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Strengths and limitations of this study

 ► This is the first systematic review and diagnostic 
meta-analysis exploring diagnostic accuracy of im-
age technique based transurethral resection com-
pared with white light-guided cystoscopy.

 ► Our study includes the stringent methodology used 
to synthesise the evidence obtained, such as ad-
hering to Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines, using stan-
dardised definitions of diagnostic performance anal-
ysis and applying Quality Assessment of Diagnostic 
Studies-2 tool for risk of bias assessment.

 ► Most included studies had a low or moderate risk 
of bias. All studies clearly reported methodology for 
the index test and reference standard and were not 
considered a significant source of potential bias.

 ► The further sensitivity analysis was based on rela-
tively few studies, but we used random effect mod-
els to compensate for clinical and methodological 
diversity among studies.

 ► The lack of data on important clinical variables, 
such as grade and stage of disease, primary versus 
(vs) recurrent disease and intravesical instillation 
settings, may introduce clinical heterogeneity and 
prevent further sensitivity analyses. We attempted 
to minimise biases by standardising data extraction 
and performing several sensitivity analyses.

AbStrACt
Objective To explore the diagnostic performance of image 
technique based transurethral resection for bladder cancer, 
with white light-guided cystoscopy (WLC) as the reference 
standard.
Design Systematic review and meta-analysis.
Data sources PubMed/MEDLINE, Web of Science, the 
Cochrane Library, Central Register of Controlled Trials and 
Embase from inception to 31 March 2018.
Methods Included studies reported the diagnostic 
performance of photodynamic diagnosis (PDD) with 
5-aminolevulinic acid (5-ALA), PDD with hexaminolevulinic 
acid (HAL) or narrow band imaging (NBI), with WLC as 
the reference standard at the patient or lesion level. The 
studies’ risk of bias (RoB) was assessed using Quality 
Assessment of Diagnostic Studies-2. Data were pooled 
using a random effect diagnostic meta-analysis, and 
subgroup analyses were performed.
results Twenty-six studies comprising a total of 3979 
patients were included in this diagnostic meta-analysis. 
Pooled sensitivity (SSY), specificity (SPY), diagnostic OR 
(DOR) and area under the receiver operating characteristic 
curve (AUROC) values were calculated per group for NBI, 
HAL and 5-ALA at the lesion or patient level. NBI showed 
significant diagnostic superiority compared with WLC 
at the lesion level (SSY 0.94, 95% CI 0.82 to 0.98; SPY 
0.79, 95% CI 0.73 to 0.85; DOR 40.09, 95% CI 20.08 to 
80.01; AUROC 0.88, 95% CI 0.85 to 0.91). NBI presented 
the highest DOR (358.71, 95% CI 44.50 to 2891.71) in 
the patient level. Subgroup analyses were performed 
on studies with low to moderate RoB and at least 100 
patients at the lesion level. These results were consistent 
with those of the overall analysis.
Conclusions Pooled data indicated that image technique 
based transurethral resection (NBI, HAL and 5-ALA) 
showed diagnostic superiority compared with WLC. 
Moreover, NBI is potentially the most promising diagnostic 
intervention, showing the best diagnostic performance 
outcomes. Further prognostic outcomes of novel imaging 
technologies compared with those WLC should be 
explored in addition to current diagnostic performance 
analysis.

IntrODuCtIOn
Bladder cancer is a widespread malig-
nancy with an estimated 80 470 newly diag-
nosed cases and 17 670 deaths in USA in 
2019, among which about 75% of patients 
presented with non-muscle invasive bladder 
cancer (NMIBC).1 2 Currently, white light 
cystoscopy (WLC) is the gold standard tech-
nique to detect bladder cancer, despite having 
an unsatisfactory accuracy to detect disease. 
The detection reliability for smaller tumours 
or carcinoma in situ (CIS) is poor, leading 
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to markedly high recurrence, with up to 30% of patients 
having a tumour identified at the first-check cystoscopy at 
3 months and 50% of patients developing tumours within 
12 months.34 Thus, different optical imaging techniques 
have emerged as an adjunct to WLC to improve the visu-
alisation of tumours via contrast enhancement.

Photodynamic diagnosis (PDD) is performed using 
blue-violet (380–440 nm) light with intravesical instillation 
of 5-aminolevulinic acid (5-ALA) or hexaminolevulinic 
acid (HAL). The effect of 5-ALA-induced fluorescence on 
tumour detection in the urinary bladder has identified it 
as an efficient method to map the entire mucosa to detect 
urothelial tumours and flat CIS lesions.5–7 HAL, the lipo-
philic hexylester of 5-ALA, has been commercially avail-
able since 2006 and has been established as the preferred 
intravesical agent to detect NMIBC. However, intravesical 
inflammation leads to decreased specificity, and preoper-
ative procedures are technically complex and costly.

Narrow band imaging (NBI) is a new image processing 
modality that filters white light down to two narrow band 
widths of 415 and 540 nm, with advantage of avoiding the 
need for intravesical contrast administration.8 Haemo-
globin absorbs these wavelengths preferentially, resulting 
in dark neovascularised bladder cancer appearing very 
different from the light background of the normal 
mucosa. The superior diagnostic performance of NBI 
compared with WLC has been confirmed in several 
studies.9–11 Overall, NBI led to a 9.9% increase in the 
detection rate at the patient level and a 19.2% increase in 
lesion detection in a recent meta-analysis, while subgroup 
analysis showed that NBI was associated with a 53% reduc-
tion in the recurrence rate at 3 months and 19% at 12 
months compared with those of WLC.12 Noticeably, NBI 
might be associated with increased false-positives, espe-
cially for patients with prior intravesical instillations.13

As a standard procedure, cystoscopy is performed using 
white light. However, the use of white light can lead to 
lesions that are present but not visible being missed. 
New imaging techniques could improve cancer detec-
tion compared with WLC; however, some studies showed 
that new imaging techniques might produce higher false 
positive rate (FPRs) than WLC.13–15 In addition, their 
complex procedures and costs restrict their wider appli-
cation.16 Therefore, it is still uncertain which technique 
could better improve the diagnostic accuracy of bladder 
cancer detection. The present study aimed to perform 
a systematic review and meta-analysis to assess the diag-
nostic performance of PDD using 5-ALA, PDD using HAL 
and NBI against the current reference standard of WLC 
for NMIBC.

MethODS
The diagnostic meta-analysis was conducted based on the 
Meta-analysis of Observational Studies in Epidemiology 
statement.17 All included studies were observational 
studies. When an included primary study did not match 
the Standards for Reporting of Diagnostic Accuracy 

statement, we gathered the information by contacting the 
authors.18

Literature search
Studies reporting the diagnostic performance of PDD 
with 5-ALA, PDD with HAL or NBI, with WLC as refer-
ence standard, were retrieved from multiple databases 
including PubMed/MEDLINE, Web of Science, the 
Cochrane Library, Central Register of Controlled Trials 
and Embase up to 31 March 2018. The following Medical 
Subject Headings (MeSH) free and combined terms, 
which were adjusted for the different databases terms, 
were used: ‘photodynamic diagnosis, PDD, hexamino-
levulinate, HAL, 5-aminolevulinate acid, 5-ALA, narrow 
imaging, NBI, WLC, urothelial cell carcinoma of bladder, 
transitional cell carcinoma, bladder cancer, bladder 
tumour, and BCa’. The full search strategy is shown in the 
appendix (online supplementary material). The review 
was performed according to Preferred Reporting Items 
for Systematic Reviews19 and Standards for Reporting 
Diagnostic Accuracy Studies.20 The search was restricted 
to English-language publications. At least two reviewers 
(CC and HH) screened all the abstracts and full-text arti-
cles independently. Disagreement was resolved by consul-
tation with an independent arbiter (JH).

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) population: 
patients diagnosed with primary NMIBC or patients 
previously diagnosed with NMIBC (recurrent tumours); 
(2) reference standard: WLC must be provided as the 
reference standard for all patients, and the diagnosis of 
NMIBC was confirmed by histopathological examination; 
(3) studies reported data of intrapatient comparison; and 
(4) when two or more studies provided data from the 
same institution during an overlapping time period, only 
the updated data were included in this study.

Articles were excluded if the full-text article was not 
written in English. Abstracts, conference articles, histor-
ical overviews, case studies, reviews and meta-analyses were 
not considered. Studies that failed to report on sensitivity 
and specificity data or both in comparison with WLC were 
excluded. For missing or unclear data, we contacted the 
authors to obtain more information.

Patient and public involvement
Patients and the public were not involved in this research.

Study quality
The Quality Assessment of Diagnostic Studies-2 
(QUADAS-2)21 and the Strength of Recommendation 
Taxonomy numerical scale were applied to the included 
studies.22 Both checklists were performed independently 
by two authors (YZ and CC); disagreement was resolved 
by consultation with an independent arbiter (JH). The 
‘low risk of bias (RoB)’ was defined as at least three 
domains with ‘low’ in both categories and without any 
domains evaluated as ‘high’ in either category; ‘moderate 
RoB’ was defined as at least two domains with ‘low’ in 
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Figure 1 The PRISMA flow chart of included studies in DTA analysis. DTA, diagnostic test accuracy; PRISMA, Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses.

both categories and without any domain scoring ‘high’ 
in either category; "High RoB" was defined as only one 
domains with "low" in both categories and have at least 
one domain evaluated as“high” in either category.

Data extraction
The following data were extracted from the selected 
studies: (1) study characteristics (first author, study 
design, number of patients and follow-up); (2) interven-
tion characteristics (index tests, duration of follow-up, 
schedule and nature of WLC); (3) patient character-
istics (age, sex, NMIBC patients and tumour lesions); 
(4) diagnostic performance measures (sensitivity (SSY), 
specificity (SPY), negative predictive value (NPV), posi-
tive predictive value (PPV), FPR and false negative rate 
(FNR)). Data were extracted from each study at the 
lesion or patient level to assess 5-ALA, HAL and NBI as 
the index test using WLC as the reference standard, with 
positive or negative disease being determined using histo-
pathological examination.

The primary outcomes of SSY, SPY, NPV, PPV, FPR 
and FNR for individual studies were calculated using the 
following standard definitions. SSY was defined as the 
proportion of positive patients or lesions with index tests 
in all cases of WLC-positive findings. SPY was defined as the 
proportion of negative patients or lesions with index tests 
in all cases of WLC-negative findings. NPV was defined as 
the proportion of true negatives findings (both negative 
in index tests and WLC) in all index test-negative cases or 

lesions. PPV was defined as the proportion of true posi-
tives findings (both positive in index tests and WLC) in 
all index test-positive cases or lesions. FNR was defined as 
the proportion of index test-negative findings in all cases 
of WLC-positive cases or lesions. FPR was defined as the 
proportion of index test-positive findings in all cases of 
WLC-negative cases or lesions.

Statistical analysis
Separate meta-analyses were performed for the currently 
new technology-assisted cystoscopy in patients with 
NMIBC to best summarise the totality of the available 
evidence. The diagnostic meta-analysis was performed 
using Stata V.13.0 with the metan and midas commands. 
A two-sided p value of less than 0.05 was considered signif-
icant. In this study, a random effect model was applied to 
quantify the pooled sensitivity, specificity, diagnostic OR 
(DOR) and area under the receiver operating character-
istic curve (AUROC), with 95% CIs of the compared end 
points. DOR reflects the diagnostic performance of a new 
imaging technique to detect lesions. A DOR value of 1 
indicates that the test has no discriminative power; the 
higher the DOR value, the better the diagnostic perfor-
mance of the new imaging technique. The AUROC 
is an overall summary measure index of the diagnostic 
accuracy. A perfect test will have an AUROC close to 1, 
and a poor test will have an AUROC close to 0.5.23 We 
plotted the sensitivities and specificities in the summary 
receiver operating curve (SROC) space, using different 
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Table 1 Summary of the characteristics of the included studies

Study
Institution 
no. Patients

Index 
test Period

Age, mean 
(range)

Men
(%)

NMIBC 
(%)

Tumour 
lesions (n)

Shadpour et al31 Unicentre 50 NBI 2012–2013 63.86±10.05 34 (68.0) 100 95

Song et al29 Unicentre 63 NBI 2012–2013 66(56-76) 39 (61.9) 94.1 21

Kobatake et al36 Unicentre 135 NBI 2010–2014 75 110 
(81.5)

100 120

Ye et al11 Multicentre 384 NBI NR 61(21-79) 267 
(69.5)

100 167

Shen et al30 Unicentre 78 NBI 2009–2010 68 (33–75) 62 (79.5) 100 211

Zhu et al26 Unicentre 12 NBI 2009–2010 57(28-73) 9 (75.0) 100 9

Tatsugami et al28 Unicentre 104 NBI 2007–2009 70.6 (38–90) 88 (84.6) NR 110

Cauberg et al47 Multicentre 95 NBI 2007–2009 70.6 (38.1–90.2) 70 (73.7) NR 226

Herr and Donat39 Unicentre 427 NBI 2007 65 (26–90) 316 
(74.0)

100 NR

Palou et al34 Multicentre 283 HAL 2008–2009 67.5 (42–95) 242 
(85.5)

94.1 621

Lapini et al35 Multicentre 96 HAL 2010–2011 NR 80 (83.3) NR 108

Burgués et al48 Multicentre 305 HAL 2006–2009 66.9 (39–93) 270 
(88.5)

100 600

Ray et al15 Unicentre 27 HAL 2005–2006 70(49-82) 21 (77.8) 100 NR

Schmidbauer et al32 Unicentre 66 HAL NR 63(38-84) 49 (74.2) 93.1 NR

Geavlete et al40 Unicentre 128 HAL 2007–2008 65(36-81) NR 92.2 NR

Fradet et al41 Multicentre 298 HAL NR 67±11 223 
(74.8)

100 113

Jichlinski et al37 Multicentre 52 HAL 2000–2001 72±12 38 (73.1) 100 143

Grimbergen et al5 Unicentre 160 5-ALA 1998–2002 67(30-91) NR 90.0% 390

Filbeck et al43 Unicentre 279 5-ALA 1997–2000 34–89 NR 90.3% 336

Dominicis et al45 Unicentre 49 5-ALA NR 60(31-77) 42 (85.7) 100 52

Ehsan et al44 Unicentre 30 5-ALA NR 55–89 19 (63.3) NR NR

Jeon et al38 Unicentre 62 5-ALA 1997–1999 61.9 (32–80) 57 (91.1) NR 148

Zaak et al27 Unicentre 605 5-ALA NR 65.6 (16–99) 472 
(78.0)

NR 552

Filbeck et al42 Unicentre 123 5-ALA 1997 64.5 (28–86) NR 91.9 124

Riedl et al33 Unicentre 52 5-ALA NR 44–79 NR 100 123

D'Hallewin et al46 Unicentre 16 5-ALA NR NR NR 100 50

5-ALA, 5-aminolaevulinic acid; HAL, hexylaminolevulinate; NBI, narrow band imaging;NMIBC, non-muscle invasive bladder cancer; NR, not 
reported; NT, new technology.

symbols for different imaging techniques, and used 
RevMan 5.2 software to build hierarchical SROC curves 
for each imaging technique. We also formulated forest 
plots of the summary measures of accuracy and examined 
the heterogeneity of the summary measures of sensitivity 
and specificity. The publication bias was assessed using 
Deeks’ funnel plot, and statistical significance was deter-
mined using Deeks’ asymmetry test.24 25 To explore the 
effect of heterogeneity on the results, subgroup analyses 
were planned based on disease grade (low grade vs high 
grade), stage (pTa vs pT1), setting (primary vs recurrent 
tumours), number of participants (studies with n>100 
patients only) and on studies with low to moderate RoB.

reSuLtS
Search and study selection
The flow diagram summarising the literature screening 
and inclusion process is presented in figure 1. Of the 
652 potentially relevant articles identified in the data-
base search, 271 studies were excluded as duplicates. 
We excluded 278 studies when screening the titles and 
abstracts: 32 were editorials or letters, 24 were reviews 
or meeting abstracts, 85 were non-comparative studies 
and 137 papers concerned an obviously different topic. 
During the screening of 103 full-text articles, 36 studies 
were excluded for not being relevant to this review, 
and another 41 studies were excluded for not having 
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Figure 2 The forest plot of estimates of DOR for NBI (A), HAL (C) and 5-ALA (E) in lesion level and estimates of DOR for NBI 
(B), HAL (D) and 5-ALA (F) in patient level. 5-ALA, 5-aminolevulinic acid; DOR, diagnostic OR; HAL, hexaminolevulinic acid; NBI, 
narrow band imaging.

within-patient comparisons. Finally, 26 studies5 11 15 26–48 
were included in the diagnostic meta-analysis.

Study demographics
The characteristics of the 26 studies included in this 
meta-analysis are summarised in table 1. The studies were 
published from 1994 to 2016 with sample sizes ranging 
from 12 to 605 patients. The mean or median age and 
male/female ratio showed no significant differences 
among included studies. In nine studies, the NBI diag-
nostic intervention was applied, while 5-ALA-based PDD 
was conducted in nine studies and HAL-based PDD in 
eight studies. Most of the enrolled patients in the included 
studies suffered from NMIBC.

Lesion-level analysis
All studies used non-standardised definitions to calcu-
late their diagnostic outcomes, in which case the results 
of the included studies were recalculated using standard 
definitions from the raw data provided (online supple-
mentary table 1). The diagnostic meta-analysis results 
are presented using lesion-level and patient-level anal-
yses. Based on the lesion level, the forest plot of esti-
mates of the DOR for NBI, HAL and 5-ALA compared 

with WLC are shown in figure 2. The pooled DOR values 
for NBI, HAL and 5-ALA were 40.09 (95% CI 20.08 
to 80.01, figure 2A), 78.14 (95% CI 31.42 to 194.28, 
figure 2B) and 18.14 (95% CI 4.28 to 76.87, figure 2C), 
respectively. The SROC curves for NBI, HAL and 5-ALA 
are shown in figure 3A. The AUROC values of NBI, HAL 
and 5-ALA were 0.88 (95% CI 0.85 to 0.91), 0.94 (95% 
CI 0.92 to 0.96), and 0.82 (95% CI 0.79 to 0.85), respec-
tively. Importantly, the results of the SSY and SPY for 
each intervention are shown in online supplementary 
figures 1–3. The pooled estimates for the SSY data for 
NBI, HAL and 5-ALA were 0.94 (95% CI 0.82 to 0.98, 
online supplementary figure 1A), 0.95 (95% CI 0.91 to 
0.98, online supplementary figure 2A) and 0.90 (95% CI 
0.71 to 0.97, online supplementary figure 3A), respec-
tively, whereas the SPY values for NBI, HAL and 5-ALA 
were 0.79 (95% CI 0.73 to 0.85, online supplementary 
figure 1B), 0.81 (95% CI 0.74 to 0.87, online supplemen-
tary figure 2B) and 0.69 (95% CI 0.57 to 0.79, online 
supplementary figure 3B), respectively, presenting supe-
riority compared with WLC. The DOR and AUROC 
values of NBI, HAL and 5-ALA indicated excellent diag-
nostic performance.
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Figure 3 The SROC curve for NBI, HAL and 5-ALA diagnosing NMIBC in lesion level (A) and patient level (B). 5-ALA, 
5-aminolevulinic acid; HAL, hexaminolevulinic acid; NBI, narrow band imaging; NMIBC, non-muscle invasive bladder cancer; 
SROC, summary receiver operating curve.

Patient-level analysis
For the patient level analysis, the AUROC, SSY and SPY 
could not be calculated because few studies included 
these data. figure 2 shows the forest plots of DOR for NBI, 
HAL and 5-ALA. NBI showed the highest DOR. The DOR 
values for NBI and HAL were 358.71 (95% CI 44.50 to 
2891.71, figure 2D) and 59.95 (95% CI 24.30 to 147.92, 
figure 2E), respectively, presenting a better performance 
compared with that of WLC. The SROC curves for NBI, 
HAL and 5-ALA are shown in figure 3B. However, the 
DOR value for 5-ALA was 79.52 (95% CI 0.94 to 6759.92, 
figure 2F) and did not show a statistical difference.

Subgroup analysis
Subgroup analyses were performed on studies with low 
to moderate RoB and at least 100 patients at the lesion 
level. The diagnostic performance results for studies with 
low to moderate RoB and at least 100 patients are shown 
in online supplementary table 2. The forest plot of the 
estimates of the pooled DOR for NBI, HAL and 5-ALA 
with low to moderate RoB are shown in online supple-
mentary figure 4, while the forest plot of the estimates of 
the pooled DOR for NBI, HAL and 5-ALA with at least 
100 patients are shown in online supplementary figure 5. 
These results were consistent with those obtained in the 
overall analysis.

rob of the included studies
The comparison-adjusted funnel plots of the diag-
nostic meta-analysis were not suggestive of any publi-
cation bias, as shown in figure 4. The QUADAS-2 tool 
was applied for RoB assessment of the included studies 

in our meta-analysis (online supplementary figure 6). 
Overall, all studies reported methodology for the index 
test and reference standard clearly, without a significant 
source of potential bias. Among them 69% (18/26) of the 
studies were presented as low or unclear RoB across most 
domains. The RoB in the patient selection in three studies 
was deemed high because of the absence of the consec-
utive inclusion of patients; four studies were deemed to 
have a high RoB for flow and timing.

DISCuSSIOn
Our systematic review indicated that the pooled diagnostic 
performance of NBI, HAL or 5-ALA showed excellent 
efficacy compared with WLC. NBI could potentially be 
the most promising diagnostic intervention for patients 
with NMIBC, with advantages in terms of simplicity, cost, 
and reliability. In the present study, we have summarised 
the diagnostic performance of new technique-assisted 
cystoscopy strategies for NMIBC. A diagnostic meta-anal-
ysis was further undertaken to estimate the diagnostic 
performance of NBI, HAL and 5-ALA compared with 
that of WLC. WLC has been the standard method to 
detect urothelial cell carcinoma of the bladder. However, 
the sensitivity of WLC is unsatisfactory, and it can miss 
small ‘satellite’ tumours or CIS. Thus, new imaging tech-
niques (PDD and NBI) have been introduced to enhance 
bladder cancer visualisation to improve diagnostic accu-
racy and the thoroughness of resection. Several studies 
have demonstrated that the new imaging techniques 
showed superior diagnostic performance compared with 
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Figure 4 Deeks’ funnel plot with asymmetry test for NBI (A), HAL (B) and 5-ALA (C) in lesion level. 5-ALA, 5-aminolevulinic 
acid; HAL, hexaminolevulinic acid; NBI, narrow band imaging.

WLC.11 49 However, the application of these new imaging 
techniques has been limited by their increased false posi-
tives caused by intravesical instillation or inflammation, 
their technical complexity and increased cost.13–16 It 
remains uncertain which technique could better improve 
the diagnostic accuracy of bladder cancer detection 
beyond the standard WLC. Virtually all the techniques 
assessed in this review were based on the reference stan-
dard of WLC, and new technique-assisted cystoscopy 
showed diagnostic superiority compared with conven-
tional WLC. In this context, adoption of these strategies 
for practical bladder cancer diagnosis is essential. The 
results of the present study strongly suggested that new 
imaging-based technologies, in particular NBI, would be 
promising diagnostic interventions for bladder cancer 
detection in clinical practice.

In response to the latent disadvantages of WLC, PDD 
and NBI have been developed recently to improve the visu-
alisation of bladder tumours. The diagnostic superiority 

of PDD or NBI over WLC for tumour detection has 
been demonstrated in several studies.11 50 51 A meta-anal-
ysis comparing PDD with WLC found a 21% increase 
in tumour detection with PDD in the pooled estimates 
for both patients and biopsies.52 NBI, another optical 
enhancement technology, improves diagnostic accuracy 
by increasing the contrast of the superficial vasculature 
between the normal mucosa and tumour tissue. Previous 
studies reported significant improvement in the detec-
tion of bladder tumours using NBI cystoscopy compared 
with standard WLC.11 13 Our previous meta-analysis indi-
cated that NBI identifies an additional 17% of patients 
and an additional 24% of tumours compared with WLC.53 
However, these studies did not use standardised diag-
nostic accuracy definitions. Our diagnostic meta-analysis 
applied standard diagnostic accuracy definitions, and 
furthermore, the pooled estimates demonstrated that 
new technique assisted-cystoscopy had significant diag-
nostic superiority compared with conventional WLC, 
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demonstrating the suboptimal performance of WLC in 
diagnosing NMIBC.

A study performed by Burger54 showed that HAL-assisted 
transurethral resection (TUR) significantly reduced the 
recurrence rate at 9–12 months compared with WLC-as-
sisted TUR alone. In addition, Lee et al55 performed a 
meta-analysis evaluating oncological outcomes for WLC, 
PDD and NBI-assisted TUR, which showed that both PDD 
and NBI reduced the recurrence rate compared with 
WLC. However, the therapeutic effectiveness of new tech-
nique-assisted TUR, in terms of recurrence and progres-
sion, could not be demonstrated in the present review. 
Further therapeutic efficacy analysis is needed to identify 
promising interventions.

The strengths of our study include the stringent meth-
odology used for searching and the study inclusion 
procedure, the standard definition of diagnostic perfor-
mance and data extraction, the use of the strict diagnostic 
meta-analysis and the specific QUADAS-2 tool for RoB 
assessment. Moreover, the strict diagnostic meta-analysis 
and further subgroup analysis was applied to synthe-
sise the diagnostic accuracy to obtain a reliable result. 
However, potential study limitations should be acknowl-
edged. The lack of data on important clinical variables, 
such as grade and stage of disease, primary vs recurrent 
disease and intravesical instillation settings, might have 
introduced clinical heterogeneity and prevented further 
subgroup analyses. The predictive performance of recur-
rence or progression was not demonstrated in our study, 
which might decrease the reliability of diagnostic perfor-
mance. We have attempted to minimise bias throughout 
the whole procedure, with rigorous search and selection 
criteria, standard data extraction and recalculation and 
subgroup analysis application, to evaluate the robustness 
of our findings.

In summary, this meta-analysis provided pooled diag-
nostic accuracy for NBI, HAL and 5-ALA techniques for 
patients with NMIBC in comparison with WLC as the 
reference standard. The results demonstrated that the 
diagnostic performances of NBI, HAL and 5-ALA were 
superior to that of WLC at the lesion level in diagnostic 
meta-analysis. The findings demonstrate the superior 
diagnostic performance of new imaging techniques in 
bladder detection compared with conventional WLC. 
These new imaging techniques are promising diagnostic 
interventions to improve clinical procedures in bladder 
cancer detection.
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