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Abstract
Purpose  To evaluate the diagnostic capabilities of advanced large language models (LLMs) in interpreting 
cystoscopy images for the identification of common urological conditions.

Materials and methods  A retrospective analysis was conducted on 603 cystoscopy images obtained from 101 
procedures. Two advanced LLMs, both at the forefront of artificial intelligence technology, were employed to interpret 
these images. The diagnostic interpretations generated by these LLMs were systematically compared against standard 
clinical diagnostic assessments. The study’s primary outcome measure was the overall diagnostic accuracy of the 
LLMs. Secondary outcomes focused on evaluating condition-specific accuracies across various urological conditions.

Results  The combined diagnostic accuracy of both LLMs was 89.2%, with ChatGPT-4 V and Claude 3.5 Sonnet 
achieving accuracies of 82.8% and 79.8%, respectively. Condition-specific accuracies varied considerably, for specific 
urological disorders: bladder tumors (ChatGPT-4 V: 92.2%, Claude 3.5 Sonnet: 80.9%), BPH (35.3%, 32.4%), cystitis 
(94.5%, 98.9%), bladder diverticula (92.3%, 53.8%), and bladder trabeculae (55.8%, 59.6%). As for normal anatomical 
structures: ureteral orifice (ChatGPT-4 V: 48.8%, Claude 3.5 Sonnet: 61.0%), bladder neck (97.9%, 93.8%), and prostatic 
urethra (64.3%,57.1%).

Conclusions  Advanced language models demonstrated varying levels of diagnostic accuracy in cystoscopy image 
interpretation, excelling in cystitis detection while showing lower accuracy for other conditions, notably benign 
prostatic hyperplasia. These findings suggest promising potential for LLMs as supportive tools in urological diagnosis, 
particularly for urologists in training or early career stages. This study underscores the need for continued research 
and development to optimize these AI-driven tools, with the ultimate goal of improving diagnostic accuracy and 
efficiency in urological practice.

Clinical trial number  Not applicable.
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Introduction
Cystoscopy has been a fundamental diagnostic tool in 
urology since the early stages of the specialty’s develop-
ment, offering direct visualization of the bladder and 
lower urinary tract [1]. This procedure is essential for 
detecting various conditions, including bladder tumors, 
recurrent urinary tract infections, and structural abnor-
malities such as strictures and diverticula. It also plays a 
vital role in bladder cancer surveillance and post-treat-
ment evaluation. Traditionally, urologists provide diag-
noses based on common guidelines and evidence-based 
study reports. However, interpreting cystoscopy images 
presents significant challenges, often subject to inter-
observer variability and requiring substantial expertise 
[2]. This issue is particularly pronounced among urology 
residents who perform the majority of cystoscopy proce-
dures during their training but may lack extensive expe-
rience with diverse pathologies. Furthermore, regional 
differences in training can lead to varying focuses during 
cystoscopy examinations [3]. Consequently, there is an 
urgent need for standardized, objective cystoscopy diag-
nosis. While some experts recommend uniform training 
programs, such as the internship match stages imple-
mented in the USA and mainland China for young urolo-
gists, the effectiveness of these approaches varies [4]. A 
more efficient solution to address this issue is required to 
ensure consistent, high-quality cystoscopy interpretation 
across different settings and experience levels.

Recent years have witnessed remarkable advancements 
in artificial intelligence (AI), particularly in the develop-
ment of large language models (LLMs) with visual pro-
cessing capabilities [5]. While these innovations have 
shown promise in various clinical applications, their 
integration into medical imaging devices, especially in 
urology, remains a work in progress. AI systems have 
demonstrated significant potential in medical image 
interpretation across diverse specialties, and the emer-
gence of LLMs in AI domains offers a promising avenue 
to enhance both the accuracy and efficiency of diagnostic 
processes in urological imaging [6]. Moreover, cystos-
copy interpretation is partially contingent upon the urol-
ogist’s observational skills and is often time-constrained. 
AI-based LLMs could potentially provide more objec-
tive assessments and automatically record abnormalities, 
addressing these limitations [7].

A primary objective for implementing LLM models 
in cystoscopy is to mitigate misinterpretation-induced 
diagnostic errors [8]. Recent epidemiological studies 
indicate that the misinterpretation rate in cystoscopy is 
comparatively high relative to other diagnostic modalities 
[9]. Despite the existence of multi-tiered medical devices 
to augment diagnostic procedures, the integration of AI 
and LLMs offers an opportunity to synergize these tech-
nologies, potentially leading to more comprehensive 

and accurate diagnoses. This multifaceted approach to 
incorporating LLMs in cystoscopy interpretation could 
significantly enhance diagnostic accuracy and efficiency 
in urological practice, addressing current challenges and 
leveraging technological advancements in AI [10].

In this study, we evaluate two LLMs with visual pro-
cessing capabilities: ChatGPT-4  V, developed by Ope-
nAI, and Claude 3.5 Sonnet, created by Anthropic. These 
AI models have demonstrated the ability to process and 
interpret visual information, suggesting potential value 
in medical imaging analysis, particularly in the field of 
urology. This study aims to address a critical knowledge 
gap by evaluating the diagnostic capabilities of LLMs in 
interpreting cystoscopy images, focusing on their ability 
to identify common urological conditions such as blad-
der tumors, benign prostatic hyperplasia (BPH), cys-
titis, bladder diverticula, and trabeculae. Research on 
AI-driven tools in cystoscopy image analysis contributes 
valuable insights to the field of urology, exploring their 
potential as assistive technologies for early-career urolo-
gists. By assessing these tools’ strengths and limitations, 
the investigation advances understanding of AI’s role in 
urological imaging and its integration into clinical prac-
tice, focusing on how LLMs can support diagnostic text 
generation and enhance patient care.

Methods
Study design, ethical considerations, and image dataset
This retrospective study analyzed 603 cystoscopy images 
from 101 patients who underwent procedures at Zhong-
nan Hospital, Wuhan University’s outpatient depart-
ment between July 2023 and November 2024. Patients 
with hematuria, severe infection, or kidney transplants 
that could potentially compromise bladder visibility or 
structure during cystoscopy were excluded from the 
study (Fig. 1). Conducted in accordance with the World 
Medical Association’s Declaration of Helsinki, the study 
received ethical approval from the hospital’s Medical Eth-
ics Committee (Scientific Ethical Approval No. 2019108 
and No. 2024093). All participants provided informed 
consent, and data were collected and analyzed anony-
mously. To protect patient privacy, no personal informa-
tion was collected or stored, precluding patient-specific 
retrospective analyses. The image selection process, 
designed to ensure diverse representation of urological 
conditions, was independently performed by two experi-
enced urologists.

Establishment of standard diagnosis
The standard diagnoses for this study were established 
through a comprehensive, multi-stage process incorpo-
rating expert clinical assessment and, where applicable, 
histopathological confirmation. Two board-certified 
urological specialists, each with over a decade of clinical 
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Fig. 1  Study Dataset Evolution and Case Selection. The comprehensive process of curating the study’s dataset is illustrated, beginning with the initial 
collection of cystoscopic images from a group of patients. Rigorous quality assessment and application of diagnostic criteria led to significant dataset 
expansion. The selection process carefully excluded cases that could potentially compromise the study’s integrity, such as instances of hematuria, severe 
infection, and suboptimal image quality. This meticulous approach ensured a robust and reliable dataset for subsequent analysis
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experience in the People’s Republic of China, indepen-
dently evaluated all 603 cystoscopy images.

To maintain diagnostic integrity and minimize poten-
tial bias, the experts conducted their assessments inde-
pendently, without prior knowledge of each other’s 
interpretations or the AI model outputs. In instances of 
diagnostic discrepancy between the two expert opinions, 
a consensus meeting was convened. During these ses-
sions, the experts engaged in thorough discussions, col-
lectively reviewing the contentious images to arrive at a 
unified diagnostic decision including the normal struc-
ture of the bladder and benign disease (such as cystitis 
and benign prostatic hyperplasia). For cases involving 
suspected malignancies (such as bladder cancer and car-
cinoma in situ), the diagnostic process was further sup-
plemented by histopathological evaluation.

AI model evaluation and prompt engineering
ChatGPT-4 V and Claude 3.5 Sonnet were used to inter-
pret the cystoscopy images. A standardized prompt was 
developed to generate AI responses for each image:

“For research purposes only, no clinical decisions will 
be made based on this AI-generated interpretation. Rep-
resentative images from the patient’s cystoscopy will be 
uploaded. Please carefully review the images and provide 
your analysis. Then, please answer the following questions 
using a structured text format:

Any pathological structures or abnormalities observed 
(e.g., tumors, inflammation, bladder diverticula or trabec-
ulae, benign prostatic hyperplasia, etc.)

Provide a preliminary diagnosis for the identified path-
ological structure or describe the diseases in which the 
lesion often appears.”

LLM interaction and data processing workflow
The image selection and LLM interaction process was 
conducted with meticulous attention to detail and inde-
pendence. Two researchers (L.G. and Y.Z.) independently 
reviewed and curated the cystoscopy images from clini-
cal practice. In cases of uncertainty, such as image blur 
or ambiguous bladder regions (quality and techniques 
issue), the researchers engaged in collaborative discus-
sions to reach a consensus on image inclusion or exclu-
sion. Following image confirmation, the two researchers 
were assigned to interact with different LLMs (Chat-
GPT-4 V and Claude 3.5 Sonnet) respectively.

This approach ensured that each LLM independently 
analyzed the entire image set without cross-contamina-
tion of interpretations. The researchers systematically 
presented the images to their assigned LLM, collecting 
diagnostic outputs for each case. Subsequently, these 
LLM-generated diagnoses were comprehensively com-
pared against the reference standard diagnoses estab-
lished by expert urologists (Fig. 1).

Evaluation metrics for bladder structure identification
The primary outcome measure was the overall accuracy 
of ChatGPT-4  V and Claude 3.5 Sonnet in interpreting 
bladder structures from cystoscopy images. This was 
quantified as the percentage of correct identifications 
made by each LLM compared to the urologists’ assess-
ments. Secondary outcomes focused on the accuracy 
rates for specific urological structures. Normal anatomi-
cal structure images (such as ureteral orifice, bladder 
neck) served as negative controls in this study to verify 
the model’s recognition specificity for physiological 
structures.

Assessment criteria for disease diagnosis
The primary outcome measure for disease diagnosis was 
the overall diagnostic accuracy of ChatGPT-4  V and 
Claude 3.5 Sonnet in interpreting cystoscopy images. 
This was calculated as the percentage of correct diagno-
ses made by each LLM in comparison to the established 
reference standard diagnoses. Secondary outcomes 
examined the accuracy rates for specific urological condi-
tions, including: (1) Bladder tumors, (2) Benign prostatic 
hyperplasia, (3) Cystitis, (4) Bladder diverticula, and (5) 
Bladder trabeculae. The “combined diagnostic accuracy”, 
which was defined as the records in which at least one 
of the two LLMs can correctly diagnose, was ultilized to 
improve model predictive robustness.

Image processing for local and global cystoscopic analysis
Our study employed a image processing protocol to 
optimize cystoscopic images for LLM analysis. The ini-
tial dataset comprised selective images from cystoscopy 
scans, each represented by three repeated shots to cap-
ture comprehensive bladder features. To address the 
excessive detail that often surpassed human perception 
and was unsuitable for LLM training, we utilized ImageJ 
software (NIH, Bethesda, USA) for standardized conver-
sion. Each image was transformed into an 8-bit format, 
followed by the application of a selective threshold to tar-
get specific focus areas. This process offered advantages 
in standardization, data reduction, and LLM compat-
ibility while preserving clinically relevant features. The 
conversion was calibrated to maintain features typically 
observed by urologists during examinations, particularly 
in areas where various disorders and normal structures 
are commonly found.

Statistical analysis
Descriptive statistics were employed to summarize the 
data, with continuous variables expressed as mean ± stan-
dard deviation and categorical variables as frequencies 
and percentages. Forest plots were utilized to illustrate 
significant differences among groups. Data were ana-
lysed using Comprehensive Meta Analysis V3; odds 
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ratios (ORs) and weighted mean difference were used as 
summary measures. Methodological heterogeneity was 
assessed during the selection, and statistical heterogene-
ity was measured using the chi-square test and I2 scores. 
A random-effect model was used throughout. For infer-
ential statistics, continuous variables were analyzed using 
the t-test, while categorical variables were examined 
using the Pearson chi-square test, with continuity cor-
rection or Fisher’s exact test applied where appropriate. 
These analyses were initially conducted using Microsoft 
Excel (Microsoft, Redmond, Washington, USA). Com-
prehensive statistical analyses were performed using 
IBM SPSS version 27.0 (IBM Corp, Armonk, NY, USA). 
Statistical significance was established at p < 0.05 for all 
analyses.

Results
Image selection and classification for cystoscopic analysis 
of urological conditions
This study encompassed a comprehensive analysis of 
cystoscopic images to evaluate various urological con-
ditions and normal anatomical structures. Initially, 822 
cystoscopic images were collected from 101 patients. 
After applying rigorous quality assessment and diagnos-
tic criteria, the final dataset was expanded to include 603 
images, representing distinct clinical records. The selec-
tion process resulted in the exclusion of 219 records due 
to various factors that could potentially compromise the 
study’s integrity: 33 records of hematuria, 11 records of 
severe infection, and 175 records with suboptimal image 
quality (Fig. 1).

This meticulous screening ensured the retention of 
only high-quality images with clear, relevant diagnoses. 

The final dataset was systematically categorized into 
pathological findings and normal anatomical structures. 
Pathological findings comprised 204 images of bladder 
tumors, 34 of BPH, 183 of cystitis, 13 of bladder divertic-
ulum, and 52 of bladder trabeculae. Normal anatomical 
structures were represented by 41 records of ureteral ori-
fice, 48 records of bladder neck, and 28 records of pros-
tatic urethra (Table 1).

Development of an LLM-based system for clinical 
application in cystoscopic diagnosis
This study evaluated the potential of LLMs for clinical 
application in cystoscopic diagnosis by comparing the 
performance of ChatGPT-4  V and Claude 3.5 Sonnet 
against standard diagnostic methods for urological con-
ditions. The analysis revealed promising results for AI-
assisted diagnosis in this field.

The combined diagnostic accuracy, defined as records 
where at least one model predicts correctly, reached 
89.2% (Table  1). Individual performance assessments 
showed that ChatGPT-4  V achieved an accuracy of 
82.8%, slightly outperforming Claude 3.5 Sonnet, which 
demonstrated an accuracy of 79.8%. These findings indi-
cate the high proficiency of both LLMs in interpreting 
cystoscopic images and diagnosing urological conditions 
when compared to standard diagnostic outcomes.

Performance on normal anatomical structures detection
In the analysis of normal anatomical structures, the com-
bined diagnostic accuracy of ChatGPT-4  V and Claude 
3.5 Sonnet was 82.9%. When evaluated individually, 
Claude 3.5 Sonnet slightly outperformed ChatGPT-4  V, 

Table 1  Diagnostic performance of advanced large Language models for each condition and structure
Variables ChatGPT-4 V Claude 3.5 Sonnet Combined Diagnostic Accuracy P value 95% CI
Ureteral orifice
(n = 41)

20 (48.8) 25 (61.0) 17 (41.5) 0.267 0.683–3.943

Bladder neck
(n = 48)

47 (97.9) 45 (93.8) 44 (91.7) 0.307 0.032–3.183

Prostatic urethra
(n = 28)

18 (64.3) 16 (57.1) 14 (50.0) 0.785 0.253–2.173

Bladder tumor
(n = 204)

188 (92.2) 165 (80.9) 161 (78.9) <0.001 0.194–0.668

BPH
(n = 34)

12 (35.3) 11 (32.4) 7 (20.6) 1.0 0.321–2.397

Cystitis
(n = 183)

173 (94.5) 181 (98.9) 171 (93.4) 0.019 1.130-24.217

Bladder diverticula
(n = 13)

12 (92.3) 7 (53.8) 7 (53.8) 0.073 0.010–0.983

Bladder trabeculae
(n = 52)

29 (55.8) 31 (59.6) 22 (42.3) 0.691 0.537–2.551

Normal Anatomical Structures (n = 117) 85 (72.6) 86 (73.5) 75 (64.1) 0.883 0.586–1.861
Specific Urological Conditions (n = 486) 414 (85.2) 395 (81.3) 368 (75.7) 0.103 0.538–1.059
BPH benign prostatic hyperplasia, CI confidence interval. Statistical significance was defined as P < 0.05
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achieving an accuracy of 73.5% compared to 72.6% for 
ChatGPT-4 V (Table 1).

The models’ performance varied across specific ana-
tomical structures. For ureteral orifice identification, 
Claude 3.5 Sonnet demonstrated superior accuracy at 
61.0% (25/41 records), while ChatGPT-4  V achieved 
48.8% (20/41 records). Both models excelled in recogniz-
ing the bladder neck, with ChatGPT-4 V showing slightly 
higher accuracy at 97.9% (47/48 records) compared to 
Claude 3.5 Sonnet’s 93.8% (45/48 records). In prostatic 
urethra detection, ChatGPT-4  V marginally outper-
formed Claude 3.5 Sonnet, with accuracy rates of 64.3% 
(18/28 records) and 57.1% (16/28 records), respectively 
(Fig. 2).

Performance on specific urological conditions detection
The diagnostic capabilities of ChatGPT-4  V and Claude 
3.5 Sonnet varied across different bladder conditions. 
For bladder tumors, ChatGPT-4 V achieved 92.2% accu-
racy (188/204 records), while Claude 3.5 Sonnet reached 
80.9% (165/204 records). The combined diagnostic accu-
racy of ChatGPT-4 V and Claude 3.5 Sonnet for bladder 
tumor detection achieved 94.1%.

In diagnosing BPH, ChatGPT-4  V identified 35.3% 
(12/34 records) and Claude 3.5 Sonnet 32.4% (11/34 
records). Both models excelled in cystitis diagnosis, 
with ChatGPT-4  V achieving 94.5% accuracy (173/183 
records) and Claude 3.5 Sonnet slightly higher at 98.9% 
(181/183 records). For bladder diverticula, ChatGPT-4 V 
demonstrated 92.3% accuracy (12/13 records), compared 
to Claude 3.5 Sonnet’s 53.8% (7/13 records). In detecting 
bladder trabeculae, ChatGPT-4 V identified 55.8% (29/52 
records), while Claude 3.5 Sonnet achieved 59.6% (31/52 
records). Overall, both models showed high accuracy in 

cystitis detection but demonstrated lower performance 
in identifying BPH and bladder trabeculae. ChatGPT-4 V 
generally outperformed Claude 3.5 Sonnet, except in cys-
titis and bladder trabeculae detection (Fig. 3).

Evaluation of clinical applicability and generalizability in 
representative cystoscopic images
To assess the generalizability of Image-Specific Learning 
in cystoscopic diagnosis, we utilized ImageJ software to 
analyze local and global features in representative images 
(Figs.  4 and 5). Two LLM-based systems, ChatGPT-4  V 
and Claude 3.5 Sonnet, were developed and evaluated 
for their ability to detect bladder disorders in cystoscopic 
images. Both systems demonstrated the capability to 
simultaneously process localized details and global image 
characteristics.

The representative images were carefully selected by 
experienced urologists to ensure clinical relevance. This 
analysis revealed that both ChatGPT-4 V and Claude 3.5 
Sonnet could effectively interpret cystoscopic images, 
showing promise for their application in clinical urol-
ogy settings. The dual-focus approach of these LLMs in 
analyzing both local and global image features enhances 
their potential for accurate identification of bladder 
abnormalities within the broader anatomical context.

Discussion
This pioneering study evaluates the comparative efficacy 
of leading generative LLMs in detecting cystoscopy dis-
orders. Analyzing 603 cystoscopy images from 101 clini-
cal cases, we found that while most models performed 
well, ChatGPT-4  V and Claude 3.5 Sonnet emerged as 
the most accurate, with combined diagnostic accuracy of 
89.2% (ChatGPT-4 V: 82.8%, Claude 3.5 Sonnet: 79.8%). 

Fig. 2  Diagnostic Accuracy for Normal Anatomical Structures. A forest plot showcases the diagnostic capabilities of ChatGPT-4 V and Claude 3.5 Sonnet in 
detecting normal anatomical structures within cystoscopic images. The combined accuracy of both models is presented, providing an overall assessment 
of LLMs performance in this task. Individually, Claude 3.5 Sonnet demonstrated a slight edge over ChatGPT-4 V, highlighting the nuanced differences in AI 
model performance for routine anatomical identification. The right-to-total ratio provides a quantitative measure for comparing the diagnostic accuracy 
margins between different AI platforms
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Condition-specific accuracies varied notably across 
bladder tumors, BPH, cystitis, bladder diverticula, and 
bladder trabeculae. These findings reveal significant dis-
crepancies in diagnostic accuracy for bladder structures 
and disorders among popular LLMs, highlighting crucial 
information for both physicians and patients. This study 
underscores the potential of AI in urological diagnostics 
while also emphasizing the need for careful consideration 
of model-specific strengths and limitations in clinical 
applications.

Diagnostic accuracy and differences between ChatGPT-4 V 
and Claude 3.5 sonnet
Our study revealed notable differences in performance 
between ChatGPT-4  V and Claude 3.5 Sonnet across 
various urological conditions. Both models demonstrated 
high accuracy in detecting cystitis, with minimal errors, 
suggesting potential utility in clinical practice, espe-
cially for early-career urologists. However, both models 
showed lower accuracy in identifying BPH, highlighting 
a significant limitation. ChatGPT-4 V, in particular, often 
misdiagnosed BPH as cystitis or misinterpreted prostate 
lobes as bladder tumors. These findings underscore the 
challenges AI faces in distinguishing subtle urological 
conditions and emphasize the continued importance of 
human expertise in complex cases.

Despite these limitations, the high individual accura-
cies of both models in certain conditions are promising, 
indicating potential value as supportive tools in cystos-
copy image interpretation, particularly during urologi-
cal training. To address the current shortcomings, future 
developments could focus on integrating AI with other 
diagnostic equipment and incorporating comprehensive 
patient history and interactive communication capa-
bilities [11]. This approach could potentially enhance 

the overall accuracy of AI-assisted diagnosis in urologi-
cal practice, bridging the gap between AI capabilities and 
expert human assessment.

This study demonstrates the potential of LLMs, specifi-
cally ChatGPT-4  V and Claude 3.5 Sonnet, in assisting 
with cystoscopy image interpretation. While both mod-
els showed promising overall accuracy, particularly in 
detecting cystitis, their performance varied across differ-
ent urological conditions, with lower precision in identi-
fying BPH and bladder trabeculae. Unlike CT scans and 
X-rays, which have more readily transitioned into reli-
able clinical practice due to their objective nature and 
comprehensive imaging, cystoscopy and other subjec-
tive medical imaging analyses have seen limited research 
in AI applications [12]. Our findings suggest that AI-
assisted diagnosis could be particularly valuable for 
early-career urologists, potentially mitigating errors and 
oversights. The high accuracy in cystitis detection indi-
cates that AI could serve as an efficient screening tool for 
bladder inflammatory conditions, potentially reducing 
urologists’ workload and enhancing cystoscopy image 
review efficiency.

Clinical utility and potential in decreasing misdiagnosis 
rates
It is noteworthy that misdiagnosis rates among junior 
urologists are considerably high, particularly in cases 
of carcinoma in situ (CIS) of the bladder, where accu-
rate diagnosis is critical [9, 13]. Our study suggests that 
AI models, with their high accuracy in detecting certain 
conditions like bladder tumors, could serve as promising 
tools to decrease this misdiagnosis rate. LLMs evaluated 
in our research demonstrated potential in providing valu-
able hints or second opinions, which could be especially 
beneficial in challenging cases such as CIS. By offering 

Fig. 3  LLMs Performance in Detecting Specific Urological Conditions. The forest plot illustrates the varying diagnostic capabilities of ChatGPT-4 V and 
Claude 3.5 Sonnet across different bladder conditions, with a focus on bladder tumor. A notable performance gap between the two LLMs in this specific 
diagnostic task is revealed, with ChatGPT-4 V demonstrating substantially higher accuracy compared to Claude 3.5 Sonnet. The right-to-total ratio pro-
vides a quantitative measure for comparing the diagnostic accuracy margins between different AI platforms
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consistent and accurate interpretations of cystoscopy 
images, these AI tools could effectively support medical 
students and early-career urologists in developing their 
diagnostic skills and reducing misdiagnosis rates [14].

As AI technology continues to advance, it holds sig-
nificant promise for enhancing diagnostic accuracy and 
efficiency in cystoscopy procedures. However, it is crucial 
to approach the integration of AI in urological practice 
with caution. These tools should be viewed as support-
ive aids to augment, rather than replace, the expertise 
of board-certified urologists. Future research should 
focus on larger, prospective studies, the integration of AI 
interpretations with clinical data, and the exploration of 
AI’s potential in real-time video cystoscopy interpreta-
tion [15]. As we continue to refine and validate these AI 

models, their role in improving patient care and support-
ing clinical decision-making in urology is likely to grow, 
potentially leading to more efficient and accurate diag-
noses. This could be particularly impactful in reducing 
misdiagnosis rates for complex conditions like CIS, ulti-
mately enhancing the quality of urological care.

Limitations and future perspectives
While our study provides novel insights into the com-
parative analysis of LLMs in urological practice, several 
limitations warrant consideration. Firstly, our focus on 
bladder disorders and structures may not fully repre-
sent the models’ capabilities across broader medical 
fields. This specialization, while valuable for urological 

Fig. 4  Image Analysis of Normal Anatomical Structures (local and global). The application of ImageJ software in analyzing local and global features of rep-
resentative cystoscopic images showing normal anatomical structures is demonstrated. Highlighted red areas indicate the regions detected by ImageJ 
as focal points for LLMs diagnosis. This visual representation illustrates the methodology used to enhance the generalizability of Image-Specific Learning 
in cystoscopic diagnosis of normal bladder anatomy
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Fig. 5  Image Analysis of Specific Urological Conditions (local and global). The use of ImageJ software for analyzing local and global features in cysto-
scopic images is showcased, focusing on specific urological conditions. Red-highlighted areas represent the regions identified by ImageJ as crucial for 
LLMs diagnostic assessment. This approach aims to improve the generalizability and accuracy of LLMs in detecting and diagnosing specific bladder 
pathologies through targeted image analysis
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applications, limits the generalizability of our findings to 
other medical specialties.

Secondly, the rapid evolution of AI platforms presents 
both a challenge and an opportunity. The models we 
assessed are continually updating, and numerous other 
public AI platforms exist that physicians and patients 
may access [16]. This dynamic landscape necessitates 
ongoing comparative efficacy studies to keep pace with 
technological advancements. Furthermore, our error cat-
egorization method may oversimplify the complex nature 
of diagnostic reasoning in LLMs, suggesting the need for 
a more standardized approach to evaluating AI error in 
diagnostic contexts.

A significant limitation of our study is the sample size, 
which restricts our ability to comprehensively assess false 
positive and false negative rates with sufficient statistical 
power. These metrics are crucial for evaluating diagnostic 
performance in clinical settings.

Thirdly, our assessment methodology did not include 
real-time clinical decision-making scenarios, which may 

affect how these AI tools perform in actual practice 
environments with time constraints and varying patient 
presentations. To address these limitations, we are com-
mitted to conducting a larger-scale patient study in 
future research, which will enable more robust analysis 
of these critical performance metrics and provide greater 
confidence in the clinical applicability of our findings.

Looking ahead, the development of prompt engineer-
ing holds promise for enhancing the performance of 
these models in medical diagnostics [17]. We anticipate 
that more sophisticated prompts tailored to urologi-
cal applications will emerge, potentially improving the 
accuracy and utility of LLMs in this field. Additionally, 
the external validity of our study is limited by the use of 
standardized cases. In real-world scenarios, patients and 
physicians may interact with LLMs in vastly different 
ways, providing variable amounts and types of informa-
tion [18].

While our findings demonstrate the diagnostic poten-
tial of LLMs, their integration into clinical workflows 

Fig. 6  Flowchart of AI-Assisted Real-Time Cystoscopy. The flowchart demonstrates how urologists can interact with the AI system during procedures to 
enhance diagnostic efficiency. Key advantages of this integration include: (1) real-time communication between urologists and the AI system, enabling 
rapid diagnostic feedback that reduces procedure time while improving diagnostic accuracy; (2) the AI’s capability to recognize and analyze both global 
and local features within cystoscopic images, leveraging patterns identified during training; and (3) the collaborative relationship between urologist 
and AI that simultaneously enhances diagnostic accuracy and procedural efficiency in clinical practice. Additionally, we have incorporated a dedicated 
subsection addressing the ethical and legal implications of AI-driven diagnostics in urology, ensuring a comprehensive examination of these critical 
considerations
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presents multifaceted challenges. Technical compatibility 
with existing cystoscopy systems, seamless data transfer 
protocols, and real-time processing capabilities remain 
critical hurdles. Furthermore, clinician acceptance and 
trust in AI-driven outputs necessitate iterative training 
programs and validation studies. The current reliance 
on static images in our study contrasts with the dynamic 
nature of live cystoscopic procedures, underscoring the 
need for future research to evaluate LLM performance in 
real-time video analysis. Additionally, workflow disrup-
tions caused by AI-generated alerts or recommendations 
must be carefully balanced against efficiency gains. Col-
laborative efforts between AI developers, urologists, and 
healthcare administrators will be essential to optimize 
implementation strategies (Fig. 6).

The adoption of AI-driven cystoscopy interpretation 
raises critical ethical and legal questions. Diagnostic 
errors attributable to LLMs could lead to liability dis-
putes, necessitating clear frameworks for accountability 
between clinicians and AI developers. Patient consent 
protocols must evolve to disclose AI’s role in diagnos-
tic processes, particularly when novel technologies are 
employed. Data privacy concerns extend beyond ano-
nymization, as cystoscopic images may contain iden-
tifiable anatomical features. Regulatory bodies must 
establish standardized validation protocols and certifi-
cation processes for medical AI tools, akin to existing 
medical device approvals. Finally, equitable access to AI-
enhanced diagnostics must be prioritized to prevent dis-
parities in care quality across socioeconomic strata.

Our research demonstrates promising potential for 
LLM-based assistance in cystoscopic examination, par-
ticularly through integration with existing medical equip-
ment. However, these AI systems should be viewed as 
complementary diagnostic tools that enhance, rather 
than replace, the clinical expertise of board-certified 
urologists. To address the current limitations of static 
image analysis, future development should focus on cre-
ating models capable of real-time video processing dur-
ing cystoscopy procedures, which would provide a more 
comprehensive diagnostic assessment. The successful 
implementation of this technology in clinical practice 
will require several key steps: extensive validation stud-
ies, optimization of training methodologies, and care-
ful evaluation of both ethical implications and practical 
challenges in real-world clinical settings. This system-
atic approach will ensure the responsible and effective 
integration of AI-assisted diagnostic tools in urological 
practice.

Conclusion
ChatGPT-4 V and Claude 3.5 Sonnet demonstrate vari-
able but promising diagnostic accuracy in the interpreta-
tion of cystoscopy images. While they excel in detecting 

cystitis, their performance in identifying other urological 
conditions, particularly BPH, needs enhancement. This 
study highlights the potential of LLMs in assisting with 
cystoscopy image interpretation but also underscores the 
need for further validation and refinement before their 
reliable implementation in clinical practice.
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