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Recent updates in intraoperative neurophysiological monitoring modalities
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ABSTRACT

Intraoperative neurophysiological monitoring (IONM) is an essential component of modern neurosurgical and spinal surgery, enabling real-time
assessment of neural pathway function and early detection of neurological injury. Established modalities—including somatosensory evoked
potentials, motor evoked potentials (MEP), D-wave, electromyography, and brainstem auditory evoked potentials—have been extensively
validated in clinical practice and contribute to reducing the incidence of postoperative neurological deficits. Recent advances have introduced
novel monitoring technologies such as quantitative frequency-domain near-infrared spectroscopy, laser speckle contrast imaging, and corticobulbar
MEP that complement conventional electrophysiological methods. The integration of artificial intelligence and machine learning algorithms
is driving innovation in automated signal interpretation, artifact rejection, and outcome prediction. Emerging domains including wireless
high-density electroencephalography, cortical spreading depolarization monitoring, and intraoperative autonomic nervous system monitoring are
expanding the scope of IONM. This review comprehensively summarized recent advances in the technical principles and clinical applications
of both established and emerging IONM modalities, current advances by surgical subspecialty, and future directions.
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Table 1. Summary of traditional intraoperative neurophysiological monitoring methods, pathways, and warning criteria

Method Monitoring pathway Indications Warning Criteria
SSEP Posterior column — somatosensory  Spinal deformity, aortic surgery, = 50% decreased amplitude or = 10%
cortex spinal cord tumors delayed latencies
MEP Motor cortex — corticospinal tract Spinal cord tumors, scoliosis, 50%-100% decreased or loss amplitude
— muscle cerebrovascular surgery
D-wave Direct corticospinal tract recording Intramedullary spinal cord tumor >5 0% decreased amplitude
resection
BAEP Cochlea — auditory cortex Vestibular schwannoma, Wave V latency = 1 ms delayed or loss
(brainstem pathway) microvascular decompression
EMG Motor nerve — muscle Facial nerve, spinal nerve root, skull Sustained firing, reduction of motor unit
(neuromuscular function) base surgery action potential
NCS/CMAP Peripheral nerve conduction Peripheral nerve surgery, spinal Decreased conduction velocity, reduced
(axon/myelin) cord stimulator implantation CMAP
DCS/tcMEP Direct motor cortex stimulation Functional cortex mapping, tumor Changes in response threshold, loss of
resection EMG signal
EEG/ECoG Cortical electrical activity Epilepsy surgery, functional Loss of electrical activity, appearance of
(including epileptiform activity) mapping, cerebral ischemia epileptiform discharges
VEP Retina — occipital lobe Visual pathway tumor surgery Delayed latency, decreased amplitude
(visual pathway)
TCD Transcranial Doppler cerebral blood Carotid endarterectomy, > 50% decreased in blood flow velocity

flow velocity

cerebrovascular surgery

SSEP: somatosensory evoked potentials; MEP: motor evoked potentials; BAEP: brainstem auditory evoked potentials; EMG:
electromyography; NCS: nerve conduction study; CMAP: compound muscle action potential; DCS: direct cortical stimulation; tcMEP:
transcranial motor evoked potentials; EEG: electroencephalography; ECoG: electrocorticography; VEP: visual evoked potentials; TCD:

transcranial Doppler.
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Table 2. Recent modalities in intraoperative neurophysiological monitoring technologies and key applications

Technology Principle Clincal applications Advantages
Q-NIRS Frequency-domain near-infrared Cerebral ischemia detection, Quantitative, non-invasive,
light absorption analysis aneurysm/AVM surgery continuous measurement
LSCI Blood flow measurement via laser  Cortical blood flow mapping, High spatiotemporal resolution,
speckle pattern bypass surgery contact-free
Corticobulbar MEP Cranial nerve-innervated muscle Skull base/brainstem tumors, Real-time functional assessment
EMG after transcranial stimulation hemifacial spasm surgery of corticobulbar tract
AI/CNN/ML Automated signal pattern Simultaneous multi-signal Automation, prediction,
recognition via deep learning interpretation, automatic ischemia multimodal integration
detection
SNN-based HFO detection Bio-inspired spiking neural ECoG-guided resection margin Real-time, high specificity,
network determination in epilepsy surgery low-power processing
Wireless high-density EEG High-resolution EEG recording via Broad cortical function Real-time cortical mapping
wireless electrode array monitoring during surgery without cables
Cortical Spreading Electrode recording of cortical Cerebrovascular surgery, Indicator of progressive ischemic
Depolarization monitoring spreading depolarization traumatic brain injury surgery brain injury
Autonomic nervous Pelvic/vagus/cavernous nerve Rectal cancer, prostate, thyroid Functional preservation, improved
system monitoring EMG/NCS surgery long-term surgical outcomes

Q-NIRS: quantitative frequency-domain near-infrared spectroscopy; AVM: arteriovenous malformation; LSCI: laser speckle contrast
imaging; MEP: motor evoked potentials; EMG: electromyography; Al: artificial intelligence; CNN: convolutional neural network; ML:
machine learning; SNN: spiking neural network; HFO: high-frequency oscillations; ECoG: electrocorticography; EEG:
electroencephalography; NCS: nerve conduction study.
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Fig. 1. Representative illustrations of emerging intraoperative neurophysiological monitoring (IONM) modalities. (A) Quantitative
frequency-domain near-infrared spectroscopy (Q-NIRS), (B) laser speckle contrast imaging (LSCI), (C) high-frequency oscillation within
a spiking neural network (HFO within SNN), (D) wireless high-density electroencephalography, (E) cortical spreading depolarization

monitoring.
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