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26 ABSTRACT 

27 Introduction: Cystoscopy has revolutionised the process of diagnosing bladder 

28 cancer, leading to better categorization of risk levels and more precise treatment 

29 plans. Nonetheless, concerns arise about the lack of uniformity among observers in 

30 predicting tumour stage and grade. To address these concerns, artificial intelligence 

31 (AI) is being incorporated into clinical settings to aid in the analysis of diagnostic and 

32 therapeutic images. The subsequent report outlines a systematic review and meta-

33 analysis protocol aimed at evaluating the effectiveness of AI in predicting bladder 

34 cancer based on cystoscopic images.

35

36 Methods and Analysis: Our systematic search will utilise databases including 

37 Pubmed, MEDLINE, Embase, and Cochrane. The articles published between May 

38 2015 and April 2024 will be eligible for inclusion. For articles to be considered, they 

39 must employ AI for analysis of cystoscopic images to identify bladder cancer, present 

40 original data and be written in English. The protocol adheres to the Preferred Reporting 

41 Items for Systematic Review and Meta-Analysis Protocol (PRISMA-P) 2015 checklist. 

42 Quality and bias risk across chosen studies will be evaluated using the QUADAS-2 

43 score.

44

45 Ethics and dissemination: Ethical clearance won't be necessary for conducting this 

46 systematic review since results will be disseminated through peer-reviewed 

47 publications and presentations at both national and international conferences.

48 PROSPERO registration number: CRD42024528345

49

50
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51

52 Strengths and limitations of this study 

53 • This protocol adheres to PRISMA guidelines and will incorporate subgroup 

54 and sensitivity analyses to further explore the variability among the studies 

55 included.

56 • AI-specific metrics like the F1-score and precision-recall AUC will be 

57 utilised to address limitations inherent in traditional pooled analysis, such 

58 as the impact of imbalanced classes.

59 • Given the novelty of AI technology in cystoscopy, long-term data regarding 

60 its impact on clinical outcomes may be scarce.

61 • Limitations on language and the exclusive use of cystoscopy may result in 

62 a limited number of eligible studies for inclusion

63
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76 BACKGROUND

77 Bladder cancer is the commonest cancer of the urinary tract, and ranks as the ninth 

78 most common cancer worldwide according to the World Health Organization's 2020 

79 report(1,2). The gold standard for diagnosing bladder cancer remains cystoscopy, as 

80 advocated by both the National Institute for Health and Care Excellence (NICE) and 

81 the European Association of Urology (EAU) guidelines(3). While white light cystoscopy 

82 (WLC) is the conventional method widely employed, however it potentially overlooks 

83 up to 20% of lesions. Furthermore, a recent systematic review and meta-analysis 

84 demonstrated that conventional WLC exhibits low diagnostic sensitivity compared to 

85 alternative modalities like blue light cystoscopy (BLC)(4). Despite the superior 

86 detection rates of bladder cancer associated with these alternative methods 

87 recommended by EAU, their adoption remains limited, likely due to their higher initial 

88 costs and limited availability(4). Transurethral resection of bladder tumour (TURBT) 

89 with white light cystoscopy (WLC) remains fundamental for diagnosing and treating 

90 non-muscle invasive bladder cancer (NMIBC) which accounts for around 75% of 

91 bladder tumours at the time of diagnosis(5). 

92 Artificial intelligence (AI) now boasts a remarkable ability to accurately recognise 

93 images. AI offers a promising solution to improve the diagnosis of bladder cancer 

94 during cystoscopy(6). Artificial intelligence broadly describes the modelling of 

95 intelligent behaviour by use of a computer model(7). Deep learning is a subset of 

96 artificial intelligence which more specifically positions AI within the context of medical 

97 imaging(8). Augmented cystoscopy employing deep learning holds promise in also 

98 enhancing tumour localization, intraoperative navigation, and surgical resection of 

99 bladder cancer during TURBT(9). 
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100 While Artificial intelligence shows promise in the diagnosis of bladder cancer using 

101 cystoscopy, several limitations to the deployment of this technology need to be 

102 addressed. Given the cystoscopy imaging data used, such as WLC and BLC, studies 

103 are strongly encouraged to follow the Checklist for Artificial Intelligence in Medical 

104 Imaging (CLAIM)(10). This is to encourage the reproducibility of AI-models in 

105 development and forwarding the collaboration of research groups in external validation 

106 of their models. The checklist also provide a focus on the use of radiomic features as 

107 well as computer-aided diagnosis of imaging data. In order to be better suited for 

108 clinical development, models should be explainable in their decision-making process 

109 which may be currently under reported(11,12). 

110 Existing reviews on this topic have provided a robust summary to the feasibility of the 

111 application of AI in cystoscopy(13,14). But further investigation of the reported studies 

112 with a goal of clinical deployment should be conducted next. Therefore, this systematic 

113 review and meta-analysis seeks to outline the precision of artificial intelligence (AI) in 

114 forecasting bladder cancer based on cystoscopic images and evaluate its potential 

115 influence on patient clinical outcomes.

116

117 METHODS AND ANALYSIS: 

118 This systematic review protocol adheres to the Preferred Reporting Items for 

119 Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 checklist(15). This 

120 study has been prospectively registered with the PROSPERO review database 

121 (CRD42024528345), and all methodologies detailed herein have been established 

122 prior to implementation. The statistical analysis will focus on evaluating the sensitivity, 

123 specificity, positive predictive value (PPV), negative predictive value (NPV), and area-

124 under-the-curve (AUC) associated with the application of artificial intelligence (AI) in 
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125 detecting bladder cancer during cystoscopy, along with its impact on clinical outcomes. 

126 These parameters will be derived through comprehensive analysis and thematic 

127 synthesis of included studies. Pooled sensitivities and specificities across the studies 

128 will be determined before calculating PPV and NPV values. AI-specific matrices such 

129 as F1-scores and Precision-Recall AUC will also be investigated. 

130   

131

132 Search Methodology

133 A comprehensive search will be conducted across multiple databases including 

134 PubMed, MEDLINE, Embase, and the Cochrane Library. The search strategy will 

135 incorporate medical subject heading (MeSH) terms and free text combined with 

136 appropriate Boolean operators. Articles from May 2015 to April 2024 will be included 

137 to ensure a thorough retrieval of relevant evidence. The search will encompass the 

138 following key terms:  "bladder", "cancer", "diagnosis", “cystoscopy”, “cystoscopic 

139 images”, "artificial intelligence", and "deep learning". The complete search strategy is 

140 outlined in Supplementary file 1. To streamline the initial screening phase, we will be 

141 utilising Rayyan, a semi-automated tool crafted to enhance the efficiency and precision 

142 of systematic review (16). All eligible articles identified in the initial search will be 

143 imported into Rayyan. Additionally, a manual examination of references cited in all 

144 included articles will be conducted to uncover any additional pertinent literature not 

145 captured by the initial search strategy. In instances where data is lacking or unclear, 

146 corresponding authors will be contacted for clarification. 

147

148

149
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150 Study selection and data extraction  

151 Two researchers, M.B. and M.A., will independently conduct the screening process. 

152 They will carefully review the titles and abstracts of eligible studies, eliminating any 

153 irrelevant articles. Full-text versions of relevant articles will then be retrieved for further 

154 evaluation. In the event of any discrepancies between the researchers, a third reviewer 

155 (Y.Z.) will be consulted, and a consensus will be reached through discussion. The 

156 reasons for excluding articles will be meticulously documented and outlined in a 

157 PRISMA flow diagram. Prior to commencing the screening process, calibration 

158 exercises will be conducted to ensure consistency among the researchers, thereby 

159 minimising potential inter-reviewer bias.

160

161 Inclusion and exclusion criteria  

162 This systematic review will include studies employing either fully automated or semi-

163 automated artificial intelligence (AI) for analysing cystoscopic images to detect bladder 

164 cancer. Both prospective and retrospective studies will be considered. The main 

165 comparisons will focus on evaluating sensitivities, specificities, positive predictive 

166 values (PPVs), negative predictive values (NPVs), and area under the curve (AUC) 

167 values. Patient cohorts may include individuals with suspected or confirmed bladder 

168 cancer cases, with histological findings serving as reference standards.

169 Excluded from analysis will be correspondence papers, ongoing studies, case reports, 

170 and conference abstracts. Additionally, non-English language articles, studies not 

171 utilising cystoscopy as the primary diagnostic modality, and those involving patients 

172 with a history of previous bladder cancer treatment will be excluded.

173

174
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175 Data extraction (table of collection) 

176 The data outlined in Table 1 will be gathered from all selected studies. Each researcher 

177 will independently conduct data extraction, consolidating the obtained information into 

178 a comprehensive datasheet. Any discrepancies in data extraction will be reviewed by 

179 a third evaluator, with the aim of reaching consensus for resolution.

180 If accessible, pertinent figures such as true positives, true negatives, false positives, 

181 false negatives, and their derived calculations will be extracted accordingly. If these 

182 figures are not explicitly provided, efforts will be made to compute them from available 

183 data. In cases where computation is unattainable, the authors of the respective paper 

184 will be contacted to provide the required data.

185

186 Table 1. Data collection items

Item No. Data Title Data Type

1 Year of publication Study 

characteristic

2 Study authors Study 

characteristic

3 Patient population Demographics

4 Study size Demographics

5 Cystoscopic images Methodology

6 Histopathology results Methodology

7 AI models utilised Methodology
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8 Definition for significant clinical 

disease

Methodology

187 AI: artificial intelligence.

188

189 Endpoints 

190 The main endpoint of analysis will be the statistically significant quantification of 

191 accuracy when employing AI in bladder cancer detection during cystoscopy, aiming to 

192 assess its potential impact on clinical outcomes. Additional outcomes will encompass 

193 various parameters examining patient demographics.

194

195 Meta-analysis  

196 Should an ample number of suitable studies be accessible, we will proceed with a 

197 meta-analysis to amalgamate a quantitative measure of AI performance in identifying 

198 bladder cancer from cystoscopic images. Initially, sensitivity and specificity values will 

199 be retrieved from studies, or if not accessible, computed from clinical data or solicited 

200 from authors. If a notable fraction of studies employ alternative metrics like F1-score 

201 or precision-recall AUC, these metrics will be acquired and scrutinised independently. 

202 The distributions of untransformed, logit, and double-arcsine transformed proportions 

203 will be compared and evaluated for normality using density plots and Shapiro-Wilk 

204 tests. The set of ratios most resembling a normal distribution will be selected for further 

205 analysis.

206 Heterogeneity and inter-study variation will be quantified using I2, and if statistically 

207 significant, a random-effects model will be employed for estimating the summary 

208 estimate. Leave-one-out analysis (LOO) and accompanying diagnostic plots will be 

209 used to identify influential studies after the model fits all relevant studies. Summary 
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210 proportions will be re-estimated based on the remaining studies after each study is 

211 removed. Studies exerting a statistically significant influence on the model will be 

212 identified as outliers and excluded. After excluding these studies, the model will then 

213 be refitted with a summary estimate comprising the remaining studies will be 

214 calculated to estimate the accuracy using AI in cystoscopy for bladder cancer 

215 detection. All data analysis and visualisation will be conducted using the R statistical 

216 environment with the "mvmeta" and "meta" packages.

217

218

219 Risk of bias in individual studies : This study will use the QUADAS-2 tool to assess 

220 the quality and the risk of bias within each of the included studies (17). The scoring 

221 system is split into four main sections: patient selection, index test, reference standard, 

222 and flow and timing. Within each section, signalling questions assessed the quality of 

223 the research methodology and results at the study level. As included studies utilises 

224 imaging data, the CLAIM-AI checklist will be used to assess imaging specific 

225 considerations such as the classification, image reconstruction, text analysis and 

226 workflow optimisation (10). Two reviewers (M.B. and M.A.) will independently engage 

227 in this procedure, with any discrepancies resolved through consensus. The bias 

228 assessment will analyse the appropriateness and dependability of the data utilised. 

229 This analysis will contribute to evidence synthesis and enhance transparency, 

230 potentially leading to the exclusion of articles of low quality or indicative of high bias 

231 levels. If included, relevant commentaries will be integrated into the discussion.

232

233 Ethics and Dissemination

Page 10 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 O

cto
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-089125 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

234 The potential of AI to assist in diagnosing bladder cancer during cystoscopy remains 

235 to be thoroughly assessed. Our aim is to consolidate available information to elucidate 

236 AI's role in cystoscopy for bladder cancer diagnosis and outline its impact on clinical 

237 practice.

238 However, it is crucial to acknowledge several limitations. Firstly, given the novelty of 

239 AI in this domain, there may be a limited number of studies available for evaluation. 

240 Additionally, issues related to the diversity of reporting protocols due to regional 

241 variations may arise. Furthermore, the presence of different neural networks could 

242 potentially act as confounders due to variations in training datasets, leading to 

243 discrepancies in reported outcomes.

244 We intend to disseminate our findings through publication in a peer-reviewed journal. 

245 The synthesis of this data will contribute to a deeper understanding of current AI 

246 methodologies in bladder cancer diagnosis. Ultimately, this knowledge may facilitate 

247 the enhancement of existing systems, both supervised and unsupervised, to refine 

248 reporting protocols and improve bladder cancer diagnosis in the future.

249

250 Patient and public involvement  

251 There will be no patient or public involvement in this study.

252

253 Trial status

254 ● - Preliminary searches: Started

255 ● - Piloting of the study selection process: Not started

256 ● - Formal screening: Not started

257 ● - Data extraction: Not started
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258 ● - Risk of bias assessment: Not started

259 ● - Data analysis: Not started
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Utilising artificial intelligence for bladder cancer detection during cystoscopy and its 

impact on clinical outcomes: a systematic review and meta-analysis

The search terms for this systematic review are as follows:

((artificial intelligence OR machine intelligence OR computational intelligence OR neural network OR 

deep learning OR machine learning OR reinforcement learning OR convolutional neural network OR 

artificial neural network OR recurrent neural network OR deep neural network OR intelligent model 

OR AI OR NN OR DL OR ML OR CNN OR ANN OR RNN OR DNN) AND ((Bladder AND (cancer OR 

malignant OR transitional cell or urothelial OR squamous cell OR adenocarcinoma OR papillary OR 

carcinoma in situ OR non muscle invasive OR lesions OR disease)) AND (Cystoscopy OR 

cystoscopic images OR flexible cystoscopy OR cystourethroscopy )) AND diagnosis).

Searches will be conducted on the following databases: 

PubMed, MEDLINE, Embase, and Cochrane databases
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Reporting checklist for protocol of a systematic review 
and meta analysis.
Based on the PRISMA-P guidelines.

Instructions to authors
Complete this checklist by entering the page numbers from your manuscript where readers will find each of the 
items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the 
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short 
explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the PRISMA-Preporting guidelines, and cite them as:

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA. Preferred 
Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 statement. Syst Rev. 
2015;4(1):1.

Reporting Item Page Number

Title

Identification #1a Identify the report as a protocol of a systematic review 1

Update #1b If the protocol is for an update of a previous systematic 
review, identify as such

n/a

Registration

#2 If registered, provide the name of the registry (such as 
PROSPERO) and registration number

2

Authors

Contact #3a Provide name, institutional affiliation, e-mail address of all 
protocol authors; provide physical mailing address of 
corresponding author

1, 12

Contribution #3b Describe contributions of protocol authors and identify the 
guarantor of the review

12
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Amendments

#4 If the protocol represents an amendment of a previously 
completed or published protocol, identify as such and list 
changes; otherwise, state plan for documenting important 
protocol amendments

n/a

Support

Sources #5a Indicate sources of financial or other support for the review n/a

Sponsor #5b Provide name for the review funder and / or sponsor n/a

Role of sponsor or 
funder

#5c Describe roles of funder(s), sponsor(s), and / or 
institution(s), if any, in developing the protocol

n/a

Introduction

Rationale #6 Describe the rationale for the review in the context of what 
is already known

2

Objectives #7 Provide an explicit statement of the question(s) the review 
will address with reference to participants, interventions, 
comparators, and outcomes (PICO)

2

Methods

Eligibility criteria #8 Specify the study characteristics (such as PICO, study 
design, setting, time frame) and report characteristics (such 
as years considered, language, publication status) to be used 
as criteria for eligibility for the review

2

Information 
sources

#9 Describe all intended information sources (such as 
electronic databases, contact with study authors, trial 
registers or other grey literature sources) with planned dates 
of coverage

5-6

Search strategy #10 Present draft of search strategy to be used for at least one 
electronic database, including planned limits, such that it 
could be repeated

Supplementary 
file

Study records - 
data management

#11a Describe the mechanism(s) that will be used to manage 
records and data throughout the review

7-8
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Study records - 
selection process

#11b State the process that will be used for selecting studies (such 
as two independent reviewers) through each phase of the 
review (that is, screening, eligibility and inclusion in meta-
analysis)

7-8

Study records - 
data collection 
process

#11c Describe planned method of extracting data from reports 
(such as piloting forms, done independently, in duplicate), 
any processes for obtaining and confirming data from 
investigators

6-8

Data items #12 List and define all variables for which data will be sought 
(such as PICO items, funding sources), any pre-planned data 
assumptions and simplifications

6-8

Outcomes and 
prioritization

#13 List and define all outcomes for which data will be sought, 
including prioritization of main and additional outcomes, 
with rationale

9-10

Risk of bias in 
individual studies

#14 Describe anticipated methods for assessing risk of bias of 
individual studies, including whether this will be done at the 
outcome or study level, or both; state how this information 
will be used in data synthesis

10

Data synthesis #15a Describe criteria under which study data will be 
quantitatively synthesised

8-10

Data synthesis #15b If data are appropriate for quantitative synthesis, describe 
planned summary measures, methods of handling data and 
methods of combining data from studies, including any 
planned exploration of consistency (such as I2, Kendall’s τ)

8-10

Data synthesis #15c Describe any proposed additional analyses (such as 
sensitivity or subgroup analyses, meta-regression)

8-10

Data synthesis #15d If quantitative synthesis is not appropriate, describe the type 
of summary planned

8-10

Meta-bias(es) #16 Specify any planned assessment of meta-bias(es) (such as 
publication bias across studies, selective reporting within 
studies)

8-10

Confidence in 
cumulative 
evidence

#17 Describe how the strength of the body of evidence will be 
assessed (such as GRADE)

8-10
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The PRISMA-P elaboration and explanation paper is distributed under the terms of the Creative Commons 
Attribution License CC-BY. This checklist was completed on 20. March 2023 using 
https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with Penelope.ai
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26 ABSTRACT 

27 Introduction: Cystoscopy has revolutionised the process of diagnosing bladder 

28 cancer, leading to better categorization of risk levels and more precise treatment 

29 plans. Nonetheless, concerns arise about the lack of uniformity among observers in 

30 predicting tumour stage and grade. To address these concerns, artificial intelligence 

31 (AI) is being incorporated into clinical settings to aid in the analysis of diagnostic and 

32 therapeutic images. The subsequent report outlines a systematic review and meta-

33 analysis protocol aimed at evaluating the effectiveness of AI in predicting bladder 

34 cancer based on cystoscopic images.

35

36 Methods and Analysis: Our systematic search will utilise databases including 

37 Pubmed, MEDLINE, Embase, and Cochrane. The articles published between May 

38 2015 and April 2024 will be eligible for inclusion. For articles to be considered, they 

39 must employ AI for analysis of cystoscopic images to identify bladder cancer, present 

40 original data and be written in English. The protocol adheres to the Preferred Reporting 

41 Items for Systematic Review and Meta-Analysis Protocol (PRISMA-P) 2015 checklist. 

42 Quality and bias risk across chosen studies will be evaluated using the QUADAS-2 

43 score.

44

45 Ethics and dissemination: Ethical clearance won't be necessary for conducting this 

46 systematic review since results will be disseminated through peer-reviewed 

47 publications and presentations at both national and international conferences.

48 PROSPERO registration number: CRD42024528345

49

50
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51

52 Strengths and limitations of this study 

53 • This protocol adheres to PRISMA guidelines and will incorporate subgroup 

54 and sensitivity analyses to further explore the variability among the studies 

55 included.

56 • AI-specific metrics like the F1-score and precision-recall AUC will be 

57 utilised to address limitations inherent in traditional pooled analysis, such 

58 as the impact of imbalanced classes.

59 • Given the novelty of AI technology in cystoscopy, long-term data regarding 

60 its impact on clinical outcomes may be scarce.

61 • Limitations on language and the exclusive use of cystoscopy may result in 

62 a limited number of eligible studies for inclusion

63
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76 BACKGROUND

77 Bladder cancer is the commonest cancer of the urinary tract, and ranks as the ninth 

78 most common cancer worldwide according to the World Health Organization's 2020 

79 report(1,2). The gold standard for diagnosing bladder cancer remains cystoscopy, as 

80 advocated by both the National Institute for Health and Care Excellence (NICE) and 

81 the European Association of Urology (EAU) guidelines(3). While white light cystoscopy 

82 (WLC) is the conventional method widely employed, it potentially overlooks up to 20% 

83 of lesions. Furthermore, a recent systematic review and meta-analysis demonstrated 

84 that conventional WLC exhibits low diagnostic sensitivity compared to alternative 

85 modalities like blue light cystoscopy (BLC)(4). Despite the superior detection rates of 

86 bladder cancer associated with these alternative methods recommended by EAU, their 

87 adoption remains limited, likely due to their higher initial costs and limited 

88 availability(4). Transurethral resection of bladder tumour (TURBT) with WLC remains 

89 fundamental for diagnosing and treating non-muscle invasive bladder cancer (NMIBC) 

90 which accounts for around 75% of bladder tumours at the time of diagnosis(5). 

91 Artificial intelligence (AI) now boasts a remarkable ability to accurately recognise 

92 images. AI offers a promising solution to improve the diagnosis of bladder cancer 

93 during cystoscopy(6). Artificial intelligence broadly describes the modelling of 

94 intelligent behaviour by use of a computer model(7). Deep learning is a subset of 

95 artificial intelligence which more specifically positions AI within the context of medical 

96 imaging(8). Augmented cystoscopy employing deep learning holds promise in also 

97 enhancing tumour localization, intraoperative navigation, and surgical resection of 

98 bladder cancer during TURBT(9). 

99 While Artificial intelligence shows promise in the diagnosis of bladder cancer using 

100 cystoscopy, several limitations to the deployment of this technology need to be 
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101 addressed. Given the cystoscopy imaging data used, such as WLC and BLC, studies 

102 are strongly encouraged to follow the Checklist for Artificial Intelligence in Medical 

103 Imaging (CLAIM)(10). This is to encourage the reproducibility of AI models in 

104 development and forwarding the collaboration of research groups in external validation 

105 of their models. The checklist also provides a focus on the use of radiomic features as 

106 well as computer-aided diagnosis of imaging data. In order to be better suited for 

107 clinical development, models should be explainable in their decision-making process 

108 which may be currently under reported(11,12). 

109 Existing reviews on this topic have provided a robust summary to the feasibility of the 

110 application of AI in cystoscopy(13,14). But further investigation of the reported studies 

111 with a goal of clinical deployment should be conducted next. Therefore, this systematic 

112 review and meta-analysis seeks to outline the precision of artificial intelligence (AI) in 

113 forecasting bladder cancer based on cystoscopic images and evaluate its potential 

114 influence on patient clinical outcomes.

115

116 METHODS AND ANALYSIS: 

117 This systematic review protocol adheres to the Preferred Reporting Items for 

118 Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 checklist(15). This 

119 study has been prospectively registered with the PROSPERO review database 

120 (CRD42024528345), and all methodologies detailed herein have been established 

121 prior to implementation. The statistical analysis will focus on evaluating the sensitivity, 

122 specificity, positive predictive value (PPV), negative predictive value (NPV), and area-

123 under-the-curve (AUC) associated with the application of artificial intelligence (AI) in 

124 detecting bladder cancer during cystoscopy, along with its impact on clinical outcomes. 

125 These parameters will be derived through comprehensive analysis and thematic 
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126 synthesis of included studies. Pooled sensitivities and specificities across the studies 

127 will be determined before calculating PPV and NPV values. AI-specific matrices such 

128 as F1-scores and Precision-Recall AUC will also be investigated. 

129   

130

131 Search Methodology

132 A comprehensive search will be conducted across multiple databases including 

133 PubMed, MEDLINE, Embase, and the Cochrane Library. The search strategy will 

134 incorporate medical subject heading (MeSH) terms and free text combined with 

135 appropriate Boolean operators. Articles from May 2015 to April 2024 will be included 

136 to ensure a thorough retrieval of relevant evidence. The search will encompass the 

137 following key terms:  "bladder", "cancer", "diagnosis", “cystoscopy”, “cystoscopic 

138 images”, "artificial intelligence", and "deep learning". The complete search strategy is 

139 outlined in Supplementary file 1. To streamline the initial screening phase, we will be 

140 utilising Rayyan, a semi-automated tool crafted to enhance the efficiency and precision 

141 of systematic review (16). All eligible articles identified in the initial search will be 

142 imported into Rayyan. Additionally, a manual examination of references cited in all 

143 included articles will be conducted to uncover any additional pertinent literature not 

144 captured by the initial search strategy. In instances where data is lacking or unclear, 

145 corresponding authors will be contacted for clarification. 

146

147

148

149 Study selection and data extraction  
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150 Two researchers, M.B. and M.A., will independently conduct the screening process. 

151 They will carefully review the titles and abstracts of eligible studies, eliminating any 

152 irrelevant articles. Full-text versions of relevant articles will then be retrieved for further 

153 evaluation. In the event of any discrepancies between the researchers, a third reviewer 

154 (Y.Z.) will be consulted, and a consensus will be reached through discussion. The 

155 reasons for excluding articles will be meticulously documented and outlined in a 

156 PRISMA flow diagram. Prior to commencing the screening process, calibration 

157 exercises will be conducted to ensure consistency among the researchers, thereby 

158 minimising potential inter-reviewer bias.

159

160 Inclusion and exclusion criteria  

161 This systematic review will include studies employing either fully automated or semi-

162 automated artificial intelligence (AI) for analysing cystoscopic images to detect bladder 

163 cancer. Both prospective and retrospective studies will be considered. The main 

164 comparisons will focus on evaluating sensitivities, specificities, positive predictive 

165 values (PPVs), negative predictive values (NPVs), and area under the curve (AUC) 

166 values. Patient cohorts may include individuals with suspected or confirmed bladder 

167 cancer cases, with histological findings serving as reference standards.

168 Excluded from analysis will be correspondence papers, ongoing studies, case reports, 

169 and conference abstracts. Additionally, non-English language articles, studies not 

170 utilising cystoscopy as the primary diagnostic modality, and those involving patients 

171 with a history of previous bladder cancer treatment will be excluded.

172

173

174 Data extraction (table of collection) 
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175 The data outlined in Table 1 will be gathered from all selected studies. Each researcher 

176 will independently conduct data extraction, consolidating the obtained information into 

177 a comprehensive datasheet. Any discrepancies in data extraction will be reviewed by 

178 a third evaluator, with the aim of reaching consensus for resolution.

179 If accessible, pertinent figures such as true positives, true negatives, false positives, 

180 false negatives, and their derived calculations will be extracted accordingly. If these 

181 figures are not explicitly provided, efforts will be made to compute them from available 

182 data. In cases where computation is unattainable, the authors of the respective paper 

183 will be contacted to provide the required data.

184

185 Table 1. Data collection items

Item No. Data Title Data Type

1 Year of publication Study 

characteristic

2 Study authors Study 

characteristic

3 Patient population Demographics

4 Study size Demographics

5 Cystoscopic images Methodology

6 Histopathology results Methodology

7 AI models utilised Methodology
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8 Definition for significant clinical 

disease

Methodology

186 AI: artificial intelligence.

187

188 Endpoints 

189 The main endpoint of analysis will be the statistically significant quantification of 

190 accuracy when employing AI in bladder cancer detection during cystoscopy, aiming to 

191 assess its potential impact on clinical outcomes. Additional outcomes will encompass 

192 various parameters examining patient demographics.

193

194 Meta-analysis  

195 Should an ample number of suitable studies be accessible, we will proceed with a 

196 meta-analysis to amalgamate a quantitative measure of AI performance in identifying 

197 bladder cancer from cystoscopic images. Initially, sensitivity and specificity values will 

198 be retrieved from studies, or if not accessible, computed from clinical data or solicited 

199 from authors. If a notable fraction of studies employ alternative metrics like F1-score 

200 or precision-recall AUC, these metrics will be acquired and scrutinised independently. 

201 The distributions of untransformed, logit, and double-arcsine transformed proportions 

202 will be compared and evaluated for normality using density plots and Shapiro-Wilk 

203 tests. The set of ratios most resembling a normal distribution will be selected for further 

204 analysis.

205 Heterogeneity and inter-study variation will be quantified using I2, and if statistically 

206 significant, a random-effects model will be employed for estimating the summary 

207 estimate. Leave-one-out analysis (LOO) and accompanying diagnostic plots will be 

208 used to identify influential studies after the model fits all relevant studies. Summary 
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209 proportions will be re-estimated based on the remaining studies after each study is 

210 removed. Studies exerting a statistically significant influence on the model will be 

211 identified as outliers and excluded. After excluding these studies, the model will then 

212 be refitted with a summary estimate comprising the remaining studies will be 

213 calculated to estimate the accuracy using AI in cystoscopy for bladder cancer 

214 detection. All data analysis and visualisation will be conducted using the R statistical 

215 environment with the "mvmeta" and "meta" packages.

216

217

218 Risk of bias in individual studies : This study will use the QUADAS-2 tool to assess 

219 the quality and the risk of bias within each of the included studies (17). The scoring 

220 system is split into four main sections: patient selection, index test, reference standard, 

221 and flow and timing. Within each section, signalling questions assessed the quality of 

222 the research methodology and results at the study level. As included studies utilises 

223 imaging data, the CLAIM-AI checklist will be used to assess imaging specific 

224 considerations such as the classification, image reconstruction, text analysis and 

225 workflow optimisation (10). Two reviewers (M.B. and M.A.) will independently engage 

226 in this procedure, with any discrepancies resolved through consensus. The bias 

227 assessment will analyse the appropriateness and dependability of the data utilised. 

228 This analysis will contribute to evidence synthesis and enhance transparency, 

229 potentially leading to the exclusion of articles of low quality or indicative of high bias 

230 levels. If included, relevant commentaries will be integrated into the discussion.

231

232 Ethics and Dissemination
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233 The potential of AI to assist in diagnosing bladder cancer during cystoscopy remains 

234 to be thoroughly assessed. Our aim is to consolidate available information to elucidate 

235 AI's role in cystoscopy for bladder cancer diagnosis and outline its impact on clinical 

236 practice.

237 However, it is crucial to acknowledge several limitations. Firstly, given the novelty of 

238 AI in this domain, there may be a limited number of studies available for evaluation. 

239 Additionally, issues related to the diversity of reporting protocols due to regional 

240 variations may arise. Furthermore, the presence of different neural networks could 

241 potentially act as confounders due to variations in training datasets, leading to 

242 discrepancies in reported outcomes.

243 We intend to disseminate our findings through publication in a peer-reviewed journal. 

244 The synthesis of this data will contribute to a deeper understanding of current AI 

245 methodologies in bladder cancer diagnosis. Ultimately, this knowledge may facilitate 

246 the enhancement of existing systems, both supervised and unsupervised, to refine 

247 reporting protocols and improve bladder cancer diagnosis in the future.

248

249 Patient and public involvement  

250 There will be no patient or public involvement in this study.

251

252 Trial status

253 ● - Preliminary searches: Started

254 ● - Piloting of the study selection process: Not started

255 ● - Formal screening: Not started

256 ● - Data extraction: Not started
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257 ● - Risk of bias assessment: Not started

258 ● - Data analysis: Not started
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Utilising artificial intelligence for bladder cancer detection during cystoscopy and its 

impact on clinical outcomes: A Protocol systematic review and meta-analysis 

 

The search terms for this systematic review are as follows: 

((artificial intelligence OR machine intelligence OR computational intelligence OR neural network OR 

deep learning OR machine learning OR reinforcement learning OR convolutional neural network OR 

artificial neural network OR recurrent neural network OR deep neural network OR intelligent model 

OR predictive model OR computational model OR algorithm OR AI OR NN OR DL OR ML OR CNN 

OR ANN OR RNN OR DNN) AND (random forests OR support vector machines OR nearest 

neighbours OR logistic regression) AND ((Bladder AND (cancer OR malignant OR transitional cell or 

urothelial OR squamous cell OR adenocarcinoma OR papillary OR carcinoma in situ OR non muscle 

invasive OR lesions OR disease)) AND (cystoscop* OR cystoscop* images OR flexible cystoscopy 

OR cystourethroscopy )) AND (diagnos* OR detect*)). 

 

Searches will be conducted on the following databases:  

PubMed, MEDLINE, Embase, and Cochrane databases 
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26 ABSTRACT 

27 Introduction: Cystoscopy has revolutionised the process of diagnosing bladder 

28 cancer, leading to better categorization of risk levels and more precise treatment 

29 plans. Nonetheless, concerns arise about the lack of uniformity among observers in 

30 predicting tumour stage and grade. To address these concerns, artificial intelligence 

31 (AI) is being incorporated into clinical settings to aid in the analysis of diagnostic and 

32 therapeutic images. The subsequent report outlines a systematic review and meta-

33 analysis protocol aimed at evaluating the effectiveness of AI in predicting bladder 

34 cancer based on cystoscopic images.

35

36 Methods and Analysis: Our systematic search will utilise databases including 

37 Pubmed, MEDLINE, Embase, and Cochrane. The articles published between May 

38 2015 and April 2024 will be eligible for inclusion. For articles to be considered, they 

39 must employ AI for analysis of cystoscopic images to identify bladder cancer, present 

40 original data and be written in English. The protocol adheres to the Preferred Reporting 

41 Items for Systematic Review and Meta-Analysis Protocol (PRISMA-P) 2015 checklist. 

42 Quality and bias risk across chosen studies will be evaluated using the QUADAS-2 

43 score.

44

45 Ethics and dissemination: Ethical clearance won't be necessary for conducting this 

46 systematic review since results will be disseminated through peer-reviewed 

47 publications and presentations at both national and international conferences.

48 PROSPERO registration number: CRD42024528345

49

50
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51

52 Strengths and limitations of this study 

53 • This protocol adheres to PRISMA guidelines and will incorporate subgroup 

54 and sensitivity analyses to further explore the variability among the studies 

55 included.

56 • AI-specific metrics like the F1-score and precision-recall AUC will be 

57 utilised to address limitations inherent in traditional pooled analysis, such 

58 as the impact of imbalanced classes.

59 • Given the novelty of AI technology in cystoscopy, long-term data regarding 

60 its impact on clinical outcomes may be scarce.

61 • Limitations on language and the exclusive use of cystoscopy may result in 

62 a limited number of eligible studies for inclusion

63

64

65

66

67

68

69

70

71

72

73

74

75

Page 3 of 15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 O

cto
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-089125 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

76 BACKGROUND

77 Bladder cancer is the commonest cancer of the urinary tract, and ranks as the ninth 

78 most common cancer worldwide according to the World Health Organization's 2020 

79 report(1,2). The gold standard for diagnosing bladder cancer remains cystoscopy, as 

80 advocated by both the National Institute for Health and Care Excellence (NICE) and 

81 the European Association of Urology (EAU) guidelines(3). While white light cystoscopy 

82 (WLC) is the conventional method widely employed, it potentially overlooks up to 20% 

83 of lesions. Furthermore, a recent systematic review and meta-analysis demonstrated 

84 that conventional WLC exhibits low diagnostic sensitivity compared to alternative 

85 modalities like blue light cystoscopy (BLC)(4). Despite the superior detection rates of 

86 bladder cancer associated with these alternative methods recommended by EAU, their 

87 adoption remains limited, likely due to their higher initial costs and limited 

88 availability(4). Transurethral resection of bladder tumour (TURBT) with WLC remains 

89 fundamental for diagnosing and treating non-muscle invasive bladder cancer (NMIBC) 

90 which accounts for around 75% of bladder tumours at the time of diagnosis(5). 

91 Artificial intelligence (AI) now boasts a remarkable ability to accurately recognise 

92 images. AI offers a promising solution to improve the diagnosis of bladder cancer 

93 during cystoscopy(6). Artificial intelligence broadly describes the modelling of 

94 intelligent behaviour by use of a computer model(7). Deep learning is a subset of 

95 artificial intelligence which more specifically positions AI within the context of medical 

96 imaging(8). Augmented cystoscopy employing deep learning holds promise in also 

97 enhancing tumour localisation, intraoperative navigation, and surgical resection of 

98 bladder cancer during TURBT(9). 

99 While Artificial intelligence shows promise in the diagnosis of bladder cancer using 

100 cystoscopy, several limitations to the deployment of this technology need to be 

Page 4 of 15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 O

cto
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-089125 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

101 addressed. Given the cystoscopy imaging data used, such as WLC and BLC, studies 

102 are strongly encouraged to follow the Checklist for Artificial Intelligence in Medical 

103 Imaging (CLAIM)(10). This is to encourage the reproducibility of AI models in 

104 development and forwarding the collaboration of research groups in external validation 

105 of their models. The checklist also provides a focus on the use of radiomic features as 

106 well as computer-aided diagnosis of imaging data. In order to be better suited for 

107 clinical development, models should be explainable in their decision-making process 

108 which may be currently under reported(11,12). 

109 Existing reviews on this topic have provided a robust summary to the feasibility of the 

110 application of AI in cystoscopy(13,14). But further investigation of the reported studies 

111 with a goal of clinical deployment should be conducted next. Therefore, this systematic 

112 review and meta-analysis seeks to outline the precision of artificial intelligence (AI) in 

113 forecasting bladder cancer based on cystoscopic images and evaluate its potential 

114 influence on patient clinical outcomes.

115

116 METHODS AND ANALYSIS: 

117 This systematic review protocol adheres to the Preferred Reporting Items for 

118 Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 checklist(15). This 

119 study has been prospectively registered with the PROSPERO review database 

120 (CRD42024528345), and all methodologies detailed herein have been established 

121 prior to implementation. The statistical analysis will focus on evaluating the sensitivity, 

122 specificity, positive predictive value (PPV), negative predictive value (NPV), and area-

123 under-the-curve (AUC) associated with the application of artificial intelligence (AI) in 

124 detecting bladder cancer during cystoscopy, along with its impact on clinical outcomes. 

125 These parameters will be derived through comprehensive analysis and thematic 
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126 synthesis of included studies. Pooled sensitivities and specificities across the studies 

127 will be determined before calculating PPV and NPV values. AI-specific matrices such 

128 as F1-scores and Precision-Recall AUC will also be investigated. This review intends 

129 to start on the 1st October 2024 and end on the 30th April 2025. 

130

131 Search Methodology

132 A comprehensive search will be conducted across multiple databases including 

133 PubMed, MEDLINE, Embase, and the Cochrane Library. The search strategy will 

134 incorporate medical subject heading (MeSH) terms and free text combined with 

135 appropriate Boolean operators. Articles from May 2015 to April 2024 will be included 

136 to ensure a thorough retrieval of relevant evidence. The search will encompass the 

137 following key terms:  "bladder", "cancer", "diagnosis", “cystoscopy”, “cystoscopic 

138 images”, "artificial intelligence", and "deep learning". The complete search strategy is 

139 outlined in Supplementary file 1. To streamline the initial screening phase, we will be 

140 utilising Rayyan, a semi-automated tool crafted to enhance the efficiency and precision 

141 of systematic review (16). All eligible articles identified in the initial search will be 

142 imported into Rayyan. Additionally, a manual examination of references cited in all 

143 included articles will be conducted to uncover any additional pertinent literature not 

144 captured by the initial search strategy. In instances where data is lacking or unclear, 

145 corresponding authors will be contacted for clarification. 

146

147

148

149 Study selection and data extraction  
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150 Two researchers, M.B. and M.A., will independently conduct the screening process. 

151 They will carefully review the titles and abstracts of eligible studies, eliminating any 

152 irrelevant articles. Full-text versions of relevant articles will then be retrieved for further 

153 evaluation. In the event of any discrepancies between the researchers, a third reviewer 

154 (Y.Z.) will be consulted, and a consensus will be reached through discussion. The 

155 reasons for excluding articles will be meticulously documented and outlined in a 

156 PRISMA flow diagram. Prior to commencing the screening process, calibration 

157 exercises will be conducted to ensure consistency among the researchers, thereby 

158 minimising potential inter-reviewer bias.

159

160 Inclusion and exclusion criteria  

161 This systematic review will include studies employing either fully automated or semi-

162 automated artificial intelligence (AI) for analysing cystoscopic images to detect bladder 

163 cancer. Both prospective and retrospective studies will be considered. The main 

164 comparisons will focus on evaluating sensitivities, specificities, positive predictive 

165 values (PPVs), negative predictive values (NPVs), and area under the curve (AUC) 

166 values. Patient cohorts may include individuals with suspected or confirmed bladder 

167 cancer cases, with histological findings serving as reference standards.

168 Excluded from analysis will be correspondence papers, ongoing studies, case reports, 

169 and conference abstracts. Additionally, non-English language articles, studies not 

170 utilising cystoscopy as the primary diagnostic modality, and those involving patients 

171 with a history of previous bladder cancer treatment will be excluded.

172

173

174 Data extraction (table of collection) 

Page 7 of 15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 O

cto
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-089125 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

175 The data outlined in Table 1 will be gathered from all selected studies. Each researcher 

176 will independently conduct data extraction, consolidating the obtained information into 

177 a comprehensive datasheet. Any discrepancies in data extraction will be reviewed by 

178 a third evaluator, with the aim of reaching consensus for resolution.

179 If accessible, pertinent figures such as true positives, true negatives, false positives, 

180 false negatives, and their derived calculations will be extracted accordingly. If these 

181 figures are not explicitly provided, efforts will be made to compute them from available 

182 data. In cases where computation is unattainable, the authors of the respective paper 

183 will be contacted to provide the required data.

184

185 Table 1. Data collection items

Item No. Data Title Data Type

1 Year of publication Study 

characteristic

2 Study authors Study 

characteristic

3 Patient population Demographics

4 Study size Demographics

5 Cystoscopic images Methodology

6 Histopathology results Methodology

7 AI models utilised Methodology
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8 Definition for significant clinical 

disease

Methodology

186 AI: artificial intelligence.

187

188 Endpoints 

189 The main endpoint of analysis will be the statistically significant quantification of 

190 accuracy when employing AI in bladder cancer detection during cystoscopy, aiming to 

191 assess its potential impact on clinical outcomes. Additional outcomes will encompass 

192 various parameters examining patient demographics.

193

194 Meta-analysis  

195 Should an ample number of suitable studies be accessible, we will proceed with a 

196 meta-analysis to amalgamate a quantitative measure of AI performance in identifying 

197 bladder cancer from cystoscopic images. Initially, sensitivity and specificity values will 

198 be retrieved from studies, or if not accessible, computed from clinical data or solicited 

199 from authors. If a notable fraction of studies employ alternative metrics like F1-score 

200 or precision-recall AUC, these metrics will be acquired and scrutinised independently. 

201 The distributions of untransformed, logit, and double-arcsine transformed proportions 

202 will be compared and evaluated for normality using density plots and Shapiro-Wilk 

203 tests. The set of ratios most resembling a normal distribution will be selected for further 

204 analysis.

205 Heterogeneity and inter-study variation will be quantified using I2, and if statistically 

206 significant, a random-effects model will be employed for estimating the summary 

207 estimate. Leave-one-out analysis (LOO) and accompanying diagnostic plots will be 

208 used to identify influential studies after the model fits all relevant studies. Summary 
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209 proportions will be re-estimated based on the remaining studies after each study is 

210 removed. Studies exerting a statistically significant influence on the model will be 

211 identified as outliers and excluded. After excluding these studies, the model will then 

212 be refitted with a summary estimate comprising the remaining studies will be 

213 calculated to estimate the accuracy using AI in cystoscopy for bladder cancer 

214 detection. All data analysis and visualisation will be conducted using the R statistical 

215 environment with the "mvmeta" and "meta" packages.

216

217

218 Risk of bias in individual studies: This study will use the QUADAS-2 tool to assess 

219 the quality and the risk of bias within each of the included studies (17). The scoring 

220 system is split into four main sections: patient selection, index test, reference standard, 

221 and flow and timing. Within each section, signalling questions assessed the quality of 

222 the research methodology and results at the study level. As included studies utilises 

223 imaging data, the CLAIM-AI checklist will be used to assess imaging specific 

224 considerations such as the classification, image reconstruction, text analysis and 

225 workflow optimisation (10). Two reviewers (M.B. and M.A.) will independently engage 

226 in this procedure, with any discrepancies resolved through consensus. The bias 

227 assessment will analyse the appropriateness and dependability of the data utilised. 

228 This analysis will contribute to evidence synthesis and enhance transparency, 

229 potentially leading to the exclusion of articles of low quality or indicative of high bias 

230 levels. If included, relevant commentaries will be integrated into the discussion.

231

232 Ethics and Dissemination
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233 The potential of AI to assist in diagnosing bladder cancer during cystoscopy remains 

234 to be thoroughly assessed. Our aim is to consolidate available information to elucidate 

235 AI's role in cystoscopy for bladder cancer diagnosis and outline its impact on clinical 

236 practice.

237 However, it is crucial to acknowledge several limitations. Firstly, given the novelty of 

238 AI in this domain, there may be a limited number of studies available for evaluation. 

239 Additionally, issues related to the diversity of reporting protocols due to regional 

240 variations may arise. Furthermore, the presence of different neural networks could 

241 potentially act as confounders due to variations in training datasets, leading to 

242 discrepancies in reported outcomes.

243 We intend to disseminate our findings through publication in a peer-reviewed journal. 

244 The synthesis of this data will contribute to a deeper understanding of current AI 

245 methodologies in bladder cancer diagnosis. Ultimately, this knowledge may facilitate 

246 the enhancement of existing systems, both supervised and unsupervised, to refine 

247 reporting protocols and improve bladder cancer diagnosis in the future.

248

249 Patient and public involvement  

250 There will be no patient or public involvement in this study.

251

252 Trial status

253 ● - Preliminary searches: Started

254 ● - Piloting of the study selection process: Not started

255 ● - Formal screening: Not started

256 ● - Data extraction: Not started
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257 ● - Risk of bias assessment: Not started

258 ● - Data analysis: Not started
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Utilising artificial intelligence for bladder cancer detection during cystoscopy and its 

impact on clinical outcomes: A Protocol systematic review and meta-analysis 

 

The search terms for this systematic review are as follows: 

((artificial intelligence OR machine intelligence OR computational intelligence OR neural network OR 

deep learning OR machine learning OR reinforcement learning OR convolutional neural network OR 

artificial neural network OR recurrent neural network OR deep neural network OR intelligent model 

OR predictive model OR computational model OR algorithm OR AI OR NN OR DL OR ML OR CNN 

OR ANN OR RNN OR DNN) AND (random forests OR support vector machines OR nearest 

neighbours OR logistic regression) AND ((Bladder AND (cancer OR malignant OR transitional cell or 

urothelial OR squamous cell OR adenocarcinoma OR papillary OR carcinoma in situ OR non muscle 

invasive OR lesions OR disease)) AND (cystoscop* OR cystoscop* images OR flexible cystoscopy 

OR cystourethroscopy )) AND (diagnos* OR detect*)). 

 

Searches will be conducted on the following databases:  

PubMed, MEDLINE, Embase, and Cochrane databases 

 

 

Page 15 of 15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
26 O

cto
b

er 2024. 
10.1136/b

m
jo

p
en

-2024-089125 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/

	BMJ OPEN_ Previous Version Cover sheet
	bmjopen-2024-089125_Proof_hi
	bmjopen-2024-089125.R1_Proof_hi
	bmjopen-2024-089125.R2_Proof_hi.pdf

