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The Cornerstone Technique of Microvascular Decompression for Hemifacial Spasm with

Vertebral Artery Offender

Jae-Young Kim, Shin Jung, Tae-wook Song, In-Young Kim, Kyung-Sub Moon, Tae-Young Jung, Woo-Youl Jang

BACKGROUND: Microvascular decompression surgery
is the most effective treatment for hemifacial spasm
(HFS). The vertebral artery (VA) is a larger and more
elastic vessel, which makes surgical management
more difficult. We introduce a surgical technique of
proximal Teflon transposition with interposition (PTTI)
in the vertebromedullary space for HFS with a VA
offender.

METHODS: In 112 patients with HFS, 22 patients had a
VA offender on the facial nerve exit zone. Six of 22
patients with a VA offender underwent surgery by
traditional microvascular decompression at the facial
nerve exit zone, and 16 patients underwent the PTTI
technique. We compared surgical outcomes of the PTTI
technique and the conventional technique for HFS
associated with the VA. We also compared surgical
outcomes of the PTTI technique with outcomes of other
alternative techniques.

RESULTS: The PTTI technique was associated with a
good operative prognosis and fewer complications. The
PTTI technique is an easy, safe, and effective method for
treatment of patients with HFS with a VA offender.

CONCLUSIONS: The PTTI technique can be considered
as another treatment option in addition to the transposition
technique reported previously.

INTRODUCTION

emifacial spasm (HES) is involuntary tonic-clonic contrac-
H tion of unilateral facial muscles mainly caused by a neuro-

vascular contact on the root exit zone (REZ) of the facial
nerve.”> Microvascular decompression (MVD) surgery is the most
effective treatment for HFS.*? The anterior inferior cerebellar artery
(AICA) and posterior inferior cerebellar artery (PICA) are the most
common arteries of compression on the REZ. The vertebral artery (VA)
rarely compresses the REZ leading to HSF.*° The VA is a larger and
more elastic vessel, which makes surgical management more diffi-
cult.”® The VA can also be accompanied by dolichoectasia or athero-
sclerosis, increasing difficulty operating.® Unsatisfactory postoperative
outcomes have been reported in patients with HFS caused by a VA
offender.” MVD surgery for HFS with a VA offender has been
traditionally challenging for neurosurgeons.” The conventional
technique of direct insertion of Teflon patties to the REZ can result
in surgical failure or unnecessary pressure owing to the large
diameter and high pressure of the VA.® Many studies have
introduced surgical techniques of MVD for patients with a VA
offender.”>°** These techniques are more difficult with longer oper-
ative time than conventional MVD. In addition, these methods are
sometimes accompanied by risks. We introduce a surgical technique of
proximal Teflon transposition with interposition (PTTI) in the verte-
bromedullary space for HFS with a VA offender.

MATERIALS AND METHODS

Patient Population
We retrospectively studied 112 patients who underwent MVD for
HEFS at our hospital between January 2013 and December 2017.
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Patient data including radiologic images and medical records in
our hospital were reviewed. Patient history and symptoms were
carefully examined for the diagnosis of HFS. Among 112 patients,
22 patients had a VA offender on the facial nerve exit zone. Six of
these 22 patients with a VA offender underwent surgery by con-
ventional MVD at the facial nerve exit zone, and 16 patients
underwent the PTTI technique (previous decompression between
medulla and VA before direct decompression into facial nerve exit
zone). Surgical outcomes of the PTTI technique and the traditional
technique for HFS associated with the VA were compared. Surgical
outcomes of the PTTI technique were also compared with out-
comes of other alternative techniques.

Preoperative Evaluations

Magnetic resonance imaging (MRI) was performed using a 3.0T
MRI system (MAGNETOM Skyra 3.0T; Siemens Healthineers,
Munich, Germany) to evaluate offender vessels preoperatively.
Sampling perfection with application optimized contrasts using
different flip angle evolution imaging and phase-cycled fast
imaging employing a steady-state acquisition were mainly used to
find the offender vessel. T2-weighted imaging and diffusion-
weighted imaging were also used to survey secondary HFS (e.g.,
due to epidermoid cyst and other tumors).

All patients underwent preoperative nerve conduction study of
lateral spreading response (LSR). Electrophysiologic study of
brainstem auditory evoked potentials (BAEPs) was performed to
obtain baseline data for operation. We also checked lower cranial
nerve (LCN) function in the physical examination. The glosso-
pharyngeal nerve and vagus nerve were checked by gag reflex and
uvula deviation. The accessory nerve was checked by shoulder
shrug and head turn from side to side. Pure tone audiometry,
speech audiometry, and impedance audiometry were performed
only for patients with hearing loss and tinnitus in the preoperative
history.

Confirmation of VA Offender

Selection of patients with VA offenders was primarily based on
MRI findings. Patients who were visually confirmed during surgery
were assigned into the VA offender group.

Intraoperative Monitoring

All patients underwent intraoperative monitoring such as LSR and
BAEPs after positioning. Neuromuscular blockade agents were
used only during intubation. LSR was continuously recorded with
paired subdermal needles inserted into the frontalis and mentalis
muscles. With stimulating needles positioned over the zygomatic
branch and buccal branch of the facial nerve, stimulation was
evoked using pulse duration of 0.2 ms and intensity of 10—20 mA.
Three checkpoints were set to verify the loss or persistence of the
LSR: (1) after dura opening, (2) after Teflon patty insertion, and
(3) after dura closure. BAEPs were performed at 100 dB (masking
60 dB) stimulation.

Surgical Procedure (PTTI Technique in Vertebromedullary Space)
All MVD surgeries were performed via retrosigmoid craniotomy on
the lateral decubitus position. A C-shaped or linear incision
approximately 5 mm was made behind the mastoid notch. Addi-
tional craniectomy after craniotomy was performed sufficiently

until the sigmoid sinus was exposed using a high-speed drill,
small rongeur, and Kerrison punch. Craniotomy was done near
the foramen magnum so that the proximal portion of the VA could
be exposed sufficiently. After dura incision, cerebrospinal fluid
relaxation was performed to release the cerebellomedullary space.
Arachnoid dissection was carefully carried out to expose the
offender vessel and REZ of facial nerve. If the field of view was not
good enough, the flocculus was sucked out to secure space. LCNs
(cranial nerves IX, X, and XI) were visualized by additional
arachnoid dissection. Careful dissection was performed using
microscissors and a straight dissector in the space between the
LCN and the medulla. First, Teflon patties were inserted between
the VA and medulla to widen the space. As the shape of the LCN is
different for each person, Teflon patty insertion was performed
from the direction that the operator was comfortable in securing
the space. If there was no enough space between LCNs and
medulla, Teflon patties were inserted at a right angle above cranial
nerve IX or under cranial nerve XI. A bigger Teflon patty was then
placed between the medulla and VA to widen the space. As a
result, the space between the REZ of facial nerve and the offender
could be expanded indirectly. In this process, minimizing the
manipulation of LCNs is important. Afterward, additional Teflon
patties were inserted in REZ with neurovascular contact, which
had lower pressure owing to the wider space. Direct compression
was resolved, and LSR disappeared. If LSR did not disappear,
whether REZ was completely decompressed was checked again. If
it was judged that the disappearance of pressure was enough,
Teflon was fixed with glue. We confirmed that BAEP latency was
recovered when the latency was extended or the amplitude was
decreased. The surgical wound was sutured layer by layer to pre-
vent cerebrospinal fluid leakage. Figure 1 shows MRI and surgical
intraoperative views. Figure 2 shows a schematic diagram of the
surgical procedure.

Postoperative Evaluations

Postoperative brain computed tomography was performed to
evaluate postoperative hematoma. Surgical outcome was judged
based on clinical symptoms. Surgical outcome was classified into
4 categories: excellent, complete disappearance of spasm; good,
occasional slight spasm; fair, apparently sustained moderate
spasm; and poor, no improvement at all.”> Postoperative
complications related to cranial nerve injury, neurosurgical
technique, and general problems were also investigated. Nerve
complications included facial nerve palsy, cochlea-vestibular
nerve injury, and LCN (IX, X, XI, XII) impairment. All patients
were checked for immediate complications. Patients were evalu-
ated 6 months later for recovery of symptoms to confirm perma-
nent injury. The intensity of facial nerve palsy was evaluated using
the House-Brackmann facial nerve grading scale.’® Assessment of
LCN injury was performed mainly through physical examination
as described previously. Neurosurgical complications were
surgery-associated problems, such as hematoma, infection, cere-
brospinal fluid leakage, and others. General complications were
problems related to the patient’s condition or anesthesia and were
not directly related to the surgery for HFS. All surgical outcomes
and complications were compared between the patients who
underwent surgery using the PTTI technique and the patients who
underwent surgery not using PTTI.
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Figure 1. (A) Neurovascular contact is shown at axial
plane of magnetic resonance imaging (fast imaging
employing a steady-state acquisition). Yellow arrow
shows vertebral artery compressing the root exit zone
of the facial nerve. (B) Lower cranial nerves (cranial
nerves IX, X, and Xl) and vertebral artery compresses
facial nerve visualized after arachnoid dissection.
Yellow arrow shows neurovascular contact of
vertebral artery and facial nerve in narrow space. (C)
After careful dissection between the lower cranial

nerves and the medulla, Teflon patties were inserted
between the vertebral artery and medulla to widen the
space. Yellow arrow shows the narrow space
between the vertebral artery and facial nerve is
expanded indirectly. (D) Additional Teflon patties were
inserted in the root entry zone more easily without
further dissection. 7th, 8th, 9th, 10th, 11th, seventh,
eighth, ninth, tenth, eleventh cranial nerve; VA,
vertebral artery.

RESULTS

Patient Characteristics

There were 67 men and 45 women. The median age was 54.6 years
(range, 22—86 years). Among these 112 patients, 22 had a VA
offender on the REZ of facial nerve, and go did not have a VA
offender. Of the 22 patients with a VA offender, g were women and 13
were men. Five patients had only a VA offender; 6 patients had VA
and PICA vessel complex offenders; 7 patients had VA and AICA
vessel complex offenders; and 4 patients had VA, PICA, and AICA
vessel complex offenders. Six patients underwent surgery by non-
proximal VA transposition technique into the facial nerve exit zone.
Eleven patients underwent the PTTI technique into the facial nerve

exit zone (Table 1). LSR mostly disappeared after decompression,
but in one case it disappeared after dura opening. LSR remained
after MVD of VA offender in 5 (22.7%) cases.

Surgical Outcomes
The conventional technique group comprised 6 patients, of whom
3 (50%) had an excellent outcome. For the remaining 3 patients, 1
(16.6%) had a good outcome, 1 (16.6%) had a fair outcome, and 1
(16.6%) had a poor outcome. In this group, LSR remained after
MVD in 1 patient with an excellent result.

The PTTI technique group comprised 16 patients, of whom 13
(81.3%) had an excellent outcome. For the remaining 3 patients, 2
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Teflon

Figure 2. (A—D) Schematic diagrams of the surgical
procedure. The space between the REZ of facial nerve
and the offender could be expanded indirectly (red

circle). VII, VIII, IX, X, XI, seventh, eighth, ninth, tenth,
eleventh cranial nerve; VA, vertebral artery.

(12.5%) had a good outcome, and 1 (6.5%) had a poor outcome. In
this group, LSR remained after MVD in 4 patients with an excel-
lent result in 3 and poor result in 1. All results were based on
follow-up at six months after MVD (Table 2).

Table 1. Characteristics of Patients with Hemifacial Spasm

Characteristic Value
Number of patients 112
Age, years, mean (range) 54.6 (22—86)
Sex, female/male 67/45
VA offender 22 of 112 (19.6%)
Location of VA offender, right/left/both 1/20/1
Proximal VA transposition, done/not done 6/16
Offenders of VA

VA 5

VA + PICA 6

VA + AICA 7

VA + PICA + AICA 4
VA, vertebral artery; PICA, posterior inferior cerebellar artery; AICA, anterior inferior

cerebellar artery.

Complications

Major complications related to MVD were facial palsy, hearing
impairment, and LCN (IX, X, XI) palsy. Facial nerve palsy was
classified into early phase and later phase. Early phase was defined
as within 1 week after the surgery, whereas late phase was defined
as within 6 months of follow-up. In the early phase of the con-
ventional technique group, 2 patients had no palsy, whereas 2
patients had grade 2 facial palsy, and 1 patient each had grade 3
and grade 4 facial palsy according to the House-Brackmann facial
nerve grading scale.’® In the later phase of the conventional
technique group, 5 patients had no palsy, and 1 patient had

Table 2. Outcomes of Hemifacial Spasm After Surgery

Conventional Technique Proximal VA Transposition

Outcome (n = 6) (n = 16)
Excellent® 3 (50.0%) 13 (81.3%)
Goodf 1(16.6%) 2 (12.5%)
Fairt 1(16.6%) 0 (0%)

Poorg 1(16.6%) 1(6.5%)

VA, vertebral artery.

*Excellent: complete disappearance of spasm.
tGood: occasional slight spasm.

tFair: moderate spasm, apparently persisting.
§Poor: no improvement.
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Table 3. Facial Palsy After Surgery

Traditional Proximal VA
Technique Transposition
Grade* Early Late: Early Late!
1 2 5 12 16
2 2 1 4 0
3 1 0 0 0
4 1 0 0 0
5 0 0 0 0
VA, vertebral artery.
*House-Brackmann grading system.s
tEarly phase: within 2 weeks after surgery.
tlate phase: remnant symptoms at 6 months after surgery.

grade 2 facial palsy. In the early phase of the PTTI technique
group, 12 patients had no palsy, and 4 patients had grade 2
facial palsy. No facial palsy was observed in any patient at
follow-up of 6 months in the PTTI technique group (Table 3).

In the conventional technique group, 1 of 6 patients experienced
hearing impairment. This patient had delayed BAEP latency dur-
ing surgery, which did not completely recover. No patient had
hearing impairment in the PTTI technique group. There were no
LCN problems in any patient in either group. Operative site
infection was observed in 1 patient. The reason was unclear.
Cranial nerve VI palsy occurred in 1 case.

DISCUSSION

Nonsurgical treatment for HFS includes botulinum toxin injection
treatment. Botulinum toxin has been used for HFS since the
1980s. It is a highly effective treatment for patients with high

operative risk or fear of operation. Botulinum toxin has a short-
term symptom relief effect of 85%. However, symptom relief
lasts only 3—6 months."”

MVD is the most effective treatment for patients with HFS.
Neurovascular compression by small vessels can be sufficiently
effective by direct decompression. However, neurovascular
compression by a large vessel such as a VA offender cannot be
effectively treated with direct decompression by Teflon. Because VA
is larger with stronger pressure than a small vessel offender such as
PICA or AICA, MVD is more difficult, and surgical outcome is worse
in patients with VA offenders. In addition, patients with HFS with a
VA offender have more complications.”®*® As a result, many sur-
geons have introduced alternative techniques for MVD in patients
with a VA offender, including Teflon sling reposition, dural flap,
transposition with synthetic vascular graft, double-stick tape tech-
nique, Teflon sling coated with Tisseel (Baxter Healthcare, Deer-
field, Illinois, USA) technique, clip-sling-clip technique, anchoring
with fenestrated clip, and others.>>974+19 Previous published
alternative treatments are effective. However, they are more com-
plex than the conventional technique. The operative time is also
longer than the conventional technique. Therefore, simple methods
are constantly being introduced.

Our PTTI technique is technically very simple. It can be per-
formed with mini-craniotomy. We performed craniotomy further
downward by approximately 5—10 mm than what is usually done
because the medulla must be exposed to the lower portion. After
meticulous arachnoid dissection, LCNs are exposed. The
arrangement of LCNs is different for each patient. The space
between nerves is large enough to insert Teflon patties in some
patients, but not in other patients. For the former case, Teflon
patties were inserted carefully between LCNs with minimal
manipulation using a straight dissector. For the latter case, Teflon
patties were pushed down from the top of LCN complex or pushed
up from below using a right angle dissector. In our study, this
method worked in all patients, and none of them had LCN
injuries. Any neurosurgeon familiar with microsurgery can
perform the technique without difficulty.

Table 4. Comparison with Other Alternative Techniques

Good Outcome
of Spasm (%)
Facial Hearing LCN

Reference Patients Technique Early Late Palsy (%) Impairment (%) Impairment (%)
Attabib and Kaufmann, 2007° 6 Fenestrated aneurysm clip 83.3 83.3 0 0 0
Ferreira et al., 2011° 6 VA pexy by suture 66.7 100 0 16.6 0
Ichikawa et al., 2011" 1 Double-stick tape 100 100 0 0 0
Masuoka et al., 2011" 5 Stitched sling retraction 100 100 0 0 0
Lin et al,, 2012" 4 Clip-sling-clip 75 75 0 0 0
Lee et al., 20167 42 Tisseel-coated Teflon sling 85.7 100 0 24 24
Zhang et al.,, 2017"® 174 Biomedical glue sling 96.5 95.7 2.8 0
Present study, 2019 16 Proximal VA transposition 938 938 0 0 0
LCN, lower cranial nerve; VA, vertebral artery.
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This method can reduce the pulsatile force of the REZ because the
proximal VA is raised first. One of the causes of failure in patients
undergoing conventional MVD is that pulsatile force stimulates the
facial nerve constantly by high pressure despite decompression. If
the pressure is constant, the larger the contact surface, the less the
transmitted force. This is similar to building a large number of
columns when building a bridge to reduce pressure transmitted to 1
column. Thus, the PTTI technique can reduce the offender pressure
delivered to the REZ of facial nerve. This can result in good prog-
nosis of surgical patients as seen in our study.

Another benefit of pre-decompression of the proximal site is
reduced manipulation of the facial nerve. The VA is a relatively
large vessel. It tends to be deeply embedded in the cer-
ebellopontine cistern. More cerebellar retraction is required to
detach the VA offender from the REZ of facial nerve, and more
force is needed. Therefore, facial nerve manipulation is generally
inevitable in conventional MVD for patients with a VA offender.
The PTTI technique can compensate for these problems because
offenders are raised in advance. The offender falls off the ponto-
medullary junction before direct decompression of REZ of the
facial nerve. For the same reason, hearing impairment can be
reduced by reducing the traction of cranial nerve VII. As a result,
this method can prevent retraction injury of cranial nerve VII—VIII
complex. In our study, 1 (16.6%) patient experienced hearing
impairment in the traditional MVD group. However, no hearing
impairment occurred in the PTTI technique group. Facial palsy
also showed better results in the PTTI technique group. In the
follow-up at 6 months after surgery, HFS was recovered for most
cases in both groups. However, in the early phase immediately
after operation, fewer patients had facial palsy in the PTTI group.
This means that manipulation of cranial nerve VII—VIII complex is
less in the PTTI group.

Alternative surgical methods published in other articles are also
effective as shown in Table 4. Although the number of patients
with a VA offender varied among studies, the overall surgical
outcome was reported to be 66.7%—100%. Complications such
as facial paralysis, hearing loss, and LCN impairment were also
reported in 0%—16.6% of cases.>>% > In our study, based
on postoperative HFS symptoms, 15 (93.8%) patients had good
outcomes (all but 1 patient). For the patient whose symptoms did
not improve, the offender was involved in complex intertwining of
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