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1. Introduction
Artificial Intelligence (AI) has been making significant strides 
in various fields, and neurosurgery is no exception¹². This 
literature review aims to explore the role of AI in vascular 
neurosurgery, focusing on its potential to enhance diagnos-
tic and prognostic outcomes, aid in clinical decision-making, 
and improve patient outcomes [01]. Neurosurgery, a highly 
complex and cutting-edge clinical subspecialty, has been in-
creasingly intertwined with AI, particularly in the realm of 
vascular neurosurgery [02]. The integration of AI and big 
data into everyday life has facilitated the clinical workflow of 
diagnosis, surgical treatments, prognostic predictions, and 
even technical training and medical education [02]. AI can 
complement the skills of neurosurgeons by providing the 
best possible interventional and noninterventional care for 
patients [01]. It can enhance diagnostic and prognostic out-
comes in clinical treatment and assist neurosurgeons with 
decision-making during surgical interventions [01]. This 
symbiotic relationship between AI and neurosurgery can 
push the boundaries of neurosurgery and help AI develop 
better and more robust algorithms [01].

In the preoperative phase, AI can improve the accuracy of 
diagnoses and create a better surgical plan based on his-
torical data [03]. During the intra-operative phase, AI can 
enable fast and accurate analysis of brain tissue [03]. In the 
postoperative phase, AI can play a pivotal role in the pro-
duction, processing, and storage of clinical and experimen-
tal data [01]. AI usage in neurosurgery can also reduce the 
costs associated with surgical care and provide high-quality 
healthcare to a broader population [01]. Furthermore, AI can 
help in data acquisition and research within the neurosurgi-
cal arena [01]. However, it’s important to note that while AI 
holds great promise in neurosurgery, it also presents certain 
challenges. The individual differences in experience between 
neurosurgeon and medical teams vary greatly [02]. Qualified 
AI based on large datasets will provide reasonable referenc-
es to neurosurgeons, which may push overall medical quali-
ties to a higher level, with ongoing improvement from novel 
algorithms and expanding datasets [02].

2. Discussion 
The application of Artificial Intelligence (AI) in vascular neu-
rosurgery, particularly in imaging analysis and biomarker 
identification, represents a significant advancement in med-
ical technology. AI’s primary utility in this field lies in its ca-
pacity to analyze large datasets efficiently, which is crucial 
for diagnosing and evaluating the severity of vascular pa-
thologies, predicting patient risk, and deciding on interven-
tion needs [04].

AI, including machine learning (ML), has seen rapid develop-
ment and increasing implementation in healthcare, particu-
larly in vascular surgery. This growth is driven by the surge 
in electronic data and enhanced computational power. AI’s 
advantage over traditional statistical techniques lies in its 
ability to automatically and quickly analyze large data sets, 
thereby augmenting clinicians’ ability to diagnose diseases 
and predict outcomes more accurately [05].

The suitability of vascular surgery for ML applications is 
multifaceted. The field has evolved with the endovascular 
revolution, making it technology-oriented and conducive to 
the application of ML-based image analysis software. More-
over, vascular conditions often have objective clinical defini-
tions, which facilitate automated diagnosis by AI algorithms 
with minimal human input. Additionally, vascular surgeries 
are high-risk and involve patients with multiple comorbidi-
ties, necessitating accurate predictions about post-operative 
outcomes – a task well-suited for ML [06]. 

In practice, ML algorithms have been used to predict ab-
dominal aortic aneurysm (AAA) growth, detect end leaks, 
and identify patients with peripheral artery disease (PAD) 
who are at high mortality risk. However, despite growing re-
search interest in ML for vascular surgery, its translation into 
real-world clinical practice remains limited, partly due to the 
inadequate quality or reporting of existing studies, reducing 
their clinical applicability [07].

The use of artificial intelligence (AI) in surgical planning and 
simulation for vascular neurosurgery is an evolving field that 
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leverages the power of machine learning (ML) and other AI 
techniques to enhance surgical outcomes, training, and op-
erational efficiency.

Three-Dimensional Modeling for Training and Surgical Plan-
ning: The implementation of three-dimensional (3D) print-
ing technologies in vascular neurosurgery is a notable de-
velopment. This technology is particularly useful in training, 
simulation, and operative planning. Recent studies have fo-
cused on the accuracy, efficacy, and practicality of 3D-printed 
models specific to patient diseases. These models, primarily 
used for aneurysms and arteriovenous malformations, have 
shown to be anatomically accurate and beneficial in oper-
ative planning and resident learning. As printing methods 
advance and costs decrease, 3D printing is expected to play 
a larger role in neurosurgical training and preparation [08, 
09].

AI in Preoperative and Intraoperative Planning: AI’s role in 
neurosurgery extends beyond just modeling and simulation. 
It is increasingly being implemented for preoperative surgi-
cal planning and intraoperative assistance. AI applications, 
especially ML algorithms, are being utilized to define safe 
intracranial approaches by identifying functional anatomical 
structures and pathological areas. For example, preoperative 
MR images of patients with deeply located brain tumors can 
be used in AI models to determine the most suitable crani-
al entry points and cortico-tumoral pathways. This ensures 
maximum tumor removal while minimizing impact on func-
tional anatomical tissues [10].

Moreover, AI and ML significantly augment decision-making 
processes and productivity by supporting surgeons across a 
range of clinical activities. They contribute to enhancing the 
intraoperative neurosurgical workflow, including diagnosis, 
preoperative planning, and surgical assistance. ML models, 
particularly neural networks and tree-based models have 
been shown to reduce human errors and provide patient-tai-
lored surgical plans. This contributes to improved surgical 
team performance and potentially better patient outcomes. 
However, there is a need for further high-quality studies to 
fully establish the effectiveness of these AI applications in 
clinical practice.

The integration of Artificial Intelligence (AI) in intraoper-
ative assistance, specifically in navigation systems and ro-
botics, in vascular neurosurgery, is a burgeoning field that 
enhances surgical precision and efficiency. AI and machine 
learning (ML) are being employed to augment decision-mak-
ing processes, aiding in diagnosis, preoperative planning, 
and intraoperative surgical assistance. This technological ad-
vancement allows for data-driven decision-making through 
decision support systems and cognitive robotic assistance, 
which is vital for workflow analysis to provide context-spe-
cific assistance. Robotics in vascular surgery, although not 
yet widely adopted, have demonstrated their potential by re-
fining a surgeon’s movements, reducing physiological trem-
or, and enhancing visualization. Challenges remain, such as 
the difficulty in maneuvering equipment through the brain’s 
small spaces, which affects the accuracy of intraoperative 

visualization and tissue manipulation. The Neuromate ro-
bot, used in various stereotactic procedures, exemplifies the 
potential of robotics in neurosurgery. However, it highlights 
the need for continuous development, especially in spinal 
surgery applications. The future of this field relies on the 
collaboration between surgeons, computer scientists, and 
engineers to overcome current limitations and fully harness 
AI and robotics’ potential in vascular neurosurgery.

AI plays a significant role in enhancing various aspects of 
neurosurgery, including postoperative care. AI and robotics 
in endovascular neurosurgery have been reported to trans-
form neurovascular care by improving diagnostic efficiency, 
optimizing treatment, enhancing procedural performance, 
and predicting clinical outcomes. Moreover, the broader ap-
plication of AI in neurosurgery has seen a considerable in-
crease, with AI complementing neurosurgeons’ skills across 
pre-, intra-, and postoperative phases, including improving 
decision-making during surgical interventions and clinical 
data management. Additionally, AI’s role in perioperative 
medicine, encompassing preoperative, intraoperative, and 
postoperative phases, is highlighted for its capacity to sup-
port the planning and decision-making process in the com-
plex and varied field of perioperative management.

The integration of Artificial Intelligence (AI) and Machine 
Learning (ML) in vascular neurosurgery has shown promis-
ing advances in patient monitoring and risk assessment. AI 
and robotics in endovascular neurosurgery are transforming 
neurovascular care, as evidenced by a review of recent lit-
erature in this field. The use of these technologies enables 
the rapid and automatic analysis of large volumes of data, 
enhancing clinicians’ ability to diagnose diseases and make 
predictions about patient outcomes.

AI aids in various aspects of vascular surgical deci-
sion-making, including patient triage, identification of acute 
life-threatening conditions, early diagnosis, disease stratifi-
cation, surgical risk assessment, and preoperative planning. 
These applications are also being evaluated in areas such as 
vascular diagnostics, perioperative medicine, and outcome 
prediction. However, the implementation of AI in patient 
care also brings challenges related to technical aspects, ethi-
cal considerations, and policy issues.

Furthermore, an article intended to introduce AI, ML, and 
related technologies to neurosurgeons discusses the current 
status and future trajectory of these technologies in neuro-
surgery. This indicates an ongoing integration and explora-
tion of AI and ML in this field, highlighting the importance 
of keeping abreast of technological advancements for im-
proved patient care. In summary, AI and ML are increasingly 
being incorporated into vascular neurosurgery for enhanced 
patient monitoring and risk assessment. This integration not 
only improves diagnostic and predictive capabilities but also 
assists in various decision-making processes in vascular sur-
gery. However, the adoption of these technologies also ne-
cessitates addressing challenges related to technical, ethical, 
and policy aspects in patient care.
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3. Conclusion
the role of Artificial Intelligence (AI) in vascular neurosur-
gery must acknowledge the significant advancements made, 
while also considering the challenges and future directions. 
AI, including machine learning (ML), has significantly im-
pacted vascular neurosurgery, enhancing diagnostic ac-
curacy, aiding in surgical planning, and improving patient 
outcomes. Its ability to analyze large datasets quickly and ef-
ficiently has revolutionized the way vascular pathologies are 
diagnosed and managed. AI’s application in imaging analy-
sis, biomarker identification, and prediction of patient risks 
has been particularly valuable.

Despite these advancements, the integration of AI into clini-
cal practice faces challenges. These include the variability in 
experience among medical teams, the need for high-quality 
data for AI algorithms, and the ethical and policy issues asso-
ciated with AI use in healthcare. The future of AI in vascular 
neurosurgery depends on ongoing improvements in algo-
rithms, expanding datasets, and the resolution of these chal-
lenges. Continued collaboration between neurosurgeons, 
computer scientists, and engineers is essential to overcome 
current limitations and fully harness the potential of AI and 
robotics in this field. The future trajectory of AI in neurosur-
gery seems to be aimed at further integration into various 
surgical phases, enhancing decision-making processes, and 
improving perioperative management. Overall, AI holds 
great promise for transforming vascular neurosurgery, mak-
ing surgeries safer and more efficient, and improving patient 
care. However, it is crucial to balance the enthusiasm for 
these technological advancements with careful consider-
ation of the practical, ethical, and policy implications of AI 
in healthcare.
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