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Abstract    
When early lateral spread response (LSR) loss before decompression in HFS surgery happens, the value of intraoperative 
monitoring of LSR for locating neurovascular conflicts and confirming adequate decompression was considered to be reduced. 
This study aimed to identify preoperative parameters predicting early LSR loss and figure out the impact of early LSR loss on 
prognosis. Hemifacial spasm (HFS) patients who received microvascular decompression (MVD) under intraoperative elec-
trophysiological monitoring during the period of March 2013–January 2021 were reviewed retrospectively. The patients were 
divided into two groups according to the disappearance of their LSR before or after decompression. Preoperative clinical and 
radiological predictors for early LSR loss were evaluated using logistic regression. The relationship between early LSR loss and 
surgical outcomes was statistically analyzed. A total of 523 patients were included in the study, and the disappearance of their 
LSR before decompression occurred in 129 patients. In the multivariate analysis, three independent factors predicting early 
LSR loss were identified: (1) smaller vessel compression; (2) milder nerve deviation; (3) lower posterior fossa crowdedness 
index (PFCI, calculated as hindbrain volume (HBV)/the posterior fossa volume (PFV) using 3D Slicer software). The median 
follow-up time was about five years, and no significant differences in the spasm relief and complication rates were found between 
the 2 groups. Smaller responsible vessels, milder nerve deviation, and more spacious posterior cranial fossa are associated 
with early LSR loss. However, early LSR loss seems to have no significant adverse effect on MVD outcomes in skilled hands.
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Introduction

Hemifacial spasm (HFS) is a neurological disorder 
typically characterized by the chronic, paroxysmal, 
and involuntary twitching of the muscles innervated by 
the ipsilateral seventh cranial nerve [1]. Microvascular 
decompression (MVD) has been widely accepted as the 
gold-standard surgical procedure for HFS based on its 
etiology. This treatment provides relief from spasms in 
over 90% of HFS patients [2]. Lateral spread responses 
(LSR), a typical electrophysiological feature of HFS, 
can be monitored during surgery [3]. Specifically, LSR 
is attributed to the electrical transmission of impulses 
between the different facial nerve branches [4]. Ideally, 
LSR will be lost immediately, when responsible vessels are 
separated from the root exit zone (REZ) of the facial nerve. 
However, early LSR loss prior to decompression in HFS 
surgery often occurs and still cannot be prevented. 
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Routinely, intraoperative electrophysiological monitoring is 
adopted to optimize surgical outcomes of HFS surgery. When 
early LSR loss occurs, surgeons will face the challenge of 
having to depend on their experience to complete the operation 
without electrophysiological guidance. To date, few studies 
have focused on this phenomenon and its clinical implications. 
Therefore, the goals of this study were to explore the causes of 
early LSR loss in HFS surgery and evaluate the clinical outcomes 
of early LSR loss versus LSR loss after decompression. 

Materials and methods

Patient populations

Between March 2013 and January 2021, 523 patients under-
went MVD for primary HFS in the Department of Neuro-
surgery at Wuhan Union Hospital and Zhongnan Hospital 
of Wuhan University. All procedures were performed by a 
single neurosurgeon (Professor Xiong). He initially learned 
MVD from the China-Japan Friendship Hospital with a 
huge volume of MVD operations in China. Before this study 
period, he has performed nearly 300 MVD operations and 
is very proficient in this procedure. The primary HFS was 
diagnosed according to its typical clinical manifestations and 
neuroimaging findings. The inclusion criteria were typical 
HFS symptoms, LSR loss before or after decompression, 
and a minimum of 2 years of follow-up. The exclusion cri-
teria were as follows: (1) incomplete clinical data; (2) LSR 
absence during the whole monitoring; (3) maintenance of 
LSR after decompression; (4) other hyperkinetic facial move-
ment disorders such as tics or dystonia; (5) secondary HFS 
due to tumors, cyst, and Chiari malformation, etc.; (6) Botuli-
num toxin  injection treatment within one year before MVD; 
(4) a history of craniotomy or gamma-knife surgery. 

Imaging evaluation

All subjects were examined by a 3T MRI scanner (Mag-
netom Trio; Siemens AG, Erlangen, Germany) with a 
standard head coil prior to MVD. High-resolution MRI was 
performed with three-dimensional sampling perfection with 
application-optimized contrasts using different flip angle 
evolutions (SPACE) sequence. The parameters used for 
SPACE imaging were as follows: repetition time, 1000 ms; 
echo time, 135 ms; flip angle, 120°; number of excitations, 
2; matrix, 384 × 384; field of vision, 20.0 × 20.0 cm; and 
slices of 0.5 mm without gap. The study was approved by 
the institutional ethics review board (No.2020-S897), and 
the need for written informed consent was waived given its 
retrospective design. 

When recognizing the vascular  contacts with the 
facial nerve, we recorded the responsible vessels and the 
nerve segments contacted. The responsible vessels were 
classified  into  three  types according to size: (1) large 
vessels: vertebrobasilar artery; (2) medium vessels: the 
main trunk of the anterior inferior cerebellar artery (AICA), 
posterior inferior cerebellar artery (PICA), and AICA 
PICA common trunk (APC); (3) small vessels: branches 
of AICA, PICA or APC. According to the anatomic marks 
visualized by MRI, the nerve segments contacted are 
classed into “brain stem,” “root entry/exit zone (REZ)” 
or “cisternal portion (CP).” The brain stem region is 
defined as the nerve segments from emerging from the 
brain stem within the pontomedullary sulcus to separating 
from the pons at the root detachment point (RDP). The 
REZ is the segment from the RDP to 4 mm distal to the 
whole transition zone (TZ) where the central glial myelin 
is transformed into peripheral Schwann cell myelin. The 
cisternal portion (CP) is known as the segment from the 
TZ to the porus acoustics. The severity of neurovascular 
compression was  graded  into  three groups: (1) mild: 
neurovascular contact without facial nerve indentation; (2) 
moderate: facial nerve indentation without deviation from 
its route; (3) severe: facial nerve deviation [5].

The boundaries of the posterior fossa were from the 
clivus to the occipital bone and from the foramen magnum 
occipitalis to the tentorium cerebelli. The pons, the cer-
ebellum, and the medulla oblongata contained in the pos-
terior fossa, including the fourth ventricle, were defined 
as the hindbrain brain. Measurements were sampled on 40 
slices with a total range of 20 mm, and the midpoint of the 
volume slab was centered over the pontomedullary sulcus. 
The 3D-Slicer software (3.6.3 version; www.​slicer.​org.) 
was used to measure the posterior fossa volume (PFV) and 
hindbrain volume (HBV). Figure 1 is an example of axial, 
sagittal, and coronal slices through the measurement area. 
Measurements were calculated twice with a four-week 
interval and then averaged. All works were performed by 
an experienced radiologist blinded to the clinical infor-
mation. The posterior fossa crowdedness index (PFCI) is 
calculated as the ratio of HBV to PFV.

Surgery

All surgeries were performed via a suboccipital retrosig-
moid approach in the lateral decubitus position. With cer-
ebrospinal fluid drainage and arachnoid dissection, neuro-
vascular conflicts at the facial nerve root were checked via 
the operating microscope. The possible offending vessels 
were satisfactorily decompressed by padding Teflon felts. 
After confirming no further compressions, the dura and 
incision were closed.

http://www.slicer.org
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Intraoperative monitoring

During surgery, facial electromyogram and brainstem 
auditory evoked potentials were monitored continuously 
through needle electrodes inserted in the orbicularis oris, 
orbicularis oculi, and mentalis muscles. A 300-μsec pulse 
wave with a stimulation intensity of 5–30 mA was used. 
The LSRs appeared in the mentalis and orbicularis oris 
muscles when we stimulated the zygomatic branch and in 
the orbicularis oculi and frontalis muscles during the buc-
cal branch stimulation. We made 9 checks to detect when 
the LSR disappeared: (1) after anesthesia, (2) before dural 
opening, (3) immediately after dural opening, (4) at cer-
ebrospinal fluid (CSF) drainage, (5) before decompression, 
(6) during dissection, (7) after decompression, (8) before 
dural closure, and (9) after dural closure. The patients 
were divided into 2 groups based on whether the LSR 
disappeared before (1–6) or after (7–9) decompression. 

Outcome evaluation

Follow-up information is collected through clinic vis-
its or phone interviews at various intervals. If the patient 
remains free of HFS symptoms, the time to the next fol-
low-up will increase. The spasm severity was quantified 
using the Cohen evaluation scale, namely 0, no spasm; 
1, increased blink or slight facial muscle tremor due to 
external stimulation; 2, slight spontaneous facial muscles 
vibrate without dysfunction. 3: obvious facial spasm with 
slight dysfunction; 4: severe facial spasm and dysfunction 
(unable to read, drive, etc.). If patients had no facial spasm 
(Cohen score = 0), they were defined as cured. All remain-
ing patients were defined as having HFS remaining.

Statistical analysis

Groups were compared using Chi-square and Fisher’s 
exact test for categorical variables. The continuous 

variables distribution was checked using the Shap-
iro–Wilk test. Student’s t-test was used to evaluate vari-
ables that follows a normal distribution, for others the 
Mann–Whitney U test was performed. Univariate logistic 
regression analysis was used to identify the factors cor-
related with an early LSR loss. Factors associated with 
a p-value < 0.20 in the univariate analysis were consid-
ered for further analysis and introduced in a multivariate 
logistic model using a stepwise procedure, calculating 
the odds ratio (OR). A Cohen’s kappa coefficient for 
the severity of the facial nerve compression is calcu-
lated to determine the strength of agreement between the 
operative and imaging findings. All tests were performed 
using SPSS version 23(IBM Corp., Armonk, New York, 
USA). A two-sided 5% level was considered statistically 
significant.

Results

Demographic characteristics

A total of 523 patients were included in the study. 
Patients’ characteristics are presented in Table 1. Our 
population represents the actual population of HFS 
patients, with the left-side symptoms slightly accounting 
for the majority (58%). The mean age was 51 0.5 years, 
and the most common spasm severity was the Cohen 
evaluation scale 3. The patients with severe compression 
or distortion of the trigeminal nerve detected with imag-
ing account for 14.3% of the total patients, the kappa 
coefficient of agreement for the severity of the facial 
nerve compression was 0.64, indicating fair to good 
agreement between the operative and imaging findings. 
The 523 patients were divided into A group (LSR loss 
before decompression, n = 129) and B group (LSR loss 
after decompression, n = 394).

Fig. 1   The segmented posterior 
fossa CSF space is represented 
by yellow areas in the axial (A), 
sagittal (B), and coronal (C) 
slices. Measurements were per-
formed on 40 slices with a total 
range of 20 mm (from the supe-
rior line to the inferior line, with 
the middle line centered over the 
pontomedullary sulcus, C)
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Early LSR loss

Table 1 shows the proportion of early LSR loss related to 
different variable categories. In the univariate analysis, we 
found 6 variables related to early LSR loss of a 0.2-sig-
nificance level: Mean duration of symptom, Cohen score, 
Predominant offending vessel, Severity of nerve deviation, 
No. of compression sites, PFCI.

These 6 factors were entered into a multivariate analy-
sis (logistic model). At the end of the stepwise selection 
process, the following 3 factors were retained in the final 

model: medium vessels (OR 2.29, 95% CI 1.36–4.17) or 
small vessels (OR 5.36, 95% CI 2.93–11.65) vs large ves-
sels, moderate neurovascular compression (OR 0.59, 95% CI 
0.34–0.96) or severe neurovascular compression (OR 0.41, 
95% CI 0.22–0.83) vs mild neurovascular compression, and 
PFCI (OR 3.13, 95% CI 1.23–6.45) (Table 2).

Correlation between MVD results and early LSR loss

In the 1-week examination following MVD, com-
plete spasm relief rates in groups A and B were 86.0% 

Table 1   Univariate analysis: 
predictors of complications

M male, F female, L left, R right, BMI body mass index, BTA botulinum-A injection, VA vertebral artery, 
VA basilar artery, AICA anterior inferior cerebellar artery, PICA posterior inferior cerebellar artery, RExP 
root exit point, AS attached segment, RDP root detachment point, TZ transition zone, CP distal cisternal 
portion, CSFV cisternal portion cerebrospinal fluid volume, PFCI posterior fossa crowdedness index

Variable total Group A Group B p value

Clinical features 523 129 394
Gender (M/F) 178/345 48/81 128/266 0.33
Side (L/R) 303/220 72/57 231/163 0.57
Mean age (years) 51.5 50.3 51.9 0.72
BMI 23.4 ± 3.9 23.8 ± 3.4 23.1 ± 4.2 0.49
Hypertension 183 41 142 0.41
Diabetes 42 8 34 0.38
Hyperlipidemia 80 18 62 0.63
Mean duration of symptom (years) 5.5 5.0 5.8 0.19
BTA history 49 10 39
Cohen score 0.15

   2 30 9 21
   3 341 75 266
   4 152 45 107

Neuroimaging parameters
Predominant offending vessel  < 0.001

   VA/BA 77 12 65
   AICA/PICA/APC 351 69 282
   Small vessels 71 35 36

Severity of nerve deviation 0.02
   Mild 145 46 99
   Moderate 279 58 221
   Severe 75 13 62

No. of compression sites 0.043
   Single 373 95 278
   Multiple (> 1) 126 21 105

Compress location 0.23
Brain stem (RExP + AS) 319 67 252
Root entry/exit zone (RDP + TZ) 140 39 101
Cisternal portion 40 10 30
CSFV 18,273

(11,107–32,756)
20,821
(12,485–33,295)

17,973
( 9,982–30,857)

0.27

PFCI 84.4
(67.7–90.2)

81.1
(66.3–87.6)

86.2
(72.4–91.9)

 < 0.001
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(n = 111) and 89.6% (n = 353), respectively (Table 2). 
The latest follow-up examination showed HFS-free 
in 120 patients (93.0%) in group A and 375 (95.2%) 
patients in group B. There were no statistically signifi-
cant differences in the surgical efficacy at one week 
after MVD (p = 0.27) and the long-term follow-up 
(p = 0.35) (Table 3).

Among all the patients, the major complications 
were hearing impairment in 13 patients (0.2%), delayed 
facial paralysis in 15 patients (0.3%), hoarseness in 8 
patients (0.2%), tinnitus in 4 patients (0.1%), diplopia 
in 6 patients (0.1%), dizziness/vertigo in 13 patients 
(0.2%), and cerebellar hematoma in 4 patients (0.1%). 
No deaths occurred in either group. Notably, except for 
the two patients with hearing impairment and one patient 
with diplopia, all patients have gradually recovered from 
complications. There were no significant differences in 
the postoperative complications between the A and B 
groups (Table 4).

Discussion

At present, MVD is considered to be the most effective treat-
ment for HFS. However, its cure and complication rates in 
HFS patients differ broadly in the published literature and 
may be due to some neglected responsible vessels [6]. There-
fore, intraoperative identifying the specifically responsible 
vessels and decompressing adequately is vital.

Some scholars believe that LSR may be the result of pulse 
compression at the facial nerve root [7], while others believe 
that LSR may be associated with the cross-transmission of 
the reverse activity in the facial nucleus [4]. Recently, Møller 
et al. suggested that LSR were caused by facial motor nucleus 
hyperactivity [8]. Although the mechanism of the LSR is still 
not fully understood, intraoperative LSR monitoring serves 
as a tool to guide responsible vessel identification.

The incidence of early LSR loss reported in various studies 
ranged from 6.8% to 34% [9]. When early LSR loss occurs, the 
guiding value of intraoperative LSR monitoring is impaired. 
Looking at this from another perspective, Mooij et al. deemed 
that early LSR loss without reappearance was an indirect 
confirmation for sufficient decompression [10]. To date, few 
studies have focused on the mechanism underlying early LSR 
[11–13]. This study is the first to investigate independent pre-
dictors of early LSR loss using multivariate analysis.

A possible mechanism of early LSR loss is that the 
compression force exerted by the responsible vessels is 
relatively small. The neurovascular relationships are easily 
affected by subtle environmental changes, such as cerebrospinal 
fluid drainage, arachnoid membrane dissection, and cerebellar 
retraction. This can explain the differential compositions 
regarding responsible vessels between both groups in our 
study. The vertebrobasilar arteries are usually large and rigid, 
and they can even be deeply embedded in the brainstem 
tissue. Compared with some smaller responsible vessels, 
decompression involving the vertebrobasilar arteries is more 
challenging due to their stability. Those environmental changes 
before decompression are unlikely to cause enough anatomical 

Table 2   ORs associated with occurrence of early LSR loss of the dif-
ferent variables included in the final multivariate model

VA basilar artery, AICA anterior inferior cerebellar artery, PICA posterior 
inferior cerebellar artery, PFCI posterior fossa crowdedness index

Variable OR [95% CI] p value

Predominant offending vessel
   VA/BA Ref
   AICA/PICA 2.29 [1.36–4.17] 0.03
   Small vessels 5.36 [2.93–11.65] < 0.001

Severity of nerve deviation
   Mild Ref
   Moderate 0.59 [0.34–0.96] 0.04
   Severe 0.41 [0.22–0.83] 0.006

PFCI 3.13 [1.23–6.45] < 0.001

Table 3   Surgical outcomes of the two groups

Outcome No. of patients p value

Overall 
(n = 523)

Group A 
(n = 129)

Group B 
(n = 394)

Post-operative outcome
(1 week after surgery)

0.27

   Cured 464 111 353
   HFS remaining 59 18 41
   Median follow-up 

(months)
62.1 58.5 64.0 0.67

Long-term outcome
(the latest follow-up)

0.35

   Cured 495 120 375
   HFS remaining 28 9 19

Table 4   Complications of the two groups

Complications Overall
(n = 523)

Group A
(n = 129)

Group B
(n = 394)

p value

Hearing impairment 14 4 10 0.76
Delayed facial paralysis 15 5 10 0.54
Hoarseness 8 2 6 0.99
Tinnitus 4 1 3 0.99
Diplopia 6 2 4 0.64
Dizziness/vertigo 13 3 10 0.99
Cerebellar hematoma 4 0 4 0.58
CSF leak 9 2 7 0.99
Wound infection 6 2 4 0.64
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shifts of the vertebrobasilar arteries around the facial nerve 
root and achieve the effect of decompression in advance. The 
converse is equally true: when small branches of AICA or 
PICA act as responsible vessels, more opportunities for early 
decompression result in more occurrences of early LSR loss.

Nerve deviation severity was also found to be associated 
with the occurrences of early LSR loss in our study, and 
slight neurovascular compression was a predictive factor. 
This was consistent with the results of previous studies. 
Jiang et al. reported that the neurovascular compression 
degree was not serious without indentation in patients with 
early LSR loss [11]. Looking at it another way, severe neu-
rovascular compression and consequent nerve indentation 
and displacement also reflect the stronger compression force 
exerted by the responsible vessels.

In our study, we evaluated the posterior fossa crowded-
ness through the ratio of HBV and PFV to avoid the impact 
of individual differences among participants, as these differ-
ences could reduce the observable effect of proposed meas-
urement tools, or cause them to have no observable effect 
at all. The PFCI accurately reflects the effective posterior 
cranial fossa CSF space, where neurovascular compression 
occurs. Posterior fossa overcrowding can bring about a closer 
neurovascular relationship, which increases the structural sta-
bility of neurovascular compression before decompression, 
and thus leading to a lower incidence of early LSR loss.

Kim et al. demonstrated that an early LSR loss was cor-
related with worse outcomes [14]. Considering the decom-
pression guiding meaning of intraoperative LSR monitoring, 
this finding seems reasonable. Interestingly, in our study, 
no statistically significant difference was found in the post-
operative and long-term cure rates between the 2 groups. 
Here we tried to explain the conflicting findings. Under these 
circumstances of the early LSR loss, the operator’s experi-
ence is important to perform adequate decompression. For 
surgeons who are in the rising period of the learning curve 
of MVD, intraoperative neuromonitoring helps identify the 
offending vessels and confirm facial nerve decompression 
after padding Teflon felts. Therefore, an early LSR loss may 
bring adverse effects. However, as surgeons gained more and 
more experience, all forms of possible neurovascular com-
pression and their corresponding handling methods become 
familiar, when the learning curve reached a flat period. Even 
the guiding significance of intraoperative LSR monitoring 
was deliberately weakened. When the intraoperative decom-
pression and electrophysiological cues were inconsistent, 
the skilled operator may trust his own experience more and 
decide whether to finish the operation. It should be empha-
sized that all the operations in our study were performed by 
the same surgeon who had rich experience previously. In 
most cases, the offending vessels can be determined only by 
experience. When offending vessels is uncertain, the REZ 

was checked thoroughly, and all possible responsible vessels 
were separated from the facial nerve root. The increased 
operations to deal with all possible responsible vessels are 
gentle in skilled hands, which is unlikely to result in more 
postoperative complications. This may be the reason for the 
lack of difference in surgical results between the 2 groups.

Although our study is the first to determine independent 
predictors of early LSR loss using multivariate analysis. It 
has several limitations. First, this study was retrospectively 
performed and limited the available data. Second, all 
surgeries were performed by a skilled surgical team at a 
single center, which may be contributed to the lack of 
difference in clinical results between the two groups. To 
reduce the bias and demonstrate the clinical significance of 
early LSR loss more clearly, future studies should use data 
collected from our surgical team at different time periods 
or other surgical teams with different professional levels, 
using unique LSR monitoring protocols. Third, because a 
study group with persistent LSR after decompression was 
not enrolled, a direct comparison of the outcomes between 
LSR persistence and LSR loss after decompression was not 
possible. However, the primary objective was to determine 
preoperative parameters predicting early LSR loss and the 
present study we designed addressed this objective.

Conclusion

Our present results show that patients with early LSR loss 
have smaller responsible vessels, slighter nerve deviation 
severity, and less crowded posterior fossa. These factors 
reflect the unstable neurovascular anatomical relationships, 
which are easily influenced by subtle environmental changes 
before decompression, such as cerebrospinal fluid drainage, 
arachnoid membrane dissection, and cerebellar retraction. 
Although intraoperative LSR monitoring has guiding impli-
cations for HFS, MVD with early LSR loss does not show 
less efficacy than MVD without early LSR loss when the 
operation is performed by a skilled and experienced surgeon.
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