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Purpose of review

The integration of artificial intelligence in urology presents both transformative opportunities and ethical
dilemmas. As artificial intelligence driven tools become more prevalent in diagnostics, robotic-assisted
surgeries, and patient monitoring, it is crucial for urologists to understand the ethical implications of these
technologies. This review examines key ethical concerns surrounding artificial intelligence in urology,
including bias, transparency, accountability, and data privacy.

Recent findings

Recent literature highlights algorithmic bias as a significant challenge, where artificial intelligence models
trained on nondiverse datasets may produce inequitable outcomes. The “black-box” nature of artificial
intelligence systems complicates transparency and interpretability, raising concerns about clinician and
patient trust. Emerging reporting standards, such as STREAM-URO and IDEAL frameworks, and WHO
Guidelines provide structured approaches for ethical artificial intelligence integration in urology.

Summary

The ethical deployment of artificial intelligence in urology requires a balanced approach that prioritizes
fairness, accountability, and patient autonomy. Clinicians must advocate for explainable artificial
intelligence, ensure equitable access, and integrate human oversight into artificial intelligence assisted
decision-making. Future research should focus on improving dataset diversity, enhancing artificial
intelligence interpretability, and establishing robust ethical guidelines to ensure that artificial intelligence
advances align with medical ethics and patient-centered care.
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Artificial intelligence in healthcare has a dual role, as
both a diagnostic tool and a disruptor that reshapes
the dynamics of doctor-patient interactions [1,2

&&

].
Key applications in urology can range from early
detection of prostate cancer, robotic-assisted sur-
geries, and artificial intelligence driven wearable
technologies for continuous and comprehensive
monitoring of patients [2

&&

]. However, alongside
these advancements, important ethical and profes-
sional challenges emerge, encouraging nuanced dis-
cussions on how urologists balance innovation with
ethical responsibility. Historically, the adoption of
newer technologies andmedical breakthroughs, such
as MRIs or robotic-assisted surgeries, has pressed for
the need of robust frameworks and guidelines to
establish fair and equitable use [3]. Artificial intelli-
gence amplifies these dilemmas artificial intelligence
the reliance oncomplex algorithmsand large datasets
that may obscure the decision-making processes, as
well as introduce biases. In addition, when the health
structure disparities, the ethical integration of artifi-
cial intelligence raises critical questions, especially
around equity and inclusivity. Ensuring that technol-
ogy does not reinforce existing inequalities is of para-
mount importance. This was the key focus of the
World Bioethics Day 2024 [4] theme – “Nondiscrimi-
nation and Nonstigmatization” – which remains
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KEY POINTS

� Artificial intelligence is transforming urology with
advancements in diagnostics, robotic-assisted surgeries,
and continuous patient monitoring, enhancing precision
and patient outcomes.

� Ethical concerns include algorithmic bias, lack of
transparency in decision-making, accountability for
artificial intelligence driven errors, and risks to
data privacy.

� Regulatory frameworks and guidelines such as WHO’s
artificial intelligence governance principles, DECIDE-AI,
and ISO/IEC 42001 :2023 emphasize transparency,
fairness, and accountability in artificial
intelligence applications.

� Urologists must balance artificial intelligence adoption
with maintaining clinical expertise, ensuring informed
patient consent, and advocating for equitable access to
artificial intelligence driven tools.

� Future efforts should focus on improving dataset
diversity, enhancing artificial intelligence explainability,
and ensuring responsible integration into clinical
workflows for ethical and effective artificial
intelligence use.
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relevant in the discussion of all situations which pose
a risk of exacerbating unequal opportunities.

This review discusses the core ethical aspects of
AI adoption in urology by synthesizing literature,
guidelines, and recent developments in the field. It
is aimed to provide urologists with a solid founda-
tion for comprehension and mitigation of the eth-
ical challenges presented by artificial intelligence
adoption. This further helps to ground the discus-
sion within the larger framework of global health
ethics and the rapidly changing landscape of artifi-
cial intelligence technologies.
SCOPE OF ARTIFICIAL INTELLIGENCE IN
UROLOGY

Artificial intelligence powered solutions are set to
revolutionize the field of urology by facilitating
accurate and reliable diagnosis of urological disor-
ders ranging from prostate cancer to urinary tract
infections. Algorithms trained on large imaging
datasets have shown they can remove inter-observer
variability by identifying subtle abnormalities that
might escape the human eye, and facilitate early
intervention and improvement in outcome [5].

Application of artificial intelligence powered
robotic platforms like the da Vinci systems improve
surgical accuracy, decrease complications, and
shorten recovery periods [5]. Whether increased
precision from robotic surgeries translates into
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measurable improvements in long-term patient out-
comes remains a key ethical challenge that requires
deliberation. Similarly, the economic implications
of robotic systems – are they cost-effective or limited
to high-resource settings – are also key factors that
should drive adoption

Artificial intelligence enabled wearable devices
allow for continuousmonitoring of urological symp-
toms (e.g., urinary incontinence, nocturia). These
tools provide clinicians with real-time data, while
empowering patients to independentlymanage their
own health. Moreover, artificial intelligence algo-
rithms can be used to predict treatment responses,
enabling more personalized therapeutic approaches
[6

&

]. But currently, these tools are primarilymarketed
across affluent socioeconomic groups.

Evidently as promising as artificial intelligence
in urology is, it is not without its own challenges for
implementation. One of the main issues is the poor
generalizability of artificial intelligence models
developed in high-resource environments [2

&&

].
Algorithms trained on noninclusive data fail to
perform comparably in varied or low-resource set-
tings [7

&

]. Additionally, the complexity of artificial
intelligence systems creates obstacles to adoption, as
urologists must upskill and learn new technical
skills to adjust to evolving technologies [1]. Solving
these challenges will be vital to assuring that the
advantages of artificial intelligence are accrued
across the full range of urological care.
ETHICAL CHALLENGES IN ARTIFICIAL
INTELLIGENCE INTEGRATION

Use and integration of artificial intelligence tools in
urology practice posits several ethical dilemmas,
chief among thembeing thepotential for algorithmic
bias. As Cacciamani et al. [2

&&

] point out, the lack of
diversity in training datasets often leads to disparities
in artificial intelligence performance. For instance,
prostate cancer detection models predominantly
trained on data from white populations may yield
less accurate results for patients fromAfricanor Asian
backgrounds. This bias not only undermines the
reliability of artificial intelligence tools but also exac-
erbates existing health inequities [7

&

]. Addressing
these issues requires concerted efforts to diversify
datasets and incorporate demographic variables that
reflect the broader patient population. Discussions
must also emphasize on potential legal and reputa-
tional consequences forhealthcareproviderswhouse
biased artificial intelligence tools for delivering care.

Another ethical concern is the “black box”
nature of many artificial intelligence systems. These
algorithms often operate in ways that are complex
and not easily interpretable, even by the clinicians
r Health, Inc. www.co-urology.com 225
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who use them, or the developers who conceptualize
them. As Smith et al. [8] note, this opacity can erode
trust between patients and providers. Explainable
artificial intelligence, which focuses on creating
models that are both accurate and interpretable, is
therefore critical to maintaining trust, and enabling
shared and informed decision-making.

Accountability is another pressing issue in the
ethical integration of artificial intelligence. Collins
et al. [3] highlight scenarios where errors in robotic
surgery or artificial intelligence assisted diagnostics
raise questions about who bears responsibility, the
clinician, the developer, or the institution. Without
clear guidelines for assigning accountability, the use
of artificial intelligence in urology risks undermining
both patient safety and professional integrity. Devel-
oping robust frameworks that delineate responsibil-
ities and establish mechanisms for addressing errors
will be essential to fostering accountability.

Data privacy and security are also critical ethical
considerations. Artificial intelligence systems rely
on vast amounts of patient data, raising concerns
about confidentiality and the potential for misuse.
The WHO 2024 [9] updated ethical guidance
emphasizes the importance of implementing strin-
gent data governance policies to protect sensitive
information. In urology, where data often pertains
to intimate aspects of patient health, breaches of
confidentiality can have particularly severe conse-
quences. The NHS Somerset AI [10] policy serves as a
valuable model for how local governance, with
small datasets where re-identification risks are
higher, can prioritize data security while enabling
the ethical use of artificial intelligence technologies.
Complementing these efforts is the work of organ-
izations like the Coalition for Health AI CHAI [11],
which focuses on developing frameworks to ensure
the ethical, equitable, and transparent implementa-
tion of artificial intelligence in healthcare.

Artificial intelligence adoption also raises crit-
ical ethical challenges related to climate change and
sustainability. Training large-scale artificial intelli-
gence models requires significant computational
power, resulting in high energy consumption and
carbon emissions [12]. The ethical dilemma lies in
balancing the benefits of artificial intelligence-
driven innovation with its carbon footprint, partic-
ularly in resource-limited settings.
CURRENT FRAMEWORKS AND
GUIDELINES FOR ETHICAL ARTIFICIAL
INTELLIGENCE USE

Medical ethics are guided by four main principles:
autonomy, beneficence, nonmaleficence, and jus-
tice [13]. Building upon this framework, Cacciamani
226 www.co-urology.com
et al. [2
&&

] haveproposeda setofprinciples for artificial
intelligence in urology that emphasize transparency,
equity, accountability, and patient-centered care - to
adequately address the unique challenges of artificial
intelligence in urology-specific use cases.

Regulatory priorities around transparency, fair-
ness, and accountability for artificial intelligence are
reflected in recent legislations. In the US, the ACA
Section 1557 Final Rule (June 2024) prohibits dis-
crimination based on race, sex, or other protected
attributes in medical artificial intelligence, whereas
the HTI-1 Final Rule mandates transparency inmed-
ical decision support systems by requiring that the
training and testing methodologies be disclosed.
The UK AI Opportunities Action Plan describes stra-
tegic investment and regulatory frameworks to pro-
mote responsible artificial intelligence use while
remaining compliant with ethical and legal require-
ments. Similar regulations such as the EU AI Act
2024 represent a global shift towards stringent test-
ing, transparency, and accountability in the deploy-
ment of artificial intelligence [14].

Current reporting guidelines for artificial intelli-
gence use include CONSORT-AI (Consolidated Stand-
ards of Reporting Trials – Artificial Intelligence),
SPIRIT-AI (Standard Protocol Items: Recommenda-
tions for Interventional Trials –Artificial Intelligence),
DECIDE-AI (Developmental and Exploratory Clinical
Investigation of Decision-support systems driven by
Artificial Intelligence), and TRIPOD-AI (Transparent
Reporting of a Multivariable Prediction Model for
Individual Prognosis or Diagnosis – Artificial Intelli-
gence). These guidelines are designed to promote
transparency, rigor, and reproducibility in artificial
intelligence driven healthcare research [2

&&

].
Several guidelines for working in artificial intel-

ligence are in development, addressing the unique
challenges posed by medical artificial intelligence,
as it continues to be used in new and innovative
ways [2

&&

].
(1)
 STARD-AI (Standards for Reporting Diagnostic
Accuracy Studies – Artificial Intelligence)
(2)
 PROBAST-AI (Prediction model Risk Of Bias
Assessment Tool – Artificial Intelligence):
(3)
 PRISMA-AI (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses – Artificial
Intelligence)
For artificial intelligence research specific to
urology, the STREAM-URO (Standardized Reporting
of Machine Learning Applications in Urology) [15]
framework can be used to improve the transparency,
reproducibility, and clinical relevance of artificial
intelligence efforts in urology, as demonstrated by
Khondker et al. [16] in a case example with pediatric
Volume 35 � Number 3 � May 2025
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hydronephrosis. Similarly, the IDEAL framework
(Idea, Development, Exploration, Assessment, and
Long-term Monitoring) [17] can provide a detailed,
structured pathway for assessing new surgical tech-
nologies, with a thorough examination process
ranging from assessing feasibility to off-the-shelf
use in the real world.

ISO/IEC 42001 : 2023 [18] is a new standard that
emphasizes the critical role of “ethics by design” in
artificial intelligence development. For example, the
standard outlines the need for clear documentation
of algorithms, accessible explanations of artificial
intelligence decision-making processes, and mecha-
nisms to address unintended biases. By adopting ISO
42001 principles, urology practices can align their
artificial intelligence applications with both ethical
healthcare delivery and environmental sustainabil-
ity.

In January 2024, the WHO released an updated
version of their original 2021 [19] comprehensive
Guidelines On Ethics And Governance Of Artificial
Intelligence For Health. The aim of these Guidelines
(2024) is to “assist Member States in mapping the
benefits and challenges associated with use of Large
Multimodal Models (LMM) for health and in devel-
oping policies and practices for appropriate develop-
ment, provision and use”.

Responsible artificial intelligence UK [20] has
also contributed to the development of ethical
guidelines, advocating for interdisciplinary collab-
oration among clinicians, ethicists, policymakers,
and developers. Such collaboration is essential to
aligning artificial intelligence applications with
societal values and clinical needs. Smith et al. [8]
further recommend the creation of ethical training
modules for clinicians, the formation of oversight
committees to evaluate artificial intelligence tools,
and the inclusion of patients in decision-making
processes. These measures aim to foster trust and
inclusivity while ensuring that artificial intelligence
technologies are used responsibly.
PRACTICAL IMPLICATIONS FOR
UROLOGISTS

The integration of artificial intelligence tools in the
near future creates a challenge for urologists to find a
balance between harnessing the benefits of techno-
logical innovations while holding to the industry
standards of ethics. Wiklund et al. [21] are con-
cerned with over-reliance on artificial intelligence
output, and discuss how they should feature in
evidence-based decision-making. The goal here is
to ensure the use of clinical judgment and utility of
artificial intelligence as a valuable adjunct, thereby
ensuring that clinicians do not lose critical skills
0963-0643 Copyright © 2025 The Author(s). Published by Wolters Kluwe
with the advent of artificial intelligence, that is,
deskilling. Transparency with patients also is essen-
tial. Clinicians must be very clear in their com-
munications with patients about how artificial
intelligence fits into their care, including why it
may be beneficial – and how it may have limitations
– in order tomaintain informed consent and respect
the autonomy of patients [22].

Generative artificial intelligence adds ethical
concerns in academic and clinical training. While
it enables personalized education and automated
knowledge synthesis, it also risks misinformation,
bias, and academic dishonesty. Over-reliance on arti-
ficial intelligence tools may undermine human
expertise [23]. Artificial intelligence generated
research articles and clinical guidelines may spread
inaccuracies, as models cannot verify sources inde-
pendently [24]. Studieswarn of blurred lines between
original scholarship and automated output, un-
derscoring the need for clear policies on artificial
intelligence disclosure and ethical use [25,26]. Insti-
tutionsmust enforce transparency, human oversight
in verification, and ethical safeguards to prevent
misuse in urology and medical academia.

Advocacy is another critical responsibility for
urologists. Conveying open-ended questions, giving
feedback on new artificial intelligence tools, and
advocating for equitable access to these tools can
help ensure patients have a say in how technologies
are applied in their healthcare, ensuring fairness and
accessibility throughout the process. Similarly, the
concept of a “digital divide” within the urological
profession itself opens avenues for discussion on
how we ensure that all urologists, regardless of
location, have access to training in artificial intelli-
gence. The discourse at the 2025 World Economic
Forum in Davos highlighted this need for equitable
access, stating, “It is not acceptable that there are
still people on our planet that don’t have access to
healthcare with the vast amount of resources and
technology available in the world” [27]. Urologists
are ideally positioned to champion artificial intelli-
gence solutions to reduce global inequalities, ensur-
ing that new innovations benefit all patients
regardless of geography or socioeconomic status.
CHALLENGES AND FUTURE DIRECTIONS

Ethical governance of artificial intelligence in urol-
ogy is still a work in progress. Traditional frame-
works may be insufficiently granular, failing to
address the nuances of robotic surgeries, diagnostic
algorithms, and artificial intelligence powered train-
ing systems. Specific guidelines are required to
ensure that these applications are aligned with
underlying ethical principles whenever possible as
r Health, Inc. www.co-urology.com 227
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well as appropriate to practical needs of clinicians
and patients.

The speed of artificial intelligence innovation
brings more challenges, such as how do we balance
rapid technological progress with the need for robust
oversight? Medical ethics must keep up with tech-
nology in order to be relevant and this will entail
continued collaboration among clinicians, develop-
ers, and regulators. In addition, tensions exist
amongst the bottleneck of resource inequality which
makes equitable application of artificial intelligence
tools even more difficult, especially for low-resource
settings where access to advanced technologies may
be thwarted. Tackling these inequities will demand
new efforts to broaden access and tailor artificial
intelligence systems to different healthcare contexts.

While current artificial intelligence systems in
urology are highly effective for specific tasks such as
imaging analysis, robotic surgery, and patient mon-
itoring, the concept of artificial general intelligence
(AGI) introduces new possibilities and risks for the
field [28]. No fully autonomous surgical robots exist
today, nor is it likely that such systems will be
realized on any complex procedure soon Connor
et al. [29,30]. But AGI, unlike narrow artificial intel-
ligence, aims to emulate human-like reasoning, ena-
bling it to adapt to diverse and unforeseen
challenges. The promises of AGI are not without
inherent risks and limitations, especially in high-
stakes environments like healthcare [24].

Research from theTrustworthyAutonomous Sys-
tems (TAS) Hub [31] highlights the imperative role
human oversight is expected to play in automated
decision-making systems, particularly in high-risk
domains such as surgery. Thediversity of patient data
available in the real world, the huge variability that
exists when one actually treats a patient, calls for
artificial intelligence applications inmedicine to also
have a “human-in-the-loop,” so that the application
is well tolerated, adaptable in the real world, and also
accountable. These datasets are particularly impor-
tant because autonomous systems deployed in clin-
ical settings would be subject to biases that could
adversely affect patient populations; therefore, such
systems are reliant on the expertise of clinicians, who
would have constructive feedback on best practices
for the systems’ deployment.

Future inquiry should focus on developing field-
specific urology ethical frameworks that recognize
the challenges unique to the specialty,much like the
work undertaken by Cacciamani et al. [2

&&

,32].
Enhancing the diversity of training datasets is
also crucial for minimizing bias and increasing
the generalizability of artificial intelligence tools.
Finally, investigating new approaches to increase
228 www.co-urology.com
the transparency of artificial intelligence systems
and creating “ethical sandboxes” for testing artifi-
cial intelligence tools in controlled environments
before broader adoption, may establish trust with
clinicians and patients, leading to wider uptake of
the technology.
CONCLUSION

Artificial intelligence is projected as a disruptive tech-
nology with an unlimited potential to provide supe-
rior patient care and contribute to clinical practice
advancement in urology. However, its application to
healthcare needs to be guided by ethical principles—
such as transparency, equity, accountability, and
patient autonomy. Insights from Cacciamani et al.,
Smith et al., Collins et al., ISO 42001 : 2023, and the
WHO 2021, 2024, have provided frameworks that
can help guide us through the ethical challenges of
artificial intelligence in urology.

It will take active engagement from clinicians,
policymakers, and developers to address these chal-
lenges. Through advocacy for ethical and transpar-
ent artificial intelligence, urologists can help ensure
that technological advances uphold the very highest
ethical standards in both delivering technological
innovations and contributing to meaningful advan-
ces in patient care. And if integrated wisely, artificial
intelligence can transform urology, paving the way
for a future where technology aids, not undermines,
the values of medical ethics.
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28. Gebru T, Torres ÉP. The TESCREAL bundle: eugenics and the promise of
Utopia through Artificial General Intelligence. First Monday [Preprint] 2024.

29. Connor MJ, Gill K, Patel HD, et al. Autonomous Surgery in the era of robotic
urology: friend or foe of the future surgeon? Nat Rev Urol 2020; 17:643–
649.

30. Dasgupta P, Raison N. AI in surgery. In: Artificial intelligence in urology. 2025.
pp. 237–48.

31. Naiseh M, Khamis A, Sharif M, Yamada S. Methods, tools and techniques for
Trustworthy Autonomous Systems (TAS) Design and Development. In: Com-
panion of the 2022 ACM SIGCHI Symposium on Engineering Interactive
Computing Systems. 2022. pp. 66–69.

32. Salybekov AA, Gill K, Patel HD, et al. Artificial Intelligence Reporting Guide-
lines’ adherence in nephrology for improved research and clinical outcomes.
Biomedicines 2024; 12:606.
r Health, Inc. www.co-urology.com 229

https://www.int-chair-bioethics.org/world-bioethics-day-2024
https://www.who.int/publications/i/item/9789240084759
https://www.who.int/publications/i/item/9789240084759
https://htn.co.uk/2024/11/06/somerset-nhs-foundation-trust-publishes-ai-policy-safe-integration-ethical-legal-responsibilities-yearly-reviews/
https://htn.co.uk/2024/11/06/somerset-nhs-foundation-trust-publishes-ai-policy-safe-integration-ethical-legal-responsibilities-yearly-reviews/
https://chai.org/
https://www.iso.org/standard/81230.html
https://www.iso.org/standard/81230.html
https://www.who.int/publications/i/item/9789240029200
https://www.who.int/publications/i/item/9789240029200
https://rai.ac.uk/working-groups/health-and-social-care/
https://www.weforum.org/stories/2025/01/powering-resilient-communities-through-technology/
https://www.weforum.org/stories/2025/01/powering-resilient-communities-through-technology/

