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Hemifacial spasm (HFS) is due to the vascular compression of the facial nerve at its root exit zone (REZ). Microvascular 
decompression (MVD) of the facial nerve near the REZ is an effective treatment for HFS. In MVD for HFS, intraoperative 
neurophysiological monitoring (INM) has two purposes. The first purpose is to prevent injury to neural structures such as the 
vestibulocochlear nerve and facial nerve during MVD surgery, which is possible through INM of brainstem auditory evoked potential 
and facial nerve electromyography (EMG). The second purpose is the unique feature of MVD for HFS, which is to assess and optimize 
the effectiveness of the vascular decompression. The purpose is achieved mainly through monitoring of abnormal facial nerve EMG 
that is called as lateral spread response (LSR) and is also partially possible through Z-L response, facial F-wave, and facial motor 
evoked potentials. Based on the information regarding INM mentioned above, MVD for HFS can be considered as a more safe and 
effective treatment.
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INTRODUCTION

Hemifacial spasm (HFS) is defined as the tonic and clonic 

contraction of the muscles innervated by the ipsilateral facial 

nerve. Pathologically, HFS is caused by vascular compression 

of the facial nerve at its root exit zone from the brainstem. 

Therefore, microvascular decompression (MVD), which in-

volves relieving neurovascular compression, is known as the 

curative treatment for HFS3,4). MVD for HFS has been shown 

to be relatively safe, with a high cure rate between 70% and al-

most 100%4,11,34). In HFS, the abnormal muscle response can 

be elicited by stimulating one branch of the facial nerve and 

recording at the muscles innervated by the other facial nerve 

branch. This abnormal muscle response is the primary char-

acteristic denoting HFS and is called the lateral spread re-

sponse (LSR)36). The mechanisms underlying the LSR are un-

clear. Peripherally, compression of the facial nerve by a blood 

vessel causes injury of the myelin sheath, facilitating ectopic 
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excitation and ephaptic transmission between individual fa-

cial nerve branches17,28,45) whereas centrally, the hyperexcitabil-

ity of the facial motor nucleus (FMN), triggered by antidromi-

cally propagated discharges, induces HFS24,29,43).

The primary purpose of intraoperative neurophysiological 

monitoring (INM) during MVD for HFS is to prevent intra-

operative injury to neural structures. As the vestibulocochlear 

nerve (CN VIII) is directly adjacent to the facial nerve, the CN 

VIII can be damaged during decompression. Therefore, INM 

of the brainstem auditory evoked potential (BAEP) is manda-

tory during MVD for HFS to prevent to postoperative hearing 

loss. Unlike other surgeries, INM during MVD for HFS can 

additionally assess and optimize vascular decompression, 

which is primarily achieved through monitoring the LSR. As 

disappearance of the LSR during MVD is known to be associ-

ated with effective facial nerve decompression for HFS, moni-

toring the LSR can help identify the offending vessel and im-

prove the accuracy of the decompression procedure. The 

BAEP and LSR are the most important measures assessed by 

INM during MVD for HFS. In addition, facial electromyogra-

phy (EMG) such as the Z-L response and free-running EMG, 

and the facial F-wave and facial motor evoked potentials, con-

tribute to the effectiveness of MVD for HFS. 

Therefore, we present BAEP, LSR, and additional facial 

EMG findings, including facial F-wave and facial motor 

evoked potentials, from studies that used INM primarily dur-

ing MVD for HFS.

INM STUDIES

BAEP (introduction/method/warning criteria)
The most frequent complications of MVD surgery for HFS 

is postoperative hearing loss from injury to the CN VIII. Inju-

ry could occur through traction during cerebellar retraction, 

ischemia due to vasospasm during manipulation of the com-

pressive vessel loops, mechanical or thermal trauma during 

vessel and nerve dissection, or compression from the inserted 

Teflon pad14,22,23). Postoperative hearing loss after MVD was 

reported to range from 7.7 to 20% without BAEP monitoring31). 

However, after the introduction of INM of BAEPs, postopera-

tive hearing loss decreased to 2% or less31,37). Therefore, INM 

of BAEPs is now considered essential during MVD for HFS.

Methodology

BAEPs are most often elicited by broadband click stimuli, 

typically generated by passing 100-microsecond duration elec-

trical square pulses to the transducer that generates the acous-

tic signals. The stimulus intensity should be set at a level to 

produce clear BAEPs but not cause ear damage. A click inten-

sity of 100 dB sound pressure level (SPL) or 60–70 dB hearing 

level (HL) is commonly utilized. To mask crossover responses, 

white noise at 60 dB SPL or 30–35 dB HL is applied to the 

contralateral ear. Clicks can be of two polarities, either con-

densation or rarefaction, depending on the initial movement 

of the diaphragm of the transducer. Since electrical artifacts 

are often problematic during INM, alternating click polarity 

may be useful to minimize stimulus artifacts. Stimulus rates 

of 5 to 30 Hz have been reported in the literature. The Ameri-

can Clinical Neurophysiology Society (ACNS) recommends a 

stimulus rate of 5–12 Hz/sec because faster rates may degrade 

the BAEP waveform. In addition, the ACNS suggests that 

500–1000 repetitions are generally required to obtain an in-

terpretable and reproducible BAEP1). However, a stimulus rate 

of 10 Hz in an average of 1000 trials requires approximately 

100 seconds to obtain BAEPs. This relative increase in dura-

tion may limit the prevention of postoperative hearing loss 

(Fig. 1). With the development of an INM machine with a 

high signal-to-noise ratio, the disintegration of the waveform 

amplitude that occurs with a higher stimulation rate is signifi-

cantly improved; we have found no significant difference in 

the disintegration of the waveforms obtained at an ~40 Hz/sec 

stimulation rate and those obtained at a 10 Hz/sec stimulation 

rate. Furthermore, it is possible to obtain a reliable waveform 

with fewer trials. Joo et al.15) reported reliable waveforms at 43.9 

Hz/sec in an average of 400 trials. By obtaining a reliable BAEP 

in less than 10 seconds using a real-time protocol during 

MVD for HFS, it is possible to detect injury to the CN VIII 

more quickly during MVD surgery, and thus significantly re-

duce postoperative hearing loss (4.02% vs. 0.39%, p=0.002) 

(Table 1).

Warning criteria

BAEP monitoring has been used for many years and is 

known to reduce the risk of postoperative hearing loss. De-

spite unequivocal evidence, there is no consensus on the 

warning criteria to predict postoperative hearing loss. Polo et 

al.31) postulated that a wave V latency prolongation of 0.6 ms 
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represented a significant BAEP change likely to be associated 

with HL. Grundy et al.7) suggested that the surgeon should be 

warned when a 1.5-ms delay in wave V is observed. In con-

trast, Hatayama and Møller9) reported that prolongation of 

wave V latency was always accompanied by a reduction in 

wave V amplitude. Also, they presented that amplitude decre-

ments of wave V were observed more significantly than laten-

cy prolongation of wave V in patients with postoperative hear-

ing loss9). Consequently, they suggested that a decrease in 

amplitude is a more reliable indicator for postoperative hear-

ing loss. Recently, Thirumala et al.39) reported that the loss of 

wave V during MVD was a significant warning criterion for 

predicting postoperative hearing loss. They noted that the 

probability of hearing loss was 60% with a persistent loss of 

wave V, 25% with a transient loss, and 10.2% when a signifi-

cant change of wave V was observed. Despite considerable re-

search about significant warning signs, some results are con-

tradictory. Thus, many researchers still consider a latency 

prolongation of 1 ms or an amplitude decrement of at least 

50% on two successive trials as the warning sign2). Because in-

accurate warning criteria of BAEP can delay operation time 

and even lead to postoperative hearing loss with unnecessary 

additional manipulation, it is critical to establish the key 

warning signs during INM for predicting postoperative hear-

ing loss. Park et al.30) reported the critical warning criteria of 

BAEP for predicting postoperative hearing loss in 932 patients 

with HFS. They obtained the BAEP within approximately 9.1 

seconds using a 43.9 Hz/sec stimulation rate in an average of 

400 trials. When applying the real-time BAEP protocol, post-

operative hearing loss occurred in 11 patients (1.2%), and was 

most commonly observed in patients with a persistent loss of 

wave V (6 of 11, 54.5%). Furthermore, patients who showed a 

transient loss or a latency prolongation of 1 ms with an ampli-

tude decrement of a least 50% had postoperative hearing loss 

at a frequency of 7.4% and 2.0%, respectively. Otherwise, of 

the 194 patients that experienced only latency prolongation 
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Fig. 1. Example of consecutive INM of the BAEP on left side using a 
stimulation rate of 10 Hz/sec and 1000 averaging times (green line : 
baseline BAEP; black line : obtained BAEP). A : First BAEP showing 
minimal wave V change. B : Second BAEP showing a slight change in 
wave V (the latency of wave V was delayed by 1.36 ms with a minimal 
decrease in the amplitude. C : Third BAEP showing a critical change in 
wave V (loss of wave V). INM : intraoperative neurophysiological 
monitoring, BAEP : brainstem auditory evoked potential.

Table 1. Protocol comparison of INM of BAEPs and postoperative hearing loss 

INM BAEP Previous protocol* Real-time protocol† p-value

Stimulation rate 26.9 Hz 43.9 Hz

Average number of trials 1000–2000 400 

Time to obtain BAEP About 37.1–74.3 seconds About 9.1 seconds

Warning criteria of wave V 1 ms latency prolongation or a 50% decrease in amplitude 50% decrease in amplitude

Postoperative hearing loss 4.02% 0.39% 0.002

*Protocol used in our previous study14). †Protocol used in our recent study15). INM : intraoperative neurophysiological monitoring, BAEP : brainstem 
auditory evoked potential
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(p1 ms) without amplitude reduction greater than 50% during 

MVD surgery—including 30 patients who showed latency 

prolongation >2 ms—no postoperative hearing loss was ob-

served (Fig. 2). This study also provided validity data of the 

warning criteria of BAEP for predicting postoperative hearing 

loss during MVD surgery for patients with HFS. They report-

ed that the permanent loss of wave V showed the highest spec-

ificity of 99.4% for predicting postoperative hearing loss; tran-

sient loss and latency prolongation (1 ms) with amplitude 

reduction (50%) also showed high accuracy (Table 2). In sum-

mary, the authors concluded that the currently adopted ‘sig-

nificant warning signs,’ such as a latency prolongation of more 

than 1 ms or an amplitude decrement of at least more than 

50%, are inappropriate for preventing postoperative hearing 

loss during MVD surgery. Moreover, since a single warning 

sign would be inaccurate for preventing postoperative hearing 

loss during MVD surgery, they suggested a ‘sliding scale’ for 

the critical warning signs of BAEP as follows : 1) the observa-

tion sign (attention sign) : a latency prolongation of 1 ms with-

out an amplitude decrement of at least 50%, 2) the warning 

sign: a latency prolongation of 1 ms with an amplitude decre-

ment of at least 50%, and 3) the critical sign : a loss of wave V. 

When the observation sign is observed during MVD surgery, 

the neurophysiologist notifies the surgeon immediately, but 

no corrective maneuvers are performed. The surgeon is again 

notified when the warning or critical sign appears, and insti-

tute more aggressive measures to prevent injury of the CN 

VIII when the critical sign occurs. 

Fig. 2. A representative case showing only latency prolongation (≥1 ms) without a significant change in amplitude (the latency of wave V was delayed 
by 2.00 ms from 6.30 ms to 8.30 ms with a minimal decrease in the amplitude). The patient in this example did not experience postoperative hearing 
loss (the average pre-PTA threshold was 22.5 dB, and the average post-PTA threshold was 6.25 dB). A : The INM of BAEP during MVD surgery (blue arrow, blue 
box : baseline of wave V; red arrow, red box : wave V showing maximal prolongation in latency). B : Pure tone audiometry of the patients obtained prior to 
surgery and 7 days postoperatively. PTA : pure tone audiometry, INM : intraoperative neurophysiological monitoring, BAEP : brainstem auditory evoked 
potential, MVD : microvascular decompression. 
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Table 2. Validity of the warning criteria of BAEP to predict postoperative hearing loss

Warning criteria of the wave V Latency prolongation (≥1 ms) with amplitude decrement (≥50%) Transient loss Permanent loss

Sensitivity 0.909 0.727 0.545

Specificity 0.865 0.967 0.994

Positive predictable value 0.075 0.211 0.545

Negative predictable value 0.999 0.996 0.995

These results are from Park et al.30). BAEP : brainstem auditory evoked potential
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Facial nerve EMG

LSR

The LSR is elicited by stimulation of the facial nerve branch 

and is recorded from facial muscles innervated by another 

branch. Numerous studies have demonstrated a positive corre-

lation between the intraoperative disappearance of LSR and fa-

vorable outcome in patients undergoing MVD for HFS; there-

fore, LSR has been used as an indicator of complete facial nerve 

decompression8,13,26). The LSR usually disappears after micro-

vascular decompression in patients with HFS, with the nerve 

considered to be adequately decompressed10,12,19). However, con-

troversial findings, such as LSR absence before MVD or LSR 

persistence after MVD, have been reported18,40-42). Furthermore, 

several studies suggested that residual LSR after MVD was not 

related to long-term outcome of HFS; conversely, other studies 

concluded that repeated MVD was necessary because residual 

LSR indicates insufficient decompression40,41,44). Therefore, the 

practical value of LSR disappearance as an indicator of ade-

quate decompression remains controversial. 

Methodology

Generally, the temporal or zygomatic branch of the facial 

nerve, approximately 3 cm lateral to the lateral margin of the 

orbit, is stimulated for recording the LSR. The stimulating 

needle electrodes are inserted intradermally over the temporal 

or zygomatic branches of the facial nerve, and the direction of 

stimulation with paired needles is centripetal towards the 

brainstem, with the cathode positioned proximally25,26,43). A 

0.3-ms pulse wave with an intensity of 5 to 25 mA is used. The 

facial nerve EMG is recorded from the frontalis, orbicularis 

oculi, orbicularis oris, and the mentalis muscle. Although the 

LSR has been considered a reliable diagnostic tool and an in-

dicator of complete nerve decompression in HFS, the question 

of whether INM of the LSR is a reliable indicator for complete 

facial nerve decompression has been arisen because of contro-

versial findings such as LSR absence before MVD and LSR 

persistence after MVD. Recently, Lee et al.21) suggested that a 

new LSR monitoring method shows greater reliability. To im-

prove reliability, they conducted preoperative LSR monitoring 

at the outpatient clinic to map the facial nerve branch. After 

identifying the patient-specific location, they stimulated the 

facial nerve branch in the centrifugal direction with the anode 

located proximally over the area just anterior to the mandibu-

lar fossa and the cathode located distally in the temporal or 

zygomatic branch of the facial nerve (Fig. 3). A comparison of 

A B

Fig. 3. A : Facial nerve mapping performed preoperatively. The locations of maximal LSR elicitation were divided into three regions. B : The direction of 
stimulation in the conventional and the new methods. In the conventional method, electrodes are placed in the temporal or zygomatic branch of the 
facial nerve, about 3 cm lateral to the lateral margin of the orbit, and centripetal impulses are transmitted towards the brainstem with the cathode 
positioned proximally. In contrast, electrodes were inserted intradermally with the anode located proximally over the area just anterior to the 
mandibular fossa and the cathode located distally in the temporal branch of the facial nerve in the new method. The direction of stimulation was 
centrifugal outwards from the brainstem. F : the direction towards the frontalis muscle, which was almost vertical with respect to the anode, O : the 
direction towards the orbicularis oculi muscle, F-O : in between F and O, LSR : lateral spread response.
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the conventional and new method of LSR monitoring showed 

that the new method showed a significantly higher LSR disap-

pearance after MVD (98.2% vs. 61.8%, p=0.0012). Further-

more, the persistence of the LSR after MVD and the absence 

of the LSR was significantly lower with the new method (1.8% 

vs. 29.1%, p=0.0051; 0.0% vs. 9.1%, p<0.0001, respectively) 

(Table 3). 

Practical value

INM of the LSR is known to be useful for identifying the 

offending vessels and for confirming whether the facial nerve 

has been decompressed26,27). Some authors concluded that the 

reduction of the LSR amplitude might be not associated with 

bad outcomes even if the LSR did not completely disappear35). 

On the other hand, others suggested that the prognostic value 

of LSR monitoring for predicting the long-term outcomes of 

HFS was still questionable. Some researchers have reported 

that the disappearance of the LSR after MVD does not always 

correlated with postoperative prognosis in HFS. In 40 patients 

who showed LSR disappearance intraoperatively after MVD, 

five had mild HFS at discharge and four had mild HFS at the 

6 month follow-up16). Thirumala et al.40) reported that there 

was no difference in HFS between patients showing disap-

pearance of the LSR and persistence of the LSR at long-term 

follow-up, although disappearance of the LSR was correlated 

with immediate spasm relief. This residual LSR could support 

the central mechanism of HFS pathophysiology, including the 

hyperexcitability of the FMN in the brainstem5,24,25). In these 

studies, the pulsatile impulse to the REZ was immediately re-

moved once the MVD was performed, and the FMN began to 

decline and normalize slowly over a few months and even a 

few years in some patients. Therefore, monitoring the LSR 

during MVD can confirm the offending vessel and guide ade-

quate decompression in patients with HFS. However, constant 

communication between the neurophysiologist and neurosur-

geon on interpreting LSR findings is important to achieve ad-

equate decompression because some patients can show a re-

sidual LSR after adequate decompression, which may indicate 

positive long-term outcomes. 

Z-L response

The Z-L response (ZLR) is an alternative intraoperative fa-

cial nerve EMG measurement for HFS47). It is evoked while the 

wall of the offending artery is electrically stimulated46,47). As 

mentioned above, a residual LSR exists despite adequate de-

compression, and some patients occasionally show disappear-

ance of the LSR before the REZ of the facial nerve during the 

dura opening and dissection of the arachnoid membrane is 

addressed. The ZLR is known to be useful when the LSR is 

unavailable or unstable. Unlike the LSR, the ZLR is an ortho-

dromic facial nerve EMG potential. The ZLR is elicited when 

an intracranial electrical stimulation is applied to the offend-

ing artery located at the REZ. Since the ZLR disappears in-

stantly after decompression of the offending artery in HFS, 

the ZLR has been known to be useful when LSR is absent be-

fore MVD or when a residual LSR is observed. In addition, the 

ZLR can help determine the offending vessel when multiple 

offending vessels exit46).

Methodology

The subdermal needle reference electrodes are inserted into 

the frontal muscle, and the needle recording electrodes insert-

ed into the orbicularis oculi, orbicularis oris, and mentalis 

muscles. The stimulating electrode is a non-invasive concen-

tric electrode, which was used intracranially. It can be consid-

ered the bipolar mode. Before detaching the offending artery 

from the facial nerve, the stimulating electrode is placed on 

the offending artery wall within 5 mm from the compression 

site of the REZ, a square impulse (1–2 mA, 0.2 ms, 3 Hz) is 

delivered, and facial EMG recorded. This recording procedure 

is repeated for every offending vessel until the facial nerve is 

completely decompressed.

Practical value

The ZLR may be useful when the LSR is unavailable or un-

stable. Zheng et al.47) suggested that the combination of the 

LSR and ZLR provides more useful information than does the 

LSR alone because the ZLR may be the only useful INM facial 

EMG measurement in some cases. In addition, the ZLR can 

Table 3. Comparison of efficacy of LSR monitoring by using the 
conventional and new methods

Conventional 
method

New method p-value

Disappearance of LSR 61.8% 98.2% 0.0012

Persistence of LSR 29.1% 1.8% 0.0051

No LSR 9.1% 0.0% <0.0001

These results are from Lee et al.21). LSR : lateral spread response
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define the offending vessel when multiple offending vessels 

are present. Among the patterns of neurovascular compres-

sion, the ZLR was shown to be particularly useful for finding 

the offending vessel, which was concealed by the vertebral ar-

tery of the tandem type46). However, the ZLR should be used 

with careful consideration. As mentioned above, the ZLR is an 

orthodromic facial EMG measurement elicited form current 

spread to facial nerve form electrically stimulated arterial wall 

that contacts the facial nerve within several millimeters. 

Therefore, the ZLR would be elicited irrespective of the loca-

tion of stimulation along the course of the artery if there was 

any mechanical contact between electrically stimulated arter-

ies and the facial nerve38). For example, if the distal cisternal 

portion of the offending arteries contacted the distal facial 

nerve in addition to vascular contact at the REZ, the ZLR can 

persist despite the disappearance of the LSR after complete 

decompression. 

Free-running EMG (Fr EMG)

Fr EMG provides information regarding mechanical or 

thermal facial nerve injury. Nerve injury is manifested as sus-

tained, high-frequency neurotonic discharges in facial nerve 

EMG. If this activity is detected, the neurophysiologist can 

provide immediate feedback to the neurosurgeon to allow op-

erative maneuver changes to avoid nerve injury. Fr EMG ac-

tivity in muscles innervated by the facial nerve was mainly 

studied in cerebellopontine angle surgery. Romstöck et al.33) 

proposed a classification system for the patterns of facial nerve 

Fr EMG31) by separating spikes, bursts, and three different 

kinds of train-patterns with respect to waveform and frequen-

cy characteristics. The term “train” was introduced for sus-

tained periodic EMG activity that lasts for seconds. Three 

typical train patterns with specific rhythmic features were ob-

served. The A-train is the most important of these patterns. 

This train is a distinct EMG waveform of sinusoidal pattern 

that has maximum amplitudes ranging from 100 to 200 µV, 

and a frequency up to 210 Hz. Their duration varies between 

milliseconds and several seconds. They can display as a single 

long pattern, or as a salvo of short A-trains. The occurrence of 

A-trains was shown to be associated with postoperative facial 

palsy with high sensitivity (86%) and specificity (89%) during 

cerebellopontine angle tumor surgeries32,33). In patients with 

HFS, irregular Fr EMG activity can be spontaneously elicited 

during MVD, especially when saline is injected onto the facial 

nerve. When the ratio of post-MVD to pre-MVD Fr EMG ac-

tivity was calculated to assess Fr EMG activity, Fr EMG activi-

ty ratios of ≥50% were reported to be associated with a greater 

likelihood of a residual LSR in patients with HFS6).

Facial F-wave
The facial F-wave represents the backfiring of the facial mo-

tor neurons after being activated antidromically. F-wave activ-

ity was shown to be an index of motor neuron excitability20). 

F-wave persistence appearance was reported in patients with 

HFS12) and found to decrease after adequate MVD, albeit with 

delay as long as 2 years. It is possible to record changes in elic-

itability of the facial F-wave during MVD. Immediate changes 

in hyperexcitability of the FMN can be observed by monitor-

ing changes in F-wave elicitability. Facial F-waves can be ob-

tained from the mentalis muscle by stimulating the mandibu-

lar branch of the facial nerve.

Facial motor evoked potentials (facial MEP)
Although uncommonly performed, myogenic facial MEP 

elicited through transcranial electric stimulation can be used 

to monitor the functional integrity of the FMN during MVD 

surgery5). Facial MEP monitoring in patients with HFS has re-

markable characteristics due to hyperexcitability of the FMN. 

Also, the stimulation threshold for eliciting a facial MEP re-

sponse has been observed to increase after successful decom-

pression of the facial nerve. Therefore, the facial MEP thresh-

old before and after MVD can be used as an indicator of a 

successful MVD. 

CONCLUSION

Postoperative HL due to injury of CN VIII is a common 

complication during MVD for HFS. This complication can be 

greatly reduced with the advent of INM of the BAEP. Unlike 

other surgeries, INM during MVD for HFS has a unique pur-

pose; namely, to assess and optimize the vascular decompres-

sion for HFS. This is achieved through monitoring the LSR, 

ZLR, facial F-wave, and facial MEP. Increased knowledge and 

understanding of INM in MVD for HFS will improve safety 

and provide more effective treatment.
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