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Advances in minimally invasive neurosurgery: Enhancing precision and
reducing patient morbidity
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Minimally invasive neurosurgery (MIS) has transformed modern neurological care by offering safer, more
precise interventions with reduced recovery time compared to conventional open procedures. This
abstract reviews key innovations in MIS, focusing on neuro-endoscopy, tubular retractors, neuronavigation,
and robotic-assisted approaches. The integration of high-definition visualization and intraoperative imaging has
significantly enhanced surgical accuracy, enabling surgeons to access deep-seated brain lesions through smaller
corridors without compromising surrounding tissue. Recent advancements in fluorescence-guided surgery,
augmented reality (AR), and 3D navigation have contributed to better delineation of tumor margins, improved
anatomical orientation, and real-time decision support. Similarly, robotic platforms have introduced a new
era of surgical consistency, particularly in stereotactic biopsies, ventricular endoscopy, and minimally invasive
spine procedures. Clinical evidence demonstrates substantial reductions in postoperative complications,
length of hospital stay, and patient pain scores. Moreover, MIS techniques have shown promising outcomes
in the management of gliomas, pituitary adenomas, intraventricular tumors, and degenerative spine disease.
However, challenges remain in the form of steep learning curves, cost of advanced technologies, and disparities
in accessibility among low-resource settings.

Future perspectives include the integration of artificial intelligence for preoperative planning, predictive
analytics, and real-time intraoperative guidance. The continuous evolution of MIS will likely standardize
precision neurosurgery and expand its applicability across broader patient populations.
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