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Abstract

Background To examine the factors contributing to persistent and recurrent hemifacial spasms (HFS) following a microvas-
cular decompression (MVD) procedure and to suggest technical improvements to prevent such failures.

Methods A retrospective review was conducted on fifty-two cases of repeat surgery. The extent of the previous craniotomy
and the location of neurovascular compression (NVC) were investigated. The operative findings were categorized into two
groups: “Missing Compression” and “Teflon Contact”. The analysis included long-term outcomes and operative complica-
tions after repeat MVD procedures.

Results Missing compression was identified in 29 patients (56%), while Teflon contact was observed in 23 patients (44%).
Patients with missing compression were more likely to experience improper craniotomy (66%) compared to those with Tef-
lon contact (48%). Medially located NVC was a frequent finding in both groups, mainly due to compression by the anterior
inferior cerebellar artery. In the missing compression group, during the repeat MVD, Teflon sling retraction was utilized in
79% of cases, while in the Teflon contact group, the most common procedure involved removing the Teflon in contact (65%).
After the repeat MVD procedure, immediate spasm relief was achieved in 42 patients (81%), with six (12%) experiencing
delayed relief. After a median follow-up of 54 months, 96% of patients were free from spasms. Delayed facial palsy, facial
weakness, and hearing impairment were more frequently observed in the Teflon contact group.

Conclusions A proper craniotomy that provides adequate exposure around the REZ is crucial to prevent missing the culprit
vessel during the initial MVD procedure. Teflon contact on the REZ should be avoided, as it poses a potential risk of pro-
cedure failure and recurrence.
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Introduction

Microvascular decompression (MVD) is a surgical proce-
dure that has been shown to be a potential curative treatment
for hemifacial spasms (HFS) [2, 11-13, 25]. The offending
vessel responsible for the neurovascular compression (NVC)
is typically situated at the root exit zone (REZ) of the facial
nerve [19]. Secure nerve decompression can relieve symp-
toms in most patients. The effectiveness of MVD at postop-
erative 1-year has been reported to exceed 90% following
the initial surgical intervention [7]. However, even though
repeat MVD after failure or recurrence has demonstrated
efficacy, the underlying causes of failure can often be traced
back to technical issues during the initial surgery [3, 6, 7, 15,
16, 27, 30]. These factors include missing the true offending
vessel or improper use of Teflon. It is crucial to prevent these
technical issues to avoid subjecting patients to potentially
unnecessary re-explorations. Identifying and addressing
these issues could potentially enhance the outcomes of the
initial MVD procedures. This study aims to analyze radio-
logical and surgical findings from repeat MVD procedures
with long-term follow-up and provide recommendations for
enhancing outcomes in initial MVD cases.

Methods
Patient cohort

Among 1224 consecutive MVD procedures for HFS con-
ducted at our institutes between April 2005 and March
2023, 62 patients (5.1%) underwent surgery due to failure or
recurrence following prior MVD interventions. Of these, 52
patients (4.2%) with a one-year or longer follow-up period
were included in this study (Fig. 1). Patient characteristics
and information were gathered from their medical records.
Recurrence was defined as the reappearance of facial spasms
occurring more than 1 year after the initial MVD, while fail-
ure was defined as the absence of any improvement in facial
spasms following the previous decompression procedure.

Imaging analyses

The assessment of preoperative computed tomography
(CT) scans with bone window images aimed to ascertain
the lateral and inferior extent of the previous craniotomy
performed during the initial MVD. The primary focus was
on the drilling procedure targeting the “inferior retrosigmoid
point” [28]. This point is crucial as it marks the transition of
the sigmoid sinus from its vertical to horizontal alignment
at the lowest part of the sinus. A craniotomy reaching this
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Fig.1 Participant flow diagram. MVD, microvascular decompres-
sion; HFS, hemifacial spasm

inferior retrosigmoid point ensures secure exposure to both
the lateral and inferior aspects of the posterior fossa. The
previous craniotomies were characterized by two classifica-
tions: “Proper Craniotomy”’, where the craniotomy reached
the inferior retrosigmoid point, and the “Improper Crani-
otomy”, in which the inferior retrosigmoid point was not
exposed (Fig. 2). Magnetic resonance imaging (MRI) with
fast imaging employing steady-state acquisition (FIESTA)
was used to measure the “Flocculus Height” (FH) value
[8]. A line connecting the NVC to the medial edge of the
sigmoid sinus is drawn to demonstrate the approach direc-
tion. The perpendicular length from the most distant point
on the flocculus to the line is measured as the FH value,
as described in our previous publication, enabling a simple
estimation of the medial location of the NVC (Fig. 3).

Operative technique and grouping

All patients underwent surgery in the lateral position,
with continuous monitoring of auditory brainstem evoked
response (ABR) and the lateral spread response (LSR). ABR
was employed to prevent hearing impairment during surgery,
while LSR aimed to verify complete facial nerve decom-
pression [14]. Stimulation electrodes were placed along
the zygomatic branch of the facial nerve, with recording
electrodes inserted in the orbicularis oris, the oculi, and the
mentalis muscles. The facial nerve stimulator (NIMTM3.O,
Medtronic, MN, USA) was utilized to trace the location of
the facial nerve, particularly when dissecting excess Teflon.
It was also used to confirm the extent of the REZ if it had
been thoroughly decompressed. The operative scar from the
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Fig.2 Proper and improper craniotomy. a A three-dimensional com-
puted tomography (CT) image of an “Improper Craniotomy” per-
formed during the initial procedure. The craniotomy did not extend
to the inferior retrosigmoid point (red point). The yellow dashed line
represents the appropriate extent of the “Proper Craniotomy”. b An
axial CT slice shows the location of the inferior retrosigmoid point,
which corresponds to the medial and inferior border of the sigmoid

previous surgery was incised to expose the existing crani-
otomy. In cases where the initial craniotomy was considered
insufficient, the skin incision was extended to allow for addi-
tional drilling until reaching the inferior retrosigmoid point.
The dura mater was incised to provide accesses both to the
base and the lateral aspect of the posterior fossa. The spinal
root of the accessory nerve was first identified, followed by
extending the dissection rostrally to the exit of the lower
cranial nerves. After exposing the lower cranial nerves, the
choroid plexus was elevated to reach the REZ of the facial
nerve beyond the glossopharyngeal nerve. If any offenders
were found at the REZ, they were transposed using a Teflon
sling or bridge, as described in our previous report [9]. In
cases where a Teflon felt was placed on the REZ during
the previous MVD, the Teflon mass was meticulously dis-
sected and removed with a careful search for the location
of the facial nerve using a nerve stimulator. The REZ was
thoroughly identified with the stimulator to ensure it was
free from any compressing object. The Teflon removal was
not further pursued after the LSR disappeared, indicating
successful decompression accomplished. The distal portion

sinus. ¢ An intraoperative photograph showing the posterior border
of the sigmoid sinus (blue dashed line) and the location of the inferior
retrosigmoid point (red point), which is characterized by a triangular
bony projection situated at the base of the posterior fossa. d A clear
visualization of the neurovascular compression (asterisk) achieved
with minimal cerebellar retraction via the proper craniotomy

of the facial nerve was inspected to look for any vascular
compression if the LSR persisted. The dura mater was
reconstructed using a collagen matrix (DuraGen®, Integra
Lifesciences, Plainsboro, NJ, USA) [10]. Calcium phosphate
paste (BIOPEX-R®, HOYA Technosurgical, Tokyo, Japan)
was used for cranioplasty in most patients.

The reasons for the repeated MVD were divided into
two groups based on the findings of the REZ in the latest
surgery (Fig. 1): (1) “Missing Compression” group with
persistent arterial compression on the REZ, which consti-
tuted 29 patients; and (2) “Teflon Contact” group with either
overpacking of Teflon, Teflon-induced adhesion, or a Tef-
lon granuloma, which comprised 23 patients. Patients with
improperly placed Teflon were categorized into the “Missing
Compression” group because of the presence of a residual
offender on the REZ.

Assessment of outcomes of repeat MVD

Postoperative neurological status after the repeat MVD
procedures was assessed through evaluation at our clinics,
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Fig.3 Measurement of flocculus height (FH). The flocculus height
(FH) is measured as the perpendicular length from the most distant
point on the flocculus to the line (yellow) connecting the neurovas-
cular compression (white arrowhead) and the medial edge of the sig-
moid sinus (red arrowhead) (cited from reference [8])

telephone interviews, and mailed questionnaires for remote
patients. Any neurological complications, including delayed
facial palsy, postoperative facial weakness, hearing impair-
ment, hoarseness, dysphagia, cerebrospinal fluid leakage,
and infectious complications, were recorded throughout the
follow-up period.

In describing demographic characteristics, p values were
obtained by linear regression for continuous variables and
the Mantel-Haenszel test for categorical variables. Each sta-
tistical test was set to be significant at p < 0.05 (two-sided p

value). SAS software (version 9.4; SAS Institute, Inc., Cary,
NC) was used for all statistical analyses.

Results

Patients’ characteristics and radiological
measurement

The mean age of the patients undergoing a repeat MVD pro-
cedure was 55 years, varying from 28 to 76 years. Female
and the right side of the face were predominantly affected.
Failure cases following the initial MVDs were more com-
mon in the missing compression group (86%) compared to
the Teflon contact group (70%). The mean duration of the
reappearance of HFS after the initial MVD was 4 months,
ranging from O to 24 months (surgery failure was recorded
as 0 months). The median interval between the previous and
the repeat procedures was 31 months, ranging from 0 to 277
months.

Radiological assessment of the previous craniotomy indi-
cated that patients with improper craniotomies were more
prevalent in the missing compression group (66%) than in
the Teflon contact group (48%). The mean FH values were
relatively high in both groups, with an average measurement
of 9.7mm in the missing compression group and 9.9mm in
the Teflon contact group. In comparison to the FH value
distribution in our previous report, this suggests that NVC
was located medially in both groups. The two groups had no
statistically significant differences in patient characteristics
and radiological measurements (Table 1).

Operative findings of repeat MVD

The most frequently missed artery was the anterior inferior
cerebellar artery (AICA), followed by the posterior inferior

Table 1 Summary of patient characteristics and radiological measurement

Patient characteristics All cases (n=52)  Missing com- Teflon contact (n=23) P value
pression (n=29)
Mean age at redo MVD, years (range) 55 (28-76) 54 (28-76) 55 (40-76) 0.658
Female sex — no. (%) 33 (63%) 20 (69%) 13 (57%) 0.355
Right side — no. (%) 20 (38%) 13 (45%) 7 (30%) 0.289
Failure- no. (%) 41 (79%) 25 (86%) 16 (70%) 0.182
Recurrence — no. (%) 11 21%) 4 (14%) 7 (30%) 0.182
Duration to recurrence after initial MVD, mean months (range) 4 (0-24) 4 (0-24) 5 (0-18) 0.538
Interval between the initial and redo MVD, median months (range) 31 (0-277) 29 (0-220) 32 (0-277) 0.592
Radiological measurement
Improper craniotomy — no. (%) 30 (58%) 19 (66%) 11 (48%) 0.200
Flocculus height (FH), mean mm (range) 9.7 (4.6-17.2) 9.9 (5.8-17.2) 9.3 (4.6-14.2) 0.685

MVD, Microvascular decompression
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cerebellar artery (PICA), the common trunk of AICA and
PICA (APC), and the vertebral artery (VA). Three patients
with missed compression exhibited distal NVC involving
an AICA in the mid-cisternal portion, with no offending
vessels identified at the REZ. VA and APC were more fre-
quently observed in the missing compression group with
improper craniotomies, occurring in 38% and 34% of the
patients, respectively. In contrast, PICA was more frequently
implicated in the Teflon contact group with excessive Teflon
inserted in between. No statistically significant differences
were observed in the operative findings.

In the missing compression group, Teflon sling retraction
was the preferred technique used in 79% of the patients,
while a Teflon bridge was employed in 21% of cases. In
contrast, among the patients in the Teflon contact group,
65% underwent Teflon removal alone, while the remaining
35% required additional use of a Teflon sling or a bridge
following the removal of the Teflon in contact. Statistical
analyses indicated significant differences between the two
groups with Teflon removal alone and necessity of another
Teflon sling (p<0.0001).

A notable decrease in the amplitude of ABR to less than
50% of the control was more frequently observed in the
Teflon contact group (30%) compared to the missing com-
pression group (10%). This discrepancy can be attributed to
the longer manipulation time required near the REZ during
Teflon dissection (Table 2).

Surgical outcomes and complications
The follow-up period ranged from 12 to 175 months,

with a median of 54 months. Immediate spasm relief was
achieved in 42 patients (81%), with 23 (79%) in the missing

compression group and 19 (83%) in the Teflon contact
group. In contrast, delayed relief was observed in 6 patients
(12%) overall, with a higher incidence in the missing com-
pression group (14%) compared to the Teflon contact group
(9%). The spasm-free rate at the final follow-up visit was
96%, with a rate of 97% in the missing compression group
and 96% in the Teflon contact group.

Delayed facial palsy was identified in 3 patients (6%). All
the three experienced complete resolution within 3 months.
Immediate facial weakness occurred in 5 patients (10%),
with four from the Teflon contact group, for whom an exten-
sive dissection of the Teflon mass from the facial nerve was
necessary. One patient in this group experienced permanent
facial weakness. Additionally, two patients (4%) experienced
CSF leakage and one (2%) developed meningitis. There were
two cases of wound infection (4%) in total. No statistically
significant differences were detected (Table 3).

Discussion

Considering re-exploration for persistent or recurrent facial
spasms can be an unpleasant prospect for patients who have
undergone an MVD surgery. While most patients benefit
from the initial MVD, preventing failure and minimizing
recurrence remain issues in this field. The literature shows
an approximate 10% risk of failure or recurrence follow-
ing an initial MVD [2, 19, 25]. This study revealed that the
primary reason for requiring repeat surgery was the failure
to identify the culprit vessel or improper Teflon placement,
leading to further nerve irritation. Addressing these techni-
cal problems may improve the outcomes of the first surgery.
While we did not observe any statistical differences, except

Table2 Summary of operative

. Operative findings All cases (n=52) Missing compres- Teflon contact P value
findings sion (n=29) (n=23)

Involved vessels (including multiple involvement)
AICA 25 (48%) 14 (48%) 11 (48%) 0.974
AICA distal 3 (6%) 3 (10%) 0 (0%) 0.245
PICA 19 (37%) 8 (28%) 11 (48%) 0.132
APC trunk 16 (31%) 10 (34%) 6 (26%) 0.515
VA 16 (31%) 11 (38%) 5(22%) 0.209
Vein 1 (2%) 0 (0%) 1 (4%) 0.442
Aneurysm 1 (2%) 0 (0%) 1 (4%) 0.442

Decompression technique
Teflon removal alone 15 (29%) 0 (0%) 15 (65%) <0.0001
Teflon sling 29 (56%) 23 (79%) 6 (26%) <0.0001
Teflon bridge 8 (15%) 6 (21%) 2 (9%) 0.278

Intraoperative ABR decrease 10 (19%) 3(10%) 7 (30%) 0.087
<50%

ABR, Auditory brainstem response; AICA, anterior inferior cerebellar artery; APC, common trunk of ante-
rior and inferior cerebellar artery; PICA, posterior inferior cerebellar artery; VA, vertebral artery
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Table 3 Summary of surgical outcomes and complications

Surgical outcomes All cases (n=52) Missing compression Teflon contact (n=23) P value
(n=29)
Follow-up, median months (range) 54 (12-175) 45 (13-175) 57 (12-157) 0.206
Spasm-free after MVD
Immediate 42 (81%) 23 (79%) 19 (83%) 1.000
Delayed 6 (12%) 4 (14%) 2 (9%) 0.682
Final follow—up 50 (96%) 28 (97%) 22 (96%) 1.000
Complications
Delayed facial palsy (transient) 3 (6%) 1 (3%) 2 (9%) 0.577
Neurological complications (transient/persistent)
Facial weakness 4/1 (8%/2%) 1/0 (3%/0%) 3/1 (13%/4%) 0.310/0.442
Hearing impairment 6/1 (12%/2%) 3/0 (10%/0%) 3/1 (13%/4%) 1.000/0.442
Hoarseness 1/0 2%/0%) 0/0 (0%/0%) 1/0 (4%/0%) 0.442/-
Swallowing disturbance 0/0 (0%/0%) 0/0 (0%/0%) 0/0 (0%/0%) -/-
Other complications
CSF leak 2 (4%) 1 (3%) 1 (4%) 1.000
Meningitis 1 (2%) 1 (3%) 0 (0%) 1.000
Wound infection 2 (4%) 1 (3%) 1 (4%) 1.000

CSF, cerebrospinal fluid

for the decompression techniques, likely due to the relatively
small number of cases, we can still draw some essential con-
siderations from this study.

Our study demonstrated that a missing compression
might frequently occur when the craniotomy is insufficient,
and the NVC is located medially. These may cause a narrow
operative field and imperfect observation around the REZ,
resulting in missing the actual offenders [3, 6, 15, 16, 30].
Even in cases with improper craniotomy, a more aggres-
sive cerebellar retraction may allow exposing the REZ [17].
Nevertheless, comprehensive observation can be accom-
panied by a decrease in amplitude and prolonged latency
in ABR, which may be associated with the risk of hearing
loss [20, 26]. The infrafloccular approach can be employed
instead to achieve ample exposure of the REZ beyond the
glossopharyngeal nerve, to minimize the retraction on the
vestibulocochlear nerve [1, 4]. To enhance the benefits of
this approach, it is crucial to position the craniotomy as
low as possible towards the occipital condyle and ensure
the exposure of the posterior border of the sigmoid sinus.
This often requires drilling of the inferior retrosigmoid point
[22, 28]. Inadequate exposure of the REZ due to a restricted
operative field can lead to the oversight of the truly offend-
ing artery. Our previous study emphasized the significance
of preoperative evaluation in expanding craniotomy laterally
in cases with medially located NVC [8]. Measuring the floc-
culus height (FH) proves valuable predictor for assessing
the challenges of maneuvering around the REZ in cases of
medially located NVC within a limited operative field. In
such situations, lateral mobilization of the sigmoid sinus can
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expand the operative field [21]. Alternatively, an endoscopic
inspection can offer a clear visualization of the blind cor-
ner without retraction, thereby reducing the risks associated
with brain retraction [5]. Using an endoscope provides an
advantage over a microscope in visualizing structures and
identifying neurovascular conflicts.

The insertion of a Teflon pledget between the offend-
ing vessels and the nerve root is a commonly employed
decompression method known as an interposition tech-
nique. However, it is essential to note that excessive use of
Teflon and the associated development of granulomas have
been reported as potential causes of recurrent HFS in the
long term [3, 6, 15, 16]. All cases involving Teflon revi-
sions in our series utilized the interposition technique in
the initial surgery. This suggests that any object in contact
with the REZ could lead to treatment failure or recurrence.
Determining the optimal quantity of Teflon that ensures suf-
ficient nerve decompression without causing long-term harm
is challenging. Hence, it is advisable to consider non-com-
pressive techniques, such as sling retraction and the bridge
technique, to minimize the risk of failure or recurrence [9,
18, 23, 24]. The surgical removal of previously inserted Tef-
lon differs from the original MVD procedures. Shredded
Teflon often cannot be extracted as a single mass due to its
potential adherence to both the nerve root and the offend-
ing vessel. This situation carries the risk of causing newly
developed neurological deficits. In our series, we frequently
observed decreased ABR amplitude in patients requiring
Teflon removal. This suggests a higher risk of hearing loss
in those cases [20, 26].
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The REZ is widely recognized as the most common site
responsible for HFS [11-13, 25]. However, it is essential
to acknowledge that there are reported instances of vascu-
lar contact at the distal root as a rare cause of HFS [29].
In our series, we identified three patients with distal NVC,
even without any offending factors at the REZ. The con-
tact between the AICA branch and the distal portion of the
facial nerve is a common finding in normal anatomy. While
performing decompression on the distal portion during
every initial case is impractical due to the associated risk of
hearing disturbance, exploration should be considered, par-
ticularly when the LSR persists despite achieving adequate
decompression at the REZ.

This study has several limitations. Firstly, its retrospec-
tive design with a relatively small number of patients could
impact the robustness of the findings. Secondly, the reliabil-
ity of the grouping of the patients based on the findings in
the surgery may need to be questioned. A study involving a
larger patient cohort and a more extended follow-up period
is warranted to solidify and validate our conclusions.

Conclusion

A repeat MVD surgery is effective for patients with persis-
tent facial spasms, but the causes could often have been pre-
vented in the initial surgery. Improper craniotomy may cause
overlooking the offender due to insufficient exposure of the
facial nerve REZ. To prevent treatment failure or recurrence,
it is essential to avoid any contact between Teflon and the
REZ. Additionally, the compression of the distal nerve root
should be carefully considered as a potential cause of treat-
ment failure.
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