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Abstract
Object The object of surgical treatment for hemifacial spasm
(HFS) is the exclusion of pulsatile neurovascular compression
of the root exit zone (REZ). However, spasm persists tran-
siently or permanently in some cases even after complete
decompression. In particular, we mainly experience these
results when the vertebral artery (VA) is the offender. Hence,
we verified color changes of the nerve and indentations from
within the operative field in HFS patients with the VA as the
offender. So, we reviewed retrospectively the records of those
patients who were treated with microvascular decompression
(MVD) in order to assess the relationship between operative
findings and clinical results.
Methods A total of 232 patients with HFS associated with the
VAwere treatedwithMVD between January 1994 and January
2009 at our institution. The patients were classified into one of
the following three categories based on compression severity:
Group I, mild; Group II, moderate; Group III, severe. The
patients were also classified into one of the following four
categories based on the existence of indentation and discolor-
ation of nerve VII: Group A (−/−), B (+/−), C (−/+), or D (+/+).
Results A total of 94.2% and 96.6% of the patients in
Groups I and II, respectively, had improved to grades I-II
at the last follow-up. The surgical outcomes of Group III

were slightly poorer than those of Groups I and II. Group A
showed the poorest outcomes with 60% of the patients clas-
sified as grades III-IV. In Group B, 98.4% of the patients
showed a marked improvement and Groups C and D showed
relatively poor outcomes compared with those of Group B.
Conclusions Severe deviations and color changes of the fa-
cial nerves may be the risk factors for poor surgical outcomes.
Future studies with larger sample sizes and investigations of
the pathophysiology underlying these findings are needed.
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Introduction

Gardner et al. [5] reported that the pathophysiological mech-
anism of hemifacial spasm (HFS) is due to chronic pulsatile
compression of the facial nerve root exit zone (REZ). As a
result, denervation of the nerve sheath occurs and produces
nerve action potentials below the normal level. Reports of
lateral excitation of facial axons due to ephaptic transmis-
sion [7, 25] and hyperexcitability of facial motor neurons
also exist [15, 19]. Microvascular decompression (MVD)
has been suggested to be the best treatment for HFS; it has
an excellent potential for achieving a disease-free state by
removing vascular compression [1, 14]. However, several
controversial issues are associated with MVD for HFS,
including the mechanism of recurrence and persistent symp-
tom despite surgery [11, 23, 31], and many questions remain
unanswered. One of our questions was inspired by an un-
common observation regarding a color change coinciding
with events such as venous congestion or ischemia of the
facial nerve. Such color change is seen intraoperatively
when the offending vessels are transposed. The object of
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surgical treatment for HFS has been accepted as the exclu-
sion of pulsatile neurovascular compression of the REZ.
However, some cases show persistent spasms either tran-
siently or permanently even after complete decompression
of the REZ. In particular, we experience these results when
the vertebral artery (VA) with strong pulsatile force and
intense compression severity is the offender of HFS. There-
fore, this study was designed to investigate factors contrib-
uting to clinical outcomes in HFS patients with the VA as
the offender according to the degree of compression force
and color change in the nerve, with a focus on the intra-
operative view (Fig. 1). We reviewed retrospectively the
records of HFS patients with the VA the offender who were
treated with MVD to assess the relationships between
operative findings and clinical results.

Materials and methods

Patient population

Between January 1994 and January 2009, 1,729 consecutive
patients underwent MVD for HFS at Yonsei University

Severance Hospital. Among these, 1,663 patients were
followed-up for 2 years, and 109 of 1,663 patients had
HFS caused by the VA alone and 123 of 1,663 patients
had HFS caused by the VA plus multiple offenders. The
mean patient age was 52.32 years (age range, 15–79). The
male-to-female ratio was 1:3.5 with a predominantly female
occurrence and left-sided preponderance. The mean preoper-
ative symptom duration was 6.0 years (range, 0.7-40 years),
and the mean follow-up duration was 23.83 months (range,
3.20-199.95 months).

MRI evaluation and monitoring technique

Preoperative and postoperative three-dimensional mag-
netic resonance angiography (3D-TOF MRA) evalua-
tions were performed with a 1.5-Tesla imaging system
(Signa; GE Medical Systems, Milwaukee, WI, USA),
and vascular compression and the status of the REZ
were evaluated using the same criteria that we reported
previously [4]. The REZ was identified as vascular
compression at the pontomedullary junction. Pure tone
audiometry (PTA) and facial electromyelography (EMG)
were performed preoperatively. Brainstem auditory

Fig. 1 Preoperative magnetic resonance imaging (MRI) series of a 49-
year-old woman with a 5-year history of left hemifacial spasm. Two-
dimensional fast spin echo image and 3D TOF MRA (b) showing the
left vertebral artery and the posterior inferior cerebellar artery com-
pressing the facial nerve at the root exit zone (a and b) and tortuosity of

the vertebral artery (c). Operation view shows severe compression by
the vertebral artery and the posterior inferior cerebellar artery (d).
When decompressed, we could see the indentation and color change
of the facial nerve (e)
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evoked potential and facial EMG were monitored
intraoperatively.

Surgical procedures

Under general anesthesia, all procedures were performed via
a lateral retrosigmoid suboccipital approach. The lateral
pontomedullary membrane was carefully dissected while
assessing the low cranial nerve complexes. Approximately
1-3 mm superior to the nineth cranial nerve, the REZ of the
facial nerve was located. The compression of the VA and
other blood vessels was identified near the REZ. When
small perforating arteries were branching towards the brain
stem or the cerebellar peduncle directly, careful manipula-
tion was essential because traction injuries might cause
severe consequences. We used Teflon felt and ball to repo-
sition the offending vessels and surgical glue to fix the
repositioned vessels in place. Then the surface of the facial
nerve sheath was enveloped using surgical glue.

Clinical assessment and follow-up review

All surgical procedures were performed by two surgeons,
and a database was assembled which included the surgeons’
intraoperative records, photographs, and videos. Compres-
sion severity was categorized as follows: Group I (mild)0
only contact without nerve indentation, Group II (moderate)0
indentation of the facial nerve without deviation from its
course, and Group III (severe)0deviation from the natural
course of the facial nerve (Fig. 2). The existence of indentation
and discoloration of nerve VII was determined by the senior
surgeon. In order to compare the surgical outcomes with the
presence of indentation and/or color change, we categorized
the participants into four groups. Group A included patients
without indentation and color change. Patients with indenta-
tion alone were placed in Group B. Group C contained
patients with only color change, and Group D included
patients with both indentation and color change upon intra-
operative view (Fig. 3). Our ratings for the improvement of
facial spasm postoperatively were as follows: excellent (I),

complete resolution of spasm; good (II), more than 90%
improvement; fair (III), 50–90% improvement; poor (IV), less
than 50% improvement; bad (V), no improvement. Clinical
outcomes were evaluated immediately after the surgery and at
outpatient visits during the subsequent follow-up period.
When patients could not visit, we used a telephone question-
naire. All patients included in this study were followed-up for
at least 24 months after MVD surgery. When classifying
postoperative complications, an “immediate” cranial nerve
deficit was defined as a cranial nerve deficit occurring within
24 h. An occurrence of a cranial nerve deficit 24 h postopera-
tively was defined as “delayed.” If a patient presented with
complications, such as a hearing impairment, facial weakness,
low cranial symptoms, and surgical complications, the patient
was evaluated to determine the complication severity and
recovery state.

Statistical analysis

Pearson’s chi-square test was used to compare transient or
permanent surgical complications between the VA group and
the overall group. Pearson’s chi-square and Fisher’s exact test
were used to compare neurological outcomes and improve-
ment depending upon the severity of compression, indenta-
tion, and/or color change between each group. The
comparison of each group was adjusted as Bonferroni correc-
tion. All statistical analyses were performed using SAS (SAS
ver. 9.2; SAS Institute, Cary, NC, USA). The data were
presented as the mean values±standard deviations (SD);
p values <0.05 were considered statistically significant.

Results

Clinical outcomes after MVD for HFS

Among those with HFS caused by the VA, grades I-II were
observed in 221 cases (95.2%), grades III-IV were seen in

Fig. 2 The categories of compression severity were defined as fol-
lows: Group I (mild)0only contact without nerve indentation, Group II
(moderate)0 indentation of the facial nerve without deviation from its
course, and Group III (severe)0deviation from the natural course of the
facial nerve

Fig. 3 We categorized the patients into four groups based on color and
indentation differences. Group A included patients without indentation
or color change. Group B included patients with only indentation, and
Group C was made up of patients with only color change. Patients in
Group D had both indentation and color change
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22 cases (3.5%), and grade V were identified in three cases
(1.3%) after 2 years of follow-up. Overall, grades I-II were
observed in 1,363 cases (95.2%), grades III-IV were found
in 58 cases (4.1%) and grade V was identified in ten cases
(0.7%). The surgical success rate of MVD for HFS caused
by the VA was statistically similar to the overall surgical
success rates (Table 1).

Surgical complications

Permanent facial palsy was seen in three patients (1.3%)
and hearing impairment was noted in five patients
(2.2%). Low cranial nerve palsy occurred in 15 patients
(6.5%) transiently, and two of these 15 patients (0.9%)
had permanent palsies at the follow-up 2 years later.
One patient experienced infection, another patient had
hemorrhaging, and cerebral spinal fluid (CSF) leakage
occurred in seven patients in the VA group. Overall, 16
patients (1.1%) experienced permanent facial palsy, and
31 patients (2.2%) had hearing impairment. Low cranial
nerve palsy occurred in 24 patients (1.7%) transiently
and was permanent in two of these 24 patients (0.1%).
Infection was noted in 35 cases (2.5%), hemorrhage in
18 cases (1.3%), and CSF leakage in 13 cases (0.9%).
The frequencies of transient lower cranial palsy and
CSF leakage in patients with HFS associated with the
VA were significantly different from the overall frequencies
(p<0.001 and 0.145, respectively). Overall, transient facial
palsy was commonly observed (p00.0033). However, the
occurrence of permanent complications in those with VA-
associated HFS did not differ from the overall occurrence of
permanent complications (Table 2).

Neurological outcomes and improvement with respect
to compression severity

In Groups I and II, 94.2% and 96.6% of patients, respec-
tively, had improved to grades I-II at the last follow-up.
Grades III-V were observed at a rate of 5.8% in Group I
and 3.4% in Group II. Intergroup comparisons of surgical
outcomes revealed no statistically significant differences
between Group I and II (p>0.9999), Group I and III

(p>0.9999), and Group II and III (p00.7608). However,
patients in Group III experienced a lower degree of post-
surgical improvement compared with those in Groups I and
II; 90.6% were grades I-II, 6.3% were grades III-IV, and 3.1%
were grade V (Table 3, Fig. 4).

Neurological outcomes and improvement with respect
to indentation and/or color change

Patients in group A experienced poor outcomes; 40% of the
participants were categorized as grades I-II and 60% were
grades III-V. A marked improvement was observed in
98.4% of Group B patients, and only three patients were
classified as grades III-IV. Patients in Groups C and D had
poorer outcomes than those in Group B (grade III-V: 15.8%
vs 11.8%, respectively). Significant differences in clinical
outcomes were noted between Groups A and B (p<0.001).
Although Groups B and C (p00.0636) and Groups B and D
(p00.1458) revealed no statistically significant differences,
Groups C and D patients in whom a color change was ob-
served also experienced relatively poor outcomes (Table 4,
Fig. 5).

Table 1 Surgical outcomes after
microvascular decompression
for hemifacial spasm

VA vertebral artery, HFS
hemifacial spasm

Grading of surgical outcome VA (n0232) Overall (n01,431)

I: complete resolution of HFS 207 (89.2%) 1,205 (84.2%)

II: improvement>90% 14 (6.0%) 158 (11.0%)

III:improvement 50-90% 8 (3.5%) 43 (3.0%)

IV: improvement<50% 0 (0%) 15 (1.1%)

V: No improvement or recurrence 3 (1.3%) 10 (0.7%)

Table 2 Surgical complication after microvascular decompression for
hemifacial spasm

Complication VA (n0232) Overall (n01,431) p value

Facial palsy

Transient 29 (12.5%) 297 (20.8%) 0.0033

Permanent 3 (1.3%) 16 (1.1%) > 0.9999

Hearing impairment

Transient 7 (3.0%) 51 (3.6%) 0.6737

Permanent 5 (2.2%) 31 (2.2%) 0.9914

Lower CN palsy

Transient 15 (6.5%) 24 (1.7%) < 0.0001

Permanant 2 (0.9%) 2 (0.1%) 0.0960

Infection 1 (0.4%) 35 (2.5%) 0.0504

Hemorrhage 1 (0.4%) 18 (1.3%) 0.3465

CSF leakage 7 (3.0%) 13 (0.9%) 0.0145

VA vertebral artery, CN cranial nerve, CSF cerebral spinal fluid
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Discussion

Pathophysiology

Despite many studies, the pathophysiology of HFS has still
not been completely established. Previous studies of HFS
have suggested that ectopic excitation and ephaptic trans-
mission may be important factors underlying hyperexcitabil-
ity [20]. The cranial nerves are most sensitive to pulsatile
vascular contact and can undergo degenerative changes near
REZ. The facial nerve is particularly vulnerable due to the
lack of the epineurium and interfascular connective tissue
[21]. The REZ is thought to be the region where there is a
transition from central to peripheral axonal myelination
within the most proximal few millimeters. For these reasons,
MVD is known to be an effective method of therapy for
HFS because it prevents the transmission of pulsatile signals
regardless of their compressed pattern or strength. Many
functional neurosurgeons have reported high success rates
following MVD surgery, ranging from 79% to 97% [1, 8, 9,
17, 23, 24]. However, efforts have not been made to produce
a more complete surgical outcome when the VA is the
offender. Recently, studies have analyzed the patterns of

neurovascular compression, and the areas of compression
by offending vessels in HFS have also been reported.
According to Park et al. [22], neurovascular compression
patterns can be categorized into six different types and no
significant differences among these compression patterns in
terms of clinical outcomes have been reported. Campos-
Benitez and Kaufmann [3] suggested that the common neu-
rovascular compression theory should be expanded to in-
clude not only REZ compression but also severe pulsatile
neurovascular compression on the peripherally myelinated
portion of the facial nerve; these were not related to com-
pression location, severity, or vessel type. However, we
think that a treatment for HFS caused by large vessels (such
as vertebral or basilar arteries) should be carefully consid-
ered. Nerve compression by the VA is frequently a result of
atherosclerosis, making transposition of the VA difficult. In
cases of VA-associated HFS, the REZ of the facial nerve is
subjected to high pressure and it is likely that pulsatile
signals may still remain after surgery. In addition, a tortuous
perforating artery makes it difficult to completely transpose
the parent artery. Therefore, many authors have suggested
modified methods over conventional MVD [2, 12, 13, 16,
27, 28]. Nevertheless, the outcomes of surgical treatment for
facial spasm caused by the VA remain unsatisfactory. There-
fore, we sought to determine whether a higher compression
pressure and the degree of facial nerve distortion influence
clinical outcomes in cases of VA-associated HFS. The
results of our study indicate that the compressive force
measured as the degree of indentation did not influence
the surgical outcomes statistically. However, a severe devi-
ation of the natural course of the facial nerve might be
minimally related with surgical outcomes, although these
findings were not statistically significant. We hypothesized
that deviations of nerve VII may produce ischemia of the
nerve and gradually cause nerve degeneration. Hatem et al.
[6] suggested that a delay in improvement after surgery
strongly supports the hypothesis that HFS is not only due
to the mechanical pulsations of the elongated artery against

Table 3 Surgical outcomes
according to compression
severity

Severity Surgical outcome p value

I-II III-IV V

Mild vs moderate

Mild 49/52 (94.2%) 2/52 (3.9%) 1/52 (1.9%) > 0.9999

Moderate 143/148 (96.6%) 4/148 (2.7%) 1/148 (0.7%)

Mild vs severe

Mild 49/52 (94.2%) 2/52 (3.9%) 1/52 (1.9%) > 0.9999

Severe 29/32 (90.6%) 2/32 (6.3%) 1/32 (3.1%)

Moderate vs severe

Moderate 143/148 (96.6%) 4/148 (2.7%) 1/148 (0.7%) 0.7608

Severe 29/32 (90.6%) 2/32 (6.3%) 1/32 (3.1%)

Fig. 4 Neurological outcomes and improvement with respect to
compression severity
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the REZ of the facial nerve but also due to demyelination of
the nerve and/or hyperactivity of facial motor nuclei gener-
ated by neurovascular compression over extended periods of
time. High pulsatile pressure or other causes induce severe
degeneration of the nerve and do not allow complete reso-
lution of spasm. Based on this theory, we explored color
change as another indicator of nerve degeneration and ana-
lyzed the relationship between clinical outcomes and these
changes identified in the operative field. In previous studies
of peripheral nerves, researchers have found alterations in
nerve excitability due to changes in membrane potential and
ion channel function that resulted from nerve ischemia and
hyperventilation [10, 18]. Wang [30] studied ten facial nerve
root specimens obtained from patients with HFS using elec-
tron microscopy. The axons showed a particular pattern of
degeneration, and the axonal mitochondria and smooth en-
doplasm showed irregular vacuolization. The myelin sheath
showed irregular vacuolization, replication, convolution,
and extensive segmental demyelination, and the Schwann
cells were apparently in a state of degeneration. Sapmaz et
al. [26] investigated functional and histopathological

changes in the facial nerves due to the application of phys-
ical and electrical stimuli. Axonal degeneration, macrova-
cuolization, and vascular congestion in these specimens
were assessed by light microscopy. A severe compression
induced by large vessels that is sufficient to deviate the
facial nerves can sometimes result in degeneration of the
nerve itself or ischemia of a perforating artery. Takeda et al.
[29] reported that in an animal model of ischemic facial
palsy, the regeneration process did not always occur nor-
mally in cases of severe nerve damage, and a decrease in the
number of fibers and irregularly-shaped fibers were noted in
animals with incomplete recovery. Also, in terms of the
technical aspect, the VA offenders are often atherosclerotic
and perforating arteries make it difficult to transpose the
parent artery. It could, therefore, be inferred that complete
decompression of the offending vessels may not have been
achieved with our procedures. The most likely cause of
incomplete decompression of MVD associated with the
VA is a perforating artery. MVD associated with the VA
should be done very carefully because even the slightest
damage to a perforating artery could create serious compli-
cations. When a perforating artery was present, we used a
Teflon felt to lift the VA and then placed small Teflon pieces
carefully and minimally between the facial nerve and the
perforating artery. We then prepared a space between the
Teflon pieces and the facial nerve. Subsequently, the facial
nerve sheath was enveloped using surgical glue. However, it
should be noted that an excess amount of surgical glue can
cause vasospasm of the vessel and also occlusion of the
surrounding small arteries or perforating artery. We per-
formed this procedure under the assumption that surgical
glue can protect the nerve from ischemia in addition to
achieving complete decompression and fixation of the VA.
Such neuroprotective management using surgical glue may
be helpful during the intraoperative and perioperative peri-
ods. Based on our results, we concluded that the compression

Table 4 Intergroup compari-
sons of surgical outcomes with
respect to indentation and/or
color change

Severity Indentation/color change Surgical outcome p value

I-II III-IV V

A vs B Group A (−/−) 2/5 (40%) 1/5 (20%) 2/5 (40%) < 0.001
Group B (+/−) 188/191 (98.4%) 3/191 (1.6%) 0/191 (0%)

A vs C Group A (−/−) 2/5 (40%) 1/5 (20%) 2/5 (40%) 0.3270
Group C (−/+) 16/19 (84.2%) 3/19 (15.8%) 0/19 (0%)

A vs D Group A (−/−) 2/5 (40%) 1/5 (20%) 2/5 (40%) 0.4842
Group D (+/+) 15/17 (88.2%) 1/17 (5.9%) 1/17 (5.9%)

B & C Group B (+/−) 188/191 (98.4%) 3/191 (1.6%) 0/191 (0%) 0.0636
Group C (−/+) 16/19 (84.2%) 3/19 (15.8%) 0/19 (0%)

B & D Group B (+/−) 188/191 (98.4%) 3/191 (1.6%) 0/191 (0%) 0.1458
Group D (+/+) 15/17 (88.2%) 1/17 (5.9%) 1/17 (5.9%)

C & D Group C (−/+) 16/19 (84.2%) 3/19 (15.8%) 0/19 (0%) 0.9999
Group D (+/+) 15/17 (88.2%) 1/17 (5.9%) 1/17 (5.9%)

Fig. 5 Neurological outcomes and improvement with respect to
indentation and/or color change
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force as measured by the degree of indentation did not influ-
ence the surgical outcomes. Also, the existence of a color
change in the facial nerve might be a risk factor for poor
surgical outcomes. Interestingly, patients without indentation
or color change in our study experienced poor outcomes. We
think that this may be due to a wrong diagnosis or the possi-
bility of another unknown mechanism. A limitation of our
study was that we did not assess treatment outcomes for HFS
according to all the different offending vessels. However, our
study aimed to assess the hypothesis that severe pulsatile force
and compression affect the facial nerve. Hence, we chose HFS
patients associated the VA. Also, the minimal differences in
treatment outcomes observed in this study may be due to the
degree of transposition or characteristics of the perforating
artery influencing the VA and difficulty in the surgical tech-
nique. Moreover, this study has limitations because it is a non-
randomized, retrospective study. Furthermore, indentation and
color change are subjective parameters and may vary depend-
ing on the operating surgeon. However, we think that our
results provide a meaningful discussion because all surger-
ies were performed by only two surgeons.

Conclusions

Although compression severity revealed no statistically sig-
nificant differences, a severe deviation of the facial nerve may
affect the clinical outcomes. Group Awithout indentations or
color changes showed poor outcomes postoperatively, while
Group B with only indentations showed excellent outcomes
(p<0.001). Although Groups B and C (p00.0636) and
Groups B and D (p00.1458) revealed no statistically signifi-
cant differences, Group C and D patients in whom a color
change was observed also experienced relatively poor out-
comes. In the future, a greater number of cases and investiga-
tion of the pathophysiology of these findings will be required
to further understand the outcomes of MVD.
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