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ABSTRACT

Background: Microvascular decompression (MVD) through a retrosigmoid approach is considered the treatment
of choice in cases of hemifacial spasm (HFS) due to neurovascular conflict (NVC). Despite the widespread of
neuronavigation and intraoperative neuromonitoring (IONM) techniques in neurosurgery, their contemporary
application in MVD for HFS has been only anecdotally reported.

Methods: Here, we report the results of MVD performed with a combination of neuronavigation and IONM,
including lateral spread response (LSR) in 20 HFS patients. HFS clinical outcome and different surgical-related
factors, such as craniotomy size, surgical duration, mastoid air cell (MAC) opening, postoperative cerebral spinal
fluid (CSF) leakage, sinus injury, and other complications occurrence, and the length of hospitalization (LOS)
were studied.

Results: Postoperatively, residual spasm persisted only in two patients, but at the latest follow-up (FU) (mean: 12.5
+ 8.98 months), all patients had resolution of symptoms. The mean surgical duration was 103.35 + 19.36 min, and
the mean LOS was 2.21 + 1.12 days. Craniotomy resulted in 4.21 + 1.21 cm? in size. Opening of MAC happened
in two cases, whereas no cases of CSF leak were reported as well as no other complications postoperatively and
during FU.

Conclusion: MVD for HFS is an elective procedure, and for this reason, surgery should integrate all technologies
to ensure safety and efficacy. The disappearance of LSR is a crucial factor for identifying the vessel responsible
for NVC and for achieving long-term resolution of HFS symptoms. Simultaneously, the benefits of using
neuronavigation, including the ability to customize the craniotomy, contribute to reduce the possibility of
complications.

Keywords: Hemifacial spasm, Intraoperative neuromonitoring, Lateral spread response, Microvascular
decompression, Neuronavigation
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INTRODUCTION

Hemifacial spasm (HFS) is a neurological disorder
characterized by recurrent, involuntary twitching of facial
muscles located on one side of the face, receiving innervation
from the ipsilateral facial nerve. Classified within the
peripheral neuromuscular movement disorder category,
the spasmodic contractions typically originate in the
orbicularis oculi muscle and gradually extend to encompass
other muscles innervated by the facial nerve on that side.
Etiologically, HFS is classified into (1) a primary form, linked
to neurovascular conflict (NVC); (2) hereditary, marked
by a robust family history of HFS in first-degree relatives;
(3) secondary to an identifiable cause (such as Bell’s palsy,
facial nerve injury, demyelinating pathologies, or vascular
insults); and (4) HFS mimickers, encompassing psychogenic,
tics, dystonia, myoclonus, myokymia, myorhythmia, and
hemimasticatory spasm.®! The estimated global prevalence
of HES is 14.5/100,000 women and 7.4/100,000 men,
indicating that females are twice as susceptible to HFS as
males.” A systematic review by Sharma et al. identified
the anterior inferior cerebellar artery (AICA) as the most
common offending vessel, followed by the posterior inferior
cerebellar artery, the vertebrobasilar system, and veins.
Multiple vessel involvement has been reported in about
27% of patients.””! Furthermore, a significant association
between the lateral deviation of the vertebral artery (VA) and
the symptomatic side of primary HFS has been reported.®
The established medical approach for HES involves the use
of antiepileptic drugs and botulinum neurotoxin (BoNT)
injections, offering low risk but somewhat restricted
symptomatic relief. The only etiologic procedure for HEFS is
microvascular decompression (MVD), a surgical procedure
aiming at alleviating compression on the facial nerve root
entry zone (REZ) by resolving the NVC.!'"" While numerous
studies in the literature highlight the efficacy of this approach
in achieving clinical resolution of HFS, the occurrence of
both minor and major complications after MVD remains a
significant issue. These complications, ranging from transient
or permanent sensorineural hearing loss and tinnitus to
seventh nerve motor deficits, facial numbness, postoperative
meningitis, stroke, hematoma, pseudomeningocele, and
cerebral spinal fluid (CSF) leakage, can affect patients’ overall
well-being and satisfaction, potentially influencing the
overall clinical outcome.** MVD is usually performed
through a retrosigmoid approach based on anatomical
landmarks that are used for identifying the position of
the transverse sinus, sigmoid sinuses, and the transverse-
sigmoid sinus junction (TSS]). Nonetheless, several studies
have highlighted the lack of a precise correspondence
between anatomical landmarks and sinus anatomy, thereby
elevating the risk of inadvertent venous sinus injury."?! The
integration of neuronavigation into the surgical protocol for
MVD in trigeminal neuralgia has been shown to be useful
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in minimizing craniotomy size and, consequently, reducing
the complication rate and the overall surgical duration." In
the last few years, intraoperative neuromonitoring (IONM)
techniques have been implemented in different neurosurgical
procedures. Lateral spread response (LSR) represents an
electrophysiological aberration characteristic of primary
HFS that can be effectively monitored during surgery2***:
although the prognostic value of LSR remains a matter of
debate.” Due to the elective nature of this kind of surgery
(MVD for HSF is not a life-saving procedure but a surgery
performed to improve quality of life), at least in theory, all
the available surgical tools should be implemented. Thus,
this paper aimed to report the results of a surgical series
of HFS patients in which MVD was performed with the
contemporary use of neuronavigation and IONM with the
primary focus of evaluating the clinical outcome and the
complication occurrence.

MATERIALS AND METHODS
Patients

The present series includes 20 consecutive patients suffering
from medically intractable HFS who underwent MVD at our
institution between January 2022 and July 2023. The inclusion
criteria were the following: (1) confirmed clinical and
neurophysiological diagnosis of HFS and (2) a preoperative
brain magnetic resonance imaging (MRI) comprising time-
of-flight and fast imaging employing steady-state acquisition
sequences showing NVC at the facial REZ. The exclusion
criteria were the following: (1) MRI showing structural
lesions such as tumors, arteriovenous malformation, and
Chiari I malformation and (2) patients with blepharospasm,
facial myokymia, or Meige syndrome.

All patients were operated by the senior author (NM).
All patients gave informed consent both to the surgical
procedure and to the present study. Ethics committee review/
approval was not needed due to the retrospective nature of
this study.

Surgical procedure

All procedures were performed under general anesthesia in
a park bench position that, in our experience, provides easy
and comfortable access to the cerebellopontine angle.!'"!*]
MRI sequences available for navigation were loaded into the
Medtronic Stealth Station S8 navigation system (Minneapolis,
Minnesota, USA). After careful registration of the patient,
the skin incision was placed, and the “keyhole” for the
craniotomy was identified just posteriorly and below the
TSSJ [Figure 1]."! The dura was opened under the operative
microscope with a Y-shaped incision, creating dural leaves
based on the transverse sinus and the sigmoid sinus. After
a gentle CSF drainage, the suprameatal tuberculum was
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identified. After a fine dissection of the arachnoid plane,
the facial nerve was identified both anatomically and by
direct electrical stimulation (DES). The NVC between the
facial nerve and the arterial loop was identified and finally
resolved with the interposition of a Teflon patch. In all
cases, the closure was performed with a duroplasty using a
suturable dural substitute reinforced with Hemopatch® and
fibrin glue according to a standardized technique previously
reported.??1%

IONM

NIM eclipse system (Medtronic) was used for IONM. DES
of facial cranial nerves was used to identify the neural
structures correctly. A monopolar constant-current low-
frequency stimulation was used for DES in all cases
(monopolar probe [cathodal] 300 us, 1 Hz, 0.1-0.5 mA).
Usually, an intensity of stimulus at 0.1 mA, delivered on
the nerve surface, is enough to record a compound muscle
action potential. The need for higher stimulus intensity
might indicate a relative distance to the neural structure or
the presence of a relevant tissue barrier between the probe
and the nerve. The more motor response is evoked with low
intensity, the more the surgeon is working close to the nerve.
At the end of the surgery, we always perform a proximal
stimulation at a low threshold (0.1-0.3 mA) to confirm the
functional facial nerve integrity. Entire cranial nerves motor
pathways integrity was evaluated using corticobulbar motor
evoked potentials.”! The neurophysiological parameters for
LSR recording are reported in Table 1. LSR disappearance
indicates a successful MVD.!®

Outcome indicators

The following parameters were recorded: craniotomy
size, surgical duration, mastoid air cell (MAC) opening,

Figure 1: Intraoperative neuronavigation showing that the
“keyhole” for the craniotomy is identified just posteriorly and below
the transverse-sigmoid sinus junction.

postoperative CSF leakage, sinus injury, and other
complications occurrence, length of hospitalization
(LOS), and HFS outcome at hospital admission at
discharge and latest follow-up (FU) according to Samsung
Medical Center (SMC) grading system for severity of HFS
spasms [Lee’s scale; Table 2].'" The craniotomy size was
assessed on postoperative computed tomography (CT)
examination.”®!

RESULTS
Demographic data

Demographic data are listed in Table 3. Twenty patients
were finally enrolled, of whom 55% were males and 45%

Table 1: Neurophysiological parameters for LSR recording.

Stimulus: (temporal and mandibular
divisions of the facial nerve)

Registration

Single pulse
Pulse width: 300 us
Frequency: 1 Hz
Intensity: 1-15 mA

Orbicularis oculi
Orbicularis oris
Mentalis

LSR: Lateral spread response

Table 2: SMC grading system for severity of HFS spasms
(Leé€’s scale).

Severity of spasm Description

(SMC grade)

Grade I Localized spasm around the periocular area

Grade IT The involuntary movement spreads to other
parts of the ipsilateral face and affects other
muscle groups, that is, the orbicularis oris,
zygomaticus, frontalis, or platysma muscle

Grade IIT Interference with vision because of frequent
tonic spasms

Grade IV Disfiguring asymmetry

SMC: Samsung medical center, HFS: Hemifacial spasm

Table 3: Preoperative findings of 20 HFS patients.

Age (years) 58.5+6.65
Sex (M/F) 11/9
Side (R/L) 12/8
Duration of symptoms (months) 36.12+12.31
Involved artery

AICA 15

VA 4

Labyrinthine 1

FU (months) 12.5+8.98

HEFS: Hemifacial spasm, AICA: Anterior-inferior cerebellar artery,
VA: Vertebral artery, FU: Follow-up
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females. The mean age of the patients at the time of surgery
was 58.50 * 6.65 years, and the mean duration of FU was
12.50 + 8.98 months. The right facial nerve was most
commonly affected (60% of patients). Symptom duration
before surgery was 36.12 + 12.31 months. AICA was the
most common arterial vessel responsible for the NVC
(75%), whereas the VA was involved in 20% of patients.
A rare case of labyrinthine artery NVC was evident
[Table 2].

Outcome data

The outcome results are reported in Table 4. The mean surgical
duration was 103.35 + 19.36 min, and the mean LOS was 2.21
+ 1.12 days. Craniotomy resulted in 4.21 + 1.21 cm’ in size.
Opening of MAC happened in two cases, whereas no cases of
CSF leak were reported as well as no other complications. On
admission (before surgery), 15 patients had a SMC grade II,
three patients had a SMC grade III, and two patients had
a SMC grade IV, respectively [Tables 2 and 4]. At discharge,
18 patients experienced a complete disappearance of HFS,
whereas two had residual spasms limited to orbicularis oculi
(SMC grade I) while ameliorated compared to preoperative
severity [Table 4]. At the latest FU, no cases of residual spasm
or recurrent spasm were recorded, and all patients experienced
symptom resolution. No late complications were recorded.

Cases illustration
Case 1

A 59-year-old male patient presented at our institution’s
outpatient clinic with a 3-year history of left HFS. The
symptoms initially manifested as spasms in the left
orbicularis oculi muscle, gradually progressing to involve
the remaining left facial muscles, excluding the platysma.
In addition, the frequency of spasm episodes increased

Table 4: Clinical and surgical outcomes of HES patients.

Craniotomy size (cm?) 4.21+1.21
Surgical duration (min) 103.35+19.36
MAC opening (cases; %) 2; 10%
CSF leak (cases; %) 0; 0%
Sinus injury and other 0; 0%
complications (cases; %)

Length of hospitalization (days) 2.21%1.12

HFS at admission -/-115/3/2;5 -/-175%/15%/10%
(grade 0/1/2/3/4; %)

HES outcome at discharge
(grade 0/1/2/3/4; %)

HES outcome at FU
(grade 0/1/2/3/4; %)

CSEF: Cerebrospinal fluid, HFS: Hemifacial spasm, FU: Follow-up,
MAC: Mastoid air cells

18/2/-/-1-;90%/10%/-/-/-

20/-/-1-1-; 100%/-/-/-/-
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to 10 per day. Electromyography revealed spontaneous
sporadic bursts in the left orbicularis oculi. Brain MRI
identified a dolichoectatic left VA compressing the left
seventh nerve at its REZ [Figure 2]. The patient had
undergone BoNT infiltration without benefit; moreover,
as a side effect, he had transient left hemifacial paralysis.
The neurologic examination did not reveal any focal
deficits. Subsequently, the patient underwent a left
neuronavigated MVD. The NVC was identified with a

Figure 2: Preoperative axial fast imaging employing steady-state
acquisition magnetic resonance imaging. The neurovascular
conflict is evident between a dolichoectasic vertebral artery and
the left facial nerve root entry zone.

Figure 3: Intraoperative findings of Case 1. (a) Neurovascular
conflict between the left vertebral artery (VA) and the left seventh
nerve. (b) Nerve hook is utilized for dissecting the VA from the
nerve. (c) Following Teflon positioning, the nerve hook is employed
to push the VA away from the nerve. (d) Final result after Teflon
release.
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dolichoectasic VA, meticulously dissected, and resolved
by interposing a Teflon patch [Figure 3]. Following the
anatomical resolution of the NVC, LSR disappeared,
confirming the adequacy of the decompression [Figure 4].
The postoperative course was uneventful [Figure 5].
Upon discharge, the patient exhibited no residual spasm,
and this benefit was maintained at FU (15 months).

Case 2

A 54-year-old male patient was admitted to our
department with a 10-year history of right HFS, initially
involving the right orbicularis oculi and subsequently
extending to the remaining right face, excluding the
platysma. A brain MRI revealed a NVC at the REZ of the
right facial nerve with the ipsilateral AICA [Figure 6].
Subsequently, a neuronavigated right retrosigmoid
approach was undertaken. During the procedure, the
NVC was identified at the right facial nerve REZ with
the ipsilateral AICA. Following the dissection and

LSR Mandibular Trace -

TSR Temporal Trace

placement of a Teflon patch [Figure 7], the LSR remained
unchanged [Figure 8]. Consequently, we went on with a
further exploration, revealing a second NVC due to the
right labyrinthine artery that was resolved with a second
Teflon pad [Figure 9]. At this point, LSR disappeared,
confirming the adequacy of the decompression [Figure 8].
At discharge, the spasm had completely disappeared, and
that benefit was maintained at the last FU (13 months).

DISCUSSION

HES significantly affects patients’ quality of life, causing
disruptions in sleep, social embarrassment, and potential
vision impairment in the affected eye.®! While effective,
BoNT injections offer limited and temporary symptomatic
relief. A study by Mazlout et al. reported an average total
therapeutic effect duration of 9.35 + 3.64 weeks.['”! Moreover,
a meta-analysis by Zagui et al. on 1003 subjects identified
side effects in 182 cases (18.4%), with eyelid ptosis being

0O J LSR Mandibular Trace

= 0 | DR Temporal Trace

Figure 4: Lateral spread response (LSR) intraoperative recording of Case 1. The upper figure (a and
b) displays the LSR mandibular recording, while the lower one (c and d) shows the LSR temporal
recording. LSR records on the left (a and c) are before decompression and Teflon placement, while
those on the right (b and d) are after decompression and Teflon placement. Immediately after Teflon
placement between the vessel culprit and the seventh nerve, the disappearance of pathological LSR is
evident (b and d). (b) Disappearance of LSR at the orbicularis oculi. (d) Disappearance of LSR at the

orbicularis oris and mentalis muscle.

Surgical Neurology International 2024 « 15(319) | 5
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Figure 5: Postoperative fast imaging employing steady-state acquisition magnetic resonance imaging
(a) and computed tomography-scan (b and c) of Case 1. (a and b) The Teflon (red arrow) is evident,
separating the vertebral artery and facial nerve root entry zone. (c) The extent of the craniotomy and

reconstruction is depicted in 3D reconstruction.

Figure 6: Preoperative brain magnetic resonance imaging of Case
2. (a) Axial and (b) coronal fast imaging employing steady-state
acquisition sequences showing a neurovascular conflict between the
anterior inferior cerebellar artery and the right facial nerve.

Figure 7: Intraoperative view of Case 2. (a) Neurovascular conflict
at the root entry zone of the right facial nerve with the ipsilateral
anterior inferior cerebellar artery before and (b) after decompression
and Teflon placement. A persistence of lateral spread response was
noted, and further exploration was needed.

the most commonly reported (3.39%), along with other
issues such as dry eyes, local edema, erythema, facial paresis,
headache, and eyebrow ptosis.’” MVD represents the only
etiological treatment for primary HSE"'! Nonetheless,
there are several risks associated with MVD, such as CSF
leak, neurological deficits, infections as well as inadvertent
injury to venous sinuses during the retrosigmoid craniotomy,

Surgical Neurology International « 2024 « 15(319) | 6

potentially leading to severe postoperative consequences
such as venous sinus thrombosis, pseudomeningocele,
dysphagia necessitating gastrostomy, or cerebellar stroke.
Early postoperative initiation of systemic anticoagulation
is also required to prevent thrombosis progression and the
ensuing complications.”’” Consequently, several studies
have focused on precisely describing anatomical landmarks
to enhance the safety of retrosigmoid procedures. While
asterion is generally considered the key landmark for
identifying the TSS], studies have shown its inconsistency,
with a very low correspondence (23.3%) between these
structures.'!! Jian et al. proposed an alternative keyhole
location, defined by a vertical line from the top point of
the mastoid groove intersecting with a horizontal line
connecting the infraorbital margin and the upper edge of the
external auditory canal.™? Despite being more reliable, the
digastric point was found to overlap with the sigmoid sinus
in 38% of cadaveric specimens.?" Neuronavigation use in
retrosigmoid approaches has been associated with a reduced
incidence of complications, as evidenced by a comparative
analysis by Legninda Sop et al. on patients undergoing MVD
for trigeminal neuralgia."” In that study, the neuronavigation
group exhibited a decreased incidence of CSF leak (0%
vs. 27%), a trend toward reduced MAC opening (26.31%
vs. 54.54%), as well as smaller craniotomy size (4.80 *
1.13 cm?vs. 6.04 £ 1.97 cm?) and shorter surgical duration
(107.63 + 18.13 min vs. 148.18 + 41.48 min). In our series
focused on MVD for HFS, the mean craniotomy size was
even smaller compared to the study by Legninda Sop et al.
focused on trigeminal neuralgia™ probably due to the fact
that we performed our burr hole farer from TSJJ to approach
the facial nerve. Considering the MAC opening, we had only
two cases in which this event occurred. A retrospective study
by Yanagawa et al. on 210 consecutive MVDs 2! identified
the risk of MAC opening based on the classification of MAC
anatomy and their relationship with the ipsilateral sigmoid
sinus, as assessed on preoperative head CT-scan. That study
suggested that the more medially the extension of MAC in
relation to the lateral edge of the ipsilateral sigmoid sinus
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Figure 8: Lateral spread response (LSR) recording of Case 2. (a) The figure shows the LSR of the
temporal branch. The normal response is one recorded in the orbicularis oculi muscle, (b) while the
pathological response is one recorded in the orbicularis oris and (c) mentalis muscles. Immediately
after Teflon placement between the anterior inferior cerebellar artery and the right facial nerve
(11:16 on the timeline, white triangle), the persistence of pathological LSR in the orbicularis oris
(b) and mentalis (c) muscles was noted. Thus, further exploration of the right seventh cranial nerve
was continued identifying a second neurovascular conflict between the right facial nerve and the
labyrinthine artery. Only after decompression and Teflon placement between the labyrinthine artery
and right facial nerve (11:36 on the timeline, yellow triangle) the disappearance of pathological
LSR on the orbicularis oris (b) and mentalis (c) muscles was evident. The normal response in the

orbicularis oculi muscle (a) is always retained.

Figure 9: Intraoperative view of case 2. A second neurovascular
conflict was appreciated with the labyrinthine artery. Findings (a)
before and (b) after decompression and Teflon interposition.

(MAC type 3 and type 4), the higher the risk of inadvertent
opening. In that study, the burr hole site was designed at the
intersection between the external acoustic meatus line-inion
and the posterior edge of the mastoid bone, and they had
a MAC opening in 30% of type 3 MAC and 76% of type 4

MAC, respectively.? Thus, it is intuitive that exposing the
sigmoid sinus during the craniotomy (as requested by MVD
performed on the anatomical landmarks) can increase the risk
of MAC opening. In our series, we had a significantly lower
incidence of MAC opening (10%). Although the anatomy
of MAC can play a significant role, the customization of the
craniotomy and the inutility to expose the sigmoid sinus with
neuronavigation might contribute to reducing MAC opening
in MVD performed with the neuronavigated technique.
Nonetheless, further comparative studies on the incidence
of MAC opening between anatomical and neuronavigated
retrosigmoid craniotomies are advocated. Despite higher
reported risks of CSF leakage when MAC opening occurs, in
our series, no cases of CSF leakage were recorded. These data
are probably explained by the smaller craniotomy that can be
performed using neuronavigation that prevents the opening
of a larger MAC. We acknowledge that an experienced
neurosurgeon can perform the craniotomy without

Surgical Neurology International 2024 « 15(319) | 7
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neuronavigation. Nonetheless, the use of neuronavigation
allows to customize of the craniotomy, making it useless to
expose the medial edge of the sigmoid sinus to reach the
REZ of the facial nerve (as shown by our intraoperative
pictures). This carries the undeniable advantage of avoiding
the possibility of provoking a sinus injury [no cases in our
series; Table 4].

In the context of HFS management with MVD, IONM,
which includes LSR, plays a significant role. LSR is defined
as a pathological latent, abnormal response elicited by the
stimulation of one branch of the facial nerve in patients
with HFS, resulting in the contraction of the facial muscles
innervated by the other branch of the facial nerve. This
phenomenon likely arises from the cross-transmission of
antidromic activity from the stimulated branch of the facial
nerve. A retrospective analysis by Song et al. on 73 patients
who underwent MVD for HFS demonstrated significantly
higher short-term and long-term spasm resolution in the
group where LSR disappeared compared to the group
where LSR persisted.”! When investigating long-term HFS
recurrence, a recent meta-analysis!'"® revealed that LSR
persistence at the end of the MVD procedure is the only factor
correlated with spasm recurrence. In addition, a shorter
preoperative symptom duration is associated with a lower
incidence of long-term HFS recurrence. The type of offending
vessel does not affect HFS recurrence.!”®! Considering these
data, we always try to obtain LSR disappearance during the
MVD procedure, as reported in illustrative case 2. In that
case, following the resolution of NVC involving the AICA,
as revealed in the preoperative MRI, the disappearance
of LSR was not observed. In light of this, we went on with
the exploration of the facial nerve and we were able to find
another NVC arising from the labyrinthine artery. We advise
investigating uncommon causes of NVC even when not
apparent in preoperative MRI until the disappearance of LSR
is achieved. In our case series, LSR disappeared in all cases at
the end of the procedure. Although two patients had reduced
but still present HFS at discharge, all patients achieved
complete resolution of HFS at the FU. In our opinion, this
data further highlights the importance of obtaining LSR
resolution during the MVD procedure, even if the literature
data are inconclusive on this aspect.(>*1?

To the best of our knowledge, this is the largest series
focusing on neuronavigated MVD for HFS. The only
previously published series on this topic included only 12
HFS patients.”” Although our paper was the only one in
which both techniques (neuronavigation and IONM) were
systematically used in this clinical setting, we recognize that
the main limitations of our study are the small sample size,
the lack of a control group, and the relatively short FU. For
these reasons, we acknowledge that our study alone is not
enough to definitively conclude that both neuronavigation

Surgical Neurology International « 2024 « 15(319) | 8

and IONM must be used during MVD for HFS. Nonetheless,
we should always keep in mind that when approaching HFS
surgery, we are performing an elective procedure to improve
the quality of life (not a life-saving procedure), and all our
efforts must be directed to improve the clinical outcome and
reduce the possibility of having complications.

CONCLUSION

In conclusion, the contemporary use of neuronavigation and
IONM with LSR in MVD for HFS seems to enhance the safety/
efficacy balance of this procedure because the disappearance
of LSR helps in identifying the vessel responsible for
NVC to achieve long-term resolution of HFS symptoms.
Simultaneously, the benefits of using neuronavigation,
including the ability to customize the craniotomy, contribute
to reducing the possibility of complications.
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