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Objective: Microvascular decompression (MVD) surgery has been accepted as a

minimally invasive surgical modality for the treatment of hemifacial spasm (HFS).

However, the size of the bone window does not match the concept of minimally invasive.

This study is aimed at evaluating the efficacy and safety of <2 cm micro-keyhole MVD.

Methods: A total of 148 patients with HFS diagnosed in the First Affiliated Hospital of

Chongqing Medical University from January 1, 2019, to July 1, 2020, who underwent

MVD in the neurosurgery department of the hospital were collected. Surgery was

performed by a retrosigmoid keyhole approach with the bone hole diameter <2 cm,

which was named micro-keyhole MVD. The efficacy and safety of the micro-keyhole

MVD were evaluated by statistical analysis of the efficacy of the micro-keyhole MVD and

the incidence of postoperative complications.

Results: The effect of micro-keyhole MVD was satisfying (cure or partial remission) in

97.2% (n = 144). The failure and recurrence rates were 2.7% (n = 4) and 0.6% (n =

1), respectively. Among them, immediate facial palsy, delayed facial palsy, hearing loss,

and cerebrospinal fluid (CSF) leakage were found in 0.6% (n = 1), 8.1% (n = 12), 4.7%

(n = 7), and 1.3% (n = 2). Only one patient developed cerebellar infarction, which was

complicated by “moyamoya disease.” The micro-keyhole MVD in the treatment of HFS

can achieve a high remission rate and reduce the incidence of surgical complications.

Conclusion: Micro-keyhole MVD is a safe and effective minimally invasive treatment for

HFS. This technique does not increase the incidence of cranial nerve injury. Meanwhile,

it reduces the incidence of CSF leakage and hearing loss (HL).

Keywords: micro- keyhole, microvascular decompression, hemifacial spasm, complications, hearing loss,

cerebrospinal fluid leakage

INTRODUCTION

For primary hemifacial spasm (HFS), the most commonly proposed etiology is
neurovascular compression (NVC) at the root exit zone (REZ) of the facial nerve (1).
The efficacy of microvascular decompression (MVD) in the treatment of HFS has been
confirmed, and the effective remission rate of MVD ranged from 90.5 to 92.8% (2–6).
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Proposed in 1962 and described detailedly in 1999 (7), MVD
had gradually become a wild-accepted treatment for HFS. The
diameter of the bone window of MVD was about 4–5 cm, and
it was designed as a triangle. In the first 10 years of the 20th
century, with the advancement of technology, the size of the
bone window gradually decreased to 3 cm (8). In the past 10
years, due to the development of endoscopic technology, the
bone window of MVD was more minimally invasive, and the
diameter has reduced to <2 cm (9–11). As the bone window
decreases, the incidence of cerebrospinal fluid (CSF) leakage in
patients is getting lower and lower. However, endoscopes are not
configurable in every medical center. In this series of cases, using
a microscope, the bone window is designed to be more minimally
invasive (< 2cm), and we call it micro-keyhole MVD.

METHODS

Population
We retrospectively reviewed the medical records of 148 patients
who underwent micro-keyhole MVD via a retrosigmoid keyhole
approach between January 2019 and July 2020. All surgeries
were performed by a single surgeon (Dr. Yan Zhan) at the First
Affiliated Hospital of ChongqingMedical University. All patients
were routinely examined by magnetic resonance imaging (MRI)
to exclude posterior fossa tumors. Table 1 shows the general
characteristics of the patient population.

Operative Technique
1. Under general anesthesia, the patient was placed in a lateral

decubitus position with the head facing the healthy side. With
the help of two fixation bands, the patient was fixed to the
operating table. During the operation, the head position could
be adjusted freely by tilting the operating table to the left
or right.

2. The longitudinal skin incision was located about 2 cm behind
the mastoid process, with a length of about 5 cm (Figure 1).

3. The keyhole was next to the posterior groove of the digastric
groove inferior to the junction of the transverse sinus and the
sigmoid sinus. This is an oval bone window with a diameter of
<2 cm (Figures 2, 3).

4. Cut the dura mater in a T shape and suspend the dura mater
on the muscle tissue. The arachnoid was cut over the VII and
VIII nerve complexes. The offending vessel was identified at
the root entry zone. A small piece of Teflon sponge was then
interposition between the brainstem and the artery to prevent
the facial nerve from contacting the artery again.

5. After confirming the disappearance of the AMR wave,
carefully suture the dura mater and suture the incision
in layers.

Clinical Evaluation
All patients were followed up by telephone or outpatient visits.
The efficacy of surgery depends on the self-perception of the
patient, mainly including the duration of HFS attacks and the
daily frequency of attacks. The assessment of the offending vessels
was determined through surgical records and surgical videos.

TABLE 1 | General characteristics of the patient population.

N = 148

Sex, male/female, n (ratio) 58:90 (0.64:1)

Age at surgery, year median (range) 51 (21–71)

Side of operation: left /right, n (ratio) 76:72 (1:0.94)

Preop duration of symptom, year median(range) 4 (0.25–25)

Follow-up period, months ≥6

FIGURE 1 | Skin incision in the retroauricular region, with a length of about

5 cm.

RESULTS

At surgical exploration, we found that the offending vessels
may be a single blood vessel or multiple blood vessels working
together. The most common offending vessels are the anterior
inferior cerebellar artery (AICA) and the posterior inferior
cerebellar artery (PICA). The offending vessels are in Table 2.

A grade of “cure” was assigned if HFS completely disappeared.
A grade of “partial remission” was assigned if the spasm
diminished by 75% or greater after the operation. We considered
“cure” and “partial remission” to represent successful surgery. All
other results were assigned a grade of “failure.” All grades were
assessed within 24 h after micro-keyhole MVD.

Within 24 h after surgery, of the 148 patients, 120 (81.1%)
exhibited complete relief (referred to as a cure), 24 (16.2%)
expressed an improvement of more than 75% compared to
pre-operative symptoms (referred to as partial remission), and
four (2.7%) expressed an improvement of <75% or unchanged
symptoms (referred as failure). During the follow-up period
(more than 6months), 14.1% (n= 23) of patients showed delayed
cure. The detailed clinical outcomes after the operation (within
24 h after surgery) are shown in Table 3.

We defined post-operative facial nerve palsy (FNP) as grade
II–VI according to the House-Brackmann scale (H-B scale) or
any worsening of the grade if a patient had FNP before surgery.
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FIGURE 2 | The keyhole craniectomy (17.8*11.7mm window), an external

view of the post-operative 3D reconstruction of the bone window.

FIGURE 3 | The keyhole craniectomy (14.5*12.5mm window), an internal

view of the post-operative 3D reconstruction of the bone window.

One patient (0.6%) exhibited iFNP (immediately FNP) and a total
of 12 patients (8.1%) had dFNP (delayed PNP > 24 h).

We observed thirteen cases of facial nerve palsy seven cases
of hearing loss (HL), and two cases of CSF leakage after surgery.
There was one case with infarction, which was complicated by
moyamoya disease.

All patients completed pure tone audiometry (PTA) before
surgery. For patients complaining of HL, at 3–7 days after
micro-keyhole MVD, a follow-up PTA was carried out by the
otolaryngologist. We considered a meaningful HL as an increase

TABLE 2 | Statistical results of the offending vessels.

The offending vessels n (%)

AICA 37 (25.0%)

PICA 48 (32.4%)

VA 8 (5.4%)

AICA + PICA 10 (6.8%)

AICA + VA 11 (7.4%)

PICA + VA 32 (21.6%)

AICA + PICA + VA 2 (1.4%)

AICA, anterior inferior cerebellar artery; PICA, posterior inferior cerebellar artery; VA,

vertebral artery.

TABLE 3 | Clinical outcomes of patients who underwent keyhole microvascular

decompression (MVD) for hemifacial spasm (HFS).

The offending vessels Outcomes

Cure Partial remission Failure

AICA 32 5 0

PICA 38 9 1

VA 8 0 0

AICA + PICA 9 1 0

AICA + VA 8 2 1

PICA + VA 23 7 2

AICA + PICA + VA 2 0 0

Total 120 24 4

AICA, anterior inferior cerebellar artery; PICA, posterior inferior cerebellar artery; VA,

vertebral artery.

of more than 15 dB of the average PTA (0.5, 1, and 2K) threshold
according to bone conduction (3).

We set the duration of follow-up to 6 months after surgery
because the outcomes of MVD at 6 and 9 months showed
similarities with those at >12 months (12). The major surgical
complications (follow-up to 6 months) are shown in Table 4.

DISCUSSION

Efficacy Analysis
Microvascular decompression is recognized as an effective
treatment for HFS, and its effective rate is about 90% (2, 6, 13). In
this series of cases, the effective rate of micro-keyholeMVD in the
treatment of facial spasm was 97.2%, which was higher than that
reported in much literature. During a 6-month post-operative
follow-up, we observed 23(14.1%) patients presenting with
delayed cure. The cases demonstrated that the micro-keyhole
approach was effective for patients with HFS. Contrasting the
endoscopic technique with the micro-keyhole MVD, there was
no difference in the size of the bone window (all within 2 cm)
(9, 10). Meantime, there was no difference in the effectiveness of
MVD and the incidence of surgical complications (14).

By using a microscope, the size of the bone window of the
MVD has been gradually reduced. Dr. Li believed a craniectomy
of 3 cm in diameter was enough for most cases, which was based
on the analysis of more than 4,000 cases (8). In the 2,040 patient
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TABLE 4 | Post-operative complications of patients who underwent keyhole MVD

for HFS.

Cases, n (%)

Hearing loss (transient, permanent) 7 (4.7%)

Transient HL 6 (4.1%)

Permanent HL 1 (0.6%)

Facial nerve palsy 13 (8.7%)

Immediate onset 1 (0.6%)

Delayed onset 12 (8.1%)

Symptoms related to CSF leakage 2 (1.3%)

Middle ear effusion 1 (0.6%)

CSF rhinorrhea 1 (0.6%)

Vascular complications 1 (0.6%)

HL, hearing loss; CSF, cerebrospinal fluid.

series of Lee, a craniectomy with a size of 20 × 25mm was used
(3). In the 197 patient series of Alford, the mean craniectomy
size was about 33.8mm (15). However, to ensure the operation
field of vision and avoid missing the responsible blood vessel,
the size of the bone window has been limited to about 30mm.
In this series, the bone window was designed to be <2 cm
oval (Figures 2, 3). This size was significantly smaller than those
reported in other literature. The effective rate of micro-keyhole
MVD in the study was similar to those reported in the literature
(3–6).We conclude that the key point of themicro-keyholeMVD
lies in the placement of the burr hole instead of the size. Accurate
placement of burr holes provides a convenient approach and
adequate exposure. Compared with the traditional retrosigmoid
keyhole approach, the location of the burr hole in the study was
lower. A lower perspective avoids the cover of the acoustic nerve
and provides direct exposure of the REZ of the facial nerve. The
design of the surgical incision is the prerequisite for the design
of the bone window. The traditional straight incision was used
in this research. Chibbaro et al. described in detail an innovative
C-shaped incision, which not only accurately exposes the bone
window but also makes the surgical incision more minimally
invasive (16).

The assumption of a poor outcome in patients with VA-
involved HFS had been confirmed by some previous evidence
(17, 18). However, with the sample, we observed a similar cure
rate between the two patient populations during the 6 months of
follow-up (P> 0.05), which is consistent with the results reported
in the latest literature (19). We speculated that cover of vertebral
artery easily leads to poor exposure of facial nerve and inadequate
decompression. Therefore, we consider that when MRI indicates
that the vertebral artery is possibly the responsible vessel, the REZ
area should be thoroughly inspected to avoid missing any other
responsible vessels. Usually, the PICA and/or its branches were
pushed by the vertebral artery to compress the REZ of the facial
nerve, which is a very common pattern of compression and needs
to be noted.

Meantime, due to the small bone window, conventional
connecting pieces can be used for skull reconstruction.

Compared with the use of titaniummesh for skull reconstruction,
this can save patients part of the treatment costs.

Complications
Microvascular decompression, as a minimally invasive
procedure, has been proven to be an effective treatment for
HFS. However, complications of surgery can significantly affect
patient satisfaction. In the present series of cases, micro-keyhole
MVD not only decreased the incidence of CSF leakage-related
symptoms and HL, but also did not increase the incidence of
facial nerve paralysis or posterior cranial nerve injury.

Cerebrospinal Fluid Leakage-Related
Symptoms
We defined CSF leakage as post-operative CSF rhinorrhea and
middle ear effusion. There was no middle ear effusion on the first
review CT of the head after surgery, but the second review CT
showed middle ear effusion, which was considered evidence of
CSF leakage. The incidence of CSF leakage of 1.3% was observed
in the study, which is less than the incidence of CSF leakage of
2.8–8.3% in patients undergoingMVD for HFS reported by other
literature (2, 3, 15, 20, 21).

By designing a longitudinal direction, lower bone window,
most of the mastoid air cells can be avoided to be opened. When
the mastoid air cell is found to be opened during the operation,
it should be thoroughly waxed, which can effectively avoid
the occurrence of CSF leakage. The dura mater is suspended
from the muscles when it is cut open, which helps prevent
dural contracture and promotes tight dural closure. However,
we believe that the smaller size of the bone window is more
conducive to avoid opening the mastoid air cells. Especially for
patients with well-developed mastoid air cells, it is better to
avoid opening the mastoid cells, thereby reducing CSF leakage
(Figure 4).

In reports of clear craniectomy size, the smaller the bone
window, the lower the incidence of CSF leakage (3, 14, 15, 22).
Compared with the series of cases, we speculated that the size
of the bone window is negatively related to the incidence of
CSF leakage, but this requires further exploration. Moreover,
the keyhole approach means a small incision was sufficient for
exposure. There was no incisional CSF leakage found in the study.

Hearing Loss
Hearing loss after MVD for HFS can occur for the following
reasons: stretching of cranial nerve VIII during cerebellar
retraction, direct trauma to the nerve caused by instruments
or nearby coagulation, outer hair cell dysfunction due to drill-
induced noise, compromised blood supply, and bone dust deposit
during drilling and fluid entering into the opened mastoid air cell
(13, 23–25). In the present series, the incidence of HL was 4.7%,
which was similar to the incidence of 2.7–12% reported in other
literature (3, 4, 13, 26, 27), but the incidence of permanent HL
(n = 1, 0.6%) was lower than that reported in other literature
(21, 28). We speculated that it was related to the following
factors: (1) a small and lower bone window could better avoid
exposure to a mastoid air chamber. It reduced the occurrence
of conductive HL by reducing the occurrence of fluid entering
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FIGURE 4 | This figure shows the relative positional relationship between the bone window and the mastoid air chamber. Minimally invasive craniotomy (within 2 cm)

can avoid opening the developed mastoid air chamber.

into the opened mastoid air cell (23). (2) using the drill to make
only a hole and completing the craniectomy by hand avoiding
drill-induced noise damage to high-frequency hearing (29, 30).
(3) For cases of macroscopic vasospasm during the operation, we
used papaverine directly on the vessel wall to manage vasospasm
after decompression.

Facial Nerve Palsy
The incidence of dFNP paralysis has been reported to be from
2.8 to 22.5% (3, 4, 27, 31, 32), which is similar to the incidence of
dFNP of 8.1% observed in the study. Possible causes of delayed
facial paralysis include facial nerve exit zone injury via the Teflon
felt, delayed facial nerve edema, activation of dormant viruses,
or microcirculation disturbance due to vasospasm. The result
was similar to previous literature reports. All of the patients who
experienced dFNP were clinically cured during follow-up.

iFNP is considered to be an incurable surgical complication,
which is generally believed to be related to the direct damage of
the facial nerve to the post-operative operation (4). The number
of incidences of iFNP in the study was 0.6%, which was similar
to other studies (2, 4, 27, 33). Therefore, we consider that the

small bone window does not increase the difficulty of visual field
exposure and the risk of direct damage to the facial nerve.

Strokes and Hematomas
In the present series of cases, one patient had an acerebral
infarction. This patient was diagnosed with moyamoya disease
by MR angiography. We considered that cerebral infarction was
related to lower blood pressure during surgery. This also reminds
us that it is meaningful for patients to undergo head angiography
before MVD surgery.

Through retrospective analysis of post-operative head CT, no
obvious cerebellar contusion, cerebellar hemorrhage, and other
complications were found. Unfortunately, post-operative head
MRI had not been used to assess the related invasive injuries.
We believe that by rationally designing the position and shape of
the bone window, the micro-keyhole will not increase excessive
stretching on cerebellar tissue.

Limitations
There are several limitations to this study. This is a single-
center retrospective evaluation at an institution; the safety and
effectiveness of the operation may be affected by the experience
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of the surgeon. We are trying to cooperate with other medical
centers to verify the effectiveness and repeatability of micro-
keyhole MVD. Since the sample size was determined by the
number of patients in the inclusion period, the sample size was
small. Further research may consider assessing the rapid post-
operative recovery and subjective feeling of patients involved in
a smaller bone window, to evaluate whether minimally invasive
surgery can provide patients with a better medical experience.

CONCLUSION

We reviewed 148 patients who underwent micro-keyhole MVD
for HFS. The micro-keyhole MVD technique has no significant
difference in the cure rate and the incidence of surgical
complications compared with the larger bone window. At the
same time, the smaller bone window reduces the incidence of CSF
leakage and HL. In general, the <2 cm micro-keyhole MVD with
a more minimally invasive bone window is a safe and effective
surgical method to treat HFS.
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