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S Optimizing Pain Procedures with Artificial Intelligence

Introduction

* Artificial intelligence (Al) and machine learning (ML) are redefining interventional pain
management by enhancing diagnostic precision, streamlining procedural workflows, and
enabling data-driven personalization of therapy.

* These technologies have shown strong potential in optimizing a range of interventions,
including spinal cord stimulation (SCS), transforaminal epidural steroid injections (TFESI),
and ultrasound-guided regional anesthesia (UGRA).

Material and Methods

A focused literature review was conducted on peer-reviewed publications from 2022 to 2024
exploring Al or ML applications in pain procedure optimization. Articles were selected for
clinical relevance, methodological rigor, and representation across procedural domains, with
attention to studies imnvolving predictive modeling, procedural guidance, and therapeutic
programming.

* Al has demonstrated particular strength in predicting procedural outcomes. Convolutional
neural networks trained on imaging data—ranging from cervical MRIs to lumbar
radiographs—achieved high diagnostic accuracy in forecasting response to TFESI. These
tools offer accessible, noninvasive decision support that may help reduce unnecessary
procedures and better align patients with effective treatments.

 In SCS, ML models have shown superior accuracy over conventional trial-based
approaches 1n identifying appropriate candidates and forecasting long-term response.
Closed-loop programming platforms, enhanced by Al, are advancing toward real-time,
adaptive neuromodulation based on neural feedback and biometric data.

* In ultrasound-guided procedures, AI models are improving anatomical landmark
recognition and scan quality. While commercial systems are emerging, clinical integration
1s slowed by lack of validation standards and inconsistent reporting practices. More
broadly, Al 1s being leveraged to enhance 1mage interpretation, intraoperative navigation,
and hands-on procedural training.
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Conclusions

Al and ML are positioned to elevate the safety, precision and personalization of
interventional pain procedures. However, variability in data quality, limited
generalizability, and regulatory uncertainty remain significant barriers. Future adoption
will depend on interdisciplinary collaboration, robust clinical trials and clinician
involvement 1n tool development to ensure usability and trust at the point of care.
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