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Microvascular decompression (MVD) is a widely used surgical intervention to relieve the ab-
normal compression of a facial nerve caused by an artery or vein that results in hemifacial 
spasm (HFS). Various intraoperative neurophysiologic monitoring (ION) and mapping 
methodologies have been used since the 1980s, including brainstem auditory evoked poten-
tials, lateral-spread responses, Z-L responses, facial corticobulbar motor evoked potentials, 
and blink reflexes. These methods have been applied to detect neuronal damage, to optimize 
the successful decompression of a facial nerve, to predict clinical outcomes, and to identify 
changes in the excitability of a facial nerve and its nucleus during MVD. This has resulted in 
multiple studies continuously investigating the clinical application of ION during MVD in 
patients with HFS. In this study we aimed to review the specific advances in methodologies 
and clinical research related to ION techniques used in MVD surgery for HFS over the last 
decade. These advances have enabled clinicians to improve the efficacy and surgical outcomes 
of MVD, and they provide deeper insight into the pathophysiology of the disease.
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Advances in Intraoperative Neurophysiology  
During Microvascular Decompression Surgery 
for Hemifacial Spasm

INTRODUCTION 

Hemifacial spasm (HFS) is a rare condition that causes involuntary contraction of facial 
muscles, usually on one side of the face, accompanied by abnormal compression of the ad-
jacent facial nerve near the brainstem by a vein or artery. HFS is known to develop via two 
representative pathologic mechanisms: 1) peripheral ephaptic transmission and 2) central 
hyperexcitability of the facial motor nucleus (FMN). The symptoms can be controlled by 
pharmacologic treatment or local botulinum toxin injection in some patients, but micro-
vascular decompression (MVD) surgery can be considered in patients exhibiting a poor re-
sponse to such nonsurgical treatments. MVD involves separating the affected facial nerve 
from the adjacent blood vessels causing the compression, and it has a high success rate in 
removing the spasm.1,2 

Since Møller and Jannetta3 first performed electrophysiologic recordings of facial nerves 
and muscles during MVD in 1984, various intraoperative neurophysiologic monitoring 
(ION) methodologies have been applied during MVD, including brainstem auditory evoked 
potentials (BAEPs), lateral-spread response (LSR), Z-L response (ZLR), blink reflex (BR), 
and facial corticobulbar motor evoked potentials (FCoMEPs). These techniques not only 
made it possible to monitor for damaged nerves, including the facial nerve and cochlear 
nerve, but they also enable real-time evaluation of the success of decompression.4-7 More-
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over, many research groups have used ION to provide deeper 
insights into the pathologic mechanisms of HFS and to an-
alyze the predictive value of ION data for long-term postop-
erative neurologic outcomes.8-12 

Fernandez-Conejero et al.13 published a well-organized re-
view article in 2012 describing detailed methodologies and 
interpretations of ION techniques used during MVD for HFS. 
However, they focused mainly on the utilization of ION to 
advance the understanding of the pathophysiology of HFS. 
There have been new advances reported in this field since that 
time. Therefore, this article aimed to review and present ad-
vances in ION techniques and evaluate their electrophysio-
logical/clinical significance in MVD for HFS based on stud-
ies published after 2012.

ION DURING MVD

BAEPs 
Since the cochlear nerve lies directly adjacent to the facial 
nerve, postoperative hearing loss frequently occurs due to 
injury to the cochlear nerve during MVD surgery for HFS. 
Several events can result in such injuries,14 including traction 
during cerebellar retraction (CR), ischemia due to vasospasm 
when manipulating the compressive vessel loops, mechani-
cal or thermal trauma during vessel and nerve dissection, or 
compression caused by the insertion of a Teflon pad. Postop-
erative hearing loss after MVD reportedly occurs in 7.7% to 
20% of cases when BAEPs are not monitored; however, since 
introducing the ION of BAEPs, the rate of postoperative hear-
ing loss has decreased to no more than 2%.15 Therefore, the 
ION of BAEPs is now considered essential during MVD for 
HFS. 

Changes in stimulation methods
BAEPs are usually evoked by broadband click stimuli typically 
generated by passing 100-μs square-wave electrical pulses to 
a transducer to generate acoustic signals. The stimulus inten-
sity is chosen so as to produce clear BAEPs, with a click in-
tensity of 100 dB SPL (sound pressure level) or 60–70 dB HL 
(hearing level) commonly being utilized. To prevent crossover 
responses, white noise at 60 dB SPL or 30–35 dB HL is ap-
plied to the contralateral ear. Also, alternating the click po-
larity may be helpful for minimizing problematic electrical 
stimulus artifacts during ION. Stimulus frequencies of 5 Hz 
to 30 Hz have been reported in the literature, but the Ameri-
can Clinical Neurophysiology Society (ACNS) recommends 
stimulus rates of 5–12 Hz because faster rates can degrade the 
BAEP waveforms. According to the ACNS guideline, 500–
1,000 repetitions are generally recommended to obtain inter-
pretable and reproducible BAEPs.16 However, using a stimulus 

rate of 10 Hz over an average of 1,000 trials means that it takes 
approximately 100 seconds to obtain interpretable BAEPs. 
Since the cochlear nerve can be damaged within a very short 
time during MVD, postoperative hearing loss cannot be suf-
ficiently prevented when using a method that requires ap-
proximately 100 seconds to obtain BAEPs. 

Developing ION instruments with high signal-to-noise ra-
tios has significantly reduced the disintegration of the wave-
form amplitude that occurs with a higher stimulation rate. 
For example, Joo et al.6 reported no significant difference in 
the disintegration of the waveforms obtained using stimula-
tion rates of 10 Hz and ~40 Hz. Those authors also found it 
possible to obtain reliable waveforms when using an average 
of 400 trials with a stimulation rate of 43.9 Hz. Using a real-
time monitoring protocol during MVD for HFS reduced the 
time required to obtain reliable BAEPs to less than 10 sec-
onds. The new protocol has also reduced the time required 
to detect injury to the cochlear nerve during MVD surgery, 
and so has significantly decreased the rate of postoperative 
hearing loss (4.02% vs. 0.39%, p=0.002). Over the last decade, 
there has been agreement among some researchers that there 
are limitations to preventing postoperative hearing loss when 
a relatively long period time is required to obtain reliable BAEP 
waveforms and that obtaining BAEPs in a shorter time is pos-
sible by applying a higher frequency stimulation rate and a 
lower average number of trials.17,18 The differences in meth-
odologies that have been used to obtain reliable BAEPs are 
summarized in Table 1.

Changes in recording methods
To obtain BAEPs, the standard recording derivations consist 
of a preauricular or mastoid electrode that is referenced to Cz' 
according to the 10–20 electrode placement system for elec-
troencephalography. Using the conventional methods, waves 
I and II represent near-field potentials, whereas waves III–V 
represent far-field potentials. Unlike near-field potentials, far-
field potentials are susceptible to amplitude reductions un-
der anesthesia.19 To improve the consistency and amplitude of 
BAEPs, Greve et al.20 placed an electrode on Erb’s point (EP) 
instead of the preauricular or mastoid area in 30 patients un-
dergoing infratentorial surgeries (15 of whom underwent 
MVD), and found that the amplitudes of wave IV (left +65%, 
p<0.001; right +43%, p=0.002) and wave V (left +54%, p<0.001; 
right +48%, p<0.001) were significantly increased using EP1-
Cz'/EP2-Cz' derivations compared with those obtained using 
A1-Cz'/A2-Cz'. When using an extracephalic electrode placed 
at EP, the amplitudes of waves III–V in BAEP recordings were 
significantly higher than those obtained using the preauric-
ular-vertex derivations. 
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Changes in warning criteria
Despite the numerous studies investigating the use of BAEPs 
as an ION tool during MVD, there is no consensus on the 
warning criteria that are predictive of postoperative hearing 
loss. Polo et al.4 postulated that a wave-V latency prolonga-
tion of 0.6 ms represented a significant change in BAEPs that 
was likely to be associated with hearing loss, while Grundy 
et al.21 suggested that the surgeon should be alerted when a 
1.5-ms delay in wave V is observed. In contrast, Hatayama and 
Møller22 reported that a prolongation of wave V latency was 
always accompanied by a reduction in wave V amplitude. Such 
decrements were significantly more common than the pro-
longation of the latency of wave V in patients with postop-
erative hearing loss, and so those authors suggested that a 
decrease in amplitude was a more-reliable indicator of post-
operative hearing loss. Thirumala et al.18 recently reported 
that the loss of wave V during MVD surgery was a significant 
predictor of postoperative hearing loss, since the probabili-
ties of this complication were 60%, 25%, and 10.2% in cases 
with a persistent loss, transient loss, and significant change in 
wave V, respectively. 

Despite considerable efforts to identify significant warning 
signs, the results of some of the previous studies have been 
inconsistent. Thus, many researchers still consider a latency 
prolongation of 1 ms or an amplitude decrease of at least 50% 
on two successive trials as a warning sign of hearing loss. How-
ever, since inaccurate warning criteria based on BAEPs can 
prolong operation times and even actually induce postopera-
tive hearing loss due to unnecessary additional manipulations, 
it is critical to establish the critical warning signs during ION 
for predicting this postoperative complication. Therefore, Park 
et al.23 reported critical warning criteria for predicting post-
operative hearing loss based on BAEPs in 932 patients with 
HFS. When applying a real-time protocol for obtaining a re-
liable BAEP waveform within 10 seconds during MVD in pa-
tients with HFS, postoperative hearing loss occurred in 11 
(1.2%) patients and was most commonly observed in those 
exhibiting a persistent loss of wave V (n=6, 54.5%). Postoper-
ative hearing loss occurred in 7.4% of patients who showed 
a transient loss of wave V and 2.0% of patients exhibiting a 
latency prolongation of at least 1 ms combined with an am-
plitude decrease of at least 50%. In addition, 194 of the 932 
patients in the study of Park et al.23 experienced a latency pro-

longation (≥1 ms) of wave V without an amplitude reduction 
of at least 50% during MVD surgery, and 30 of those 194 pa-
tients exhibited only a latency prolongation >2 ms; however, 
none of these patients experienced postoperative hearing loss. 
Their study also validated the warning criteria for predicting 
postoperative hearing loss based on BAEPs during MVD sur-
gery for patients with HFS. More specifically, the authors re-
ported that the permanent loss of wave V showed the high-
est specificity (99.4%) for predicting postoperative hearing 
loss, while transient loss and latency prolongation (≥1 ms) 
with an amplitude reduction (≥50%) exhibited high accuracy. 
In summary, the authors concluded that the currently adopt-
ed ‘significant warning signs’ of postoperative hearing loss, 
such as a latency prolongation of at least 1 ms or an amplitude 
decrease of at least 50%, were inappropriate criteria for pre-
venting postoperative hearing impairment during MVD sur-
gery, and that relying on a single warning sign alone would not 
provide sufficient accuracy. Park et al.23 therefore suggested 
using a sliding scale for the critical warning signs based on 
BAEPs as follows: 1) the observation sign (attention sign), 
comprising a latency prolongation of at least 1 ms without an 
amplitude decrease of at least 50%; 2) the warning sign, com-
prising a latency prolongation of at least 1 ms with an ampli-
tude decrease of at least 50%; and 3) the critical sign, compris-
ing the complete loss of wave V. When the observation sign is 
detected during MVD surgery, the neurophysiologist should 
notify the surgeon immediately, although no corrective ac-
tions are necessary. The surgeon should again be notified 
when either the warning or critical sign appears, and more-
aggressive measures should be instigated to prevent damage 
to the cochlear nerve when the critical sign occurs.

Importance of waveforms other than wave V
While a latency prolongation of at least 1 ms or an amplitude 
decrease of at least 50% of wave V has been used as the warn-
ing criteria during MVD for HFS, recent studies have con-
firmed that the loss of wave V is more important than other 
waveform changes.18,23 When wave V is lost during MVD for 
HFS, two distinct patterns have been observed: 1) total wave 
loss (including of wave I), or 2) loss of wave V but not of wave 
I24 (Fig. 1). Since wave I is generated in the cochlea, damage to 
that organ can lead to the total loss of BAEPs.14 During MVD, 
cochlear infarction secondary to vasospasm can lead to to-

Table 1. Methodologies for intraoperative neurophysiologic monitoring of BAEPs

ACNS16 Real-time protocol6 University of Pittsburgh Medical Center18

Stimulus rate 5–12 Hz 43.9 Hz 17.5 Hz

Average number of trials 500–1,000 400 256

Time to obtain BAEPs About 100 seconds About 9.1 seconds About 14.6 seconds

ACNS, American Clinical Neurophysiology Society; BAEPs, brainstem auditory evoked potentials.
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tal wave loss, including of wave I. Also, if the proximal por-
tion of the cochlear nerve is damaged during MVD, wave I 
may persist despite the loss of wave V if the cochlea remains 
intact. Joo et al.24 analyzed data from 36 patients who expe-
rienced wave-V loss during MVD for HFS, and found that 
12 (33.3%) presented with total wave loss (including wave I). 
These patients were significantly more likely to experience 
postoperative hearing loss (p=0.009) and a significantly high-
er frequency of postoperative complications such as dizziness 
and tinnitus. That study also investigated the timing of wave-
V loss, and found that total wave loss occurred more frequent-
ly after the decompressive procedure of MVD, suggesting that 
severe changes in BAEPs could happen later, including after 
completing the procedure, and hence that continuous atten-
tion was required until the end of MVD surgery.

The use of CR to access the cerebellopontine angle is known 
to be the leading cause of postoperative hearing loss during 
MVD surgery.25,26 Two patterns of BAEPs can appear during 
the CR step depending on the direction in which the cochlear 
nerve is pulled:14 1) wave I of the BAEPs can change if the co-
chlear nerve is pulled toward the brainstem, whereas 2) wave 
III changes if the cochlear nerve is pulled away from the brain-
stem. Park et al.27 investigated the predictive value of the ini-
tial change in wave I or wave III during CR in MVD surgery. 

They analyzed the data of 241 patients who exhibited a laten-
cy prolongation of at least 1 ms or an amplitude decrease of 
50% of wave V during MVD for HFS. The patients were cat-
egorized into the following two groups based on significant 
changes in BAEPs during CR: 1) latency prolongation of wave 
I of ≥0.5 ms with prolongation of the interpeak interval be-
tween waves I and III of <0.5 ms, and 2) latency prolongation 
of wave I of <0.5 ms with prolongation of this interpeak in-
terval of ≥0.5 ms. The results of that study suggested that two-
thirds of all patients experienced Group-B changes during the 
CR component of MVD. Eleven of the 241 patients exhibited 
the loss of wave V at the end of the surgery, although 10 of 
them belonged to Group B. Also, five patients experienced 
postoperative hearing loss, all of whom were in Group B. 
Based on these results, the authors concluded that a latency 
prolongation of wave III during CR was a significant prewarn-
ing sign of BAEPs for postoperative hearing loss (Fig. 2).

   
LSR 
The LSR is an abnormal muscle response recorded from fa-
cial muscles innervated by another branch that is induced by 
stimulating the facial nerve branch. The LSR is known to be 
a specific electrophysiologic finding for HFS. There is a posi-
tive correlation between the disappearance of the LSR dur-

A   B  

Fig. 1. Examples of brainstem auditory evoked potentials with (A) and without (B) the persistence of wave I (black triangle) in patients experienc-
ing the loss of wave V (red triangle) during microvascular decompression surgery.
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ing MVD and a favorable outcome in patients with HFS, and 
so disappearance of the LSR has been used as an indicator of 
complete facial nerve decompression.28,29 However, there have 
also frequently been unexpected observations such as the ab-
sence of the LSR before MVD or the persistence of the LSR 
after MVD. Also, several studies have suggested that a resid-
ual LSR after MVD is not related to the long-term outcome 
following HFS treatment.

 
Changes in methodology
The LSR is usually recorded by stimulating the temporal or 
zygomatic branch of the facial nerve at approximately 3 cm 
lateral to the lateral margin of the orbit. Electromyography 
(EMG) recordings of the facial nerve can be made from the 
frontalis, orbicularis oculi, orbicularis oris, and mentalis mus-
cles. The direction of stimulation to induce the LSR is centrip-
etal toward the brainstem, with the cathode positioned prox-
imally.29-31 The disappearance of the LSR has been utilized as 
an indicator of adequate decompression, and so accurate mea-
surements of the LSR during MVD are crucial, and these are 
difficult using the conventional evaluation method for sev-
eral reasons, including 1) variations in the anatomical distri-
bution of the facial nerve branch, and 2) the difficulty of eval-
uating whether a branch of the facial nerve is fully stimulated 
to elicit the maximal LSR. 

Lee et al.32 recently suggested that a new LSR monitoring 
method is more reliable than the conventional methods. To 
achieve this improvement, they conducted preoperative LSR 
testing in an outpatient clinic to map the anatomy of the fa-
cial nerve branch of each individual patients. 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 mandibular fossa 
and with the cathode located distally in the temporal or zy-
gomatic branch of the facial nerve (Fig. 3). This new method 
resulted in LSR disappearing significantly more often after 
MVD compared with the conventional method (98.2% vs. 
61.8%, p=0.0012). Furthermore, the persistence of the LSR 
after MVD (1.8% vs. 29.1%, p=0.0051) and the absence of the 
LSR (0.0% vs. 9.1%, p<0.0001) were both significantly less 
common with the new method than with the conventional 
method. The authors explained why the new method of stim-
ulating the nerve in the centrifugal direction resulted in greater 
efficacy during MVD. In bipolar stimulation of a peripheral 
nerve, depolarization occurs at the cathode; conversely, hy-
perpolarization occurs at the anode.33 Therefore, the cathode 
must be placed closer to the recording electrode to elicit a 
more appropriate excitation of the peripheral nerve. The au-
thors suggested the new method could primarily allow for 
more accurate stimulation of the facial nerve branches, which 
could in turn also lead to a secondary increase in the accuracy 
of measurements of the LSR. However, further measurements 
in more patients are needed to confirm the usefulness of these 
new methods.

 
Prognostic value of the LSR
As mentioned above, while the LSR has been used as an in-
dicator of adequate MVD for HFS, there is still considerable 
debate about its prognostic value for predicting long-term 
spasm-free status following MVD. Liu et al.34 investigated the 
prognostic value of intraoperative LSR measurements in 332 
patients with HFS who had undergone MVD surgery. Intraop-

Fig. 2. Diagram of BAEPs changes and postoperative hearing loss during CR in MVD surgery. Latency prolongation of wave III (≥0.5 ms) without la-
tency prolongation of wave I during CR is associated with marked changes in BAEPs and postoperative hearing loss. BAEPs, brainstem auditory 
evoked potentials; CR, cerebellar retraction; MVD, microvascular decompression.

Maximal changes

Warning criteria

Prewarning sign

A latency prolongation of wave III (≥0.5 ms)
without a latency prolongation of wave I

(during CR of MVD)

Latency prolongation of 1 ms with an
amplitude decrement (≥0.5%) of wave V

(the significant change)

Wave V loss
(transient or permanent)

Hearing loss
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erative LSR changes were classified into complete disappear-
ance, amplitude change ≥50%, and amplitude change <50%. 
Almost all (98.4%) of the 316 patients who exhibited a reduc-
tion in the LSR of at least 50% (including complete disappear-
ance) experienced relief on the immediate postoperative day 
and over a long period of time after surgery (an average of 
34.1 months). However, of those who experienced a decrease 
in the LSR of less than 50%, 18.8% and 25% achieved good 
outcomes on the first postoperative day and at the latest fol-
low-up, respectively (p<0.01). These findings suggest that a 
reduction in the LSR of at least 50% could be useful as a pre-
dictor of good long-term outcomes following MVD. 

However, Thirumala et al.35 obtained conflicting results re-
garding the prognostic value of the LSR in a study that also 
analyzed the long-term outcome according to the disappear-
ance of the LSR following adequate MVD for HFS. In that 
study, 40 (17%) patients exhibited a residual LSR after ade-
quate decompression. The analysis of the long-term postop-
erative outcomes revealed no difference in spasm-free status 
between patients who experienced the disappearance of the 
LSR and those with persistent LSR; however, the disappear-
ance of the LSR was correlated with immediate postoperative 
spasm relief. Therefore, the authors concluded that although 
the disappearance of the LSR was associated with immediate 
relief, it was less strongly associated with long-term clinical 
improvement after MVD. El Damaty et al.36 also studied the 
value of intraoperative LSR for predicting clinical outcomes 

after MVD. In that study, the LSR completely disappeared 
in 56 of 100 patients with HFS, partially disappeared in 14, 
persisted in 10, and was not detected in 20 patients. There was 
no significant association between the disappearance of the 
LSR and the clinical outcome at 1 year after surgery (p=0.9). 
Those authors concluded that the LSR was valuable only as 
an intraoperative guidance tool to ensure adequate decom-
pression, and that it was not a reliable predictor of the prog-
nosis after MVD surgery.

A 2020 meta-analysis of the prognostic value of the intra-
operative LSR for predicting clinical outcomes after MVD 
analyzed data from 26 studies involving 7,479 patients with 
HFS.37 Overall, the intraoperative LSR status had a high speci-
ficity but only a moderate sensitivity in predicting the spasm-
free status after MVD, with the following specificities and 
sensitivities reported at various time points: 89% and 40%, 
respectively, at discharge, 90% and 41% at 3 months postsur-
gery, and 89% and 40% at 1 year postsurgery. For the patients 
who experienced a persistent LSR after MVD, the probability 
of persistent HFS was 47.8% at discharge, 40.8% at 3 months, 
and 24.4% at 1 year postsurgery. Those authors considered 
that the primary cause of the low sensitivity of intraoperative 
LSR as a prognostic factor after MVD was the high cure rate 
of HFS (≥90%) and the low incidence of a persistent LSR fol-
lowing MVD, followed by the unique pathogenesis of HFS. 

Two distinct pathologic mechanisms are known to contrib-
ute to the genesis of HFS: vascular compression and the hy-

Conventional
method

New method

F

-

-

-

-

-

+

+

+

O

F-O

A   B  
Fig. 3. The facial nerve mapping and the comparison of stimulation direction for lateral spread response. A: Facial nerve mapping performed pre-
operatively. The locations of maximal lateral-spread response elicitation are divided into the following three regions: F (directed toward the fron-
talis muscle, which is almost vertical to the anode), O (directed toward the orbicularis oculi muscle), and F-O (between F and O). B: The direction of 
stimulation in the new methodologies. Electrodes are inserted intradermally, with the anode located proximally over the area just anterior to the 
mandibular fossa. The cathode is located distally in the temporal branch of the facial nerve. The direction of stimulation is centrifugal, projecting 
outward from the brainstem (red arrow). Centripetal impulses are transmitted toward the brainstem in the conventional method, with the cathode 
positioned proximally (black arrow). 
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perexcitability of the FMN.30,31 Any residual LSR could be at-
tributed to the central mechanism of HFS pathophysiology, 
including the hyperexcitability of the FMN in the brainstem.13 
The pulsatile impulse to the root entry/exit zone (REZ) was 
immediately removed once MVD was performed, and the 
hyperexcitability of the FMN began to decline and normalize 
slowly over a few months, or even a few years in some patients. 

ZLR 
The ZLR is an alternative intraoperative EMG measurement 
of the facial nerve for HFS.38 This response can be evoked by 
stimulating the adjacent facial nerve branch when the wall 
of the offending artery is electrically stimulated.38,39 The ZLR 
is known to be a useful measurement when the LSR cannot 
be evaluated or is unstable, such as when this response is ab-
sent before MVD or persists after MVD. In addition, mea-
suring the ZLR can help identify the offending vessel when 
there are multiple potential offending vessels.39

Methodology 
ZLR measurements involve inserting subdermal needle ref-
erence electrodes into the frontal muscle, with the needle re-
cording electrodes inserted into the orbicularis oculi, orbi-
cularis oris, and mentalis muscles. The stimulating electrode 
is a noninvasive concentric electrode used intracranially. This 
method involves bipolar stimulation. Before detaching the of-
fending artery from the facial nerve, the stimulating electrode 
is placed on the offending artery wall within 5 mm of the com-
pression site of the REZ, a square-wave impulse (1–2 mA, 
0.2 ms, 3 Hz) is delivered, and facial EMG signals are record-
ed. This recording procedure is repeated for every offend-
ing vessel until the facial nerve is completely decompressed. 

Practical value
The ZLR may be useful when there are limitations to mea-
suring the LSR. Zheng et al.38 suggested that measuring both 
the LSR and ZLR could provide more useful information than 
measuring the LSR alone, since the ZLR may be the only 
useful intraoperative facial EMG metric in some cases. In ad-
dition, the ZLR can differentiate the offending vessel when 
multiple vessels are present or when the offending vessel is 
concealed by a tandem vertebral artery.39 However, the ZLR 
should be measured carefully, since it is an orthodromic fa-
cial EMG measurement based on a current that spreads to the 
facial nerve from an electrically stimulated arterial wall that 
lies within several millimeters from the facial nerve. There-
fore, the ZLR would be elicited irrespective of the stimulation 
location along the course of the artery in cases in which there 
is any mechanical contact between the electrically stimulated 
arteries and the facial nerve.40 For example, the ZLR could 

persist if the distal cisternal portion of the offending arteries 
were in contact with the distal facial nerve in addition to any 
vascular contact at the REZ, despite the disappearance of the 
LSR after complete decompression. Also, some experts con-
sider that one possible drawback of measuring the ZLR is that 
a larger craniectomy than usual is needed in order to be able 
stimulate the offending vessel using a bipolar stimulator.

FCoMEPs 
Since the development of an intraoperative facial nerve-relat-
ed corticobulbar tract monitoring method,41 FCoMEP moni-
toring has been widely used in various types of neurosurgical 
approaches applied to treat lesions involving the facial nu-
cleus and/or facial nerve.42 Considering that the established 
pathophysiology of HFS is related to both the facial nucleus 
and the peripheral facial nerve, the application of FCoMEP 
monitoring during HFS surgery could be very useful for eval-
uating electrophysiologic changes of the entire pathway re-
lated to the facial nerve.

The first study to employ FCoMEP monitoring in MVD 
surgery was reported in 2005 by Wilkinson and Kaufmann.8 
When FCoMEPs were monitored during surgery in patients 
diagnosed with HFS and trigeminal neuralgia, the amplitude 
and duration of the FCoMEPs significantly decreased after 
decompression on the side affected by spasms in patients with 
HFS. 

In 2012, Fernández-Conejero et al.13 revealed that FCoMEPs 
could be generated in response to even a single transcranial 
stimulus at a relatively low intensity before the facial nerve 
decompression could not be reproduced following the de-
compression in patients with HFS. A response originating 
from transcranial motor cortex activation from a single stim-
ulus could be differentiated from the ‘peripheral’ response, 
which came from the directly activated facial nerve by a dis-
tally spreading current and could be elicited by a single pulse 
(as is well known) based on the latency of waves, since a ‘pe-
ripheral’ response usually has a short onset latency (<10 ms). 
After successful decompression, only multipulse transcranial 
stimuli could elicit FCoMEPs, and each elicitation required 
a higher stimulus intensity than before the decompression, 
indicating an increased threshold.13

Since then similar findings related to FCoMEPs have been 
obtained in studies involving MVD surgery in patients with 
HFS, some of which also analyzed facial motor evoked po-
tentials (MEPs) data to assess correlations with other neuro-
monitoring data, such as free-running EMG (frEMG)43 or 
abnormal motor responses (AMRs),44 and to evaluate the 
predictive value for postoperative symptom relief.44 

Fukuda et al.44 classified patients with HFS (n=45) into two 
groups based on the ratio of the final (post-MVD) to base-
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line (pre-MVD) FCoMEP amplitudes recorded from the or-
bicularis oculi muscle: <50% (FCoMEP-A, n=30) and ≥50% 
(FCoMEP-B, n=15). In group FCoMEP-A, there was a signif-
icant correlation between the amplitude and the disappear-
ance of AMRs during MVD (p<0.05), and this group also 
contained a higher proportion of patients whose symptom 
disappeared ‘immediately’ postoperatively compared with the 
proportion in group FCoMEP-B. However, the difference was 
not statistically significant (p=0.19). The same research team 
also investigated the relationship between the change in the 
FCoMEP amplitude ratio and frEMG activity, which was de-
fined as the integral value of the maximum frEMG ampli-
tude induced by saline injection before and after MVD.43 The 
FCoMEP amplitude ratios (post-MVD/pre-MVD) in the 
mentalis muscles were significantly lower in the group with 
frEMG ratios <50% (59.0%±31.0%, mean±SD) than in the 
group with frEMG ratios ≥50% (92.6%±32.1%, p<0.05). 

Wilkinson and Kaufmann45 compared the thresholds for 
FCoMEPs during surgery in patients with HFS (n=65) and 
those with skull-base tumors (n=29). The proportion of 
FCoMEPs generated by single-pulse stimulation was higher 
in patients with HFS than in patients with skull-base tumors 
(87% vs. 10%), while a significantly lower stimulating voltage 
(multipulse) was required to elicit the response in the former 
group (111.3±49.0 V vs. 182.8±70.2 V, p<0.001). In another 
recent study performed by the same research group, the au-
thors compared the activation threshold voltages and the 
mean amplitudes of FCoMEPs using the nonspasm (asymp-
tomatic) side as a control.46 The activation threshold of MEPs 
was significantly lower on the HFS side than on the non-
spasm side (162.9±10.1 V vs. 198.3±10.1 V, p=0.01), and the 
addition of desflurane (a centrally acting anesthetic agent) to 
the total intravenous anesthesia protocol resulted in a sig-
nificantly smaller reduction in the amplitude of facial MEPs 
on the HFS side than on the nonspasm control side (59% vs. 
79%, p=0.03), which supported the central hyperexcitability 
of the facial nucleus theory of HFS. 

While FCoMEPs have recently been increasingly applied 
in MVD surgery for patients with HFS, more well-designed 
controlled studies are needed to establish the clinical useful-
ness of FCoMEP monitoring as a predictor of postoperative 
outcomes.

BR 
Attempts have also been made to utilize a brainstem reflex in 
ION during MVD for HFS. Møller and Jannetta31,47 first re-
ported the elicitation of the BR response intraoperatively as 
well as its disappearance after decompression of the facial 
nerve in patients with HFS. However, it was subsequently sug-
gested that the electrical response induced by their method-

ology could result from the lateral axon-to-axon spread of 
excitation in the facial nerve fibers instead of the trigeminal 
afferent nerve.48 

In 2009, Deletis et al.49 reported a new methodology for 
eliciting the early response (R1) component of the BR in anes-
thetized patients by applying a train of electrical stimuli to the 
supraorbital nerve. That research group also described in-
traoperative recordings of the BR during MVD surgery. They 
found that increasing the stimuli intensity or the number of 
stimuli within the train was necessary to elicit a BR imme-
diately after MVD in patients with HFS, and they attributed 
these changes in the BR to the immediate decrease in the hy-
perexcitability of the FMN following effective decompression 
of the facial nerve.13

Choi et al.12 recently investigated the prognostic and pre-
dictive values of utilizing the BR as an ION technique during 
MVD in 41 patients with HFS. They compared BR and LSR 
monitoring results with clinical outcomes at 1 day, 1 month, 
and 6 months postoperatively. The outcome of spasm reso-
lution differed significantly between the groups exhibiting a 
persistent BR and a resolved BR at all three time points. How-
ever, the same outcome differed significantly between patients 
with a persistent LSR and a resolved LSR only at 1 day and 1 
month postoperatively, while BR monitoring was significantly 
better than LSR monitoring for predicting surgical outcomes 
only at 6 months after surgery. Those authors suggested that 
the BR could be a more-reliable predictor of surgical outcomes 
than the LSR, and a potentially useful method for ensuring 
adequate decompression of the facial nerve during this type 
of surgery. They also observed a difference in the pattern of 
change between these two methodologies throughout the 
surgical procedures (i.e., the BR disappeared almost simul-
taneously or before the LSR in most cases). They proposed a 
mechanistic explanation for this phenomenon from a neu-
rophysiologic perspective. A representative case is illustrated 
in Fig. 4.

Blink synkinesis (BS) can be demonstrated by the presence 
of electrical responses not only in the orbicularis oculi but 
also in the orbicularis oris or other facial muscles during elec-
trical stimulation of the supraorbital nerve in patients with 
HFS.50,51 Møller and Jannetta47 found that decompression of 
the facial nerve led to the disappearance of both BS and the 
LSR. They hypothesized that the underlying pathophysiologic 
mechanism of HFS is related to the hyperexcitability of the 
FMN. In 2019, Hsu et al.52 evaluated the utility of BS moni-
toring during MVD for HFS relative to that of the conven-
tional ION methodologies; ultimately, they concluded that 
BS showed the highest sensitivity and predictive values among 
the three methodologies they compared, including BS, the 
LSR, and facial nerve MEP.
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While their potential value has yet to be fully elucidated, 
BR and BS monitoring are promising candidates for new ION 
methodologies, not only for predicting surgical outcomes but 
also as indicators of adequate decompression of the facial 
nerve during MVD for HFS, which could compensate for the 
shortcomings of the LSR. Moreover, these reflex-based meth-
odologies can also facilitate the additional and simultaneous 

monitoring of the trigeminal afferents and brainstem connec-
tions comprising the reflex arc. To date, the number of stud-
ies using BR or BS has been quite limited; therefore, further 
prospective studies with larger sample sizes and more extend-
ed follow-up periods are required to confirm the usefulness 
of these reflex monitoring techniques. 
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Fig. 4. Representative cases of intraoperative BR monitoring (A) and LSR monitoring (B) during MVD for hemifacial spasm. During surgical proce-
dures, intraoperative BR resolution is followed by LSR resolution immediately after the insertion of a Teflon pad. BR, blink reflex; LSR, lateral-
spread response; MVD, microvascular decompression.
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CONCLUSION

The application of the new advances in ION methodologies 
used during MVD for HFS summarized in this review have 
not only provided clinicians with deeper insights into the 
pathophysiology of HFS, but they have also led to improve-
ments in the efficacy of MVD and the prognosis of HFS af-
ter treatment. Future studies on developing novel monitoring 
techniques and the modification/optimization of existing ION 
methodologies will continue to improve clinical outcomes fol-
lowing MVD for HFS.

Availability of Data and Material 
The datasets generated or analyzed during the study are available from the 
corresponding author on reasonable request.

ORCID iDs
Byung-Euk Joo	 https://orcid.org/0000-0003-3566-1194
Jun-Soon Kim	 https://orcid.org/0000-0001-7685-2793
Kyung Seok Park	 https://orcid.org/0000-0003-1553-5932

Author Contributions 
Conceptualization: Byung-Euk Joo, Jun-Soon Kim, Kyung Seok Park. 
Methodology: Byung-Euk Joo, Jun-Soon Kim. Supervision: Kyung Seok 
Park. Validation: Vedran Deletis, Kyung Seok Park. Visualization: Byung-
Euk Joo, Jun-Soon Kim. Writing—original draft: Byung-Euk Joo, Jun-
Soon Kim. Writing—review & editing: all authors.

Conflicts of Interest
Kyung Seok Park, a contributing editor of the Journal of Clinical Neurolo-
gy, was not involved in the editorial evaluation or decision to publish this 
article. All remaining authors have declared no conflicts of interest.

Funding Statement
This work was supported by the Soonchunhyang University Research 
Fund. 

Acknowledgements
The authors thank Jongsuk Choi, M.D. and technologist Byung-Hwa 
Park for their help in preparing the figures.

REFERENCES
1.	 Samii M, Günther T, Iaconetta G, Muehling M, Vorkapic P, Samii A. 

Microvascular decompression to treat hemifacial spasm: long-term 
results for a consecutive series of 143 patients. Neurosurgery 2002;50: 
712-719.

2.	 Hyun SJ, Kong DS, Park K. Microvascular decompression for treating 
hemifacial spasm: lessons learned from a prospective study of 1,174 
operations. Neurosurg Rev 2010;33:325-334.

3.	 Møller AR, Jannetta PJ. On the origin of synkinesis in hemifacial 
spasm: results of intracranial recordings. J Neurosurg 1984;61:569-
576.

4.	 Polo G, Fischer C, Sindou MP, Marneffe V. Brainstem auditory evoked 
potential monitoring during microvascular decompression for hemi-
facial spasm: intraoperative brainstem auditory evoked potential 
changes and warning values to prevent hearing loss--prospective study 
in a consecutive series of 84 patients. Neurosurgery 2004;54:97-106.

5.	 Hirono S, Yamakami I, Sato M, Kado K, Fukuda K, Nakamura T, et al. 
Continuous intraoperative monitoring of abnormal muscle response 

in microvascular decompression for hemifacial spasm; a real-time 
navigator for complete relief. Neurosurg Rev 2014;37:311-320.

6.	 Joo BE, Park SK, Cho KR, Kong DS, Seo DW, Park K. Real-time in-
traoperative monitoring of brainstem auditory evoked potentials dur-
ing microvascular decompression for hemifacial spasm. J Neurosurg 
2016;125:1061-1067.

7.	 Lee MH, Lee S, Park SK, Lee JA, Park K. Delayed hearing loss after 
microvascular decompression for hemifacial spasm. Acta Neurochir 
(Wien) 2019;161:503-508.

8.	 Wilkinson MF, Kaufmann AM. Monitoring of facial muscle motor 
evoked potentials during microvascular decompression for hemifacial 
spasm: evidence of changes in motor neuron excitability. J Neurosurg 
2005;103:64-69.

9.	 Fukuda M, Oishi M, Hiraishi T, Fujii Y. Facial nerve motor-evoked 
potential monitoring during microvascular decompression for hemi-
facial spasm. J Neurol Neurosurg Psychiatry 2010;81:519-523.

10.	 Jo KW, Kong DS, Park K. Microvascular decompression for hemifa-
cial spasm: long-term outcome and prognostic factors, with empha-
sis on delayed cure. Neurosurg Rev 2013;36:297-302.

11.	 Lee SH, Park BJ, Shin HS, Park CK, Rhee BA, Lim YJ. Prognostic 
ability of intraoperative electromyographic monitoring during micro-
vascular decompression for hemifacial spasm to predict lateral spread 
response outcome. J Neurosurg 2017;126:391-396.

12.	 Choi J, Yang S, Kim JS, Han JH, Park KS. Predictive value of intraop-
erative blink reflex monitoring for surgical outcome during microvas-
cular decompression for hemifacial spasm. Clin Neurophysiol 2020; 
131:2268-2275.

13.	 Fernández-Conejero I, Ulkatan S, Sen C, Deletis V. Intra-operative 
neurophysiology during microvascular decompression for hemifacial 
spasm. Clin Neurophysiol 2012;123:78-83.

14.	 Legatt AD. Mechanisms of intraoperative brainstem auditory evoked 
potential changes. J Clin Neurophysiol 2002;19:396-408.

15.	 Wilkins RH. Hemifacial spasm: a review. Surg Neurol 1991;36:251-277.
16.	 American Clinical Neurophysiology Society. Guideline 9C: guidelines 

on short-latency auditory evoked potentials. J Clin Neurophysiol 2006; 
23:157-167.

17.	 Ying T, Thirumala P, Shah A, Nikonow T, Wichman K, Holmes M, et 
al. Incidence of high-frequency hearing loss after microvascular de-
compression for hemifacial spasm. J Neurosurg 2013;118:719-724.

18.	 Thirumala PD, Carnovale G, Habeych ME, Crammond DJ, Balzer JR. 
Diagnostic accuracy of brainstem auditory evoked potentials during 
microvascular decompression. Neurology 2014;83:1747-1752.

19.	 Legatt AD. Electrophysiologic auditory tests. Handb Clin Neurol 2015; 
129:289-311.

20.	 Greve T, Beyer F, Szelényi A. Intraoperative Erb’s Point-Vertex record-
ing increases brainstem auditory evoked potential wave V amplitude. 
Clin Neurophysiol 2020;131:420-424.

21.	 Grundy BL, Jannetta PJ, Procopio PT, Lina A, Boston JR, Doyle E. In-
traoperative monitoring of brain-stem auditory evoked potentials. J 
Neurosurg 1982;57:674-681.

22.	 Hatayama T, Møller AR. Correlation between latency and amplitude 
of peak V in the brainstem auditory evoked potentials: intraoperative 
recordings in microvascular decompression operations. Acta Neuro-
chir (Wien) 1998;140:681-687.

23.	 Park SK, Joo BE, Lee S, Lee JA, Hwang JH, Kong DS, et al. The critical 
warning sign of real-time brainstem auditory evoked potentials dur-
ing microvascular decompression for hemifacial spasm. Clin Neuro-
physiol 2018;129:1097-1102.

24.	 Joo BE, Park SK, Lee MH, Lee S, Lee JA, Park K. Significance of wave 
I loss of brainstem auditory evoked potentials during microvascular 
decompression surgery for hemifacial spasm. Clin Neurophysiol 2020; 
131:809-815.

25.	 Little JR, Lesser RP, Lueders H, Furlan AJ. Brain stem auditory evoked 
potentials in posterior circulation surgery. Neurosurgery 1983;12:496-
502.



420  J Clin Neurol 2022;18(4):410-420

ION During MVD for HFSJCN
26.	 Sato S, Yamada M, Koizumi H, Onozawa Y, Shimokawa N, Kawashi-

ma E, et al. Neurophysiological mechanisms of conduction impair-
ment of the auditory nerve during cerebellopontine angle surgery. 
Clin Neurophysiol 2009;120:329-335.

27.	 Park SK, Joo BE, Kwon J, Kim M, Lee S, Lee JA, et al. A prewarning 
sign for hearing loss by brainstem auditory evoked potentials during 
microvascular decompression surgery for hemifacial spasm. Clin 
Neurophysiol 2021;132:358-364.

28.	 Haines SJ, Torres F. Intraoperative monitoring of the facial nerve dur-
ing decompressive surgery for hemifacial spasm. J Neurosurg 1991; 
74:254-257.

29.	 Møller AR, Jannetta PJ. Monitoring facial EMG responses during 
microvascular decompression operations for hemifacial spasm. J 
Neurosurg 1987;66:681-685.

30.	 Nielsen VK. Pathophysiology of hemifacial spasm: I. Ephaptic trans-
mission and ectopic excitation. Neurology 1984;34:418-426.

31.	 Møller AR, Jannetta PJ. Hemifacial spasm: results of electrophysiologic 
recording during microvascular decompression operations. Neurology 
1985;35:969-974.

32.	 Lee S, Park SK, Lee JA, Joo BE, Kong DS, Seo DW, et al. A new meth-
od for monitoring abnormal muscle response in hemifacial spasm: a 
prospective study. Clin Neurophysiol 2018;129:1490-1495.

33.	 Kimura J. Electrodiagnosis in diseases of nerve and muscle: princi-
ples and practice. 4th ed. New York: Oxford University Press, 2013. 

34.	 Liu MX, Zhong J, Xia L, Dou NN, Sun H, Li B, et al. The significance 
of abnormal muscle response monitoring during microvascular de-
compression for hemifacial spasm. Acta Neurochir Suppl 2017;124: 
297-301.

35.	 Thirumala PD, Wang X, Shah A, Habeych M, Crammond D, Balzer 
JR, et al. Clinical impact of residual lateral spread response after ade-
quate microvascular decompression for hemifacial spasm: a retro-
spective analysis. Br J Neurosurg 2015;29:818-822.

36.	 El Damaty A, Rosenstengel C, Matthes M, Baldauf J, Schroeder HW. 
The value of lateral spread response monitoring in predicting the clini-
cal outcome after microvascular decompression in hemifacial spasm: a 
prospective study on 100 patients. Neurosurg Rev 2016;39:455-466.

37.	 Thirumala PD, Altibi AM, Chang R, Saca EE, Iyengar P, Reddy R, et 
al. The utility of intraoperative lateral spread recording in microvas-
cular decompression for hemifacial spasm: a systematic review and 
meta-analysis. Neurosurgery 2020;87:E473-E484.

38.	 Zheng X, Hong W, Tang Y, Ying T, Wu Z, Shang M, et al. Discovery of 
a new waveform for intraoperative monitoring of hemifacial spasms. 
Acta Neurochir (Wien) 2012;154:799-805.

39.	 Yang M, Zheng X, Ying T, Zhu J, Zhang W, Yang X, et al. Combined 

intraoperative monitoring of abnormal muscle response and Z-L re-
sponse for hemifacial spasm with tandem compression type. Acta 
Neurochir (Wien) 2014;156:1161-1166.

40.	 Son BC, Ko HC, Choi JG. Intraoperative monitoring of Z-L response 
(ZLR) and abnormal muscle response (AMR) during microvascular 
decompression for hemifacial spasm. Interpreting the role of ZLR. 
Acta Neurochir (Wien) 2018;160:963-970.

41.	 Dong CC, Macdonald DB, Akagami R, Westerberg B, Alkhani A, 
Kanaan I, et al. Intraoperative facial motor evoked potential monitor-
ing with transcranial electrical stimulation during skull base surgery. 
Clin Neurophysiol 2005;116:588-596.

42.	 Deletis V, Fernández-Conejero I. Intraoperative monitoring and map-
ping of the functional integrity of the brainstem. J Clin Neurol 2016; 
12:262-273.

43.	 Fukuda M, Takao T, Hiraishi T, Fujii Y. Free-running EMG monitor-
ing during microvascular decompression for hemifacial spasm. Acta 
Neurochir (Wien) 2015;157:1505-1512.

44.	 Fukuda M, Oishi M, Takao T, Hiraishi T, Sato Y, Fujii Y. Monitoring 
of abnormal muscle response and facial motor evoked potential dur-
ing microvascular decompression for hemifacial spasm. Surg Neurol 
Int 2012;3:118.

45.	 Wilkinson MF, Kaufmann AM. Facial motor neuron excitability in 
hemifacial spasm: a facial MEP study. Can J Neurol Sci 2014;41:239-
245.

46.	 Wilkinson MF, Chowdhury T, Mutch WA, Kaufmann AM. Analysis 
of facial motor evoked potentials for assessing a central mechanism in 
hemifacial spasm. J Neurosurg 2017;126:379-385.

47.	 Møller AR, Jannetta PJ. Physiological abnormalities in hemifacial 
spasm studied during microvascular decompression operations. Exp 
Neurol 1986;93:584-600.

48.	 Montero J, Junyent J, Calopa M, Povedano M, Valls-Sole J. Electro-
physiological study of ephaptic axono-axonal responses in hemifacial 
spasm. Muscle Nerve 2007;35:184-188.

49.	 Deletis V, Urriza J, Ulkatan S, Fernandez-Conejero I, Lesser J, Misita 
D. The feasibility of recording blink reflexes under general anesthe-
sia. Muscle Nerve 2009;39:642-646.

50.	 Auger RG. Hemifacial spasm: clinical and electrophysiologic obser-
vations. Neurology 1979;29(9 Pt 1):1261-1272.

51.	 Nielsen VK. Pathophysiology of hemifacial spasm: II. Lateral spread 
of the supraorbital nerve reflex. Neurology 1984;34:427-431.

52.	 Hsu PC, Yang TF, Hsu SPC, Yen YS, Lin CF, Tsai YY, et al. Blink syn-
kinesis monitoring during microvascular decompression for hemifa-
cial spasm. J Chin Med Assoc 2019;82:519-523.




