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Introduction

Arteriovenous malformations (AVMs) are complex vascu-
lar lesions characterized by abnormal connections between
arteries and veins, bypassing the capillary network. These
malformations can lead to significant neurological deficits,
hemorrhagic events, and a range of other clinical complica-
tions, necessitating precise surgical intervention. Traditional
approaches to AVM management, including microsurgical
resection, endovascular embolization, and radiosurgery,
have seen substantial improvements over the years. How-
ever, the intricacies of AVMs—due to their diverse loca-
tions, sizes, and vascular characteristics—pose significant
challenges. Artificial intelligence (AI) is emerging as a
transformative tool in the surgical management of AVMs,
enhancing diagnostic accuracy, optimizing treatment plan-
ning, guiding intraoperative procedures, and improving
patient outcomes.

Enhancing diagnostic imaging with Al
Accurate diagnosis and characterization of AVMs are crucial

for effective treatment planning. Magnetic resonance imag-
ing (MRI) and digital subtraction angiography (DSA) are
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standard modalities for visualizing AVMs. However, these
imaging techniques can sometimes fall short of provid-
ing a comprehensive understanding of the malformation’s
detailed structure and its relationship with surrounding
brain tissue. Al has demonstrated significant potential in
enhancing imaging analysis for AVMs. For example, a
deep learning-based algorithm can be utilized to analyze
MRI and DSA images of AVMs, achieving high accuracy in
identifying key features such as nidus size, feeding arteries,
and draining veins [1]. This improved diagnostic capabil-
ity allows for a more detailed understanding of the AVM’s
anatomy, which is crucial for planning effective surgical or
endovascular interventions.

Al in treatment planning and simulation

Surgical planning for AVMs involves assessing various fac-
tors, including the malformation’s location, size, vascular
architecture, and its relationship to critical brain structures.
Al can enhance this process by creating detailed, patient-
specific 3D models based on multimodal imaging data. To
predict potential outcomes and complications, these models
can simulate different treatment approaches, such as surgi-
cal resection or endovascular embolization. An Al-based
planning tool was developed that integrated MRI, DSA, and
computational fluid dynamics (CFD) to simulate various
treatment scenarios for AVMs [2]. This tool enabled neu-
rosurgeons to visualize the effects of different interventions
on the AVM’s vascular system and surrounding brain tissue,
leading to more informed and precise treatment decisions.
The Al-driven simulations provided valuable insights into
various approaches’ potential risks and benefits, ultimately
improving patient outcomes.
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Al in intraoperative guidance

During the surgical management of AVMs, real-time deci-
sion-making is critical. Al can enhance intraoperative guid-
ance by giving surgeons real-time feedback on the AVM’s
vascular structure and its relationship to critical brain areas.
Advanced Al-driven navigation systems can integrate intra-
operative imaging data with preoperative models to offer
real-time visualization of the AVM and its surrounding
anatomy. The use of an Al-enhanced navigation system in
AVM surgeries. The system combined real-time intraop-
erative MRI with AT algorithms to provide live feedback on
the position of surgical instruments relative to the AVM’s
nidus and surrounding critical structures [3]. This approach
improved the accuracy of AVM resection and reduced the
risk of injury to adjacent brain tissue, leading to better surgi-
cal outcomes and fewer complications.

Postoperative monitoring and recurrence
prediction with Al

Postoperative monitoring is essential for detecting com-
plications such as residual AVM, hemorrhage, or delayed
neurological deficits. Al can play a significant role in this
phase by analyzing postoperative imaging and clinical data
to predict the likelihood of complications and recurrence.
A machine learning model developed by Oermann EK et
al. analyzed a combination of postoperative MRI and clini-
cal data to predict the risk of AVM recurrence and related
complications [4]. The model accurately identified patients
at risk of adverse outcomes, allowing for more targeted
follow-up care and early intervention if necessary. This pre-
dictive capability helps tailor postoperative management
strategies to improve long-term patient outcomes.

Challenges and future directions

While Al offers significant potential for enhancing the man-
agement of AVMs, several challenges must be addressed.
These include ensuring the robustness and generalizability
of Al models across diverse patient populations, integrat-
ing Al technologies into existing clinical workflows, and
addressing ethical and data privacy concerns. Additionally,
there is a need for large-scale, multicenter studies to validate
Al-driven approaches and ensure their safety and efficacy
[5]. Future research should refine Al algorithms to incorpo-
rate a broader range of data, including genetic and molecular
information, to provide a more comprehensive understand-
ing of AVMs. Additionally, advances in real-time intraop-
erative Al systems and integration with robotic-assisted
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surgery could further enhance the precision and safety of
AVM interventions.

Conclusion

Al-driven innovations promise to transform the surgical
management of arteriovenous malformations by improv-
ing diagnostic accuracy, optimizing treatment planning,
enhancing intraoperative guidance, and facilitating postop-
erative monitoring. As these technologies evolve, their inte-
gration into clinical practice could lead to better outcomes
for patients with AVMs, including reduced complications,
improved surgical precision, and enhanced long-term recov-
ery. However, ongoing research, validation, and interdisci-
plinary collaboration will be crucial to realize the benefits of
Al in this challenging field fully.
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