C CANADIAN JOURNAL )
T OF UROLOGY & Tech Science Press

Doi:10.32604/¢ju.2026.071284
REVIEW

Artificial intelligence assisted 3D in the
robotic urooncology? A systematic review
and narrative synthesis of current

applications, challenges and future directions

Bara Barakat, * Bilal Al-Absi,' Boris Hadaschik,” Christian Rehme,’

Samer Schakaki,” Joerg Bauer,

IDepartment of Urology Robot-Assisted Urology and Uro-Oncology, Hospital Kassel, Kassel, 34125, Germany
2Department of Urology, University Hospital Essen, Essen, 45147, Germany

3Department of Urology, Paracelsus Hospital Golzheim, Duesseldorf, 40474, Germany

BARAKAT B, AL-ABSI B, HADASCHIK B, REHME
C, SCHAKAKI S, BAUER ]. Artificial intelligence
assisted 3D in the robotic urooncology? A systematic
review and narrative synthesis of current applica-
tions, challenges and future directions. Can | Urol
2026;33(1):105-116.

Background: Artificial intelligence (Al)-assisted three-
dimensional (3D) surgical platforms, integrated with
augmented reality, have the potential to improve intraop-
erative anatomical recognition and provide surgeons with
an immersive, dynamic operating environment during uro-
oncological procedures. This review aims to examine the
current applications of Al in robotic uro-oncology, with
a particular focus on its role in facilitating intraoperative
navigation during complex surgeries.

Methods: A systematic literature search was performed
across PubMed, the National Library of Medicine, MED-
LINE, the Cochrane Central Register of Controlled Trials
(CENTRAL), ClinicalTrials.gov, and Google Scholar to
identify relevant studies published up to July 2025. The
search strategy incorporated a predefined set of keywords,
including Al, machine learning, radical prostatectomy
(RP), robotic-assisted radical prostatectomy (RARP), robot-
assisted partial nephrectomy (RAPN), and robot-assisted
radical cystectomy (RARC). Only clinical trials, full-text

peer-reviewed publications, and original research articles
were included. Studies were eligible for inclusion if they
evaluated or described applications of Al in RARP, RAPN,
or RARC.

Results: Technological advancements have substantially
transformed the field of uro-oncologic surgery. In par-
ticular, Al and Al-assisted intraoperative navigation in
RARP demonstrate considerable potential to objectively
assess surgical performance and predict clinical outcomes.
In RAPN, the adoption of preoperative, interactive 3D
virtual models for surgical planning has influenced surgical
decisions, thus, enhanced precision in resection planning
correlates with superior nephron-sparing outcomes and
optimized selective clamping. Al applications in RARC,
techniques such as augmented reality (AR) can overlay
critical information on the surgical field, by facilitating nav-
igation through complex anatomical planes and enhancing
identification of critical structures.

Conclusion: Al appears to enhance robotic uro-oncologic
procedures by increasing operative precision and support-
ing individualised surgical treatment strategies.
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to reason and perform cognitive functions such as
problem solving and decision making.”” Al could
have one of the biggest impacts on medicine today.
It could help to make more accurate decisions and
predict patient outcomes more reliably. Uro-oncology
surgery, in particular, has benefited from technolog-
ical innovation. Robot-assisted surgery has become
an important tool in modern urological practice. In
recent years, the integration of Al the integration of Al
into robotic systems has attracted considerable atten-
tion. Over the past few decades, significant efforts
have been made to develop technical modifications to
the traditional open radical prostatectomy (RP), open
patrial nephrectomy, an open radical cystectomy
procedure with the aim of improving oncological
and functional outcomes, thereby minimising patient
morbidity following surgery. One of the most sig-
nificant complications of RP is post-prostatectomy
incontinence (PPI), which can negatively impact
patient’s quality life after RP."" According to the
‘trifecta’ concept, the goals of RP should be cancer
control, complete urinary continence and preserva-
tion of erectile function.” Surgical trauma is not the
only risk factor for PPI; preoperative factors such
as increasing age, body mass index (BMI), comor-
bidities, previous radiotherapy, and preoperative
lower urinary tract symptoms (LUTS) are respon-
sible for the development of PPL"’ Our recently
published study revealed that, in addition to age
and BMI, anatomical factors such as the length
of the membranous urethra—which relates to ure-
thral sphincter function—strongly influence the early
return to continence following RP."' However, achiev-
ing improved functional outcomes remains difficult
because accurately delineating nerve-sparing planes
and tumour margins during surgery is challeng-
ing, thereby increasing the risk of positive surgical
margins.

Therefore, artificial intelligence (Al) could sig-
nificantly enhance the ability of uro-oncologists to
mark tumour locations or preserve neurovascular
bundles during surgery, thereby reducing PSMs. Also
in recent years, the use of 3D virtual models has
become increasingly common in kidney and bladder
surgery. The aim is to perform a precise and oncologi-
cally safe procedure. This systematic literature review
and narrative synthesis focuses on recent advances
in Al for robotic uro-oncology, particularly intraop-
erative applications, current management strategies
and emerging research directions. We also outline
important ethical considerations for incorporating Al
into robotic surgery.
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Methods and Materials

Search strategy and criteria for considering

studies for this review

A selective systematic literature review with nar-
rative synthesis was conducted by searching for
studies addressing artificial intelligence in uro-
oncology in the following databases: PubMed, the
National Library of Medicine, the Medical Literature
Analysis and Retrieval System Online (MEDLINE),
the Cochrane Central Register of Controlled Tri-
als (CENTRAL), Google Scholar and Clinical Trials.
Two independent reviewers conducted the liter-
ature search between 01 January 2020 and 10
July 2025. The search strategy involved using a
search string based on the keywords ‘urology’,
‘artificial intelligence’, ‘machine learning’, ‘artificial
intelligence-guided automatic navigation in urol-
ogy’ and ‘robot-assisted radical prostatectomy, partial
nephrectomy and cystectomy’. The search was lim-
ited to clinical trials, full papers and original
articles. Randomised controlled trials (RCTs) and
both prospective and retrospective studies were
selected. The reference lists of the articles were
also checked for any additional relevant articles.
Articles related to Al in robotic radical prostate-
ctomy, partial nephrectomy and cystectomy were
included (Table 1). Abstracts, review articles and
studies involving animals, laboratories or cadavers
were excluded from this review. This systematic lit-
erature review adheres to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) satement.”” The PRISMA checklist is also
available in the Supplementary Table S1.

The included studies investigated the future per-
spective of robotic uro-oncology: automatic, artificial
intelligence-guided navigation. The search was lim-
ited to published articles and original papers. The
reference lists of the included articles were also
screened to identify additional relevant studies. Arti-
cles were initially selected based on their abstracts
and subsequently reviewed in full detail.

The selection of the articles to be included was
made by consensus among all the authors. Two inde-
pendent researchers reviewed the articles before the
final decision was made to include them in this
review. To assess the risk of bias, two reviewers
(Bauer J. and Barakat B.) independently identified all
the studies that met the inclusion criteria for a full
review. The reviewers then selected the studies to be
included. Any disagreements between the extracting
authors were resolved by consensus or referred to the
third author.
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TABLE 1. Applications of Al in robot-assisted uro-oncology

Reference AI Model Training/ Method Clinical evaluation
Validation
Hung Metrics for surgeon 20 Processing automated n = 810 (100-2000) for the expert group.
etal.’’ performance during  surgeons performance metrics and n = 35 (5-80) for the novice group.
(2018) RARP (dVLogger) (10 novel ML algorithms Expert group compared to novice:
experts 1. More efficient in movements by completing
and 10 operative steps faster (p < 0.001).
novices) 2. Less instrument movement (p < 0.01).

3. Less total instrument idle time (p < 0.001).
4. Shorter camera path length (p < 0.001).
5. More frequent camera movements (p < 0.03).
6. Non-dominant instrument-path distance for all
steps (p < 0.04) except anterior vesicourethral

anastomosis.
Hung 3D model surgical 78 RARP  Clinical data (oncological ML algorithm predicted length of stay with
etal. dissection based on and functional data) 87.2% accuracy.
(2018) automated performance Trained with APM, it improved to 88.5%.
metrics and novel ML

algorithms
Hung Predicts recovery of 100 RARP  Clinical data (functional Surgeons with more efficient APMs achieved
etal.l” urinary continence after data) higher continence rates at 3 (79%) and 6 months
(2019)  RARP using a DL model after RARP.

ML algorithm

(DeepSurv)

Checcucci  Nerve-sparing RARP 34 RARP  Clinical data (oncological 3D AAR system was able to correctly identify the
etal.! guided by 3D AAR data) lesion location on the NVB in 87.5% of pT3
(2023) patients.

3D-guided nerve-sparing RARP even in locally
advanced diseases, without compromising the
oncological safety in terms of PSM rates.
Ranasinghe NLP algorithm 5157 Clinical data (functional Functional outcomes (urinary, sexual): There
etal.” (PRIME-2) RARP vrs. data) were no significant differences between RARP
(2018) 579 ORP and ORP during the 12-month follow-up period.
RARP compared to ORP: more positive emotions
immediately and 3 months after surgery
(p < 0.05), due to pain and discomfort, and at 9
months due to fear and anxiety about upcoming
PSA tests and sexual side effects.
Secco Hyper Accuracy 3D™ 7 (RS- Visualize anatomical AR is feasible but not yet mature and is often
etal.'® (HA3D™)virtual models RARP) structures identification of associated with technical and additional financial
(2024) during Retzius-sparing the index lesion challenges.
robot-assisted radical
prostatectomy
(RS-RARP)
Ueki CNN-based model for 25 RARP Focus is on the The CNN achieved an accuracy of 0.90 on the
etal.”” recognising surgical interpretability of models Hinotori test set, dropping to 0.64 on the da Vinci
(2025) phases in RARP and cross-platform dataset, indicating limitations when transferring
validation between platforms.
The CNN achieved an

accuracy of 0.90 on the
Hinotori test set, dropping
to 0.64 on the da Vinci

(Continued)
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TABLE 1. (Continued)

Reference AI Model Training/
Validation
Wang The application of 18 RAPN
etal.’’ virtual reality training
(2021) for anastomosis during
robot-assisted radical
prostatectomy

Amparore  Automatic 3D virtual 10 RAPN

et al.’’ model overlapping
(2022) during AR-RAPN
“IGNITE”

(Indocyanine Green
automated Reality)

Method

Clinical data
(oncological data)

Clinical data
(oncological data)

Clinical evaluation

Investigate the application of virtual reality training in
vesicourethral anastomosis during robot-assisted
radical prostatectomy (RARP). Three certified robotic
urologists who underwent virtual reality training
were enrolled in the randomized study group. The
other three without training were enrolled in the
control group.
3D reconstruction using proprietary software and
indocyanine green (ICG) allowed accurate and safe
enucleoresection of endophytic renal masses.

In 7 patients with totally endophytic or posterior
lesions, the renal masses were correctly identified
using automated AR technology.

Porpiglia RAPN using 3lin Clinical data Preoperative simulation of selective ischaemia was
etal.”’ hyper-accurate 3D VR group no (oncological data) feasible and effective with HA3D reconstruction.
(2018) models HA3D A significantly higher number of patients in the 3D

and 21 in group experienced significantly less global ischaemia
group compared to the standard group.
HA3D
Hyde Virtual 3D models of 25 RAPN Decision-making A change in the planned surgical approach occurred
etal.”’ the renal anatomy process in complex in 19% of cases.
(2019) renal cancer surgery Virtual 3D models increased surgeon confidence in

Ghazi Predictive validity of 31 RAPN  Selective or off-clamp

surgical decisions in 4/5 patient datasets.
Statistically significant improvement in surgeons’
opinion of the potential usefulness of virtual 3D
models for decision making.
Using IRIS™, a high degree of overlap was found

etal”* planning toolIRIS™ between the preoperative surgical approach and the
(2023) intraoperative execution of RAPN.
Baghdadi AASP for objective and 20 Predicting the The accuracy of predicting the expert-based PLACE
etal”” computerized (RARC)  expert-based PLACE scores was 83.3%.
(2019) assessment of pelvic quality of lymph node
lymph node dissection
during RARC

Note: Al, artificial intelligence; RARP, robot-assisted radical prostatectomy; AAR, automated augmented reality; RAPN,
robot-assisted partial nephrectomy; ML, machine learning; DL, deep learning; AASP, automated assessment of surgical
performance system; PLACE, pelvic lymphadenectomy appropriateness and completion evaluation; PSA, prostate-specific

antigen; APMs, automated performance metrics.

Data extraction

The following information was extracted from stud-
ies that met the inclusion criteria: first author’s name,
year of publication, study design, type of Al model,
type of procedure, validation, technical feasibility of
the Al model. Relevant oncological and functional
endpoints were extracted from the included stud-
ies, including oncological and functional outcomes
and complications. This systematic literature review
and narrative synthesis excluded studies involving
animal experiments, laboratories or cadavers. It sum-
marises the results of different studies. As such,

the definitions and outcomes of interest may vary
between articles.

Results

Study selection, characteristics and outcomes
The search strategy and results of this systematic lit-
erature review and narrative synthesis are presented
in Figure 1. Following de-duplication, 114 articles
were screened for further analysis, resulting in the
identification of 17 studies.
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FIGURE 1. A three-dimensional model of Hyper Accuracy superimposed on the endoscopic view. Adaptation
of the model to different surgical phases (left: isolation of the prostate bundle, right: mobilization of the prostate
with the Cadiere forceps and down: dissection of the urethra) can be observed. Secco et al."*

These included cohorts of patients undergoing Al
robot-assisted urooncological surgery that adhered
to the Population, Intervention, Control, Outcome
(PICO) quality assessment criteria and were included
in this analysis. Of the 23 relevant articles, 13 clinical
trials met the inclusion criteria (Figure 2, Table 1). The
number of operating surgeons was not quantified in
the included studies.

Excluded studies

Initially, our search yielded 833 publications. After
removing the duplicates, 410 articles remained and
were screened based on their titles and abstracts.
This left 423 articles that were selected for a full-text
review. Another 185 studies were excluded from the
review: 285 studies did not use artificial intelligence-
guided automatic navigation, and 16 studies were
not original articles. Fourteen studies were excluded
because they involved animal trials (Figure 1).

Applications of Al in robot-assisted radical

prostatectomy and intraoperative navigation
In recent years, applications of Al in prostate can-
cer have expanded beyond imaging and pathology

to include surgical interventions such as RARP.
Opverall, robotic prostatectomy is regarded as a safe
and highly precise procedure that offers excellent
oncological control when performed by experienced
surgeons. Five key anatomical structures (prostate,
image-visible biopsy-proven ‘index’ cancer lesion,
neurovascular bundles, urethra, and recorded biopsy
trajectories) were image-fused and displayed on the
TilePro™ display feature of the robotic console.”
The 3D model enabled the surgeon to preform
careful dissection in the vicinity of the biopsy-
proven index lesion. Negative surgical margins were
achieved in 90% of cases, with the exception of one
case of extensive extra-prostatic extension.”” In three
papers published by Hung et al, Hung and col-
leagues developed an objective method of processing
automated performance metrics and novel ML algo-
rithms to evaluate surgical RARP performance, and
used parameters from this method as training data for
ML algorithms."”" In the first project, Hung and his
team researched and validated objective metrics for
surgical performance during selected steps of RARP
using a novel recorder (‘dVLogger’) that directly
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FIGURE 2. Study selection flowchart and the systematic Preferred Reporting Items for Systematic Reviews

(PRISMA) search strategy are shown below

captures the surgeon’s actions on the da Vinci® Sur-
gical System.”” The objective metrics revealed that the
experts were more efficient and purposeful during
the selected steps of the RARP. The experts com-
pleted the operative steps more quickly (p < 0.001)
and travelled a shorter distance with the instruments
(p < 0.01). In the second project, Hung and colleagues
used the methods of processing automated perfor-
mance metrics and novel ML algorithms to evaluate
RARP and predict clinical outcomes. They concluded
that, as clinical data continues to grow, this technique
will become increasingly relevant and valuable for
surgical and training. Of the algorithms tested, the

“Random Forest-50” (RF-50) performed best, achiev-
ing 87.2% accuracy in predicting LOS (73 cases were
classified as “pExp-LOS” and five as “pExt-LOS”)."
Despite all criteria of bimanual dexterity and move-
ment efficiency, the experts performed significantly
better than the novices. The authors illustrate this
higher efficiency with 3D instrument trajectory track-
ing, which shows a shorter instrument trajectory
length at a higher speed for the dominant and non-
dominant instruments in the expert group.'* Drite’s
work of Hung and his team predicts recovery of
urinary continence after RARP using a deep learning
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(DL) model, which was then used to assess the sur-
geon’s historical patient outcomes. In this feasibility
study, surgeons with more efficient automated per-
formance metrics (APMs) achieved higher continence
rates at 3 and 6 months after RARP Among the histor-
ical cohort, patients in Group 1/ APMs demonstrated
superior urinary continence rates at 3 and 6 months
postoperatively (47.5% vs. 36.7%, p = 0.034 and 68.3%
vs. 59.2%, p = 0.047, respectively).” Of the three
models evaluated, the Random Forest-50 machine
learning model achieved a predictive accuracy of
88.5%, giving it significant prognostic value for dura-
tion of surgery, length of hospital stays and Foley
catheter duration.””* A similar work was published in
2023, where authors evaluated the accuracy of the 3D
automated augmented reality (AAR) system guided
by Al in nerve-sparing RARP to identify tumour
location at the level of the preserved neurovascular
bundle.”” The authors showed that the 3D AAR sys-
tem was able to correctly identify the lesion location
on the NVB in 87.5% of pT3 patients. This raises
the possibility of performing 3D-guided tailored NS
even in locally advanced disease without compro-
mising oncological safety in terms of PSM rate.”
Overall, the application and particularly the use of
Al-guided navigation in RARP demonstrates great
potential to objectively assess surgical performance
and the prediction of clinical outcomes.

Ranasinghe et al. used the DeepSurv algorithm
to compare the outcomes of RARP and open radical
prostatectomy (ORP). Using this model, the authors
reported more positive emotions in the RARP group
immediately and 3 months after surgery (p < 0.05)
due to pain and discomfort, and at 9 months due
to fear and anxiety about upcoming PSA tests and
sexual side effects."”

Secco et al. demonstrated that AAR and 3D
imaging improved the real-time identification of
prostate lesions, enabling robotic-assisted radical
prostatectomy (RARP) using Hyper Accuracy 3D™
(HA3D™,) virtual models for preoperative planning
and intraoperative support. The authors conclude
that augmented reality (AR) is a feasible approach;
however, it remains in an early stage of development
and is frequently associated with technical limitations
and financial constraints'® (Figure 1).

In parallel, Ueki developed a convolutional neural
network (CNN)-based model for detecting surgical
phases in robot-assisted laparoscopic radical prosta-
tectomy (RARP).” The model was trained using
video data from 75 RARP cases performed with the
Hinotori robotic system. Seven phases were anno-
tated: bladder prolapse; prostate preparation; bladder

neck dissection; seminal vesicle dissection; poste-
rior dissection; apical dissection; and vesicourethral
anastomosis. Validation was conducted on 25 RARP
cases performed using the da Vinci robotic system to
evaluate the generalisability of the approach across
surgical platforms.

While the model demonstrated high accuracy on a
single robotic platform, it requires further refinement
for consistent cross-platform performance.” Another
study investigated the use of virtual reality training
in vesicourethral anastomosis during robot-assisted
radical prostatectomy (RARP). The overall score for
the virtual training improved significantly from 65.0
+ 10.8 to 92.7 £ 3.5 (p = 0.014), and anastomosis
time, movement economy and instrument collisions
all decreased (p < 0.05).”°

Thus, virtual reality training enabled surgeons to
quickly become familiar with robotic manipulation
and improve their vesicourethral anastomosis skills,
shortening the learning curve and helping them to
achieve high surgical efficiency and quality. Step
recognition serves as the basis for numerous potential
future applications of Al in surgery, including sur-
geon education and training, quality benchmarking,
optimisation of OR logistics, and possibly even intra-
operative real-time decision support during surgery
in the future.

Applications of Al in robot-assisted partial

nephrectomy and intraoperative navigation

A detailed understanding of the anatomical structure
is key to personalised surgical planning, especially
in renal surgery, which plays a key role in preserv-
ing renal function’* (Table 1). The integration of 3D
models with robotic platforms opens up the possibil-
ity of performing mixed reality surgeries, increasing
surgeons’ familiarity and confidence with pathology
and tailoring procedures to patients’ needs. In recent
years, 3D models and augmented reality performance
have become increasingly important. Pre-operative
3D reconstruction of the kidney allows the surgeon
to choose the appropriate surgical approach and thus
guides the surgical planning. Intraoperative identi-
fication of the surgical structure leads to maximum
safety during dissection. In addition, planning a pre-
cise resection strategy is directly related to more
effective renal preservation and precise medullary
and cortical reconstruction, which reduces postop-
erative complication rates. Furthermore, renal artery
clamping can be minimised by precise planning of
the resection area. The new 3D renal reconstruction
technology for robot-assisted partial nephrectomy
(RAPN) has been investigated in several published
studies with the aim of preoperative planning and
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precision surgery *»* (Table 1). However, the overlap
between preoperative planning and intraoperative
performance is not mentioned in the published stud-
ies. 3D reconstruction using specially developed
software and indocyanine green (ICG) enabled pre-
cise and safe enucleoresection of endophytic renal
masses.”” Porpiglia et al. conducted a comparative
study comparing standard RAPN (n = 31) with
RAPN using hyper-accurate 3D VR models (n = 21)
with complex renal tumours (PADUA score > 10).
The authors found that a significantly higher number
of patients in the 3D group experienced significantly
less global ischaemia compared to the standard group
(80% vs. 24%, p < 0.01).”* Hyde et al. presented a 3D
model to evaluate the impact of interactive visual-
ization of patient-specific virtual 3D models of renal
anatomy on the preoperative decision-making pro-
cess in complex renal cancer surgery.” The results
showed that using preoperative interactive 3D vir-
tual models for surgical planning influenced surgical
decisions in 80%. In a case report, the researchers
used specially developed software to overlay images
using 3D models and live endoscopic images during
RAPN. The authors reported that this technique was
able to safely enucleate an endophytic renal mass
with a PADUA score of 9 and selective clamping
of the tumour without major complications.” Ghazi
et al. conducted a prospective study to evaluate the
predictive validity of the IRIS (Intuitive Surgical)
software as a planning tool for RAPN, based on the
degree of overlap with the intraoperative procedure.
Thirty-one patients were presented with the 3D IRIS
model on an iOS app prior to surgery. They used this
to outline their surgical plan, including the surgical
approach and ischaemia technique, as well as their
confidence in carrying out this plan. When plans for
selective or off-clamp were compared, the preopera-
tive plan was executed intraoperatively in 90.0% of
cases. The authors concluded that a high degree of
overlap was found between the preoperative surgical
approach and the intraoperative execution of RAPN
using IRIS.”

Applications of Al in robot-assisted radical
cystectomy and intraoperative navigation
Integration of Al has revolutionised surgical proce-
dures, including robotic-assisted radical cystectomy
(RARC) and intraoperative navigation. A compari-
son of the available data on intraoperative guidance
in urological oncology reveals that RARP surgical
navigation has received the most attention, followed
by RAPN.

BARAKAT ET AL.

The aim of using AI in RARC is not only to
inhance the surgical precision of nerve sparing, onco-
logical safety and functional outcomes of RARC, as
well as to optimise intraoperative decision-making
and urinary diversion reconstruction. A 3D model
can facilitate careful surgical dissection to improve
greater oncological safety, but also better functional
outcomes.””

Al enhances real-time imaging during RARC, pro-
viding surgeons with a superior view of tumours
and surrounding tissue. Techniques like augmented
reality (AR) can overlay critical information on the
surgical field, guiding surgeons through complex
anatomical landscapes and highlighting vital struc-
tures.” Al algorithms can also improve the accuracy
of robotic movements, enabling precise tumour resec-
tion while minimising damage to healthy tissues.”
Furthermore, motion compensation algorithms pre-
dict and adjust for patient movements, ensuring
stable surgical manoeuvres.

Discussion

This systematic review focuses on the latest devel-
opments in the use of Al in robotic uro-oncology.
The most significant finding is that effectice use
of Al algorithmus in robotic uro-oncology requires
high-quality, annotated data. This is the first system-
atic review on the topic of 3D automatic artificial
intelligence navigation in robotic uro-oncology.

Challenges of artificial intelligence
Al algorithms require high-quality, annotated data to
work effectively. Inconsistent or inaccurate data can
lead to unreliable results. However, collecting large
amounts of specific medical data, particularly in uro-
oncology, can be challenging due to privacy concerns
and the relative rarity of certain conditions (Figure 3).
Although we have entered the era of precision
robotic surgery, there is still an unmet need for
optimal surgical planning, navigation and training
for most genitourinary conditions. One of the major
challenges to the introduction of AI and robotic
surgery is ensuring the safety of robotics in uro-
oncology. There is a constant risk of mechanical
failure, software errors, or system malfunctions dur-
ing robotic surgery. To mitigate these risks, it is
essential to implement backup systems and conduct
regular maintenance and inspections of the robotic
surgical platform. Other barriers to implementing
of Al in robotic surgery include ethics, governance
and cybersecurity. The increasing autonomy of Al in
surgery raises ethical questions about responsibility
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FIGURE 3. Challenges and barriers to implementing
Al technology in uro-oncology with proposed solu-
tions, graphical software used by Word-document
2024

and liability in the event of adverse incidents. Clear
guidelines and regulations are required to ensure
patient safety and clarify medical legal issues. In
general, Al is thought to assist the surgical decision-
making process, but in medicine, difficult decisions
are always made by human doctors, often against
a strong background of ethical and moral issues,
where the right decision is not always obvious.” In
the future, Al may play a key role in resolving such
complex clinical decisions. In this context, the devel-
opment of surgical robots has been categorised into
the following generations: stereotactic, endoscopic,
bio-inspired and microbots.” Finally, fifth-generation
autonomous surgical robots in the form of cyborg
humanoids or swarm-intelligent platforms could be
deployed in remote areas or conflict zones and con-
trolled by surgeons using stereoscopic lenses and
holographic technology (‘human-in-the-loop’).”” To
avoid medical and ethical dilemmas, Al tools should
be considered as one of many sources of clinical
decision support. This will require the development
of robust guidelines and frameworks to guide clin-
icians in the use of these tools. By addressing the
challenges and leveraging the applications, Al has the
potential to significantly enhance the field of robot-
assisted uro-oncology, leading to improved patient
outcomes, increased surgical precision, and more
efficient healthcare delivery.

Study limitations
The most common limitations identified by the
authors in includes studies were a single-center study

design and a small sample size. Hence, restricting the
generalisability and statistical power of Al-assisted
tools in different studies. Ten studies were under-
powered due to small sample sizes. Of these, 11
(84%) included fewer than 100 participants. Another
common limitation is the open-label design. Despite
numerous claims that Al can improve clinical out-
comes, there is a lack of robus evidence. In this
systematic literature review with narrative synthe-
sis, we only identified one randomised controlled
trial (RCT) that compared Al-assisted care with
standard care. Al robot-assisted urooncology tools
must demonstrate an unequivocal improvement in
clinically relevant outcomes in properly designed
randomised controlled clinical trials, in which the
use of Al-assisted management is compared with the
standard practice of care.

The future of surgery

The integration of Al is undoubtedly ushering in
a new and exciting era for urology. The way in
which these emerging opportunities are leveraged
and the way in which the associated challenges
are addressed on a large scale are likely to have
profound implications for the future of medical prac-
tice. Future research should aim to provide valuable
insights into the ethical and regulatory challenges
posed by Al technologies, particularly in the field of
robotic-assisted uro-oncology. Addressing these chal-
lenges will contribute to the responsible development
and practical implementation of Al-driven robotic
surgery applications.

Conclusion

In conclusion, Al’s applications in robot-assisted uro-
oncology are transforming the field by enhancing
surgical precision, facilitating personalised treat-
ment, improving diagnostic accuracy and optimising
postoperative care. As Al technology advances fur-
ther, its integration into uro-oncology will lead to
even greater improvements in patient outcomes and
the overall effectiveness of cancer treatment. The
future of uro-oncology lies in continued collaboration
between Al and robotic technologies, paving the way
for innovative solutions and enhanced patient care.
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Abbreviations

Al Artificial intelligence

RP Open radical prostatectomy

PPI Post-prostatectomy incontinence

BMI Body mass index

LUTS Lower urinary tract symptoms

SUI Stress urinary incontinence

MUL Membranous urethra

NS Nerve-sparing

PSMs Positive surgical margins

NVB Neurovascular bundle preservation

RARP Robotic-assisted radical prostatectomy

ML Machine learning

3D Three-dimensional

DL Deep learning

AAR Automated augmented reality

OR Operating room

RAPN Robot-assisted partial nephrectomy

RARC Robotic-assisted radical cystectomy

APMs Automated performance metrics

PRISMA Preferred reporting items for system-
atic reviews and meta-analyses
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