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Narrow-band imaging cystoscopy in
non-muscle-invasive bladder cancer:
a prospective comparison to the

standard approach
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Abstract:

Objectives: A single-centre, prospective trial was performed aiming to assess the impact
of narrow-band imaging (NBI) cystoscopy in cases of non-muscle-invasive bladder cancer
(NMIBC]) in comparison to standard white light cystoscopy (WLC).

Materials and methods: A total of 95 NMIBC-suspected consecutive cases were enrolled. The
inclusion criteria were hematuria, positive urinary cytology or ultrasound suspicion of bladder
tumors. All patients underwent WLC and NBI cystoscopy. Standard resection was performed

for all lesions visible in white light and NBI transurethral resection of bladder tumors for only

NBIl-observed tumors.

Results: The overall detection rates of NMIBC and carcinoma in situ (CIS) were significantly
improved for NBI (96.2% versus 87.2% and 100% versus 66.7% respectively). Also, NBI
cystoscopy showed significantly superior detection for CIS, pTa and overall tumors (95.2%
versus 61.9%, 93.9% versus 85.2% and 94.8% versus 83.9% respectively). Additional tumors
were diagnosed by NBI in a significant proportion of patients with CIS, pTa, pT1 and NMIBC
(55.5% versus 11.1%, 26.5% versus 10.2%, 30% versus 10% and 30.8% versus 10.3%).
Postoperative treatment was significantly improved due to NBI results (16.7% versus 5.1%).
Conclusions: NBI cystoscopy represents a valuable diagnostic alternative in patients with
NMIBC, with significant improvement in tumor visual accuracy as well as detection. This
approach provides a substantial improvement to bladder cancer therapeutic management.

Keywords: narrow-bandimagingcystoscopy, non-muscle-invasive bladdercancer,transurethral
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Introduction

Non-muscle-invasive bladder cancer (NMIBC)
includes stages pTa, pT1 and carcinoma n situ
(CIS) and accounts for 75-85% of all newly
diagnosed bladder tumors [Grasso, 2008]. This
pathology is often present in the form of a multi-
focal disease with an exceptionally high recur-
rence rate within the first 5 years after the initial
diagnosis [Sylvester ez al. 2002].

During the last decades, many methods of improv-
ing bladder cancer diagnosis and treatment were

evaluated. Quite often, small papillary tumors and
flat CIS lesions are not properly visualized dur-
ing white light cystoscopy (WLC). Consequently,
an incomplete resection of the primary tumors is
performed, leading to a substantial increase in the
short- and medium-term recurrence rates [Filbeck
er al. 2002; Oliva Encina ez al. 2010]. Moreover,
undetected tumors are expected to appear later as
recurrences and some might become invasive,
highlighting the need to develop alternative endo-
scopic methods to detect bladder lesions [Naselli
et al. 2010a].
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Narrow-band imaging (NBI) cystoscopy was
introduced as an endoscopic alternative and was
presumed to be able to improve the diagnostic
accuracy in early malignant lesions [Gono ez al.
2004; Mannath ez al. 2010; Rastogi ez al. 2009].
This relatively new method is based on the light
output bandwidth ranging between tight wave-
lengths and subsequently enhancing the color
contrast of urothelial lesions [Bryan ez al. 2008].

Reports suggested that NBI cystoscopy is more
effective than the standard endoscopic evaluation
as far as the detection of malignant lesions is con-
cerned [Gono ez al. 2004; Hamamoto ez al. 2004].
Moreover, the use of NBI during follow up proved
to be effective in discovering recurrent bladder
tumors and provided longer recurrence-free
intervals in comparison with standard cystoscopy
[Herr and Donat, 2008].

On this basis, we performed a prospective trial
comparing the accuracy of bladder tumor diagno-
sis using NBI versus WLC in NMIBC cases.

Materials and methods

A single-centre, prospective trial was performed
to assess the impact of NBI cystoscopy in cases of
non-muscle-invasive bladder tumors in compari-
son to the standard approach. The primary end-
point of the study was to determine significant
differences in detection rates between the two
methods and the resulting postoperative treat-
ment changes.

The study was approved by the local ethics
and research committee. A total of 95 NMIBC-
suspected consecutive cases (71 men and 24
women, mean age 68.4 years, range 32—81 years)
were enrolled in the trial (after properly explain-
ing the aims, methods, anticipated benefits, poten-
tial hazards and any other aspects of the study
relevant to the patient’s decision to participate
and written informed consent was obtained).

All patients underwent a standard investigation
protocol which included general clinical examina-
tion, blood tests, urinalysis, urinary cytology,
abdominal ultrasonography and intravenous pye-
lography or computed tomography scan. The inclu-
sion criteria were hematuria, positive urinary
cytology or ultrasound suspicion of bladder tumors.

The patients underwent WLC followed by NBI
cystoscopy, resulting in separate bladder maps of

all WLC and NBI diagnosed lesions. White
light transurethral resection of bladder tumors
(TURBT) was performed for all lesions visible at
standard cystoscopy, while NBI resection was
applied for lesions observed during NBI alone.

At the end of the procedure, NBI cystoscopic
control was used to assess the margins of the
resection areas and to identify eventual residual
lesions. All resected specimens were subjected to
central pathology review. According to the patho-
logical results, all patients without any detected
tumor and those with muscle-invasive bladder
cancer were excluded from the trial. A specific
bladder map of all pathologically confirmed
lesions was obtained and compared with previous
ones. Subsequently, the overall NMIBC, CIS,
pTa and pT1 cases and tumor detection rates
were determined for both types of cystoscopy.

Statistical analysis was performed using the SPSS
15.0 software (Statistical Package for Social
Sciences 15.0; SPSS Inc., Chicago, IL, USA).
The binomial test was applied to assess the statis-
tical significance of differences between the two
diagnostic methods at a confidence level of at
least 95%.

Results

All procedures were successfully performed. Six
cases (6.3%) presented no bladder cancer lesions
while 89 patients (93.6%) were diagnosed with
this pathology. The 11 muscle-invasive bladder
cancer cases (12.6%) were excluded from the
study and scheduled for radical cystectomy. A
total of 78 patients with NMIBC (87.6%) were
pathologically confirmed.

The overall detection rates for patients with
NMIBC and CIS were significantly improved
for NBI compared with WLC (96.2% wversus
87.2% and 100% wversus 66.7%, respectively)
(Figure 1). NBI also showed improved detection
rates for pTa cases; however the results failed to
reach statistical significance (93.9% wversus 87.8%)
(Table 1).

For lesion detection rates, NBI cystoscopy showed
significantly superior diagnostic accuracy com-
pared with WLC for CIS, pTa and overall non-
muscle-invasive bladder tumors (95.2% wversus
61.9%, 93.9% wersus 85.2% and 94.8% wversus
83.9% respectively) (Figure 2). In addition, more
pT1 tumors were found using NBI versus WLC
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Figure 1. Carcinoma in situ lesion missed during standard cystoscopy and only visible in narrow-band

imaging.

Table 1. Patient detection rates.

Figure 2. pTa tumor diagnosed on narrow-band imaging cystoscopy alone.

(97.4% wversus 92.1%); however the results failed
to reach statistical significance (Table 2 and
Figure 3).

The rate of false-positive results was slightly
higher for NBI compared with standard cystos-
copy but the results were not statistically signifi-
cant (13.6% wersus 11.5%; p = 0.208, binomial
test). Moreover, pathologically confirmed positive
tumoral margins secondary to white light TURBT

were found during NBI cystoscopic control in
10.3% of cases (two CIS, two pTa and four pT1)
(Figure 4).

Additional tumors were diagnosed by NBI cys-
toscopy in a significantly higher proportion of
patients with CIS, pTa, pT1 and NMIBC in com-
parison to WLC (55.5% wversus 11.1%, 26.5% versus
10.2%, 30% wversus 10% and 30.8% versus 10.3%
respectively) (Table 3).
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Table 2. Tumor detection rates.

NBI WLC p Tumors (n)
Global 165 (94.8%) 146 (83.9%) <0.0001 174
CIS 20 (95.2% 13 (61.9%) 0.001 21
pTa 108 (93.9%) 98 (85.2%) 0.003 115
pT1 37 (97.4%) 35(92.1%) 0.187 38

CIS, carcinoma in situ; NBI, narrow-band imaging; WLC, white light cystoscopy.

Figure 3. Narrow-band imaging found pT1 tumor, left behind during white light cystoscopy.

Figure 4. Positive tumoral margins missed during standard transurethral resection of bladder tumors and

discovered at the narrow-band imaging control.

As a result of these supplementary diagnostic
findings, postoperative instillation treatment was
improved due to NBI cystoscopy in a significantly
larger number of NMIBC cases (16.7% versus
5.1%; p < 0.0001, test binomial).

Discussion

According to the literature, 50-70% of patients
with NMIBC display recurrence after the initial
treatment [Sylvester er al. 2002]. Numerous
cases of early recurrences are determined by

incomplete tumor removal during TURBT
[Tatsugami er al. 2010]. Consequently, many
methods of improving bladder cancer diagnosis
and treatment were evaluated.

Photodynamic diagnosis was proved to be partic-
ularly useful in CIS cases as it provided the condi-
tions for a better resection. Blue light cystoscopy
emphasized the ability to identify white light
‘overlooked’ flat or small papillary tumors and to
target biopsies in cases of positive urinary cytol-
ogy. The advantages of this technique consisted of
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Table 3. Additional tumor cases.

achieving a more complete resection, reduced
recurrence rates [Denzinger et al. 2007] and a
more adequate postoperative instillation treat-
ment [Jocham ez al. 2005]. However, this diagnos-
tic approach requires a preoperative intravesical
instillation substantially increasing the costs of the
procedure, which also becomes more time con-
suming [Katz and Steinberg, 2008].

NBI cystoscopy is a high-resolution diagnostic
alternative that aims to increase the detection of
urothelial lesions in comparison to standard white
light endoscopic imaging without the use of dyes
[Naselli ez al. 2010b]. Basically, the optical image
enhancement technology increases the visibility
of capillaries and other tissue surface structures
by emphasizing the contrast between them
[Traxer et al. 2011].The basis of this optical tech-
nique is represented by white light being filtered
into two discrete center wavelengths for blue
(415 nm) and green (540 nm). These light bands
are strongly absorbed by hemoglobin and only
penetrate the tissue surface [Cauberg ez al. 2010].
Therefore, the vascular structures appear dark
brown (capillary vessels) and green (veins), thus
contrasting with the pink or white background of
normal mucosa [Naselli ez al. 2010b; Traxer ez al.
2011; Cauberg er al. 2010].

Subjectively speaking, both in the literature and
in our experience, NBI is described to accurately
underline the specific vascular architecture of
urothelial lesions, thus creating the impression of
a three-dimensional visualization of tumors and
clearly defining their limits [Traxer ez al. 2011].

One of the main advantages of NBI is that there
are no contraindications for the patient and it
requires no instillation or disposable items.
Moreover, NBI can be used an unlimited num-
ber of times and there is no maximum duration
for each procedure as costs are minimal (only
related to the actual device) because it consists
of a software modification to the endoscope’s

optical structures [Naselli ez al. 2010a]. NBI use
was also investigated for several gastrointestinal
diseases and showed significant diagnostic ben-
efits [Lambert ez al. 2007].

In urological practice, NBI was applied as a viable
modality of improving urothelial tumor detection
because of the advantages of no additional run-
ning costs or morbidity [Naselli ez al. 2010b]. In
addition, there seems to be no particular learning
curve in diagnosing bladder tumors when using
this relatively new technique [Herr ez al. 2010].

A significantly higher overall tumor detection rate
was described for NBI cystoscopy versus WLC
both in the literature (94.7% wversus 79.2%)
[Cauberg er al. 2010] and in the present trial
(94.8% wversus 83.9%). From the tumor stage
point of view, improved CIS (89.7% wversus 50%)
[Tatsugami et al. 2010] and pTa (98.7% wversus
82.9%) [Cauberg ez al. 2010) detection rates were
described for NBI cystoscopy in comparison to
the standard approach according to the literature
and these results were confirmed by our findings
(100% wersus 66.7% and 93.9% wversus 87.8%
respectively). Moreover, in light of the published
data, a significant proportion of patients with
NMIBC were diagnosed using NBI cystoscopy
alone (12.6-26.9%) [Herr and Donat, 2008;
Tatsugami et al. 2010], as also demonstrated by
the present trial (12.8%).

For the overall detection rate of patients with
NMIBGC, a recent study reported the substantial
advantage of NBI over the standard method
(97.9% wersus 88.8%) [Chen er al. 2011]. Our
results confirmed the improved accuracy of the
NBI mode in comparison to white light (96.2%
versus 87.2%).

From another perspective, NBI was shown to offer
a significantly more precise delineation
of the tumor margins due to the superior visualiza-
tion of the surface layer [Tatsugami ez al. 2010]. In
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our series, NBI cystoscopy emphasized additional
extended positive tumoral margins in the normal-
appearing mucosa surrounding the tumors, con-
firmed by pathology in 10.3% of NMIBC cases.

Improved detection led to a significant propor-
tion of additional tumors being found using NBI,
both according to the available studies (35.9-38%
[Bryan ez al. 2008, 2010; Cauberg ez al. 2010] and
our experience (30.8%). In addition, in another
paper, 34% of patients with NMIBC were found
to have residual/recurrent cancer when using an
extensive protocol of second transurethral resec-
tion followed by NBI biopsies [Naselli er al
2010a]. Moreover, in a recent article, NBI flexible
cystoscopy was reported to significantly improve
the detection of unconfirmed positive voided
urine cytology over WLC. According to this study,
NMIBC was diagnosed on first NBI cystoscopy
in 42% of cases [Zhu er al. 2012].

NBI cystoscopy appeared to be associated with
higher rates of false-positive results compared with
white light (31.6-36% versus 24.5-33%) [Herr
and Donat, 2008; Cauberg et al. 2010]. From this
perspective, our analysis described reasonably
reduced and quite similar results for NBI and
standard cystoscopy, despite the more frequent
false-positive results found in NBI (13.6% versus
11.5%; no statistically significant difference).

The improved cystoscopic examination using
NBI resulting in more tumors being found and
more NMIBC cases being diagnosed had a sig-
nificant impact in terms of improved postopera-
tive treatment (16.7% of the cases benefited from
better adjuvant intravesical therapy). This finding
may be considered promising, especially since
practically similar results (13-17%) were obtained
concerning the photodynamic diagnostic, which
otherwise implies additional expenses related to
the required preoperative instillation of a contrast
medium [Fradet ez al. 2007; Jocham ez al. 2005;
Abascal Junquera ez al. 2008].

Of course, future studies will need to establish the
long-term advantages and general viability of
this endoscopic alternative, particularly from the
perspective of tumor recurrence.

Conclusions

NBI cystoscopy showed significantly improved
detection rates of CIS, overall NMIBC and lesions
in comparison to WLC. Moreover, significantly

more pTa tumors were found using NBI, while
pathologically confirmed positive tumoral mar-
gins secondary to standard TURBT were found
using NBI cystoscopic control in about 10% of
cases. However, the rate of false-positive results
was similar for the two methods.

In addition, supplementary tumors were diag-
nosed by NBI cystoscopy in a significantly
higher proportion of patients with CIS, pTa,
pT1 and overall NMIBC in comparison to
WLC. Consequently, postoperative treatment
was improved due to NBI results in a signifi-
cantly larger number of cases.

In conclusion, NBI cystoscopy seems to repre-
sent a valuable diagnostic alternative in patients
with NMIBC, showing significant improvement
in tumor visual accuracy and detection. This
approach also provides a substantial improve-
ment in postoperative therapeutic management
of bladder cancer.
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