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Figure 1 Schematic workflow of stereotactic radiosurgery (SRS)
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Table 1 Comparison of prescription isodose levels, CI/GI characteristics and typical indications among stereotactic radiosurgery systems
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Table 2 Dose constraints for critical OARs in single-fraction intracranial SRS
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Figure 2 Artificial intelligence (Al) technology empowers the clinical workflow of stereotactic radiosurgery (SRS)
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Table 4 Representative studies on automated treatment planning and dose prediction in SRS
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This review delineates a contemporary framework for single-fraction stereotactic radiosurgery (SRS) that integrates
physical dose delivery, quantitative dosimetry, quality governance, and trustworthy automation. Unlike narratives that
emphasize technique alone, this review positions SRS as the orchestration of a verifiable safety window—defined by near-
ideal conformity (CI), minimized gradient index (GI), and constrained intermediate-dose exposure (e.g., Vi26y)—within a
reproducible, auditable workflow. Physically, non-coplanar multi-beam/arc platforms (Gamma Knife, LINAC/HyperArc,
CyberKnife, ZAP-X; proton solutions in exploratory use) enable sub-millimetric targeting; biologically, tumor lethality
arises from clustered DNA double-strand breaks, vascular injury, and dose-dependent immune modulation, balanced
against risks such as radiation necrosis. Planning follows a “geometry-before-dose” principle: select a prescription isodose
line (PIL) and beam geometry—preferably single-isocenter multitarget (SIMT) when feasible—to suppress dose spillage
(R50%/V50%), then finalize prescription under organ-at-risk (OAR) limits, with V},g, serving as the primary toxicity
sentinel. When these constraints cannot be met, fractionated SRT (fSRS) is a fallback rather than a co-equal strategy.
Artificial intelligence (AI) spans the SRS pipeline as assistive infrastructure: deep-learning segmentation with self-
configuring frameworks and interactive clinical loops reduces contouring time and inter-observer variability; knowledge-
based planning (KBP) and 3D dose-prediction networks (DL-Dose) generate strong initial solutions that accelerate
convergence; reinforcement learning for beam orientation/arc selection is promising when bounded by mechanical and
collision constraints. Critically, deployment adheres to governance—external validation, two-level (lesion/patient)
evaluation, multi-reader design, model updating, and drift monitoring—with large language models (LLMs) limited to
documentation and quality review under human adjudication. Quality control shifts from experience to data-driven audit:
plan quality assessment (PQA) aligns delivered plans against predicted dose/DVHs to auto-trigger review for unexplained
hot/cold spots; patient-specific QA (PSQA) consolidates end-to-end phantom measurement, log/EPID-based dose
reconstruction, and model-based risk triage, forming a layered assurance system. Image guidance is increasingly
algorithmic by default—CBCT registration, synthetic-CT/MRI-only workflows, optical/X-ray surface tracking, and Al-
assisted registration audits—supporting explicit, sub-millimetric intervention thresholds. Looking forward, two vectors
dominate: (i) trustworthy Al that raises consistency and throughput without ceding final judgment, and (ii) particle
techniques (proton SRS, spot-scanning proton arcs, FLASH, minibeam) that may further steepen gradients and spare
normal brain in selected scenarios, contingent on standardized small-field dosimetry, end-to-end QA, and multicenter
prospective trials. By coupling intelligent information flow with rigorously validated dose-delivery advances, next-
generation SRS can deliver measurable gains across four axes—efficiency, quality consistency, safety margins, and cost-
effectiveness—transforming precision from a device property into a system property.

stereotactic radiosurgery (SRS), medical physics, radiation oncology, linear accelerator, CyberKnife, gamma knife
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