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Infranuchal Infrafloccular Approach to the More

Vuinerable Segments of the Facial Nerve
in Microvascular Decompressions
for the Hemifacial Spasm

Heung-Sik Park, M.D., Dong Kyu Chang, M.D., Young-Min Han, M.D.,PhD.
Department of Neurosurgery, Neuroscience center, Incheon St. Mary’s Hospital, The Catholic University of Korea, Incheon, Korea

Objective : We investigated the locations of compressing vessels in hemifacial spasm. To approach compression sites, we described and
evaluated the efficacy of the infranuchal infrafloccular (INIF) approach.

Methods : A retrospective review of 31 consecutive patients who underwent microvascular decompression (MVD) through INIF with a minimum
follow-up of 1 year was performed. Along the intracranial facial nerve, we classified the compression sites into the transitional zone (TRZ), the
central nervous system (CNS) segment and the peripheral nervous system (PNS) segment. The INIF approach was used to inspect the CNS
segment and the TRZ. Subdural patch graft technique was used in order to achieve watertight dural closure. The cranioplasty was performed
using polymethylmethacrylate. The outcome and procedure-related morbidities were evaluated.

Results : Twenty-nine patients {93%) showed complete disappearance of spasm. In two patients, the spasm was resolved gradually in 2 and 4
weeks, respectively. Late recurrence was noted in one patient {3%). The TRZ has been identified as the only compression site in 19 cases
{61.3%), both the TRZ and CNS segment in 11 {35.5%) and the CNS segment only in 1 (3.2%). There was no patient having a compressing vessel
in the PNS segment. Infection as a result of cerebrospinal fluid leak occurred in one patient {3%). Delayed transient facial weakness occurred in
one patient.

Conclusion : The TRZ and the CNS segment were more vulnerable area to the compression of vessels. We suggest that surgical avenue with

the INIF approach provides early identification of this area.
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INTRODUCTION

Hemifacial spasm (HFS) represents a segmental my-
oclonus of muscles innervated by the facial nerve. It is
generally accepted that HFS is caused by compression of
the facial nerve by blood vessels at root entry/exit zone
(REZ)'31>20232939) The REZ or the transitional zone
(TRZ) has been regarded as the area at which the central

glial myelin extending into the facial nerve from the brain-
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stem meets the peripheral myelin composed of Schwann
cell61>152223293557)  Tanetta and colleagues hypothesized that
vascular compression must be at the REZ which should be
the target point of microvascular decompression (MVD)'*'4.
These terms such as the REZ and the TRZ, however, have
often been confused with each other. Recently, more
detailed anatomical description of the relationship between
these terms and new hypothesis of vascular compression
have been suggested®*>. Based on the recent report, the
CNS segment and the TRZ are known to be the target area
of MVD for HES®. However, this hypothesis lacks clinical
evidences. On the other hand, in order to reach this area,
more basal bony opening is useful to get an early access and
after opening the dura, infrafloccular approach can provide
an early overview of this area especially on the CNS
segment. Para-condylar fossa approach and lateral subocci-
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pital infrafloccular approach have been proposed to reach
the REZ more efficiently'""”. We adopted these approaches
and made a small modification for the purpose of more
efficient decompression of the CNS segment and a closure
of the dura. We performed MVDs for HFS using this
approach in 31 consecutive patients. Retrospective analysis
on the compression sites, procedure-related complications
and clinical outcomes were carried out. In this report, we
discussed which segment was more responsible for the
occurrence of HFS. In addition, we described the surgical
steps briefly and discussed the usefulness of INIF approach
with an emphasis on the CNS segment decompression.

MATERIALS AND METHODS

Patient population

Thirty-one patients with HES underwent MVD using
this approach between March 2003 and November 2005.
The patient population was composed of 21 women and
10 men with mean age of 47.5 years ranging from 25 to 75
years. Clinical symptoms are summarized in Table 1.

Surgical procedures
Following induction of endotracheal anesthesia, a three-
point head fixation was applied. The patients with the thin

Table 1. Clinical summary

Variables No. of cases (%)
Side
Sx. on right side 17 (85)
Sx. on left side 14 (45)
Types
Typical 28 (90.4)
Atypical 30.6)
Spasm
Predominantly fonic 306
Predominantly clonic 28 (90.4)
Sx. 1 symptom

e——— INFERIOR NUCHAL LINE LEVEL

Fig. 1. Skin incision in the retroauricular region.
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and long neck were placed in the supine position and the
patients with the short and thick neck in the lateral decu-
bitus position with appropriate padding of pressure points.
The head was rotated to the contralateral side, the vertex
was inclined about 15 degrees toward the floor and the
shoulder was taped down toward the foot in an attempt to
expose easily the occipital bone below the inferior nuchal
line. The inferior nuchal line, mastoid notch and tip of the
mastoid process should be identified by palpation. For skin
incision, a slightly curved line 5 cm in length is drawn at a
position 1.5 cm posterior to the mastoid notch, which
begins from the point 1 cm superior to the inferior nuchal
line (Fig. 1). After exposure of the inferolateral occipital
bone, a small key hole is made at the portion between the
inferior nuchal line and the posterior condylar canal and
then enlarged with a drill and a rongeur to the medial
margin of the sigmoid sinus (Fig. 2). After dural opening,
lower cranial nerves in the cistern should be identified, and
then arachnoids dissection proceeds to the CNS segment
and the root detachment point of the facial nerve. Through
the infrafloccular avenue with gentle retraction of the
flocculus in a caudorostral direction (infrafloccular appro-
ach), the root exit point and the CNS segment can easily be

Fig. 2. Skull reconstruction 3D computed fomography obtained postop-
eratively. A : Lateral oblique view showing a bony opening below the inferior
nuchal line and posterior to the mastoid process. Arrow : craniectomy. B :
Basal view showing a bony opening. Star; mastoid process, thick arrow :
craniectomy, thin arrow : contralateral posterior condylar canal.

Table 2. Operative findings

Compressing vessels and sftes -No. of cases
Cormpressing vessels
AICA 19
PICA 8
AICA + arteriole 2
AICA + small vein 1
PICA + small vein 1
Sites (%)
TRZ 19 (61.3)
TRZ + CNS segment 11 (35.5)
CNS segment 13.2)

AICA: anterior inferior cerebellar artery, CNS: central nervous system, PICA:
posterior inferior cerebellar artery, TRZ: transitional zone
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F|g 3 Photographs of compressing vessels and sites. A: The antenor inferior cerebellar artery (AICA) loop (whlte arrows) compressing the faC|a| nerve from
the proximal area just above the ninth nerve to the nerve detaching point from the stem. Thick black arrow : lower cranial nerves, Thin black arrow : facial
nerve. B : Photograph demonstrating two vessels located between the root detachment point and the ninth cranial nerve. Single arrow : glossopharyngeal
nerve, double arrows : acoustic nerve. G : Photograph showing an AICA loop crossing the facial nerve below the root detachment point. Black arrow : AICA,

white arrow : Root Detachment Point.

Fig. 4. Photographs obtained from the patient W|th an atyplcal hem|fa0|a| spasm. A : Photograph
demonstrating the central nervous system segment (%) of the facial nerve. The glossopharyngeal nerve
and the anterior inferior cerebellar artery (AICA) (black arrows) is identified. The loop is placed on the
pontomedullary sulcus. B : After insertion of a piece of teflon felt beneath the AICA loop (black arrows),
the compressing segment of the AICA can be observed which is displaced outwardly from the
pontomedullary sulcus.

identified. The location of neurovascular compression was
categorized based on the previous reports”. We defined the
exit point of the facial nerve at which the facial nerve exited
the brainstem as the upper end of the supraolivary fossette
around the pontomedullary sulcus. During the operation,
this site was easily observed because this portion is the most
concave area below the facial nerve. The portion at which
the facial nerve is detached from the pons was defined as
root detachment point (RDP). As the previous report
presented, the exact location of the RDP could almost always
be determined and the point should offer a good landmark
during procedures for HFS to locate the TRZ. The CNS
segment of the facial nerve is located between the root exit
point and the RDP. This segment shows white glistening
color. The PNS segment with pale slightly gray color is
distal to the RDP. The TRZ is located around the RDP
where the central myelin is converted to the peripheral my-
elin. We used this classification as Campos-Benitez described.

Careful inspection should be performed keeping in mind
that vascular compression can be present along the whole
CNS segment and/or the TRZ. Two to three pieces of
shredded Teflon felt are inserted between the nerve and the

compressing vessel or vessels. The
fascial patch graft or Neuro-Patch (B.
Braun Medical S. A., Boulogne,
France) is used for a dural closure.
The patch is inserted subdurally in
order to be pushed toward the dura
by CSF pressure. For additional
sealing, Tisseel fibrin glue (Biotek
Pharma, Baxter Healthcare Ltd.,
Thetford, Norfolk, UK) was used
over the epidural area and then the
closure is reinforced with a piece of
Gelfoam. Cranioplasty is performed
using polymethylmethacrylate (PM-
MA) to prevent muscle adhesion to the dura. The wound is
closed layer by layer.

RESULTS

The compressing vessels and sites are listed in Table 2.
The AICA was the most common compressing vessel. In 4
cases, we identified more than 2 vessels compressing either
the CNS segment or the TRZ (Fig. 3C). In terms of the
compression sites (Fig. 3, 4), the TRZ has been identified
as the only compression site in 19 (61.3%), both the TRZ
and CNS segment in 11 (35.5%) and the CNS segment
only in 1 (3.2%). There was no patient having a com-
pressing vessel in the distal segment of the facial nerve.
Among three cases with atypical HES, two patients showed
the TRZ compressed by the crossing vessel and the other
one revealed compression at the pontomedullary junction
that is the portion of the proximal CNS segment (Fig. 4).
Twenty-nine patients (93.5%) showed complete disap-
pearance of the HFS within one week after the operation.
Five patients (16.1%) complained of spasm attacks once or
twice in a day, which showed a shorter duration than those
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Table 3. Results and postoperative complications

Resufts and complications No. of cases
Resutts
Spasm-free within a week 29
Spasm-free gradually 2
Spasm persisted 0
Recurrence 1
Complications
CSF leak 1
Infection 1
Meningttis 1
Facial pciresis
Tempcrary 1
Permanent 0
Hearing impairment 0

CSF : cerebrospinal fluid

observed preoperatively. In two patients (6.5%), their spasm
persisted for more than a week but ceased completely within
four weeks. One of them showed recurrence of HES with
less severity seven months after the operation. She declined
re-exploration. Operative complications are presented in
Table 3. In one patient with diabetes mellitus, CSF rhi-
norrhea occurred 11 days after the operation. The patient
eventually developed infection of the operation site and
meningitis. In one patient (3.2%), facial paresis on the
operation side occurred 2 months later but resolved com-
pletely through 3 weeks without specific treatment.

DISCUSSION

Compression sites

HFS has been reported to be caused by compression of
the facial nerve on the REZ'**%%3) Therefore, it has
been generally accepted that MVD of the compressing
vessels from the REZ is an effective treatment option for
HES»1#171922:2.26293339) "The REZ has been regarded as the
area in which the sheath of the facial nerve is converted to
the peripheral myelin composed of Schwann cells from the
central glial myelin®**. Some investigators have called this
area as the Obersteiner-Redlich zone®® or the TRZ, the
region of transition from central to peripheral myelin®'%,
On occasion, these terms have been confused with each
other. The facial nerve exits from the stem at the upper end
of the supraclivary fossette which is located just around the
pontomedullary sulcus®®. After exiting the brainstem, the
facial nerve goes upward adhered strongly to the pons
through the pia mater and connective tissue and then deta-
ched from the pons. Based on their anatomical study, Tomii
et al.” proposed new terms such as the root exit point
(RExP), the root detachment point (RDP) and the TRZ.
They have clearly described differences between the RExP
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and the RDD. They also described the location of the TRZ
which was observed between 8 to 9.9 mm distant from the
RExP in the lateral portion of the facial nerve which had a
mean length of 1.9 mm®. The RDP of the facial nerve at
the medial side was located very close to the beginning of
the medial TRZ in their report. The TRZ has been a target
area to be decompressed in MVD. De Rider et al.?, however,
suggested that vascular compression syndromes can be
caused by vascular contact occurs along the CNS segment
of a cranial nerve and not specifically at the TRZ, as
previously thought. In this report, we investigated the
location of compression according to the anatomical
descriptions proposed by the above mentioned authors.
Our results revealed that the most common compression
site was the TRZ not the CNS segment. In eleven cases,
vascular compressions were observed at both the CNS
segment and the TRZ by a single or multiple vessels (Fig.
3, 4). We usually decompressed all vessels involving the
TRZ and the CNS segment except one patient. In that
patient, a small vein was crossing the CNS segment and the
AICA was crossing the TRZ. We decompressed the
anterior inferior cerebellar artery alone. Postoperatively, the
spasm disappeared. In one patient with atypical HES, we
identified the only compression site was the CNS segment
around the pontomedullary sulcus. There was no case that
showed compression on the PNS segment. Even in the cases
showing vascular contacts with the facial nerve distal to the
TRZ, we can identify compressing vessel or vessels around
the TRZ. Our results showed. that the TRZ was the
compression site in almost all cases except one. But, in the
cases showing compression in both the CNS segment and
the TRZ, we could not distinguish which site is more
responsible for occurrence of the HFS. Several authors with
large clinical series have indicated that the lower segment to
the pons should be decompressed'"'**¥. Conversely, the
lower segment that is the CNS segment may be a causative
site of the HFS. In our report, there was a patient in whom
only the CNS segment was compressed. Recendy, there have
been reports that not only the TRZ/CNS but also the other
segments of the facial nerve can cause the HFS%1%18283136),
The distal cisternal segment and even the extracranial
portion of the facial nerve have been reported to be sites
causing HFS>”#10182830 [ patients with the HFS, both
partial demyelination and axonal degeneration of the
seventh cranial nerve may be essental to produce the hy-
peractivity of the facial motor nucleus. In an experimental
animal study by Kuroki and Moller’”, they showed that
close contact between a peripheral branch of the facial
nerve and an artery also facilitated the development of an
abnormal muscle response, but only if the facial nerve had
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previously been slightly injured (by a chromic suture) at the
location of the arterial contact. Based on the previous re-
ports!?7#1827:2830313436 and our results, HFS may be caused
along any segment of the facial nerve by a stimulus which
can cause injury such as demyelination. The stimulus should
be enough to cause demyelination, which may be the
reason why arteries are more frequently reported to be an
offending vessel than veins or capillaries. Conversely, if the
intensities of stimuli are within a constant range such as an
arterial pulsation the occurrence of HFS may be dependent
on the site. The PNS segment ensheathed with Schwann cells
is generally accepted to be more resistant to vascular com-
pression causing demyelination®®”. But, if there is an injury,
the HFS may be developed as shown in the reports*9,
The TRZ may be the weakest point and the CNS segment
may be more vulnerable to the mechanical irritation than
the PNS segment. Ryu et al.?® insisted that the REZ is the
primary site of vascular compression causing HFS in most
cases and so this portion should be decompressed initially
and then the distal portion of the seventh cranial in cases in
which neurovascular compression at the REZ was not
confirmed during surgery. To achieve successful outcomes
in MVD for HES, attention should be placed firstly on
more vulnerable segments and then on the other segments.

We have experienced three cases with atypical HFS in
which spasm began in the buccal muscles, with progressive
spread upward to involve the orbicularis oculi muscle. It
has been suggested that compression of the facial nerve at
the posterorostral side could have caused atypical HFS?. In
our patients with atypical HFS, however, the TRZ was the
compression site in two patients and the CNS segment was
in one patient. Further clinical study in a larger population
would be needed to seek differences between typical and
atypical HES.

Infra-nuchal infra-floccular approach

To inspect compressing vessels thoroughly at the TRZ
and the CNS segment of the facial nerve, it may be easier
to approach those areas from the inferolateral portion of the
posterior fossa. The proximal CNS segment started from
the upper edge of the supraolivary fossette around the
pontomedullary sulcus. The ninth nerve is a good land-
mark to identify the RExP after opening the cerebello-
medullary cistern. We usually try to inspect carefully from
the RExP to the RDP because this area is more vulnerable
segment. The lateral suboccipital retrosigmoid approach is
commonly used to treat lesions in the cerebellopontine angle.
This approach has been modified according to the specific
surgical anatomy required for certain operations including
cerebrovascular, tumor surgery and also MVD?>192125:323)

Advancement of surgical instruments, operating micro-
scope and endoscope has made minimally invasive modi-
fications of this approach. Furthermore, to prevent or reduce
the procedure-related morbidity, some technical tips have
been added. Among several modified approaches, the
lateral suboccipital infrafloccular approach or the para-
condylar fossa approach is the one which provide direct
access to the more vulnerable segment of the facial nerve'"”.
In these approaches, bony opening is located below the
inferior nuchal line. The occipital bone in this area is
usually thin so it is easy to open. While extending the bony
opening to the margin of the sigmoid sinus which courses
medially to the jugular foramen, we seldom face the
mastoid bone overhanging the line of surgical view. The
bony opening usually located in the occipital bone itself,
which make it possible not to open the mastoid air cells.
Consequently, we can reduce the risk of CSF leak. In addi-
tion, these are more useful in cases with the large flocculus.
Sindou® described why this infrafloccular route is impor-
tant. First, the compressing vessels are usually located ven-
trocaudally at the REZ which may mean, in other words,
compressing usually occurs at the more vulnerable segments.
The other reason he suggested is that using this route can
avoid a lateral-to-medial retraction of the cerebellar hemi-
sphere which would exert stretching of the eighth nerve,
causing a hearing loss®. Hitotsumatsu et al.'” indicated
that the REZ could be easily observed with gentle retraction
of the flocculus in a caudorostral direction perpendicular to
the VIIIth cranial nerve during this approach. The direc-
tion of retraction perpendicular to the VIIIth cranial nerve
can minimize the risk of hearing impairment. In more than
50% of our cases, we were able to perform MVDs without a
routine use of retractors which resulted in no hearing
impairment. To expose more basal occipital bone over the
cistern magna, caudomedial extension of skin incision may
be helpful as described by Hitotsumatsu et al.'. However,
we usually have made a curvilinear skin incision of slight
extension to the medial side which was sufficient for the
bony opening (Fig. 1). We also usually used the inferior
nuchal line as the bony landmark so named it INIF
approach. This is not a new one but just an integrative
modification of several authors’ procedures. This approach
facilitates both view and access to the more vulnerable
segments of the facial nerve.

CONCLUSION

In our investigation, almost all compressing vessels in
HES are identified at the TRZ alone and at both the TRZ

and the CNS segment. In one case, compression was iden-

344



tified around the pontomedullary junction that is the CNS
segment. We suggest that the TRZ and the CNS segment
may be more vulnerable to the mechanical stimulus such as
the pulsation of vessels than the PNS segment. To inspect
this region and perform MVD more safely, the INIF
approach is more effective. Further study on the compress-
ing sites should be necessary to confirm and further eval-
uations of applications of this approach are needed.
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