probe.     
Endoscopic therapy can consist of laser ablation or endoscopic resection or fulguration [52,59].  
Contemporary series reported recurrence rates after endoscopic treatment for UUT tumour(s) 
between 33 and 100%, with a median of 55% [52]. Like for bladder cancer, adjuvant therapy with 
topical chemo- or immunotherapeutic agents such as Mitomycin C or BCG can be administered to 
the UUT in an attempt to decrease recurrence rates. These agents can be instilled via antegrade 
or retrograde fashion, i.e. through a nephrostomy tube via gravity or through a ureteral 
cathether, respectively [60]. No large prospective series are available, but in small retrospective 
cohort studies or case series with heterogeneous patient characteristics the efficacy of these 
agents in the UUT has not been proven [61]. Because of the absence of evidence for adjuvant 
instillations, radically removing all visible lesions is the only approach to accomplish a tumour-
free status and thus of utmost importance. Likewise as for bladder tumours, Photodynamic 
diagnosis (PDD) or Narrow Band Imaging (NBI) could be helpful to improve the visualisation of 
the tumours to accomplish a more complete resection/fulguration. For successful application of 
PDD in the UUT several hurdles need to be overcome. First, realizing adequate contact time of 
the fluorescent agent with the UUT is challenging. In theory, hexaminolevulinate would be more 
appropriate than 5-ALA, because the latter requires a longer instillation time. Alternatively, the 
fluorescent agent can be administered orally, which has been done in two case series of 4 patients 
each and appeared to be feasible and safe [62,63]. In general, much higher concentrations in 
the urothelium can be achieved with topical administration of the agent (i.e. instillation via 
nephrostomy tube or ureteral catheter) than with oral administration [64]. Another theoretical 
problem to be encountered in the use of PDD in the UUT is false-positivity due to the inevitable 
tangential illumination of the mucosa [65]. Therefore, PDD does not seem the ideal technique to 
improve visualisation of tumours in the UUT. Conversely, NBI is neither dependent on instillation 
of fluorescent agents, nor is hampered by tangential illumination. The first preliminary report 
on NBI in the UUT has recently been presented at an international urologic congress, and this 
approach seems feasible and promising [66]. In this study 27 patients underwent diagnostic 
flexible URS with both standard white light and NBI. From these, 13 patients appeared to have 
UUT-UC and in 5 out of those (38.4%) additional diagnostic information was obtained by NBI. 
Five out of 35 overall diagnosed tumours were exclusively detected by NBI (14.2%) and in 
another 3 tumours, the tumour field appeared more extensive in NBI mode. Obviously, much 
more evidence is needed before this technique can be adapted in daily clinical practice or in 
the guidelines. The low incidence of UUT-UC prohibits the setup of large randomised studies 
towards this subject, but smaller prospective preferably multicenter trials may also provide a 
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sufficient level of evidence.
Because UC has a high tendency to recur, both in the lower and upper tract, meticulous follow-
up of those patients who underwent conservative endoscopic surgery is warranted. Often 
cross-sectional imaging, retrograde ureteropyelography and direct inspection of the UUT via 
ureterorenoscopy are performed alternating. Also for this indication improved visualisation of 
recurrences in the UUT is highly desirable and thus NBI-assisted diagnostic ureterorenoscopy 
may be valuable. 

In conclusion, although many studies are ongoing in the field of research on optimising diagnosis 
of UC, cystoscopy and cytology remain the gold standard for bladder cancer detection so far. 
In the future, optical diagnostics such as RS, OCT, confocal endomicroscopy, and NBI may find 
their way into the clinic. Until RS and OCT systems that report their results in an objective (thus 
user friendly) way become available, these techniques probably will only be used in reference 
centres. However, NBI is a straightforward technique that may be applied also in non-reference 
urological units. Maybe a combination of optical diagnostics will be used in the future: RS or 
OCT could be used to evaluate positive lesions detected with NBI or PDD and thereby improve 
specificity of these techniques. Haematuria clinics have been founded but further research is 
needed to define an evidence based investigation protocol. The battle to reduce early recurrences 
continues and optical techniques (including PDD) seem very promising weapons to accomplish 
complete resection alongside new developments in intravesical treatment that can be of value. 
However, we must definitely not forget the importance of performing a state-of-the-art TUR. In 
upper tract UC a rising trend in endoscopic treatment was noted and thus a need for improved 
pre-operative diagnostics. Mainly NBI, OCT and RS seem promising tools for this. 
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Summary

The incidence, etiology, clinical aspects and therapeutic options of urothelial carcinoma (UC) 
of the upper urinary tract (UUT) and non-muscle invasive UC of the bladder are discussed in 
Chapter 1. The incidence of UC of the UUT is quite low, although some studies suggested that 
the incidence has increased over the last decades. UC of the bladder is diagnosed frequently, 
making it the fourth most common cancer in men and twelfth most common cancer in women 
worldwide. It is one of the most expensive cancers in terms of lifetime costs per patient, 
mainly due to the life long need for follow-up and high recurrence rates in non-muscle invasive 
disease requiring multiple treatments. Many risk factors for the development of UC have been 
described: cigarette smoking, occupational exposure to aromatic amines or polycyclic aromatic 
hydrocarbons, antecedent pelvic radiotherapy or cyclophosphamide treatment, and Balkan 
endemic nephropathy and phenacitin abuse as factors specific for the UUT. 
The most common presenting symptom of UC is haematuria. Therefore, a thorough examination 
of all patients presenting with haematuria (either macroscopic or microscopic) is warranted 
with a focus on both the UUT and the bladder. It is yet unclear which of the various imaging 
modalities to study the UUT (CT- or MR-urography, IVU, ultrasound) should be used in the 
evaluation of haematuria patients. Although recent publications demonstrated that CT-
urography outperforms IVU in terms of diagnostic accuracy for detection of UUT tumours, the 
drawbacks of this modality are increased radiation dose and costs. Ultrasound does not have 
these limitations and is widely available but at the price of a lower diagnostic accuracy. 
For treatment of UUT-UC, nephroureterectomy has always been the standard, but the last 
decades conservative surgical treatment is also accepted more and more, albeit only in selected 
cases such as small, low-grade, low-stage tumours. However, clear data on these shifts in 
treatment is lacking.
To establish the diagnosis of bladder cancer, cystoscopy in combination with cytology plays a 
key role. The direct visualization of the bladder mucosa enables detection of bladder tumours 
and assessment of their size, location, aspect and number. However, the major limitation of 
cystoscopy is the fact that some tumours (especially CIS) may be overlooked and that there 
is a lack of real-time information on pathologic diagnosis. Cytology can provide additional 
information on possible malignant urothelial cells. For high grade cancers cytology is very 
sensitive, but for low grade (grade 1 and 2) tumours, sensitivity is limited. Another problem 
encountered with cytology is the high intra- and interobserver variability. 
Of all bladder cancer patients, 70-80% present with a non-muscle invasive tumour. For those 
patients transurethral resection is the treatment of choice. TUR serves two goals: to obtain 
tissue for histopathological diagnosis and to completely remove all visible tumours. The 
suboptimal visualization encountered in diagnostic cystoscopy also creates a problem during 
TUR: tumours sometimes are overlooked or not completely resected. This explains, at least 
partly, the high early recurrence rates that are encountered after TUR. To decrease the risk of 
tumour recurrence an immediate single intravesical instillation of chemotherapy after TUR can 
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be administered. Depending on the risk group as defined by the EORTC risk tables for recurrence 
and progression, further adjuvant treatment with intravesical chemotherapy or immunotherapy 
can be recommended. Nevertheless, despite modernization of the equipment for TUR and 
intravesical treatments, the high recurrence rates of NMIBC remain a challenge for the urologist. 

The first part of this thesis focuses on detection and trends in incidence and treatment of UUT-
UC. In Chapter 3 we defined in which patients presenting with microscopic or macroscopic 
haematuria CT-urography (CTU) is indicated as imaging mode for the upper urinary tract 
(UUT). Therefore, we evaluated all consecutive patients attending a modern protocol-driven 
haematuria clinic for the first time between Jan 2006 and Feb 2010. The clinic was designed 
according to a specific testing algorithm with standard tests directed to all patients (history 
taking, physical examination, urinalysis via dipstick method, ultrasound of kidneys and bladder 
performed by urology, cystoscopy and cytology) and with the mode of additional UUT imaging 
(ultrasound by radiologist or 4-phase CTU) selected based on a risk factor based management 
algorithm. In total 841 patients were included. Lesions that could account for the haematuria 
could not be identified in 462 (54.9%) patients, whereas in 250 (29.7%) and 124 (14.7%) patients 
haematuria was due to benign and malignant disease, respectively. CTU and MR-urography 
were performed as additional imaging mode of the UUT in 515 and 10 patients, respectively. 
In multivariate analysis only result of ultrasound and type of haematuria were significant 
predictors for relevant UT findings on cross-sectional urography. In 44 out of 456 (9.6%) patients 
with no abnormalities on ultrasound CTU/MRU revealed that these were false negatives, with 
the majority of lesions missed being stones. In 253 of 309 (81.9%) patients with macroscopic 
haematuria no lesions were detected in the UT on CTU/MRU, in contrast to 199 of 216 patients 
(92.1%) with microscopic haematuria. Based on these results, we suggested that for patients 
presenting with microscopic haematuria ultrasound may be sufficient to exclude significant 
UUT disease. For patients presenting with macroscopic haematuria the likelihood of finding 
significant UUT disease is higher and a CTU as a first-line test seems justified. The question 
that remains is what CTU protocol should be used for the haematuria population. In our study 
we employed a 4-phase protocol, but fewer series might be sufficient while radiation dose is 
diminished. Unfortunately to date, comparative studies addressing this question are lacking. 

To evaluate changes in incidence, distribution of stage and grade as well as surgical treatment 
of UUT tumours in the Netherlands we analysed data from the PALGA-registry, a nationwide 
network and registry of pathology encompassing all hospitals in the Netherlands (Chapter 
4). The number of surgically treated UUT tumours per year, type of treatment and tumour 
characteristics were recorded from the period 1995-2005. Within the total population of 3466 
patients, distribution according to side was approximately equal, bilateral tumours were rare 
(0.6%) and most tumours were in the renal pelvis (51.3%), comparable to the literature. We 
found that both the incidence and the incidence rate per 100.000 person-years of surgically 
treated UUT tumours increased significantly during the study period. Most UCs were grade 2 
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or 3 and stage Ta, T1 or T3. There was a statistically significant increase in grade 3 and muscle 
invasive tumours in men only. Nephroureterectomy was performed in 41.3% of the cases and 
there was a significant rising trend towards endoscopic surgery, although the absolute number 
was low. 

In the second part of this manuscript we focused on UC of the bladder, in particular on new 
optical diagnostics. In Chapter 5 we reviewed the literature on 4 optical techniques: Raman 
Spectroscopy (RS), Optical Coherence Tomography (OCT), Photodynamic diagnosis (PDD) and 
Narrow Band Imaging (NBI). The first two techniques aim to provide a real-time objective 
prediction on pathological diagnosis, whereas the latter two strive to improve visualization of 
bladder tumours. RS enables analysis of the Raman spectrum, which is a function of the molecular 
composition of the tissue investigated. Molecular components of tissue can be measured 
objectively both in a qualitative and quantitative way. Several ex vivo studies have shown good 
diagnostic accuracy for classification between malignant and normal tissue and inflammation. 
However, the first studies demonstrating human in vivo applicability are still awaited. OCT is a 
non-invasive optical technique that can provide cross-sectional images containing subsurface 
tissue information. It is the optical equivalent of B-mode ultrasound imaging, except that it is 
based on depth-resolved detection of backscattered light instead of reflected sound waves. This 
results in images with a high resolution of up to 2 µm (approaching the resolution of microscopy) 
and a maximum imaging depth of 2-3 mm. Because OCT does not require a medium or direct 
contact with the tissue under investigation, it is well suitable for endoscopic application by 
inserting a flexible OCT probe through the working channel of a cystoscope. The first in vivo 
studies demonstrated a promising diagnostic accuracy. Based on the limited field of view of 
both RS and OCT, these techniques are not suitable for scanning the entire bladder. PDD or 
fluorescence cystoscopy is a technique based on cystoscopic detection of fluorescent signals 
from neoplastic tissue. This fluorescence is accomplished by the intravesical administration 
of photosensitizing agents (5-aminolevulinic acid (5-ALA) or its derivative hexaminolevulinate 
(HAL)) that cause selective accumulation of photoactive porphyrins in rapidly proliferating cells 
(e.g. tumour cells). The solution containing the photosensitizing agents is instilled in the bladder 
via a transurethral catheter prior to surgery. By illuminating the mucosa with blue-violet light, 
the neoplastic cells appear red or pink against a blue background. Several studies have shown 
that PDD increases the detection rate of bladder tumours and improves resection resulting in 
fewer early recurrences. The relatively low specificity of PDD remains a problem. False-positive 
fluorescence can be induced by inflammation, recent TUR or intravesical therapy or tangential 
illumination of the bladder mucosa. More multi-institutional studies are needed to confirm the 
additive value of photodynamic diagnosis on the long-term and to further evaluate its cost-
effectiveness. NBI is a straightforward optical technique designed for endoscopy to enhance 
the contrast of mucosal surface and microvascular structures. The working mechanism is based 
on the filtering of white light into two narrow bandwidths of light that are centered around 
415nm (blue light) and 540nm (green light), which penetrate tissue only superficially and are 
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specifically absorbed by haemoglobin. Because bladder tumours tend to be well vascularised, 
NBI will increase the contrast between these lesions and normal bladder mucosa. The technique 
has clear advantages over PDD (no intravesical agent is needed before application and can be 
used with both flexible and rigid cystoscopes). The studies published to date, showed promising 
preliminary results. PDD and NBI do not provide information on histopathological diagnosis.
Because most research on OCT as a diagnostic tool for bladder cancer has focussed on qualitative 
image analysis, which remains subjective, we examined the value of qualitative OCT analysis 
(Chapter 6). Human bladder tissue specimens (TUR chips or biopsies) obtained at TUR were 
examined ex vivo by 850 nm OCT. At a later stage, three observers independently determined the 
attenuation coefficient (µt), which is a function of light attenuation versus depth, from the OCT-
images. Likewise, 3 pathologists independently reviewed the corresponding histology slides. 
For both methods a consensus diagnosis was made. We included 76 OCT scans from 54 bladder 
samples obtained in 20 procedures on 18 patients. The median (interquartile range) µt of benign 
tissue was 5.75 mm-1 (4.77-6.14) versus 5.52 mm-1 (3.47-5.90), 4.85 mm-1 (4.25-6.50) and 5.62 
mm-1 (5.01-6.29) for grade 1, 2 and 3 UC, respectively (p=0.732). Interobserver agreement of 
histopathology was “substantial” (Kappa 0.62, 95%CI 0.54-0.70) compared to “almost perfect” 
(ICC 0.87, 95%CI 0.80-0.92) for OCT. So we could not find a difference in attenuation coefficient 
between normal urothelial tissue and UC, let alone between the different grades of UC. Even 
though our hypothesis could not be confirmed, this study revealed a number of points that 
are worth stressing. Most importantly, it showed that the correlation of ex vivo measured µt 
in suspicious lesions with histopathology may be challenging because of the heterogeneity of 
bladder cancer and the (only) “substantial” agreement of the gold standard. In addition, future 
in vivo research may clarify whether the absence of correlation was due to factors typical for an 
ex vivo experimental setting. 
The value of NBI cystoscopy to detect bladder tumours was assessed in Chapter 7. In this study we 
compared the detection rate of standard white light cystoscopy with NBI cystoscopy. Therefore, 
we conducted a prospective, within-patient comparison on 103 consecutive procedures on 95 
patients scheduled for (re-)transurethral resection of a bladder tumour or bladder biopsies in the 
Academic Medical Center, Amsterdam and in the General Faculty Hospital, Prague. White light 
and NBI cystoscopy were subsequently performed by different surgeons who independently 
indicated all tumours and suspect areas on a bladder diagram. The lesions identified were 
resected/biopsied and sent for histopathological examination. In almost 36% of patients with 
a confirmed UC, NBI cystoscopy detected additional tumours (17.3% of the total number of 
tumours overall detected). NBI outperformed white light cystoscopy significantly with a 
detection rate of 94.7% versus 79.2%, respectively. However, the false-positive rate of NBI was 
also significantly higher than of WLI (31.6% versus 24.5%, respectively). No clear conclusions 
could be drawn on the value of NBI for detection of CIS, due to low numbers of CIS lesions in the 
study population.
This study thus confirmed the promising results from few prior published series on this 
technique. The main difference between the current study and these series is mainly reflected 
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in its methodology: because standard cystoscopy and NBI cystoscopy were performed by 2 
independent surgeons, the results of this study reflect purely the effect of the technique. In 
the other studies NBI was performed directly after standard cystoscopy by the same surgeon, 
thus introducing observer bias: lesions detected on standard cystoscopy were automatically 
detected with NBI.
Ideally, the improved detection of bladder tumours with NBI should also lead to a reduction in 
early recurrences (or residual tumour) encountered after TUR if TUR is performed under NBI 
assistance. We assessed this in a comparative trial (Chapter 8) on patients with NMIBC treated 
with NBI- versus standard white light-TUR. During NBI-TUR, all suspicious lesions identified by 
either white light or NBI were resected. The 40 NBI-TUR patients were prospectively recruited 
and the 120 control patients were retrospectively collected, while being blinded for their first 
follow-up status. Non-radical TUR cases, patients without evidence of urothelial carcinoma in 
the pathology specimen and those with isolated carcinoma in situ or muscle invasive disease 
were excluded. Matching was based on the 2 most important risk factors for tumour recurrence 
defined by a) the European Organization for Research and Treatment of Cancer risk score 
for recurrence and b) the administration or not of one single chemotherapeutic intravesical 
instillation immediately after TUR. All patients underwent routine follow-up with standard 
white light cystoscopy supplemented with cytology at three months or re-TUR in selected cases. 
The residual tumour rates at first follow-up of patients with NMIBC submitted to either NBI- 
or standard white light-TUR were compared. Baseline patient and tumour characteristics were 
comparable between groups. The residual tumour rate at first follow-up differed statistically 
significantly: 30.5% for white light TUR and 15.0% for NBI-TUR. Thus in this study, NBI-TUR 
decreased residual tumour rate by half when compared to a matched cohort of WL-TUR. 
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Samenvatting

De incidentie, etiologie, klinische aspecten en therapeutische opties bij urotheel carcinoom (UC) 
van de hoge urinewegen en niet-spierinvasief UC van de blaas zijn besproken in Hoofdstuk 1. De 
incidentie van UC van de hoge urinewegen is relatief laag, hoewel enkele studies suggereren dat 
de incidentie gestegen is in de laatste decennia. UC van de blaas wordt frequent gediagnosticeerd, 
wat maakt dat het de 4e meest voorkomende kankersoort is bij mannen en de 12e meest 
voorkomende kankersoort bij vrouwen wereldwijd. Het is een van de meest dure kankersoorten 
wat betreft kosten per patiënt, met name door de noodzaak van levenslange controles en de 
vele recidieven bij niet-spierinvasieve ziekte die herhaalde behandelingen behoeven. 
Het meest voorkomende symptoom van UC is hematurie. Daarom is een grondige analyse van 
de blaas en hoge urinewegen van alle patiënten die zich presenteren met hematurie (zowel 
macroscopisch als microscopisch) geïndiceerd. Op dit moment is het nog onduidelijk welke van 
de diverse beeldvormende modaliteiten voor de hoge urinewegen (CT- of MR-urografie, IVU, 
echo) ingezet dienen te worden in de evaluatie van patiënten met hematurie. Hoewel recente 
publicaties lieten zien dat CT-urografie een betere diagnostische accuratesse heeft dan IVU voor 
de detectie van tumoren in de hoge urinewegen, heeft deze methode ook enkele nadelen (hoge 
stralingsdosis en kosten). Echo heeft deze beperkingen niet en is overal beschikbaar, echter 
tegen de prijs van een lagere diagnostische accuratesse.
Voor de behandeling van UC van de hoge urinewegen is nefroureterectomie altijd de gouden 
standaard geweest, maar de laatste decennia wordt conservatieve chirurgische behandeling 
steeds meer geaccepteerd, zij het in geselecteerde casus zoals kleine, laaggradige, laag-stadium 
tumoren. Desalniettemin, eenduidige data over deze verschuiving in behandeling ontbreken.
Om de diagnose blaaskanker te stellen speelt de combinatie van cystoscopie met cytologie een 
sleutelrol. De directe visualisatie van de blaasmucosa maakt detectie van blaastumoren mogelijk 
alsmede een evaluatie van hun grootte, locatie, aspect en aantal. De belangrijkste beperking van 
cystoscopie is het feit dat sommige tumoren (met name carcinoma in situ (CIS)) gemist kunnen 
worden en dat er geen real-time informatie over pathologische diagnose beschikbaar is. Cytologie 
kan aanvullende informatie leveren over mogelijk maligne urotheelcellen. De sensitiviteit van 
cytologie is zeer hoog voor hooggradige tumoren, maar voor laaggradige tumoren (graad 1 en 
2) is de sensitiviteit beperkt. Bovendien kampt cytologie met een hoge intra- en interobserver 
variabiliteit.
Van alle blaaskankerpatiënten presenteert 70-80% zich met een niet-spierinvasieve tumor. 
Voor deze patiënten is transurethrale resectie (TUR) de behandeling van keus. TUR heeft 
twee doeleinden: het verkrijgen van weefsel voor histopathologische diagnostiek en het 
compleet verwijderen van alle zichtbare tumoren. De suboptimale visualisatie die we kennen 
van diagnostische cystoscopie heeft ook gevolgen voor TUR: tumoren worden soms over 
het hoofd gezien of niet compleet gereseceerd. Dit verklaart, ten minste voor een deel, het 
hoge aantal vroeg recidieven dat gevonden wordt na TUR. Om het risico op tumor recidief te 
verminderen kan een eenmalige intravesicale instillatie met chemotherapie toegediend worden 
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na de TUR. Afhankelijk van de risicogroep zoals gedefinieerd door de EORTC risico tabellen voor 
recidiefkans en progressiekans, kan aanvullende behandeling met intravesicale chemotherapie 
of immunotherapie geadviseerd worden. Desalniettemin, de hoge recidiefpercentages van het 
niet-spierinvasief blaascarcinoom blijven een uitdaging voor de uroloog ondanks modernisatie 
van de instrumenten voor TUR en intravesicale behandelingen.

Het eerste deel van dit proefschrift richt zich op detectie en trends in incidentie en behandeling 
van UC van de hoge urinewegen. In Hoofdstuk 3 hebben we gedefinieerd voor welke patiënten 
die zich presenteren met microscopische of macroscopische hematurie een CT-urografie (CTU) 
geïndiceerd is als beeldvorming van de hoge urinewegen. Daartoe hebben we alle opeenvolgende 
patiënten geëvalueerd die voor het eerst tussen januari 2006 en februari 2010 een moderne 
geprotocolleerde hematuriepoli bezochten. De poli was als volgt gestructureerd: alle patiënten 
ondergingen standaard onderzoek (anamnese, lichamelijk onderzoek, urine analyse via dipstick, 
echografie van de nieren en blaas door de uroloog en cystoscopie en cytologie) en de methode 
van aanvullende beeldvorming van de hoge urinewegen (echografie door de radioloog of 4-fasen 
CTU) werd geselecteerd op basis van een beslisboom die gebaseerd was op risicofactoren. In 
totaal werden 841 patiënten geïncludeerd. Bij 462 patiënten (54.9%) werden er geen afwijkingen 
gevonden die de hematurie konden verklaren, terwijl bij respectievelijk 250 (29.7%) en 124 
(14.7%) patiënten de hematurie veroorzaakt werd door een benigne en maligne aandoening. 
CTU (of MR-urografie (MRU)) werden vervaardigd als additionele beeldvorming voor de hoge 
urinewegen bij respectievelijk 515 en 10 patiënten. In multivariate  analyse waren alleen de 
echografie en het type hematurie (microscopisch of macroscopisch) onafhankelijke voorspellers 
voor relevante bevindingen bij CTU/MRU. Bij 44 van de 456 (9.6%) patiënten zonder afwijkingen 
bij echo bleek uit de CTU/MRU dat dit fout negatieven waren. De meerderheid van deze 
gemiste laesies waren echter stenen. In 253 van 309 (81.9%) patiënten met macroscopische 
hematurie werden geen afwijkingen gevonden in de hoge urinewegen met CTU/MRU, in 
tegenstelling tot 199 van de 216 (92.1%) patiënten met microscopische hematurie. Gebaseerd 
op deze resultaten suggereerden wij dat bij patiënten met microscopische hematurie een echo 
voldoende kan zijn om pathologie in de hoge urinewegen uit te sluiten. Voor patiënten met 
macroscopische hematurie is de kans op het vinden van significante pathologie hoger en is 
een CTU gerechtvaardigd als eerstelijnstest. De vraag die blijft bestaan is welk CTU protocol 
gebruikt moet worden voor hematurie patiënten. In onze studie gebruikten we een 4-fasen 
protocol, maar minder series zouden voldoende kunnen zijn met het bijkomend voordeel van 
een gereduceerde stralenbelasting. Helaas zijn er tot op heden geen vergelijkende studies 
gepubliceerd die zich op deze vraag richten. 
Om veranderingen in incidentie, distributie van stadium en graad en chirurgische behandeling van 
tumoren in de hoge urinewegen in Nederland te evalueren hebben we gegevens van de PALGA 
registratie geanalyseerd. PALGA staat voor Pathologisch-Anatomisch Landelijk Geautomatiseerd 
Archief, een nationaal netwerk en registratie van pathologie dat alle ziekenhuizen van Nederland 
omvat (Hoofdstuk 4). Het aantal geopereerde hoge urinewegtumoren per jaar, type behandeling 
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en tumor karakteristieken werd genoteerd voor de periode 1995-2005. In de totale populatie 
van 3466 patiënten was de links-rechts verdeling ongeveer gelijk, waren bilaterale tumoren 
zeldzaam (0.6%) en waren de meeste tumoren gelokaliseerd in het pyelum (51.3%), vergelijkbaar 
met de gegevens uit de literatuur. We vonden dat zowel de incidentie als de incidentie per 
100.000 personenjaren van geopereerde hoge urinewegtumoren significant gestegen was in de 
onderzoeksperiode. De meeste tumoren waren graad 2 of 3 en stadium Ta, T1 of T3. Er was een 
statistisch significante stijgende trend richting endoscopische chirurgie, alhoewel het absolute 
getal laag was.

In het tweede deel van dit proefschrift hebben we ons gericht op UC van de blaas, in het 
bijzonder op nieuwe optische diagnostiek. In Hoofdstuk 5 hebben we de literatuur over 4 
optische technieken samengevat: Raman Spectroscopy (RS), Optical Coherence Tomography 
(OCT), Photodynamic diagnosis (PDD) en Narrow Band Imaging (NBI). De eerste twee 
technieken pogen een real-time objectieve voorspelling te doen van de pathologische diagnose, 
terwijl de laatste twee zich richten op het verbeteren van de visualisatie van blaastumoren. 
RS is in staat een analyse te doen van het Raman spectrum, een functie van de moleculaire 
compositie van het weefsel dat onderzocht wordt.  De verschillende moleculaire componenten 
kunnen objectief gemeten worden, zowel kwalitatief als kwantitatief. Diverse ex vivo studies 
hebben een goede diagnostische accuratesse laten zien voor de classificatie tussen maligne 
en normaal en inflammatoir urotheel. Echter, het wachten is nog steeds op de eerste studies 
die de applicatie van deze techniek in vivo demonstreren. OCT is een niet-invasieve optische 
techniek die dwarsdoorsnede platen kan genereren met informatie van de weefsellagen liggend 
onder de oppervlakte. Het is de optische equivalent van B-mode echografie, met het verschil 
dat OCT gebaseerd is op teruggekaatste lichtgolven in plaats van geluidsgolven. Dit resulteert in 
platen met een hoge resolutie tot wel 2 µm (wat de resolutie van microscopie benadert) en een 
maximale dieptemeting van 2-3 mm. Omdat OCT geen medium nodig heeft en contact met het 
weefsel niet noodzakelijk is, is het een techniek die geschikt is voor endoscopisch gebruik door 
middel van een flexibele probe die via het werkkanaal van een cystoscoop wordt opgevoerd. De 
eerste in vivo studies lieten een veelbelovende diagnostische accuratesse zien. In verband met 
het beperkte gezichtsveld van zowel RS als OCT lijken deze technieken niet geschikt voor het 
screenen van de gehele blaas. PDD of fluorescentie cystoscopie is een techniek die gebaseerd 
is op de cystoscopische detectie van fluorescerende signalen van neoplastisch weefsel. 
Deze fluorescentie wordt veroorzaakt door intravesicale instillatie van fotosensibilisatoren 
(5-aminolevulinezuur (5-ALA) of diens afgeleide hexaminolevulinaat (HAL)) die een selectieve 
accumulatie van fotoactieve porfirinen in sneldelende cellen (b.v. tumorcellen) veroorzaken. 
De oplossing die de fotosensibilisatoren bevat wordt voorafgaand aan de operatie in de blaas 
geïnstilleerd via een transurethrale blaascatheter. Door de mucosa te belichten met blauw-
violet licht, kleuren de neoplastische cellen rood of roze tegen een blauwe achtergrond. Diverse 
studies hebben aangetoond dat PDD de detectie van blaastumoren verbetert alsmede de 
resectie, wat resulteert in een verminderd aantal vroege recidieven. Een probleem van PDD 
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blijft de relatief lage specificiteit. Fout-positieve fluorescentie kan teweeg gebracht worden 
door inflammatie, recente resectie of intravesicale therapie of tangentiële belichting van de 
mucosa. Meer multicenterstudies zijn nodig om de toegevoegde waarde van PDD op de lange 
termijn te bevestigen en om de kosteneffectiviteit verder te onderzoeken. NBI is een simpele 
optische techniek die ontworpen is voor endoscopie om het contrast tussen de mucosa en 
microvasculaire structuren te vergroten. Het werkingsmechanisme is gebaseerd op het filteren 
van wit licht naar 2 smalle bandbreedten van licht die gecentreerd zijn rond 415 nm (blauw licht) 
en 540 nm (groen licht). Dit licht penetreert het weefsel slechts oppervlakkig en wordt specifiek 
geabsorbeerd door hemoglobine. Aangezien blaastumoren meestal goed gevisualiseerd zijn, 
zal NBI het contrast tussen deze tumoren en normaal urotheel vergroten. De techniek heeft 
duidelijke voordelen boven PDD (er is geen intravesicaal middel nodig voor het toegepast kan 
worden en het kan zowel met flexibele als starre endoscopen gebruikt worden). De studies die 
tot op heden gepubliceerd zijn rapporteren veelbelovende eerste resultaten. PDD en NBI bieden 
beiden geen informatie over histopathologische diagnose.
De meeste studies naar OCT als een diagnostisch middel voor blaaskanker hebben zich gericht 
op kwalitatieve beeldanalyse, wat echter subjectief blijft. Daarom hebben wij de waarde van 
kwantitatieve OCT analyse onderzocht (Hoofdstuk 6). Humaan blaasweefsel (TUR chips of 
biopten) dat verkregen was tijdens TUR werd ex vivo onderzocht met 850 nm OCT. Op een later 
tijdstip hebben 3 onderzoekers onafhankelijk van elkaar de attenuatiecoëfficiënt (µt), een functie 
van de verzwakking van licht in de diepte, van de OCT platen bepaald. Op dezelfde manier hebben 
3 pathologen onafhankelijk van elkaar de bijpassende histologie objectglaasjes geanalyseerd. 
Voor beide methodes werd nadien een consensus diagnose gesteld. We hebben 76 OCT scans 
van 54 blaas specimen die verkregen waren tijdens 20 procedures in 18 patiënten geïncludeerd. 
De mediane (interkwartiel afstand) µt van benigne weefsel was 5.75 mm-1 (4.77-6.14) versus 
respectievelijk 5.52 mm-1 (3.47-5.90), 4.85 mm-1 (4.25-6.50) en 5.62 mm-1 (5.01-6.29) voor graad 
1, 2 en 3 UC (p=0.732). Interbeoordelaars-overeenkomst van histopathologie was “substantieel” 
(Kappa 0.62, 95%BI 0.54-0.70) vergeleken met “bijna perfect” (ICC 0.87, 95%BI 0.80-0.92) voor 
OCT. In deze studie konden we dus geen verschil in attenuatiecoëfficiënt aantonen tussen 
normaal urotheel en UC, laat staan tussen de verschillende graden van UC. Alhoewel onze 
hypothese niet bevestigd kon worden bracht deze studie toch een paar zaken aan het licht die 
de moeite waard zijn te benadrukken. Zo liet dit onderzoek zien dat de correlatie van ex vivo 
gemeten µt met histopathologie uitdagend kan zijn door de heterogeniteit van blaaskanker en 
de slechts “substantiële” interpathologen-overeenkomst van de gouden standaard. Verder zal 
toekomstig in vivo onderzoek mogelijk ophelderen of het gebrek aan correlatie veroorzaakt 
werd door factoren die typisch zijn voor een ex vivo experimentele opzet of dat er daadwerkelijk 
geen correlatie is.
De waarde van NBI cystoscopie voor het detecteren van blaastumoren werd onderzocht 
in Hoofdstuk 7. In deze studie vergeleken we het aantal gedetecteerde blaastumoren van 
standaard wit licht cystoscopie met NBI cystoscopie. Daartoe hebben we een prospectieve 
vergelijking gedaan binnen 95 patiënten van 103 opeenvolgende procedures voor (re)-TUR van 
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blaastumoren of blaasbiopten in het Academisch Medisch Centrum, Amsterdam en het General 
Faculty Hospital, Praag. Wit licht cystoscopie en NBI cystoscopie werden achtereenvolgens 
uitgevoerd door verschillende urologen die elk onafhankelijk van elkaar alle tumoren en 
verdachte laesies in een blaasdiagram intekenden. Al deze laesies werden gereseceerd of 
gebiopteerd en voor histopathologisch onderzoek gestuurd. In bijna 36% van de patiënten met 
een bevestigd UC detecteerde NBI cystoscopie additionele tumoren (17.3% van het totaal aantal 
gedetecteerde tumoren). NBI overtrof wit licht cytoscopie significant met een respectievelijk 
detectiepercentage van 94.7% versus 79.2%. Anderzijds was het fout-positief percentage 
van NBI ook significant hoger dan dat van wit licht cystoscopie (respectievelijk 31.6% versus 
24.5%). Er konden geen duidelijke conclusies getrokken worden over de waarde van NBI voor 
de detectie van CIS, door het laag aantal van CIS in de studiepopulatie. Deze studie bevestigde 
dus de veelbelovende resultaten van de schaarse eerder gepubliceerde artikelen over deze 
techniek voor blaaskankerdetectie. Het belangrijkste verschil tussen het huidige onderzoek en 
deze eerdere studies ligt met name in de methodologie: omdat standaard cytoscopie en NBI 
cystoscopie uitgevoerd werden door verschillende urologen, weerspiegelen de resultaten van 
deze studie zuiver het effect van de techniek. In de andere studies werd NBI cystoscopie direct 
uitgevoerd na standaard wit licht cystoscopie door dezelfde uroloog wat een observer-bias 
introduceert: laesies die gedetecteerd waren met wit licht werden automatisch ook gezien met 
NBI.
Idealiter zou de verbeterde detectie van blaastumoren met NBI ook moeten leiden tot een 
reductie in het aantal vroeg recidieven (of rest-tumoren) na TUR als de TUR wordt uitgevoerd 
met ondersteuning van NBI. Dat hebben we uitgezocht in een vergelijkend onderzoek (Hoofdstuk 
8) naar patiënten met niet-spierinvasief blaascarcinoom die behandeld zijn met NBI-TUR versus 
standaard wit licht TUR. Tijdens NBI-TUR werden alle verdachte laesies die gedetecteerd 
waren met zowel NBI als wit licht gereseceerd. De 40 NBI-TUR patiënten werden prospectief 
gerekruteerd en de 120 controlepatiënten werden retrospectief verzameld. De samenstelling 
van de wit licht groep vond geblindeerd voor de uitkomst van de eerste controle cystoscopie 
plaats. Patiënten met een niet-radicale TUR, patiënten zonder bewijs van UC in het pathologisch 
specimen en patiënten met geïsoleerd CIS of spier-invasieve ziekte werden geëxcludeerd. 
De patiëntengroepen werden gematched op basis van de 2 meest belangrijke risicofactoren 
voor tumorrecidief: a) de EORTC recidief risico score en b) het wel of niet toegediend hebben 
van één intravesicale chemotherapie instillatie direct na de TUR. Alle patiënten ondergingen 
routinecontroles met standaard wit licht cystoscopie aangevuld met cytologie 3 maanden na de 
TUR of een re-TUR in geselecteerde gevallen. De rest-tumorpercentages bij de eerste controle 
van de beide patiëntengroepen werden vergeleken en waren statistisch significant verschillend: 
30.5% voor de wit licht TUR groep versus 15.0% voor de NBI-TUR groep. Deze studie toonde 
dus dat het rest-tumorpercentage, in vergelijking met een gematched cohort van wit licht TUR, 
gehalveerd werd door NBI-TUR.
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Dankwoord

Op 1 oktober 2007 begonnen aan dit promotietraject en op 31 december 2010 om 17.00u 
de laatste versie van dit boekje ingediend, daarbij dus 3 jaar en 3 maanden en de nodige 
toetsaanslagen en muisklikken verder. Maar vooral ook een hele mooie ervaring rijker.
Met het behalen van de titel doctor veranderd ook de aanspreekvorm naar “weledelzeergeleerde”. 
Nu heeft een promotietraject mijns inziens meer te maken met doorzettingsvermogen en 
capaciteit tot samenwerking dan met geleerdheid. Immers, een proefschrift schrijf je niet over 
één nacht ijs en zeker niet alleen. Daarom wijd ik graag de laatste pagina’s van dit boekje aan 
hen die mij tijdens dit promotietraject elk op hun eigen manier bijgestaan hebben.

Beste professor de la Rosette, ik bewonder u niet aflatend optimisme. Telkens als ik enigszins 
teleurgesteld met een afwijzing van een artikel bij u kwam, wist u me te overtuigen dat u echt 
een heel goed gevoel had bij het volgende blad waar we het gingen indienen. Dit vertrouwen gaf 
de burger moed. En hoewel de dagelijkse begeleiding in de handen van de copromotor is, wist 
u telkens op de cruciale momenten een kritische noot te plaatsen, waardoor de artikelen in dit 
boekje naar een hoger niveau getild werden. Hiervoor ontzettend dank!

Dr. de Reijke, beste Theo, ik kon me geen betere copromotor wensen dan jij. Ondanks je 
ontzettend drukke programma (ik ken niemand die met zoveel verve gelijktijdig poli, ok en 
cysto-programma doet) wist je toch altijd nog tijd vrij te maken voor mij. Buiten je kwaliteiten 
als uroloog waardeer ik ook vooral je enthousiasme voor het vak, onderzoek en andere mooie 
dingen in het leven. Ik hoop tijdens mijn opleidingstijd in het AMC nog veel van je te leren.

Beste leden van de promotiecommissie, hartelijk dank voor het kritisch doornemen van mijn 
manuscript en uw bereidheid mij het vuur aan de schenen te leggen. 

Co-auteurs van de artikelen in dit proefschrift, hartelijk dank voor alle zeer waardevolle input!
Beste dr. Laguna, ik bewonder uw parate kennis van de literatuur – ik ken niemand die zo veel 
artikelen op juiste naam, instituut, artikel en jaar weet te citeren!
Professor Babjuk, dear Marko, it was a great honour to combine our NBI data and publish a 
paper together.  
Dr. Visser, beste Mike, als uro-patholoog heb jij bijna alle preparaten van de
studies uit dit proefschrift onder de microscoop voorbij zien komen. Hartelijk dank hiervoor 
en ook voor je flexibiliteit als ik weer eens langskwam voor een begeleidend “plaatje” van een 
coupe voor een artikel.
Collega’s van de afdeling Biomedical Engineering and Physics (beste professor van Leeuwen, 
beste Ton, beste dr. Faber, beste Dirk, beste Martijn), ik heb genoten van onze samenwerking. 
Nogmaals dank voor jullie geduldige pogingen mij als clinicus wegwijs te maken in de wereld van 
de fysica…. Martijn, heel veel succes met het afronden van je eigen boekje!
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Professor ten Kate, dank voor de samenwerking aan het PALGA artikel.
Professor Zwinderman, de meest complexe statistische vraagstukken wist u met heel veel 
enthousiasme telkens weer voor mij op te lossen – heel veel dank daarvoor!

Beste stafleden en verpleegkundigen van de afdeling urologie: hartelijk dank voor alle getoonde 
interesse. Ik zie er naar uit om vanaf 2013 weer samen te gaan werken. 
Roomies van G4-249 e.o. (Patricia, Kurdo, Miki, Intan, Niels, Bas, Bart, Martijn, Hiren), het was 
een genoegen om van een aantal van jullie de fijne kneepjes van het onderzoeksvak te leren en 
ook om dat weer aan de rest door te kunnen geven. Maar vooral ook dank voor de broodnodige 
afleiding, coffeebreaks en het delen van lief en leed! 
(voormalige) AIOS en ANIOS urologie AMC, dank voor de gezellige tijd en de samenwerking op 
de hematuriepoli.
Alice, Selma en Annemiek (alias de TRIAL-babes), alles perfect geregeld en altijd wel in voor een 
lolletje, jullie waren het gouden randje aan de trial poli!
Martine en Sonja, altijd wel te porren voor een (cafeïnevrije)cappuccino of een goede roddel. 
Bedankt voor jullie gezelligheid en Sonja bedankt voor je hulp in de administratieve rompslomp 
die de laatste loodjes van een promotietraject met zich meebrengt.
Christa, ik dacht dat ík gestructureerd was, maar jouw punctualiteit kent geen grenzen! Dank 
voor je ondersteuning en attentheid.
Dr. Langbein, beste Sigrun, inmiddels werkzaam in Zaandam, maar jij ging mij voor als 
promovendus “blaaskanker” bij prof. de la Rosette en dr. de Reijke. Ik ben je dan ook veel dank 
verschuldigd voor o.a. de hematuriedatabase. Maar misschien nog wel meer voor je geduld bij 
het mij aanleren en superviseren van cystoscopieën! 
Wil en Lydia, ik heb altijd fijn met jullie gewerkt op mijn dagen “in de kliniek” op zowel het 
cystoscopie-programma als de hematuriepoli – wachten jullie op mij in 2013?

Ook een speciaal woord van dank voor de 2 studenten die mij geholpen hebben: Sarah Kloen en 
Jebrail Merza. Veel succes met jullie carrière. 

Deelnemers aan de FISH studie (urologen en verpleegkundigen van het VUmc, St Lucas Andreas, 
OLVG, BovenIJ, Amstelland, Refaja ziekenhuis), hartelijk dank voor jullie inzet. Hoewel deze 
studie het niet gehaald heeft om nog in dit boekje te verschijnen  ben ik ervan overtuigd dat 
mooie resultaten zullen volgen.
Monique en Esther van de moleculaire diagnostiek, ik ben jullie zeer dankbaar voor jullie geduld 
om mij wegwijs te maken in de wondere wereld van het lab en de fluorescentie-microscopie in 
het bijzonder.
Rob en Marie-Louise, het kloppend hart van de poli urologie AMC - zonder jullie was de FISH 
studie in het AMC logistiek een hele klus geworden. Fijn dat ik ALTIJD op jullie kon bouwen!  
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Chirurgen van het Zaans Medisch Centrum, niet gehinderd door enige chirurgische ervaring ben 
ik in januari bij jullie aan mijn vooropleiding begonnen. Ik heb er geen moment spijt van gehad 
want de sfeer is goed,  en ik heb inmiddels al veel van jullie geleerd en hoop nog veel meer te 
mogen leren!
Lieve collega-AIOS en ANIOS van de chirurgie in Zaandam, niets zo belangrijk voor een assistent 
als een goede sfeer waarin zowel gelachen als gehuild kan worden – en die hebben we!

Lieve vrienden, op feesten en partijen heb ik jullie 3 jaar onthouden van bloedstollende verhalen 
uit de kliniek (achter de PC beleef je nu eenmaal andere avonturen…), maar ik beloof jullie dat ik 
het ruimschoots goed zal maken tijdens mijn 2 jaar bij de chirurgie.
Nyxjes: Suus, Caro, Tamara, Lot, Ouk, Selma, Maartje en Els, super dat we sinds ons 1e jaar 
studeren nog steeds contact houden. Vele avonturen al samen beleefd – zullen we nog heel veel 
meer herinneringen gaan maken?
Frank, Maaike, Michiel, Sigrid, Cathelijne, Frits, Joris, Paula, Bart, Martje, Johan, Marloes, Joost, 
Alexa, Raphael, Juliana, Pieer, Marjolein: wat een fijn extraatje dat ik jullie “erbij” kreeg toen ik 
Tim ontmoette. Jullie zijn een heerlijk stel vrienden. En Raaf, Barbara, Alexa en Frank –  heel veel 
succes met het afronden van jullie eigen boekje, vond het fijn altijd mijn onderzoeksfrustraties 
met jullie te kunnen delen! 
Tamara en Sanne, mijn paranimfen, ik ben ontzettend trots dat jullie aan mijn zijde staan 
vandaag. Tamara, al sinds 1995 in mijn leven en bij alle belangrijke mijlpalen aanwezig, deze zou 
ik niet zonder jou willen meemaken!
Sanne, samen op de Heugemerweg in Maastricht, samen in Zuid-Afrika en nu weer alletwee in 
Amsterdam, zullen we nog heel veel leuke dingen samen gaan doen?

Rob en Paula, altijd oprecht geïnteresseerd, altijd supergastvrij: ik kan me geen betere 
schoonouders wensen! Komen jullie weer eens wat vaker naar jullie pied-a-terre?
Sabine en Jeroen, en natuurlijk Jaap en Eef, het is fijn zulke lieve schoonfamilie te hebben, ook 
al zien we elkaar door onze drukke agenda’s niet vaak – ik als enig kind toch nog een broer en 
een zus!

Pap en mam, het is niet in woorden uit te drukken hoe fijn het is om je onvoorwaardelijk gesteund 
te voelen en te weten dat er in ieder geval 2 lieve mensen altijd heel erg trots op je zullen zijn. 
Nu is mijn kans om jullie te zeggen dat ik ook verschrikkelijk trots op jullie ben! Dit boekje heb ik 
dan ook met recht aan jullie opgedragen.

Lieve Tim, sinds de 1e dag dat ik je leerde kennen onder de warme zuid-afrikaanse zon ben ik 
verkocht! En mijn gevoel voor jou is alleen nog maar groter geworden. Jij hebt misschien nog 
wel het meest van iedereen alle grillen die bij een promotietraject horen moeten verdragen – nu 
is het klaar en tijd voor een feestje!
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Curriculum Vitae

Evelyne Clara Carolyne Cauberg werd op 20 mei 1982 geboren te Maastricht. Na een jaar 
verhuisde zij naar het mooie dorpje Eijsden, ten zuiden van Maastricht vlak bij de Belgische 
grens. In 2000 behaalde zij haar gymnasium diploma aan het Jeanne d’Arc College te Maastricht 
en begon direct daarna aan de studie geneeskunde aan de Universiteit van Maastricht. Na het 
behalen van het artsdiploma verhuisde zij in augustus 2006 naar Amsterdam om in september 
te beginnen als ANIOS Intensive Care in het Medisch Centrum Alkmaar. Aldaar kwam zij voor het 
eerst echt in aanraking met de urologie en het was liefde op het eerste gezicht. Zij begon aan een 
promotietraject op de afdeling urologie van het AMC onder leiding van prof. de la Rosette en dr. 
de Reijke. Het resultaat van die 3 jaar en 3 maanden onderzoek heeft u nu in handen. In deze 
periode is zij ook aangenomen voor de opleiding urologie in het cluster AMC (opleider dr Th.M. 
de Reijke). Op 1 januari 2011 is zij begonnen aan de vooropleiding op de afdeling chirurgie in 
het Zaans Medisch Centrum (opleider dr. A.F. Engel). Het urologische gedeelte van de opleiding 
zal vanaf 2013 plaatshebben in het AMC en het Spaarne ziekenhuis (opleider dr. M.A. Noordzij).
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