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A B S T R A C T

Background: Microvascular decompression has been established as a primary treatment for hemifacial spasm.
Intraoperative monitoring is used during the surgery to guide neurosurgeons to determine whether the decom-
pression of facial nerve from the vessel is sufficient. We performed a systematic review to assess the role of lateral
spread response (LSR) monitoring in predicting hemifacial spasm outcomes after microvascular decompression.
Method: A systematic search of PubMed, ScienceDirect, Cochrane, and Google Scholar was conducted. We
included studies that performed microvascular decompression surgery with intraoperative monitoring analyzing
the correlation between lateral spread response and spasm relief. A critical appraisal was conducted for selected
studies.
Result: Twenty-two studies comprising 6404 cases of hemifacial spasm, which underwent microvascular
decompression surgery with intraoperative monitoring, were included. Of 15 articles that assessed symptoms
shortly after surgery, 12 studies showed a significant correlation between lateral spread response resolution and
disappearance of spasm. Four of six studies that evaluated the outcome at 3-month follow-up showed significant
relationship between LSR and outcome, so did five of six articles that assessed spasm relief at 6-month follow-up.
As much as 62.5% of studies (10 of 16) showed the result at long-term follow-up (�1-year) was not significant.
Conclusion: Intraoperative monitoring during microvascular decompression surgery can be a useful tool to predict
hemifacial spasm resolution. Though long-term outcomes of patients with LSR relief and persistence are similar,
resolution of symptoms shortly after surgery will provide comfort to patients thereby improving their quality of
life.
1. Introduction

Hemifacial spasm (HFS) is not a life-threatening disease which may
make patients suffer intensely and tend to withdraw socially. This dis-
order, characterized by involuntary contraction of the muscle innervated
by facial nerve (cranial nerve [CN] VII), triggers involuntary short or
longer contractions of the facial muscles [1]. The symptom usually begins
in muscle of orbicularis oculi and then spread to other muscle which
innervated by CN VII [2].

The facial nerve arises from pons, extends posteriorly and courses
through facial canal in the temporal bone then exits through stylomastoid
foramen. The nerve provides motor innervation of facial muscles, para-
sympathetic innervation of the glands of oral cavity and lacrimal glands,
and sensory innervation of the anterior two-third of the tongue. The
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intracranial part of seventh nerve begins in facial motor area of pre-
central gyrus, which the axons travel ipsilaterally along the corticobulbar
tract to lower pons. The facial nerve begins its extracranial part when it
passes through internal acoustic meatus to enter the facial canal within
the petrous part of temporal bone. After giving branch to greater petrosal
nerve, nerve to stapedius muscle, and chorda tympani, it leaves the
cranium via stylomastoid foramen and gives innervation to pinna of the
ear, external auditory meatus, and parotid gland [3]. The upper motor
neuron part received blood supply from middle cerebral artery, while
facial nucleus located in the pons had supply from anterior inferior
cerebellar artery. Within the facial canal, it received supply from middle
meningeal artery and stylomastoid artery, and after exiting the stylo-
mastoid foramen, it is supplied by branch of stylomastoid artery [4] (see
Figure 1).
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Figure 1. Facial nerve course of motor, sensory, parasympathetic innervation.
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Hemifacial spasm can be either primary or secondary. Anterior infe-
rior cerebellar artery is the most common involved vessel in primary
hemifacial spasm, in which it causes facial nerve compression [5]. The
causes of secondary HFS includes cerebellopontine angle tumors, arte-
riovenous malformation, brainstem lesions such as stroke or demyelin-
ating disorders, mastoid and ear infection, parotid tumors, and Bell's
palsy [6].

The common cause of HFS is microvascular compression of CN VII by
offending vessels at the root exit zone (REZ). Pressure and irritation of
facial nerve cause local demyelination and shortening between nerve
Figure 2. Change of LSR during MVD. Intraoperative monitoring depicting part
detachment and Teflon insertion (right).
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fibers, leading to ectopic bioelectric transmission [7]. Microvascular
decompression (MVD) surgery was first proposed by Jannetta, suggesting
that decompression of CN VII from offending vascular could solve the
problem that was caused by neural circuitry shortening [8]. A report by
Chung et al. of 1169 cases of MVD for HFS with a mean of follow-up of
28.3 months showed an overall effective rate of 95% [9]. Another review
conducted by Miller et al. found complete resolution of symptoms as
much as 91.1% with an average follow-up of 2.9 years [10]. However,
several reports showed the recurrence of spasm due to inadequate nerve
decompression or neglected offending vessels, as well as vascular change
and slippage of Teflon [11, 12].

Intraoperative monitoring (IOM) has been widely used during MVD
surgery to guide neurosurgeons to determine whether the decompression
is sufficient, or the facial nerve has been released from all offending
vessels. Classically, HFS in electromyography (EMG) is represented as
lateral spread response (LSR), a paradoxical evoked response of facial
muscle to the stimulation of CN VII [13] Figure 2. LSR, or abnormal
muscle response (AMR), is believed to be responsible in HFS due to
ephaptic transmission of neural impulses between different branches of
the facial nerve [14]. Some reports showed a significant relationship of
LSR resolution with relief of symptoms, while other reports failed to find
the similar result [15, 16, 17, 18].

This study aims to systematically review the role of IOM during MVD
surgery in predicting the outcome of HFS, and to give insight especially
for neurosurgeons to decide whether it is useful to have IOM while
performing MVD surgery for HFS.

2. Method

2.1. Study search

We conduct a study according to Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis (PRISMA) guidelines (available from
http://www.prisma-statement.org/). A thorough search was performed
for available articles from PubMed, ScienceDirect, Cochrane Library, and
Google Scholar from the date of inception until June 2, 2020. We used
keywords “microvascular decompression” AND “hemifacial spasm” AND
ial resolution of LSR (left), gradually disappearing completely after vascular
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Table 1. Research question.

Study Component

Patient Hemifacial spasm patients
underwent microvascular
decompression with IOM

Intervention/Exposure Lateral Spread Response free after
decompression

Comparison Lateral Spread Response
persistence after decompression

Outcome Spasm resolution
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“intraoperative monitoring OR lateral spread response OR abnormal
muscle response” AND “outcome” to find relevant articles.

2.2. Inclusion and exclusion criteria

Inclusion criteria were studies reporting MVD for HFS with moni-
toring of LSR/AMR intraoperatively, contained follow-up report on HFS
status post-surgery, and performed analysis of relationship between LSR
status post-surgery and outcome. Exclusion criteria were non-English
literature, review study, case report study, and sample size <30 pa-
tients (see Tables 1 and 2).

2.3. Data extraction and quality assessment

Two reviewers (YNM and SAHP) independently screened titles and
abstracts, and read the full-text to filter literatures that met our research
question and inclusion criteria. If inconsistencies were encountered, the
problems were resolved through discussion with the first author (SWN).
Selected articles were appraised using critical appraisal tool for prog-
nostic studies (available from https://cebm.net/wp-content/uploads/20
18/11/Prognosis.pdf). Discussion between two reviewers or consultation
with the first author was conducted if there was any disagreement during
evaluation.

3. Result

3.1. Search result

Figure 3 presented a detailed process of literature selection. At initial
search of combined keywords, we found 94 articles form PubMed, 10
articles from ScienceDirect, 9 articles from Cochrane Library, and 1080
articles from Google Scholar, total 1193. After screening titles and ab-
stracts, we selected 52 papers, and after reading full-text and excluding
duplicates, we included 22 studies.

3.2. Studies characteristic

Twenty-two studies comprising 6404 patients with HFS, who un-
derwent MVD with monitoring of LSR intraoperatively, were selected.
Eight articles were prospective studies, and the rest were retrospective,
published between 1996-2019. Of 22 articles, eight studies were con-
ducted in China, five in South Korea, four in Japan, two in Germany, one
in France, and two in USA. The sample sized ranged from 32-1172, all
received MVD surgery with IOM from 1985-2017. The range of follow-up
of outcomes was one day – 82.3 months. The definition of LSR resolution
and HFS relief were varied; some studies defined them as a decrease of
amplitude of LSR and partial elimination of symptoms, others defined
them as complete LSR disappearance and resolution of spasm. The
detailed characteristics of studies was presented in Table 3.

3.3. Association between LSR and outcome

3.3.1. One-day to one-week follow-up
Fifteen papers assessed patients’ outcome shortly after surgery.

Studies that conducted evaluation immediately post-surgery were
included in 1-day to 1-week window period in our systematic review.
Two studies that assessed outcome at discharge (mean: 3.91� 1.98 days)
were also considered to be within this follow-up period.

Of 15 studies, 12 articles (75%) found that LSR resolution was
significantly correlated with spasm improvement in short-term follow-
up. Twelve out of 15 defined LSR resolution as complete disappearance of
abnormal muscle response wave, while the rest defined it as a decrease of
amplitude >50% of baseline. Seven studies used complete elimination of
spasm as definition HFS relief, improvement of spasm �75% in three
studies, improvement of spasm �90% in one study, and less than com-
plete elimination of symptom in four studies.
3

3.3.2. Three-month follow-up
Six articles evaluated patients’ outcome at 3-month follow-up. The

result showed 67% studies had significant correlation between LSR
disappearance and symptoms relief. One article could not be analyzed
because all patients, whether had LSR resolution or persistence after
surgery, did not complaint any spasm due to improvement over time. All
but one studies defined LSR resolution as complete disappearance, and
four articles described spasm relief as complete elimination of symptom.

3.3.3. Six-month follow-up
Only one out of six papers that found insignificant relationship be-

tween LSR status after surgery and spasm relief in 6-month follow-up. All
but one study described LSR resolution as complete disappearance of the
wave, whereas the other one did not mention the definition of LSR res-
olution. Complete elimination of spasm was described as HFS relief in
four studies, symptoms improved >75% in one study, and undefined in
other one.

3.3.4. Long-term follow-up
Of 22 studies, 16 articles re-assessed of outcomes in �1-year follow-

up. Ten of 16 articles (62.5%) failed to show LSR resolution as a signif-
icant predictor of spasm relief. Amplitude decrease>50% of baseline was
defined as LSR resolution in two studies, total or partial disappearance in
one study, and the rest defined it as complete wave disappearance. Eight
studies used complete elimination of symptom as definition of HFS relief,
one study did not mention any definition, and the others described it as
less than complete elimination.

4. Discussion

Hemifacial spasm is described as a disorder with paroxysmal, invol-
untary one side twitching of facial muscles innervated by ipsilateral CN
VII. Some articles [37, 38] reported rare cases of severe hemifacial spasm
(<5%) with bilateral involvement of facial muscles, but commonly it
occurs as unilateral disorder. As the symptoms suggest, HFS is considered
as a subtype of peripheral (neuromuscular) movement disorder [5].

Worldwide, it is estimated prevalence of HFS is 14.5 per 100,000
women and 7.4 per 100,000 men, showing that spasm more commonly
occurs in females than males [39]. Some studies reported, for unknown
reasons, Asians have a slightly higher prevalence as compared to Cau-
casians [40, 41]. The highest prevalence of HFS was between 40 and 59
years [39], while another report from Norway showed continual increase
in the prevalence to a maximum of 39.7 per 100 000 in those older than
70 [42].

Previous reports suggested hyperexcitability of the facial nucleus as a
substantial contributing factor in the pathogenesis of HFS [43]. Another
article [7] postulated the common cause of HFS is microvascular
compression of CN VII by offending vessels at REZ. Pressure and irritation
of facial nerve causes local demyelination and shortening between nerve
fibers, leading to ectopic bioelectric transmission.

Finding of LSR is indicated by impulses lateral spreading from one
fiber to other facial nerve fibers, or ephaptic transmission, and fibers
auto-excitation. In patients with blink reflex of HFS, there was synkinetic
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Table 2. Inclusion and exclusion criteria.

Inclusion Exclusion

Microvascular decompression
surgery of HFS with intraoperative
monitoring of LSR

Non-English article

Follow-up report of HFS status
postoperatively

Review study

Analyzing relationship between
LSR status post-surgery and
outcome

Case report study

Sample size <30 patients
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response in the mental muscle, and the response after-activity and late-
activity was observed as LSR [13]. This monitoring has been used to
assess if facial nerve decompression is sufficient during MVD surgery
[25].

Botulinum toxin remains a popular treatment of choice for HFS.
Derived from Clostridium botulinum, it is a potent biological toxin that
acts on the presynaptic region of the neuromuscular junction and pre-
vents the calcium-mediated release of acetylcholine at the nerve terminal
preventing impulse generation [6]. A prospective blinded study
including 9 patients with HFS by Yoshimura et al showed efficacy of
botulinum toxin compared to placebo [44]. Both primary and secondary
HFS responded well to botulinum toxin, according to an article by Pan-
dey et al. [45] Although the toxin needs to be injected repeatedly because
Figure 3. Flowchart of screening
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its effect is transient [6], a multicenter study by Defazio et al found that
HFS relief remained unchanged in the first and tenth year of treatment
[46]. Botulinum toxin injection is also treatment of choice for patients
who cannot tolerate surgery [1].

Surgical treatment is a preferred option for compressive lesions
because it directly addressed the cause, and for cases which are refractory
to botulinum toxin [5]. Microvascular decompression aims to remove the
vascular compression in the REZ of the nerve from the brainstem. It was
first suggested by Jannetta that releasing CN VII from offending vascular
could solve the HFS problem [8]. The patient is put under general
anesthesia in lateral decubitus position, and the procedure is performed
via a keyhole lateral retrosigmoid approach. After the cerebellopontine
angle is fenestrated and the arachnoid membrane is dissected, the
offending vessels are isolated away from REZ. A Teflon sponge is then
placed into interspace between the facial nerve and offending vessels
[47]. Despite some studies had reported effectiveness MVD in relieving
spasm [9, 10], some reports showed recurrent of spasm due to inade-
quate nerve decompression or neglected offending vessels [11, 12].

Monitoring through EMG in MVD is performed from the time of
administration of general anesthesia to dural closure. Prior to anesthesia
induction, stimulating needle electrode is inserted intradermally to
zygomatic branch of CN VII, and 0.1–0.2 ms pulse wave with intensity
5–25 ms is used. LSR recording is conducted at mentalis muscle during
stimulation of zygomatic branch of facial nerve. During surgery, LSR is
recorded before opening the dura, during discharge of cerebrospinal
strategy for included studies.



Table 3. Characteristic of eligible studies.

Author Year Duration of Study Country Type of Study Population Time of Follow Up Definition of LSR Resolution Definition of HFS Relief

Eckardstein [17] 2013 2000–2010 Germany Retrospective Study 38 1-year Complete disappearance Complete elimination of symptoms

El Damaty [18] 2016 2013–2015 Germany Prospective Study 100 1-year Total or partial relief �90% improvement

Hatem [19] 2001 N/A France Prospective Study 33 3-month, >1 year Complete disappearance Complete elimination of symptoms

Huang [16] 2017 2013–2015 China Retrospective Study 1138 1-day, 3-month, 1-year Complete disappearance Symptoms improved >75%

Isu [20] 1996 Undefined Japan Prospective Study 40 1-day, >1 year Complete disappearance Complete elimination of symptoms

Jo [21] 2012 1997–2007 South Korea Retrospective Study 801 >1 year Complete disappearance Less than complete elimination of symptoms

Joo [22] 2007 2001–2005 South Korea Retrospective Study 72 1-week, 6-month Complete disappearance Complete elimination of symptoms

Kiya [23] 2001 1998–1999 Japan Prospective Study 38 1-day, 3-month Complete disappearance Complete elimination of symptoms

Kong [24] 2007 2000–2005 South Korea Retrospective Study 263 1-week, 3-month, 1-year Complete disappearance Complete elimination of symptoms

Lee [25] 2016 2009–2013 South Korea Retrospective Study 885 1-day, 6-month, 1-year Complete disappearance Complete elimination of symptoms

Li [26] 2012 2006–2007 China Prospective Study 104 >1 year Complete disappearance Undefined

Liu [27] 2017 2010–2014 China Retrospective Study 332 1-day, >1 year Amplitude decreased >50% of baseline Symptoms improved >75%

Shin [28] 1997 1985–1994 South Korea Prospective Study 132 6-month Undefined Complete elimination of symptoms

Song [15] 2019 2013–2016 China Retrospective Study 73 1-week, 1-year Amplitude decreased >50% of baseline Complete elimination of symptoms

Thirumala [29] 2015 2000–2007 USA Retrospective Study 235 Immediate post-surgery, discharge, >1 year Complete disappearance Less than complete elimination of symptoms

Thirumala [30] 2011 2000–2007 USA Retrospective Study 259 Immediate post-surgery, discharge, >1 year Complete disappearance Less than complete elimination of symptoms

Tobishima [31] 2013 2005–2009 Japan Retrospective Study 131 1-week, 1-year Complete disappearance Complete disappearance or occasional slight spasm

Wei [32] 2018 2013–2014 China Prospective Study 145 1-week, 1-year Complete disappearance Symptoms improved �90%

Yamashita [33] 2005 1994–2001 Japan Retrospective Study 60 1-day, >1 year Complete disappearance Complete elimination of symptoms

Ying [34] 2011 2010 China Retrospective Study 241 1-day, 3-month, 6-month Complete disappearance Symptoms improved >75%

Zhang [35] 2017 2014–2016 China Retrospective Study 1172 1-day, 3-month Amplitude decreased >50% of baseline Complete disappearance or occasional slight spasm

Zhu [36] 2019 2015–2017 China Prospective Study 112 6-month Complete disappearance Undefined
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Table 4. Summary table of relationship between LSR resolution after decompression of facial nerve and HFS relief.

Author, Year Effect Size in Defined Time of Follow-Up

1-Day to 1-Week 3-Month 6-Month �1-Year

Eckardstein, 2013 _ _ _ p ¼ 0.7225

El Damaty, 2016 _ _ _ p ¼ 0.9

Hatem, 2001 _ p ¼ 0.245 _ p ¼ 0.697

Huang, 2017 p ¼ 0.0000* p ¼ 0.0000* _ p ¼ 0.0000*

Isu, 1996 p ¼ 0.001* _ _ p ¼ 0.008*

Jo, 2012 _ _ _ p ¼ 0.048*

Joo, 2007 p ¼ 0.044* _ p ¼ 0.323 _

Kiya, 2001 p ¼ 0.062 N/A** _ _

Kong, 2007 Not significant p ¼ 0.04* _ p ¼ 0.01*

Lee, 2016 p ¼ 0.048* _ p ¼ 0.02* p ¼ 0.608

Li, 2012 _ _ _ p ¼ 0.791

Liu, 2017 p < 0.01* _ _ p < 0.01*

Shin, 1997 _ _ p < 0.05* _

Song, 2019 p < 0.05* _ _ p < 0.05*

Thirumala, 2015 p < 0.05* _ _ p ¼ 0.69

Thirumala, 2011 p < 0.05* _ _ p ¼ 1.00

Tobishima, 2013 p < 0.05* _ _ p ¼ 0.56

Wei, 2018 p ¼ 0.017* _ _ p ¼ 0.249

Yamashita, 2005 p ¼ 0.281 _ _ p ¼ 0.399

Ying, 2011 p < 0.01* p < 0.01* p < 0.01* _

Zhang, 2017 p < 0.05* p < 0.05* _ _

Zhu, 2019 _ _ p < 0.05* _

*p < 0.05.
**Unable to be analyzed due to absence of patient with spasm in LSR resolution and LSR persistence group.
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fluid, dissection of arachnoid membrane and blood vessels, Teflon
insertion, and after suturing the dura mater [16, 18, 20, 22, 23, 24].

For the facial nerve to be decompressed adequately, the first area to
be checked is REZ of the CN VII. LSR disappearance indicates sufficient
decompression of facial nerve. If the LSR persists or reappears, central
myeline of facial nerve or pontobulbar junction area is checked to find
any additional offending vessels. Distal periphery of facial nerve then re-
explored to ensure that CN VII is released from any compressing struc-
ture. The procedure is considered complete if no offending vessels
remained despite the persistence of LSR [25, 26, 27, 29, 30, 31].

Available studies in our systematic review showed different results of
LSR monitoring usefulness in MVD for HFS. Most of the papers found a
significant IOM role for predicting outcome in the short-term period [15,
16, 20, 22, 25, 27, 29, 30, 31, 32, 34, 35]. However, some patients who
had LSR and symptom persistence at initial had spasm improvement
spontaneously overtime. This condition made LSR resolution role insig-
nificant for a long-term follow-up in some studies [25, 29, 30, 31, 32]
(see Table 4).

Fifteen studies in our review analyzed the correlation between LSR
change and HFS status in short-term follow-up. Three of them showed no
significant relationship in 1-day to 1-week evaluation. This may be due to
intraoperative finding of multiple vessels compression, in addition to not
easily seen vessel behind the facial nerve or vessels coursing around the
root exit zone without compressing the nerve, which cause of residual
spasm after MVD, as hypothesized by Kong et al. [24] High proportion of
patients with LSR persistence but HFS free was found in paper by Kiya et
al [23] and Yamashita et al [33] which cause insignificant correlation
between LSR resolution and HFS relief. This may occur due to small
sample size included in the studies. Kiya et al finding in 3-month
follow-up even could not be analyzed because no spasm remained in
both LSR disappeared and persistence groups, and Yamashita et al result
in 1-year evaluation was also not significant.

There were five articles [25, 29, 30, 31, 32] that found significant
relationship in 1-day to 1-week follow-up but insignificant in �1-year.
6

All studies showed compelling conversion of patients with LSR residue
from persistence spasm to HFS-free in long-term follow-up. This change
of outcome made the correlation not significant in one year or more
evaluation.

One study showed insignificant result at 1-week follow-up but sig-
nificant at 1-year follow-up. An article by Kong et al [24] reported some
patients who still had residual spasm despite LSR disappearance. Various
and complicated findings of the offending vessels, as stated in the report,
may be the cause of spasm persistence. However, in 1-year follow-up,
number of patients that included in HFS-free status increased remark-
ably so that the correlation between LSR changed and outcome became
significant.

We found four papers that resulted in significant correlation at short-
term and long-term follow-up. A study by Huang et al showed significant
relationship between LSR resolution and symptom relief in short-term (1-
day post-surgery, p ¼ 0.000) and long-term (1-year follow-up, p ¼
0.000). The authors re-examined of LSR at the time of follow-up, showing
that 53% of patients with initial persistent LSR intraoperatively evolved
into LSR free. At 1-day assessment, 97% patients with LSR free had
negative HFS, whereas 35% patient with LSR persistent had positive HFS.
Number of patients with LSR free and negative HFS increased into 99% at
1-year follow-up, while subjects with LSR persistent and HFS positive
decreased into 12% [16]. Another study authored by Liu et al showed in
1-day evaluation, 98% patients with LSR resolution intraoperatively had
symptom relief, whereas 72% patients with non-resolved intraoperative
LSR had symptom persistence. In 1-year follow-up, only one patient who
was in non-resolved LSR and spasm persistence group had improvement
of symptom, hence the correlation between LSR change and HFS status
still significant [27]. Song et al found significant relationship between
LSR resolution and complete elimination of spasm in short-term and
long-term. Patients with disappearance of LSR, defined as reduce of
amplitude >50% from baseline, had spasm free as much as 83% in
1-week evaluation. After one year, only eight patients was added into
group of patients with resolved LSR and HFS free [15]. A report by Isu et
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al found similar result in 1-day and >1-year follow-up. The study con-
tained 40 patients which only showed little different result between
short-term and long-term evaluation, therefore the statistical outcome
remained significant [20].

Overall, LSR was significantly correlated with spasm relief in 1-day to
1-week, 3-month, and 6-month follow-up. However, due to spontaneous
improvement overtime in patients who initially had HFS persistence
post-MVD, most studies found the correlation had been turned into not
significant in 1-year or more follow-up.

In 2020, there are two articles that present systematic review and
meta-analysis of similar topic with this study. The first study was con-
ducted by Thirumala et al [48] which contained 26 reports Our review
contained two studies [15, 36], published in 2019, that was not included
in Thirumala analysis. The study found that LSR provided high specificity
(89%–90%) and low sensitivity (40%–41%) for predicting HFS relief at
discharge, 3-month follow-up, and 1-year follow-up. Specificity defined
as proportion of patients who will be free of HFS postoperatively whose
LSR was eliminated intraoperatively; sensitivity referred to proportion of
patients who will continue to have HFS postoperatively whose LSR could
not be eliminated intraoperatively. Our study had slightly different result
that showed LSR might not be a reliable predictor of HFS-free status at
1-year follow-up.

The second meta-analysis was conducted by Zhang et al [49] con-
tained 14 studies, which had eight similar articles [15, 16, 17, 25, 26, 29,
31, 34] with ours. Short-term was referred to no more than one week,
whereas long-term was described as no less than half a year. Overall
effect showed that disappearance of AMR during MVD was associated
with a favorable short-term outcome (pooled RR, 1.42; 95% CI,
1.24–1.62). Regarding long-term outcome, the result was almost similar
with ours, as the resolution of LSR was almost ineffective in predicting
long-term outcome (pooled RR, 10.9; 95% CI, 1.02–1.17). This finding
showed delayed relief of HFS after surgery was common and improve-
ment of spasm occurred over time.

One of the purposes of our review was to give insight to neurosur-
geons regarding the usefulness of IOM. This review showed the role of
IOM in guiding surgeons to explore the surgical area further to ensure
adequate facial nerve decompression. However, the no difference result
of outcome between LSR disappearance and LSR persistence in long-term
follow-up might raise question to neurosurgeons whether to or not to use
IOM in surgery. Wei et al had compared the outcome of HFS patients who
received MVD with or without IOM, and the result showed no difference
between groups in 1-week and 1-year follow-up [32]. A study by Shin et
al also found similar results between monitored and non-monitored
groups in 6-month follow-up [50]. This findings may provide input to
neurosurgeons who work in facilities lacking resources for IOM. Never-
theless, relief of spasm since completion of the surgery will make patients
feel comfortable, and this might be something surgeons like to consider if
IOM is available.

There are several limitations in our systematic review. First, only
English articles were included. Second, there was variability in defining
“LSR resolution” and “HFS relief”; some papers mentioned complete LSR
and spasm disappearance, while others did not use those definitions
strictly. Different result could be found if criteria in one study applied in
other studies. Third, some articles [17, 19, 20, 23] contained small
samples. Fourth, most of included articles were in retrospective fashion
[15, 16, 17, 21, 22, 24, 25, 27, 29, 30, 31, 33, 34, 35], which risked
unavoidable bias. Our result should be viewed with caution owing to
some limitations.

5. Conclusion

Intraoperative monitoring is a useful tool to predict spasm improve-
ment after MVD. Available literature showed that LSR disappearance was
an independent predictor of outcome in short-term follow-up. However,
as symptoms can improve spontaneously over time, LSR disappearance or
persistence after decompression have similar prognosis in 1-year or more
7

follow-up. Even though long-term outcomes of patients with LSR relief
and persistence are similar, resolution of symptoms shortly after surgery
will provide comfort to patients thereby improving their quality of life.
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