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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. 
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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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