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ABSTRACT
Trigeminal neuralgia (TN) is a severe neuropathic disorder marked by sudden, shock‑like episodes of facial pain caused by pathological 
irritation of the trigeminal nerve. Microvascular decompression (MVD) remains the only intervention that directly alleviates the neurovascular 
conflict underlying classical TN. Because the procedure is performed near cranial nerves VII and VIII as well as the brainstem, intraoperative 
neurophysiological monitoring (IONM) has become an essential component for minimizing surgical morbidity. Among existing modalities, 
brainstem auditory evoked potentials serve as the most dependable technique for protecting auditory pathway function. Additional methods—
such as trigeminal somatosensory evoked potentials and free‑running/triggered electromyography—provide complementary information that 
enables early detection of nerve stress or impending injury. This review synthesizes current physiologic concepts, monitoring strategies, and 
clinical evidence supporting the application of IONM during MVD for TN.
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Introduction

Trigeminal neuralgia (TN) is characterized by epi-

sodes of intense, electric shock–like facial pain invol-

ving one or more divisions of the trigeminal nerve. In 

most patients with classical TN, the disorder results 

from neurovascular compression at the trigeminal 

root entry zone, which leads to focal demyelination 

and aberrant neural transmission [1–5]. Since Jannetta 

first introduced microvascular decompression (MVD), 

the procedure has provided durable pain relief for a 

majority of affected patients [1,2,6–8]. Despite its 

effectiveness, MVD requires cerebellar retraction and 

manipulation of vessels near cranial nerves VII and 

VIII, exposing these structures to potential traction, 

ischemic damage, or thermal injury [9,10]. Conse-

quently, intraoperative neurophysiological monitoring 

(IONM) has become a routine and essential compo-

nent of posterior fossa surgery, offering real‑time 

feedback on neural integrity during critical steps of 

the operation [11–13]. The monitoring techniques most 

frequently employed in MVD for TN include brainstem 

auditory evoked potentials (BAEPs), trigeminal soma-

tosensory evoked potentials (TSEPs), and free‑run-

ning/triggered electromyography (EMG) [14–16]. Each 

modality provides different, complementary insights, 

and their combined use significantly enhances the 

safety profile of the procedure. This review integrates 

current knowledge on the physiologic basis, technical 

implementation, and clinical value of IONM in the 

context of MVD for TN [17,18].

Intraoperative Neurophysiological Monitoring

1. Brainstem auditory evoked potentials

BAEPs represent the most widely adopted and 

clinically validated IONM technique during MVD for 

TN. Although MVD is highly effective for treating 
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classical TN, the surgical approach requires cerebellar 

retraction and dissection around the cranial nerve 

VII/VIII complex within the cerebellopontine angle. 

Because the vestibulocochlear nerve lies adjacent to 

the operative field, even minor traction, thermal ex-

posure, or vascular compromise can result in tempo-

rary or permanent postoperative hearing loss. BAEPs 

provide continuous, real‑time assessment of cochlear 

nerve function, allowing the surgical team to identify 

early signs of auditory pathway stress before irre-

versible injury occurs [19]. These potentials consist of 

short‑latency waveforms generated along the auditory 

pathway from the cochlea to the midbrain. Among 

these components, wave V is considered the most 

robust under anesthesia and serves as the primary 

warning marker. Meaningful intraoperative alerts 

include a latency increase greater than 0.5 ms, a 

reduction in amplitude exceeding 50%, or the com-

plete loss of wave V [20,21]. Such electrophysiologic 

changes frequently precede visible structural defor-

mation, making BAEPs a sensitive early indicator of 

neural compromise. When significant deterioration is 

observed, immediate interventions—such as decreas-

ing cerebellar retraction, adjusting the surgical trajec-

tory, pausing vessel manipulation, or irrigating with 

warm saline—may restore the waveform and prevent 

lasting cochlear nerve injury.

Clinical investigations have shown that BAEP‑guided 

MVD reduces the likelihood of postoperative hearing 

deficits. Persistent loss of wave V is strongly correla-

ted with postoperative sensorineural hearing loss [22], 

whereas transient waveform changes that return to 

baseline intraoperatively typically do not result in 

long‑term morbidity [23–25]. Because patients with TN 

generally have normal preoperative hearing, preser-

vation of wave V is a key determinant of postope-

rative quality of life [26]. Despite its advantages, BAEP 

monitoring has limitations: signal quality may be 

affected by drilling, electrocautery, irrigation, or vari-

ations in anesthetic depth; and the averaging time 

required to generate stable waveforms may delay 

detection of rapid physiologic changes. Nonetheless, 

BAEPs remain the gold standard modality for auditory 

preservation during MVD.

2. Trigeminal somatosensory evoked potentials

Trigeminal SSEPs are obtained by stimulating peri-

pheral branches of the trigeminal nerve—most com-

monly the supraorbital (V1), infraorbital (V2), or mental 

nerve (V3). The resulting responses are recorded from 

brainstem and cortical sites. Compared with limb 

SSEPs, trigeminal responses tend to be lower in am-

plitude and more susceptible to noise; however, with 

appropriate adjustments in anesthetic regimen, sti-

mulation intensity, and recording techniques, repro-

ducible waveforms can be obtained [27–29]. During 

MVD, TSEPs offer a method for detecting early 

sensory pathway disturbances caused by traction, 

manipulation near the root entry zone, or transient 

ischemia. Latency prolongation or amplitude reduc-

tion may serve as an early indicator of impending 

neural compromise, prompting technique modifica-

tion to reduce postoperative sensory deficits. In some 

cases, stabilization or improvement of the waveform 

after decompression may signal effective relief of the 

neurovascular conflict.

Optimal use of trigeminal SSEPs requires careful 

attention to electrode placement, stimulation fre-

quency, filtering, and artifact management. Although 

standardized guidelines are not yet fully established, 

TSEPs are increasingly recognized as a valuable 

adjunct for improving safety during MVD.

3. Free‑running/triggered electromyography

Free‑running EMG is widely used during MVD for 

TN. The trigeminal motor root innervates the muscles 

of mastication; spontaneous EMG activity from the 

masseter, temporalis, or lateral pterygoid therefore 

provides continuous feedback on mechanical or ther-

mal irritation affecting the nerve. Free‑running EMG 

does not require electrical stimulation but instead 

monitors spontaneous muscular activity throughout 

the procedure. When the trigeminal motor root is 

stretched, compressed, or manipulated, characteristic 

EMG patterns—bursts, spikes, or neurotonic dischar-

ges—may appear [30,31]. These signals often precede 

visible structural injury, allowing the surgeon to re-

duce retraction, adjust dissection, or reposition ins-

truments. The use of free‑running EMG has been 
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associated with reduced postoperative complications, 

including masticatory weakness, jaw deviation, and 

chewing difficulty. EMG also complements other 

modalities such as TSEPs and BAEPs by providing 

direct information about the motor pathways of the 

trigeminal nerve. Facial nerve monitoring is also 

commonly performed by recording spontaneous EMG 

activity from orbicularis oculi and oris, reflecting the 

function of the temporal and zygomatic branches. 

When traction or irritation occurs, characteristic EMG 

discharges may be detected, allowing immediate cor-

rective actions. Triggered EMG is sometimes incor-

porated to identify the facial nerve in cases with dis-

torted anatomy, such as revision surgeries or narrow 

corridors, reducing the risk of postoperative facial 

dysfunction [18,32]. Although EMG does not directly 

influence pain outcomes, it plays a central role in 

preventing avoidable complications and preserving 

facial nerve integrity.

Conclusions

MVD remains the most definitive treatment for 

classical TN. The integration of IONM significantly 

enhances surgical safety by providing real‑time asse-

ssment of auditory, sensory, and motor pathway inte-

grity. BAEPs continue to serve as the most reliable 

method for protecting cochlear nerve function, while 

trigeminal SSEPs and free‑running/triggered EMG add 

complementary layers of protection. Although tech-

nical limitations persist—particularly for trigeminal 

SSEPs—ongoing technological advancements are ex-

pected to improve their reliability and clinical utility. 

The combined use of these modalities strengthens the 

safety profile of MVD and supports improved func-

tional outcomes for patients with TN.
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