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ABSTRACT  

 

Introduction: The diagnosis and 

treatment non-muscle-invasive bladder 

cancer relies on cystoscopy to detect 

bladder tumors. Few studies, even less in 

the modern era of cystoscopes, have 

assessed their diagnostic performance. 

We aimed to evaluate the literature on 

cystoscopy as a diagnostic test for 

pathology-confirmed bladder cancer. We 

further aimed to ascertain the utility of 

recorded images and video at cystoscopy 

to correctly predict the pathologic 

diagnosis among patients investigated for 

bladder cancer. 

Methods: This systematic review 

followed the PRISMA guideline and was 

registered in PROSPERO. We reviewed MEDLINE/Pubmed, Cochrane, and EMBASE 

KEY MESSAGES 

 

• White-light cystoscopy demonstrates good 

overall diagnostic accuracy for pathology-
confirmed bladder cancer, with pooled 

sensitivity of 83% and specificity of 79%. 

• Diagnostic performance varies substantially 

across studies, particularly for flat lesions and 

across different clinical settings (primary 
diagnosis vs. surveillance). 

• Recorded cystoscopy images and videos show 

diagnostic performance comparable to real-time 

direct observation. 

• Systematic recording of cystoscopy procedures 
may support clinical decision-making, research 

standardization, education, and quality 

assurance. 

•  
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databases from January 1995 to December 2024 for English- or French-language studies 

to address the research question: what is the utility of recorded images and video at 

cystoscopy to correctly predict the pathologic diagnosis among patients investigated for 

bladder cancer? Study selection was performed in duplicate, with consensus from a third 

reviewer to resolve differences, and the QUADAS-2 scale was used to assess the risk of 

bias in the study. After selecting the studies, the following variables were extracted: study 

characteristics, patient demographics, and diagnostic outcomes. The results were 

summarized in an Excel sheet and analyzed through a meta-analysis performed using 

RevMan software, version 5.4.  

Results: Of 1165 extracted studies, we included 13 studies that reported on the 

correspondence of cystoscopy findings with pathology findings. Among studies with 

consecutive cystoscopy cohorts, six evaluated patients under investigation for bladder 

cancer, and five evaluated both patients with prior bladder cancer and those under 

investigation for bladder cancer. The sensitivity and specificity of white light cystoscopy 

from studies with per-lesion comparison to pathology are, respectively, 83.1% (95% 

confidence interval [CI] 71.9−90.5%) and 79.9% (95% CI 62.4−90.5%). Qualitatively, 

diagnostic results were lower for flat lesions compared to papillary lesions, with the 

accuracy of grade prediction variable among studies assessing this. Five studies reported 

data evaluating conserved photos or videos, with no significant differences in reported 

diagnostic test performance. Overall, most studies were at low risk of bias in the areas 

assessed. Nonetheless, limitations include the heterogeneity of clinical contexts and the 

detail of available information, with many studies indirectly related to our study question. 

Conclusions: While relatively few studies directly address this topic, the current 

literature indicates that cystoscopy has high diagnostic value to detect pathology-

confirmed bladder cancer; however, it may lead to both overdiagnosis or overtreatment of 

non-aggressive lesions and miss more aggressive ones. Lesion features may help indicate 

the level of diagnostic accuracy, while current data does not support the reliable diagnosis 

of grade at cystoscopy. Our findings support the use of recorded evaluations in clinical 

practice and for future research, which could complement real-time assessments. 

INTRODUCTION 

Bladder cancer is the seventh most common malignancy worldwide, with an estimated 

incidence of 9.5 per 100,000 men and 2.4 per 100,000 women. It is classified into two 

categories: non–muscle-invasive bladder cancer (NMIBC), which accounts for 

approximately 75% of diagnosed cases, and muscle-invasive bladder cancer (MIBC), 

which is associated with a higher risk of progression and metastasis. Because of its high 
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recurrence rate, NMIBC requires regular surveillance which renders bladder cancer one 

of the most expensive malignancies to manage over a lifetime.1,2.  

Cystoscopy remains the gold standard for the diagnosis and surveillance of 

bladder cancer, especially for NMIBC.3 Despite its widespread use, it is an invasive 

procedure associated with discomfort and potential complications, including infection, 

bleeding, and in rare cases, bladder perforation. Moreover, data on its diagnostic 

performance remain limited.1 

In recent years, several technologies have been developed to assist urologists 

during cystoscopy, including fibre-optic and digital endoscopy, as well as enhanced 

techniques such as photodynamic diagnosis (PDD) and narrow-band imaging (NBI). 

More recently, the integration of high-resolution imaging, and integrated video recording 

capacity, and artificial intelligence (AI) has opened new possibilities for both clinical and 

educational purposes. These innovations support the creation of annotated datasets for 

research and machine learning4,5,6,7. 

Although cystoscopy plays a central role in the diagnosis and follow-up of bladder 

cancer, it remains a technique that depends heavily on the operator’s experience and is 

subject to variability between observers. This poses potential problems, such as 

encouraging repeat cystoscopies in transfers of patients between urologists; it also 

decreases validity in clinical trials relying on cystoscopic endpoints. In this context, the 

use of recorded images and video has gained attention.8 Video recordings can facilitate 

retrospective review, peer discussions, and contribute to medical training and quality 

assurance. They may also serve to adjudicate recurrences in clinical trials and monitor 

changes over time. As the use of image and video recording becomes more common in 

both clinical and research environments, evaluating their diagnostic contribution is 

increasingly relevant.8,9,10 

In this systematic review we evaluated the literature supporting cystoscopy as a 

diagnostic test for pathology-confirmed bladder cancer, including the utility of recorded 

images and video. 

METHODS 

Search strategy 

This systematic review was registered in PROSPERO (CRD42024565274) and followed 

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines. We reviewed MEDLINE/Pubmed, Cochrane and EMBASE databases from 

1995-2024 for English or French-language studies to address the research question: What 

is the utility of live observations or recorded images and video at cystoscopy to correctly 

predict the pathologic diagnosis among patients investigated for bladder cancer? 

Important keywords for the research were cystoscopy, bladder cancer, diagnostic and 

image. The complete search strategy is presented in Supplementary Table 2. 

https://www.crd.york.ac.uk/PROSPERO/view/CRD42024565274
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Eligibility criteria 

We included both prospective and retrospective studies, whether randomized or non-

randomized. Eligible studies enrolled adult patients with known or suspected bladder 

cancer and specifically evaluated white-light cystoscopy as a diagnostic modality. Studies 

were required to assess cystoscopic detection of primary or recurrent bladder tumors 

using direct visualization, recorded images, or video documentation. Studies assessing 

visual diagnostic criteria or diagnostic scale used for adjudication of diagnosis of tumor 

recurrence were also included. Only studies in which cystoscopic findings were 

compared against histopathological confirmation obtained through surgical resection or 

biopsy were included. Case reports and small cohort series involving fewer than 20 

patients were excluded, as were studies involving the use of intravenous agents for 

fluorescent imaging. 

Data collection 

Study selection was independently performed in duplicate, with discrepancies resolved 

by consensus or consultation with a third reviewer. Data extraction was conducted using 

Rayyan (Rayyan Systems Inc. ; web-based software, version 2024), and the following 

variables were collected and entered into a standardized Excel spreadsheet: patient 

demographics, clinical characteristics, and diagnostic accuracy outcomes, including true 

positives, true negatives, false positives, and false negatives.  

Data analysis 

For the Statistical Analysis, pooled sensitivity and specificity were calculated using 

a bivariate random-effects model. Results were summarized using Summary Receiver 

Operating Characteristic (SROC) curves and Forest plots. All analyses were performed 

using RevMan software, version 5.4.1. 

Diagnostic accuracy data were extracted as 2×2 tables. Pooled sensitivity and 

specificity were estimated using a bivariate random-effects model. Between-study 

heterogeneity was assessed using the bivariate I² statistic. Publication bias was evaluated 

with Deeks’ funnel plot asymmetry test, based on a regression of log diagnostic odds 

ratio against the inverse square root of the effective sample size, with p < 0.10 indicating 

significant asymmetry. Analyses were performed using SPSS 29.0 (IBM Corp., Armonk, 

NY, USA). 

Risk of bias and applicability of studies 

Risk of bias and applicability concerns were assessed using the QUADAS-2 tool, which 

includes four key domains as recommended by the Cochrane Collaboration: patient 

selection, index test, reference standard, and flow and timing12. Two independent 

reviewers conducted the assessment, with discrepancies resolved together with a third 
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reviewer. Summary and graphical representations were generated using RevMan version 

5.4.1. Each domain was rated as having a high, low, or unclear risk of bias. 

RESULTS 

Literature search  

The study selection process was conducted in accordance with the PRISMA guidelines 

(Fig.1). A total of 1,234 articles were initially identified through database searches. After 

eliminating duplicates, 1,165 studies remained. Following a screening of titles and 

abstracts, 1,085 articles were excluded for not meeting the inclusion criteria. A further 46 

studies were excluded during the full-text assessment phase: 37 for not reporting 

outcomes of interest, seven due to an inappropriate study design, and two for addressing a 

topic outside the scope of the review. 13 articles were ultimately included in the meta-

analysis, and 27 were included for a qualitative analysis.  

Study characteristics 

The studies varied in terms of population characteristics and clinical context. Most 

studies focused on patients with hematuria or those under surveillance for cancer 

recurrence. Study designs were predominantly prospective (n = 11), with a minority 

being retrospective (n = 2). The demographic characteristics of participants from the 

included studies are summarized in Table 1.  

Quality assessment 

The overall RoB assessment indicated a low risk of bias in the subdomains of “flow and 

timing” (85%), “reference standard” (100%), “index test” (100%), and “patient selection” 

(77%) (Figs. 2 and 3). However, the applicability assessments revealed limitations. 54% 

of studies were judged to have low concerns regarding the reference standard, 69% for 

the index test, and 46% for patient selection. The moderate to high concerns regarding 

applicability were primarily due to variations in the definition of what constituted a 

negative reference standard. Another contributing factor is the broad scope of our review 

question, which encompasses a wide range of patients investigated for bladder cancer. 

Substantial between-study heterogeneity was observed in the analysis of the pool, 

with a bivariate I² statistic of 0.885. Publication bias assessment using Deeks’ funnel plot 

asymmetry test revealed significant asymmetry (p < 0.001), indicating the presence of 

small-study effects (Supplementary Figure 1). 

Diagnostic performance of white light cystoscopy 

A bivariate random-effects model was used to pool sensitivity and specificity results. For 

all 13 included studies, the pooled sensitivity was 83% (95% CI: 71.9-90.5%) and the 

specificity was 79% (95% CI: 62.4-90.5%). The Positive Likelihood Ratio was 4.1 (95% 

CI: 1.95-8.77%), and the Negative Likelihood Ratio was 0.2 (95% CI: 0.11-0.40) (Fig.4, 
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Fig. 5). This translates to an estimated 17% false negative rate and 21% false positive 

rate. These results include studies focusing on patients undergoing evaluation for either 

primary bladder cancer or suspected recurrence. 

The study by Cheng et al. (2000)14, the earliest included, reported the lowest 

sensitivity and a notably low specificity. This may reflect the limited imaging resolution 

of cystoscopy available at the time. In addition, 78% of lesions assessed were flat, a 

morphology associated with reduced detection accuracy. This trial aimed to compare the 

performance of white light versus fluorescence cystoscopy following intravesical 5-

aminolevulinic acid. 

Similarly, Fradet et al. (2007), the second oldest study, involved only patients 

with carcinoma in situ (CIS) and evaluated fluorescence in comparison of white light 

cystoscopy. It reported both the lowest specificity and among the lowest sensitivity 

values. A similar decline in diagnostic performance was observed in three other studies 

focusing on flat lesions, which likewise reported the lowest overall results.17,23,24 

Factors influencing diagnostic performance: Clinical spectrum 

Beyond differences in technology and lesion types, the variety of patient populations 

across the included studies appeared to be a factor contributing to the heterogeneity in the 

results. Our review includes a broad clinical spectrum, ranging from patients undergoing 

initial assessment for primary bladder cancer with first-time gross hematuria13,22, to those 

being monitored for tumor recurrences 18. Some studies also included mixed 

populations—combining both primary and recurrent cases, without clearly distinguishing 

diagnostic outcomes between these subgroups13,17. The detection of a primary tumor can 

present a different diagnostic challenge than identifying a subtle recurrence in a 

previously treated bladder. 

Cystoscopy performance for primary diagnosis 

Given the heterogeneity of clinical settings across the included studies, subgroup analyses 

were performed. Three studies specifically evaluated cystoscopy performance in patients 

undergoing assessment for primary bladder cancer13,22,23. This subgroup demonstrated 

higher pooled sensitivity and specificity; however, substantial between-study 

heterogeneity persisted (I² = 0.89 for sensitivity and 0.85 for specificity) (Fig 6, Fig 7). 

The study reporting the highest diagnostic performance, by Blick et al.13, included a 

cohort of patients referred to a hospital haematuria rapid diagnosis clinic and aimed to 

compare the diagnostic accuracy of computed tomography (CT) urography, flexible 

cystoscopy, and voided urine cytology for detecting bladder cancer. 
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Direct observation compared to video-based assessments 

Five studies specifically evaluated the diagnostic performance of white light cystoscopy 

using photos or video recordings of the bladder, rather than real-time direct 

observation.18,20,26,27,28. The median sensitivity or specificity of these studies resembled 

the overall cohort (Figure 4).  

Cystoscopy performance for predicting cancer grade 

The diagnostic performance for predicting tumor stage or grade is present in a subset of 

studies.. During et al25 specifically assessed newly diagnosed patients and reported a high 

ability of cystoscopy to differentiate between MIBC and NMIBC, with a sensitivity of 

88.9% and specificity of 91.0% for MIBC’s detection. The highest results were observed 

for low-grade non-muscle-invasive tumors (pTa), with over 90% correctly 

identified. However, results decreased for more advanced non-muscle-invasive (pT1) and 

muscle-invasive (pT2+) lesions. Moreover, when urologists attempted to predict both 

tumor grade and stage, the concordance rate with histology was lower (70.3%). 

In contrast, Herr et al29 focused on the unique context of recurrent papillary bladder 

tumors and demonstrated a particularly high accuracy for visual prediction of lower-risk 

lesions. This study reported that 93% of non-invasive and 94% of low-grade neoplasms 

were correctly identified by cystoscopy. The authors also provided detailed visual cues, 

noting that low-grade, non-invasive papillary tumors typically presented as small (<0.5 

cm) lesions with discrete papillary fronds, whereas more invasive lesions appeared 

papillary-nodular or solid. In four studies with concomitant NBI imaging and per-lesion 

data  on CIS, pooled data demonstrate that white light cystoscopy had a sensitivity for 

CIS of 61.2% (95% CI 54.8% – 67.6%) and specificity of 77.5% (68.4% – 

84.5%)15,16,23,24. Two studies reported outcomes for papillary tumors. Klein et al30 

demonstrated a sensitivity of 85% with relatively low specificity (22%). Inoue et al31 

reported sensitivity ranging from 75.8% to 84.4% across two arms, potentially reflecting 

differences in group composition. These findings suggest that though the general ability 

to distinguish between invasive and non-invasive lesions is high, its performance varies 

according to tumor stage, grade, and type of lesions. 

DISCUSSION 

To our knowledge, this is the first systematic review to evaluate the diagnostic 

performance of white light cystoscopy across both primary diagnosis and surveillance 

settings, as well as the first to examine the performance of recorded images and videos.  

Cystoscopy showed good diagnostic performance in our review, but the results notably 

varied widely: reported sensitivities ranged from 31 % to 98 %, and specificities from 

10 % to 100 % across the included studies. By comparison, a previous systematic review 

focused on adults presenting with haematuria found narrower ranges, with sensitivities 

between 87 % and 100 %, and specificities between 64 % and 100 %. The broader range 
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observed in our findings may be explained by the diverse patient populations included, 

such as individuals under surveillance for recurrent bladder cancer or those investigated 

following abnormal urine cytology or incidental imaging findings, and not specifically 

haematuria.32 It is also may be related to the publication bias we detected, with many 

smaller studies included in our review. Overall, the observed variability in results 

underscores the necessity for clinicians to interpret cystoscopy findings within the 

appropriate clinical framework.  

While limited in number, our review did not find recorded images or videos were 

inferior to direct observation. Interestingly, similar approaches have been explored in 

gastrointestinal endoscopy. One study using the validated GiECAT tool demonstrated 

strong agreement between live and video-based evaluations of colonoscopy skills, with 

excellent intra and inter-rater reliability.33 Prospective studies are needed to establish 

whether cystoscopy recordings could prove useful for educational or research purposes. 

Our review has limitations. The included studies showed a considerable clinical and 

methodological heterogeneity, particularly regarding patient populations and lesion types. 

The broad scope of the review, encompassing primary diagnosis and surveillance 

settings, as well as different clinical indications limits the generalizability of pooled 

estimates to specific clinical contexts. Finally, alternative cystoscopy modalities (e.g. 

narrow-band imaging or fluorescence cystoscopy) were excluded, narrowing the review’s 

focus but potentially missing comparative diagnostic advances. 

CONCLUSIONS 

This systematic review demonstrates that white light cystoscopy maintains a high 

diagnostic value for detecting pathology-confirmed bladder cancer across both primary 

diagnosis and surveillance settings. Assessments based on recorded images or videos 

perform comparably to real-time evaluations, supporting their integration into clinical 

practice. Routine systematic recording of cystoscopy procedures offers promising 

opportunities for enhancing research, training, and quality assurance, by providing a 

valuable resource for retrospective analyses and standardization.  
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FIGURES AND TABLES 

 

Figure 1. PRISMA flow diagram of included studies. 
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Figure 2. Risk of bias assessment of the included studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Risk of bias and applicability concerns summary plot. 
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Figure 4. Receiver operating characteristic curve of all included studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Forest plots of all included studies. CI: confidence interval. 
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Figure 6. Receiver operating characteristic curve of the studies assessing cystoscopy at 

the initial diagnosis of bladder cancer. 

 

 

Figure 7. Forest plots of the studies assessing primary diagnoses. CI: confidence interval. 

 

 

  

 

 

 

 

 


