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Artificial intelligence (AI) has been introduced in urology research and 
practice. Application of AI leads to better accuracy of disease diagno-
sis and predictive model for monitoring of responses to medical treat-
ments. This mini-review article aims to summarize current applications 
and development of AI in urology setting, in particular for diagnosis and 
treatment of urological diseases. This review will introduce that ma-

chine learning algorithm-based models will enhance the prediction ac-
curacy for various bladder diseases including interstitial cystitis, blad-
der cancer, and reproductive urology.
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INTRODUCTION

The advent of artificial intelligence (AI) marked one of the great-
est advancements in technology. From smartphones to surgical ro-
botics, AI has changed society in monumental ways. As AI tech-
nology continues to improve and advance, its applications in med-
icine will only expand even more (Mao and Vinson, 2018). AI in 
medicine can be divided into two classes: virtual and physical. Vir-
tual AI includes informatics and systems-based learning, such as 
deep learning management of symptoms to guide treatment deci-
sions. On the other hand, physical AI includes robots and nanotech-
nology for enhanced drug delivery (Hamet and Tremblay, 2017). 
Both branches of AI can contribute to incredible improvements in 
both patient care and healthcare management. These new tools 
and capabilities are particularly bound to make much-needed im-
pacts in the field of urology.

Applications of AI would be beneficial across all relevant uro-
logical subdivisions, including benign urology and cancer. This 
reigns especially certain for analyzing massive amounts of perti-
nent data for diagnostics and prognostics. Machine learning (ML) 

is a discipline of AI that integrates statistics with algorithms to 
find relationships from data (O’Mahony et al., 2014). Such a tool 
can be applied to clinical data and creates robust risk models and 
redefines classifications of diseases. As medicine advances to an era 
of “big data” with an increasing amount of complex healthcare 
data, ML can be a powerful resource in navigating, elucidating, 
and applying information (Checcucci et al., 2020). This present 
review paper will provide an overview of the current state of AI in 
urology as well as future prospective and limitations.

APPLICATION OF ARTIFICIAL 
INTELLIGENCE IN UROLOGICAL SETTING

AI in urine analysis
Urine can provide a wealth of information for a variety of dis-

eases and conditions, including interstitial cystitis and urolithia-
sis. Cytology of the urine can even detect high-grade malignancies 
of the urinary tract (McIntire et al., 2019). However, the lack of 
standardized screening and poor accuracy due to manual observa-
tion can lead to unreliable and variable results (McCroskey et al., 
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2015). Noting this discrepancy and need, Sanghvi et al. (2019) 
successfully developed an AI algorithm capable of accurately ana-
lyzing urine samples for high-grade urothelial carcinoma. Urinal-
ysis is also particularly important for addressing urinary tract in-
fections (UTIs), the most common outpatient infections in the 
United States (Medina and Edgardo, 2019). Accurate and quick 
identification of the microbes underlying the infection is essential 
for providing the right antibiotics. However, culturing of the urine 
can take a prolonged period of time. A study developed a new strat-
egy for urinalysis of UTI by integrating mass spectrometry with 
ML, which allowed for accurate bacterial identification in less than 
4 hours (Florence et al., 2019).

AI in benign urological conditions and diseases
In addition to urinalysis, AI can integrate into how other benign 

urological conditions and diseases are treated. For instance, Kadlec 
et al. (2014) developed an artificial neural network (ANN) that 
predicted patient outcomes after endourologic interventions for 
kidney stones. A separate study by Aminsharifi et al. (2017) de-
veloped a different ANN-based model that predicted outcomes 
for patients after percutaneous nephrolithotomy. Beyond predicting 
outcomes, various groups have also used AI to support physicians 
in diagnostics and treatment decisions. One study by Längkvist et 
al. (2018) created a deep convolutional neural network to help 
differentiate kidney stones from phleboliths in computed tomog-
raphy (CT) scans.

Big data-based ML application in urological cancers
Big data-based ML is a subfield of AI, which involves the de-

velopment and deployment of dynamic algorithms to analyze data 
and facilitate complex pattern recognition. The basic prediction 
models of ML include adaptive boosted trees (AdaBoost), gradient 
boosted trees, k-nearest neighbor, support vector machines (SVMs), 
bagged SVM, and random forest. In the field of healthcare, ML 
has been increasingly successfully applied to preventive medicine, 
image recognition, diagnosis, personalized medicine, and clinical 
decision-making. In predicting urological cancers, ML has many 
applications, such as assisting in diagnosis, judging the stage and 
grade, providing reliable prognosis, predicting the incidence of 
postoperative complications, and evaluating the responses in indi-
vidual therapy.

When compared with traditional statistical methods, AI appli-
cation showed significantly better accuracy, suggesting that AI 
might assist the decision-making process of urologists (Catto et 
al., 2003). Authors found that the predictive capacities of relapse 

accuracy using ANN or Neuro-fuzzy modeling were much better 
(88% and 95%, respectively) than traditional statistical methods 
(71%–77%). Xu et al. (2017) used a ML model to analyze the 
3-dimensional bladder wall texture features based on CT/magnet-
ic resonance imaging (MRI) images, which can accurately distin-
guish tumor and normal bladder wall tissue. This method can re-
duce the number of invasive examinations, such as cystoscopy and 
pathology. Kouznetsova et al. (2019) established a ML model to 
predict early and late stages bladder cancer (BC) by identifying 
metabolites that characterize different stages of BC. Other groups 
have used a ML model to predict the BC stage and grade before 
operation combined with CT or MRI technology (Wang et al., 
2019). Song et al. (2020) developed a computational model that 
can use population-based BC data to predict 10-year overall sur-
vival without considering tumor grade.

ML algorithms can create recurrence and survival prediction 
models based on imaging and surgical data to evaluate the recur-
rence and survival rates of patients following 1, 3, and 5 years af-
ter cystectomy (Hasnain et al., 2019). Klén et al. (2019) created a 
ML model to assess potential risk factors for postoperative and sur-
gical related mortality by analyzing patients at high risk of early 
death after radical cystectomy. Congestive heart failure and chronic 
lung disease were added to previously known independent prog-
nostic risk factors for early death after cystectomy. This method 
only used preoperative data and can be used before surgery. Com-
puter evaluation was evaluated on radiology information extracted 
from CT images of BC patients, and established a ML model to 
evaluate whether patients are sensitive to chemotherapy. This meth-
od significantly improves the diagnostic accuracy, helps reduce 
unnecessary complications, improves quality of life, and reduces 
costs.

Although ML is widely used in BC, there are still some limita-
tions, such as the difficulty in quantitative analysis of observed 
endpoints or the inapplicability of generalizability in other data 
sets. Therefore, we need further verification to improve its accura-
cy and versatility. In this study, we aimed to identify the potential 
predictive features to immunotherapy specific to BC.

AI in bladder diary
To manage patients with voiding dysfunction, hospitals have 

used various tools for patient management assistance, such as void-
ing charts. The void chart is one of the methods for doctors to ob-
jectively monitor the subjective symptoms of patients with void-
ing dysfunction. Since the diagnosis or treatment proceeds after 
doctors objectively patients’ symptoms, the void chart is the start-
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ing point of studies on voiding dysfunction, thereby being one of 
the most important diagnostic methods.

Many studies show that even if patients write the charts after 
being well educated, these data are inaccurate (Jarvis et al., 1980; 
Kim et al., 2014; Webb et al., 1992). There are many variables 
that can be monitored in the voiding charts, but it is clinically 
impossible to apply this method to all patients. In other words, 
there are many variables in voiding charts due to the issue of hand-
writing by patients with various abilities, so it is difficult to man-
age through accurate voiding charts. If accurate sensing technology 
based on AI technology and monitoring function to manage the 
voiding charts are implemented, systematic and efficient manage-
ment of patient urination will be possible. If patients can carry their 
voiding charts like a watch or beeper and automatically record uri-
nation, it will be helpful in studying symptoms and mechanisms 
that have not been revealed in many patients.

Most of study based on AI, it proposes a technology to recognize 
the movement of urination by analyzing the data of acceleration 
signals and gyro signals collected from smart bands. Various meth-
ods and learning algorithms for motion recognition have been 
proposed. Most studies have used static algorithms such as ANNs 
(Karmonik et al., 2019; Kim et al., 2020; Nikkola et al., 2020; 
Prabhakar et al., 2019) and K-means clustering (Baser et al., 2020; 
Fraley and Raftery, 2002; Moon and Cho, 2021), or dynamic time 
warping (Powar and Chemmangat, 2019) in combination with 
algorithms. However, a time series algorithm should be used to 
predict or classify dynamically changing time series data. Typical 

time series algorithms include dynamic Bayesian networks (Ka-
malabad and Grzegorczyk, 2020), hidden Markov models (HMMs) 
(Sonnhammer et al., 1998), and recurrent neural networks (RNNs) 
(LeCun et al., 2015). The HMM and RNN methods have been 
widely used for time series data. However, HMMs are not appro-
priate for learning sequential data because each step is only influ-
enced by the previous one. In concerned, it applied an RNN-based 
long short-term memory (Hochreiter and Schmidhuber,1997) 
method to process patient urination recognition. It aims to improve 
the recognition rate of the user’s urination and efficiently solve the 
existing issues such as the problem of not applying the past data. 
Thus, it developing an analytical technique for high accuracy while 
solving the limitation of existing studies.

The presented recognition technology of the patients’ urination 
is an extension of the existing pattern recognition technology based 
on signal processing. This technology is similar to the technology 
of recognizing specific motions in the smart home care service. The 
proposed technology also recognizes the signal pattern of urination 
and measures the frequency and time of urination to automatically 
record the urination information of the patients. This study based 
on AI aims to develop a technology for recognizing patients’ uri-
nation by collecting and analyzing sensed movement (acceleration 
and tilt angle) information in the patients’ smart bands. This de-
velopment is expected to lead to the implementation of the end- 
user’s urination management monitoring system (Eun et al., 2021). 
Fig. 1 shows an example of a urination management monitoring 
system.

Fig. 1. The example of urination management monitoring system.
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AI applications in reproductive urology
The possibility of AI in medicine has been widely theorized over 

the past decades (Chung et al., 2019; Myung et al., 2019). Repro-
ductive urology is a subfield where AI can contribute greatly be-
cause it has several limitations in the current predictive model and 
subjectivity within the field. Early AI application in reproductive 
urology focused on predicting semen parameters based on ques-
tionnaires identifying potential environmental factors and/or life-
style influencing male fertility rates. AI has shown that genetic 
testing for anhydrosis has succeeded in predicting the number of 
patients most likely to need. With the recent development of im-
age processing, automated sperm detection is a reality. The semen 
analysis, once a laboratory-only diagnostic test, has shifted to health 
consumer families with the emergence of AI. The prospects for AI 
in medicine are significant and have strong potential for AI in re-
productive urology. Research identifying factors that may affect 
reproductive success by natural or assisted reproduction is of utmost 
importance to advance this field.

CONCLUSIONS

This mini-review article aims to summarize the current appli-
cation and development of AI, especially in the urology environ-
ment for the diagnosis and treatment of urology diseases. The 
emergence of AI marked one of the biggest advances in technolo-
gy. From smartphones to surgical robotics, AI has transformed so-
ciety in a monumental way. As AI technology continues to devel-
op and develop, its applications in the medical field will expand 
even further. AI in medicine can be divided into two types: virtual 
and physical. Virtual AI includes informatics and system-based 
learning, such as in-depth learning management of symptoms that 
guide treatment decisions. On the other hand, physical AI includes 
robots and nanotechnology to strengthen drug delivery. Both areas 
of AI can contribute to remarkable improvements in both patient 
care and medical care. These new tools and functions are bound to 
have a very necessary impact, especially on the urology field. The 
application of AI will be beneficial across all relevant urology fields, 
including benign urology and cancer. These tools can be applied 
to clinical data, creating a robust risk model and redefining dis-
ease classification. As medicine develops into an era of “big data” 
and “artificial intelligence” where the amount of complex medical 
data increases, it can be a powerful resource in the search, explana-
tion, and application of information.
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