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Abstract

Background Hemifacial spasm (HFS) is a neuromuscular disorder characterized by unilateral facial muscle spasms,
negatively impacts quality of life due to social embarrassment. Botulinum Neurotoxin (BoNT) injections have emerged
as a viable therapeutic approach. This systematic review evaluated the efficacy and safety of BoNT injections for HFS
management, along with effects on patients’ quality of life and mental health.

Materials and methods A systematic search for studies on BoNT treatment for HFS published between Janu-

ary 1,2000, and May 1, 2024, was performed across major databases. Study quality was evaluated using Cochrane
and Joanna Briggs Institute (JBI) tools, with data management handled by EndNote X9 and statistical analyses con-
ducted via Review Manager (RevMan 5.4) and STATA 14.0.

Results Thirty-five studies met the inclusion criteria: 2 RCTs comprising 83 HFS patients compared the efficacy

of perioral injections of botulinum toxin and placebo, while 33 single-arm studies reported outcomes for 2786
patients post-BoNT injection. The selection of 17 single-arm studies focused on the effectiveness rate as the key
outcome metric. Pooled estimate signified a remarkably high effectiveness (ES: 0.882, 95% Cl: 0.830, 0.926, P<0.001).
Analysis of depression scale (SMD: -0.85, 95% Cl: -1.34, -0.35, P<0.001), anxiety scale (SMD: -1.50, 95% Cl: -2.19, -0.80,
P<0.001) and total scale of quality of life (SMD: -0.64, 95% Cl: -0.87,-0.41, P=0.766) showed that BoNT therapy worked
well especially in improving mental state and quality of life. Ptosis was considered as the most common adverse reac-
tion during BoNT injections (OR: 0.30, 95% CI: 0.11, 0.81, P=0.843).

Conclusion BoNT injection showed validity and clinical safety in the treatment of HFS, particular for depression
relief. Injections around the mouth were only effective for HFS cases with severe symptoms. A standardized strategy
for BoNT injections in managing HFS, detailing parameters such as injection sites, doses, and frequencies, remained
elusive. Additional RCTs are necessary to further elucidate the interplay between efficacy and these components.
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Background
Hemifacial spasm (HFS) is a hyperkinetic movement dis-
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is the most common cause, which induces the ephaptic
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axono-axonal cross-talk [3]. According to the pathogen-
esis, HFS can be categorized into two main categories:
primary and secondary. Primary HFS is mainly caused
by the compression of peripheral blood vessels (anterior
inferior cerebellar, posterior inferior cerebellar and ver-
tebral motor, etc.) on the facial nerve at the brain stem.
Secondary HEFS often occurs after facial paralysis, tumor
and trauma [4]. Primary HFS is more common than sec-
ondary one, while it is difficult to distinguish them clini-
cally [5]. In this meta-analysis, most included studies
were performed on primary type.

The primary method for diagnosing HES is clini-
cal recognition [6]. Electromyogram (EMG), magnetic
resonance imaging (MRI) and computerized tomogra-
phy (CT) are additional ways [3, 7, 8]. These diagnostic
techniques aid in distinguishing HFS from other crani-
ofacial dyskinesias such as blepharospasm, tic disorders,
myokymia, and synkinesis [9]. The prevalence of HFS
ranges from 5 to 13 per 100,000 individuals with an aver-
age age of approximately 40 years old, more common in
women with a ratio of 1.5: 1 [4, 9, 10]. Notably, up to 90%
of patients complained that HES severely interfered their
social lives. Patients with HFS experienced a poor qual-
ity of life due to social embarrassment, which can lead to
social isolation, depression, even functional blindness [2].

Medications, botulinum toxin injections, neurosurgical
procedures, and, most recently, doxorubicin chemomyec-
tomy, have been employed to mitigate muscular twitches
in HES [11]. Among these, microvascular decompression
(MVD) surgery is regarded as the standard treatment due
to its superior efficacy in alleviating symptoms. This sur-
gical technique involves relieving pressure on the facial
nerve caused by adjacent blood vessels. Despite its ben-
efits, MVD presents significant challenges. Achieving
complete decompression without damaging the intricate
web of nerves and blood vessels in the brainstem is tech-
nically demanding. Moreover, the invasive nature of the
surgery itself carries inherent risks, including potential
injury to the brainstem [12, 13]. In contrast, Botulinum
Neurotoxin (BoNT) therapy offers a less invasive alterna-
tive that has been widely adopted since the early 1980s
[11]. BoNT injections effectively manage facial spastic-
ity associated with HFS, circumventing the risks associ-
ated with surgery. Supported by Level 1 evidence, BONT
is also indicated for the treatment of cervical dystonia,
blepharospasm, chronic migraine, spasmodic dysphonia,
temporomandibular joint disorders, and other conditions
[14]. This potent exotoxin, produced by the bacterium
Clostridium botulinum, selectively targets the neuromus-
cular junction, where it inhibits the release of acetylcho-
line, a neurotransmitter essential for muscle contraction

[15].
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To date, seven immunologically distinct serotypes of
BoNT have been identified, labelled from A through G.
Of these, BoNT type A is the most prevalently used form
in clinical practice, with several commercial preparations
available for use. The precise clinical outcomes and safety
profile of BoNT in the context of HFS remain subjects of
ongoing investigation. This ambiguity underscores the
critical need for a thorough systematic review coupled
with a meta-analysis to synthesize the existing research
on BoNT’s application for HFS.

Method
Search strategy
This study has been submitted at PROSPERO

(CRD42024568920). The article was performed accord-
ing to the PRISMA guideline [16] (Additional file 1).
We searched PubMed, Web of Science, Embase and
Cochrane for articles published between January 1, 2000
and May 1, 2024. Searching terms are the subject head-
ings “Hemifacial Spasm” and “Botulinum Toxins’, as well
as their Medical Subject Headings (MeSH) in National
Center for Biotechnology Information (NCBI) website.
Two subject terms are connected by AND, and between
subject terms and free terms by OR. The complete search
strategy was included in Additional file 2.

Inclusion criteria

The authors extracted key characteristics of the included
articles following the “PICOS principle”. Two review-
ers performed a purposive screening based on the title,
abstract, and full text of the article according to the inclu-
sion criteria. The retrieved records from all databases
were imported into Endnote software (version X9; Thom-
son Scientific), where duplicate entries were eliminated.
We additionally acquired the full tests of the target lit-
eratures. Discussions and summaries were conducted in
a timely manner during the screening process to ensure
consistency of results. In case of disagreement between
the two reviewers, it was resolved by communicating
with the third reviewer.

Studies
Randomized controlled trials (RCTs) and single-arm
studies of BoNT for HFS.

Patients

Patients diagnosed with HFS were included (The diagno-
sis of HFS was established based on clinical evidence of
involuntary clonic and/or tonic contractions in the mus-
cles innervated by the facial nerve, which were unilateral
in nature) [17].
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Interventions

The experimental cohort comprised HFS patients who
underwent BoNT therapy, specifically targeting the peri-
orbital and perioral regions. In the context of RCTs, the
control group included HEFS patients who were admin-
istered a placebo injection in analogous sites around the
mouth. And for the single-arm studies, the control group
was inherently designed within each participant. Indi-
viduals acted as their own controls by meticulously com-
paring their clinical condition pre-treatment with that
post-treatment.

Outcomes

Efficacy outcomes 'The primary outcomes included
severity scores, global clinical improvement (GCI), vis-
ual analog scale (VAS), percentage of improvement and
duration of improvement. In addition, the evaluation
indicators of patients’ quality of life included the Beck
Depression Inventory (BDI), Jankovic Rating Scale (JRS),
behavioural and psychological symptoms assessment,
etc.

Additional outcomes Age and sex of the patient, dura-
tion of facial spasms, type and dose of botulinum toxin,
postoperative adverse reaction.

Exclusion criteria

We excluded studies for the following reasons: (1) Treat-
ment of diseases as facial syndrome, Meige’s Syndrome or
blepharospasm (BS); (2) Reviews, case studies, response
letters, notes and conference proceedings; (3) Full texts
were not available for retrieval; (4) Articles contained
incomplete data or serious errors; (5) Languages were not
English.

Data extraction

Two reviewers independently completed the data extrac-
tion of the included literatures. The extracted data
included basic information (authors, year of publication,
type of study, intervention, etc.), patient information
(age, gender, mean duration of disease, dose of injected
medicine, etc.) and outcomes (duration of effect, patients’
preference, frequency of side effects, etc.). The acquired
data were summarized in Microsoft Excel (version 2019)
tables for subsequent statistical analysis.

Quality assessment

To assess the risk of bias of RCTs, Cochrane Collabora-
tion Risk of Bias Tool (RevMan version 5.4; the Cochrane
Collaboration) was used [18]. The Critical Appraisal tools
developed in Joanna Briggs Institute (JBI) was used to
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evaluate the quality of the one-arm experiment [19]. Each
item consists of one question, with a total of ten ques-
tions. The answers to each item were “yes’, “no’;, “unclear”
or “not applicable” A score of more than 7 is considered

to be of high quality and low risk.

Data analysis

Review Manager software (RevMan 5.4) and STATA
software (version 14.0; Stata Corporation) were used to
conduct statistical and quantitative analysis of the data
of binary and continuous variables of the included lit-
erature. The subgroup analysis was conducted based on
various clinical characteristics of patients or different
interventions.

The odds value (OR), and 95%CI were used as the
bicategorical variables, and weighted mean difference
(WMD), standardized mean difference (SMD) and
95%CI were used as the continuity variables. I? statistics
were employed to assess the heterogeneity of study out-
comes [20]. When 12<25% and P>0.10, it was consid-
ered that there was no heterogeneity, and a fixed effect
model was selected for analysis; If I*>25% and P<0.10,
there was heterogeneity, and the random effects model
was selected for analysis. To determine the response
rate of BoNT treatment, we used STATA 14.0 com-
mand ‘metaprop’ to generate a combined estimate along
with an exact binomial and fraction-test-based confi-
dence interval (CI) [formulas: metaprop case n,random
ftt cimethod(excat) lcols(Study) xlab(0.1,0.2,0.3,0.4,0.5,0.
6,0.7,0.8) dp(3)]. The variance was stabilized by employ-
ing the Freeman-Tukey double arcsine transform, which
effectively grouped rates close to the margin together
[21, 22]. Subgroup analysis and meta-regression were
used to explore the sources of heterogeneity. Sensitivity
analysis was employed to evaluate the robustness of the
findings and identify potential impacts. The Egger’s linear
regression test was employed to evaluate the presence of
publication bias in the included trials, with statistical sig-
nificance defined as P <0.05.

Results

Study selection and subject characteristics

A total of 2306 articles were retrieved from the initial
4 databases screen and 1238 remained after removal of
duplicates. With the selection function of Endnote soft-
ware (version X9; Thomson Scientific), 227 reviews,
210 conference proceedings, 75 case reports, letters or
notes, and 88 non-English literatures were excluded. The
remaining 638 records were further screened by reading
the titles and abstracts, 62 full-text articles were assessed
for eligibility. Finally, 35 records [10, 17, 23-55] were
included in this meta-analysis, including 2 RCTs [23, 24]
and 33 single-arm studies [10, 17, 25-55] (Fig. 1). After
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Fig. 1 PRISMA flowchart of the literature search and study selection

then, we summarized the characteristics and clinical
features of the study population (Tables 1, 2 and Addi-
tional file 3). The 33 single-arm studies comprised of 29
retrospective investigations and 4 prospective analyses.
Of particular interest, 7 studies specifically focused on
the effects of BoNT injections on patients’ quality of life
(Table 2).

The aggregate analysis comprised a total of 2869 par-
ticipants, with a distribution of 83 individuals contrib-
uting to the RCTs though a self-comparison model, and
2786 featured in single-arm studies. The demographic
profile revealed a mean age spectrum spanning from
43.7 to 71.7 years, indicative of a study population that
cut across several decades of adult life. Notably, over half
of the enrolled participants were female, highlighting the
representation of a predominantly female cohort in the
research.

Currently, there are various commercial botulinum
toxin products available. The mainstream products of
concern in this study primarily include: @Botulinum

toxin type A (Dysport®) and @Botulinum toxin type A
(Botox®, manufactured by Allergan, located in Irvine,
CA, USA) (Fig. 2a). Despite the use of different commer-
cially available brands of BoNT, the targeted injection
location consistently focused on the periorbital region,
in both RCTs and single-arm trials (Tables 1 and 2). The
administered dose was typically at around 20 units (U)
(Fig. 2b). The medicine begun functioning within a week
and lasted approximately 20 weeks, after which regular
injections were required (Fig. 2c).

Quality assessment

The risk of bias for the RCTs [23, 24] was assessed by
two reviewers (Fig. 3). Only Jitpimolmard, S. et al. [24]
addressed the double-blind approach. The remaining six
evaluation indicators in both trials were considered low
risk. Besides that, all 33 single-arm studies [10, 17, 25-55]
had JBI scores of more than 7 points (Additional file 4),
indicating that they were of high quality. Finally, all 35 lit-
eratures were included in the following meta-analysis.
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Table 1 Characteristics of the RCTs (mean +SD)
Study Participants Age (years) Disease Intervention Type of Dosage (U/  Duration of Follow-up Outcomes
(M/F) duration BoNT site) improvement
(years) (weeks)

Cola-  23(9/14) 61.95+11.73 926+491 Intervention Botulinum  Depending NR NR Severity scores,
koglu group: BoNT toxin Type  on the sever- VAS
etal, injection A (BOTOX®) ity
2011 into both orbicu- Perioral:
[23] laris oculi 16.86+3.89;

and perioral Orbicularis

muscles; oculi: 6+1.68

Control group:

BoNT into orbicu-

laris oculi

and placebo

into perioral

muscles

Then crossed

over
Jitpi- A:30(11/19)  A:497+132 A:5045.7 Intervention Botulinum 15 A:22.97(18.85) 18 months  Frequency
mol-  B:30(11/19) B:513%11.7 B:3.1£3.1 group:BoNT toxin B:17.53(14.9) of spasms/5 min,
mard injection A (Botox, VAS, percentage
etal, into both orbicu-  Allergan, of improve-
2022 laris oculi Irvine, CA, ment; duration
[24] and perioral USA) of improvement

muscles;

Control group:
BoNT into orbicu-
laris oculi

and placebo

into perioral
muscles

M male, F female, U unit, NR not report, VAS visual analog scale (0=no spasm, 5=moderate spasm, 10 = severe spas)

Efficiency of BONT was affected by injection site, indicated
in RCTs

Two RCTs [23, 24] were included according to the cri-
teria described above. The objective of both studies was
to assess the relationship between therapeutic effect and
injection site. The outcomes of single injection around
eye and simultaneous injection around eye and mouth
were compared. Unfortunately, despite contacting the
corresponding author, we were unable to access the raw
data available for further analysis. Due to lack of compa-
rable outcomes for the forest plot, a qualitative overview
was provided.

Colakoglu, B. D. et al. conducted a randomized, single-
blind, crossover, clinical trial [23]. In their study, sever-
ity scores by physicians and VAS scores by patients were
used as effect indicators (Table 1). All the patients ben-
efited from BoNT treatment regardless of the methods.
For orbicularis oculi muscle, there was no significant
difference in A scores of both method (severity scores:
P=0.48; VAS scores: P=0.49). When evaluating the
effect on perioral muscles, the Ascore of BoONT method
was significantly higher than that of the placebo method
(severity scores: P=0.001; VAS scores: P=0.006). The
post hoc analysis indicated that the significance was

mainly from severe subgroups. And when the patients
were asked to indicate their preference for a particu-
lar method, most of the severe HES cases preferred the
BoNT method (85.7%). Thus, the study suggested that
BoNT application to lower facial muscles might not be
necessary in patients with mild lower facial involvement.

In another RCT [24], efficacy of BoNT for HEFS treat-
ment was assessed 6 weeks after the first interven-
tion. Among all the outcomes evaluation (Table 1), only
percentage of mouth improvement in two groups was
obvious (95% CI: 4.5, 26.2, P=0.006). Given that facial
contractions start around the eye and spread down to
the mouth in most patients with HFS, the study sup-
ported that the mouth BoNT injection for HES was not
necessary.

High effective rates of BoNT injection were observed

in single-arm studies

Thirty-three single-arm trials encompassing a total of
2786 participants were included (Table 2 and Additional
file 3), with the 7 studies [49-55] at the end focusing the
influence of BoNT on the quality of life in HES patients.
The injection dosage, injected muscles, and rating scales
were variable, thus leading to challenges in finding the
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Fig. 2 Visualization of BoNT injection modalities. a Commercial Type of BoNT, the numeric codes correspond to those in the footnote of Table 2. b
Average dosage injection per site. The red dashed line indicated the location of 20 U. ¢ The duration of effect, which corresponded to the interval
between repeat injections. The red dashed lines indicated the 10-week and 20-week marks

source of heterogeneity. The statistical and qualitative
analysis of the included single-arm trials were performed
based on the difference of the outcome effect size.
Among these retrospective studies, the effective rate
(%) was used as the effect size in 17 trials, which is a sub-
jective factor. The random effects model was employed
for analysis. After applying double arcsine transforma-
tion and converting back to the original proportion, the
effective rate of HFS patients included was estimated to
be 0.882 (95% CI: 0.83, 0.926, P<0.001), and the percent-
age of variation across studies (I>) was 89.224%, which is
interpreted as considerable heterogeneity (Fig. 4a).
Among the 17 included studies, the majority of patients
with HFS were middle-aged and elderly women, except
for Husing 2002 [27]. Subgroup analysis was performed
in terms of geographic regions, mean dose per injection
site, and follow-up durations. Results showed that these

factors did not account for the heterogeneity of the effec-
tive rate (Additional file 5). After then, we conducted a
meta-regression analysis to investigate potential covari-
ates influencing the effective rate of BONT treatment for
HES patients and contributing to observed heterogene-
ity (Additional file 6). In the univariate meta-regression,
factor of geographic regions was slightly associated with
the heterogeneity observed (P=0.088). Average dosage
(P=0.483) and follow-up durations (P=0.273) were irrel-
evant. In the multivariate regression analysis, the effec-
tive rate of BONT treatment was not substantially altered
by these factors (P=0.236, 0.430 and 0.662). The com-
prehensive results indicated that the 3 study-level factors
could not be considered as the source of heterogeneity in
effective rate.

The sensitivity analysis demonstrated that the
results of the effective rate of BONT for HES patients
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Fig. 3 Quality evaluation of RCTs. a Risk of bias graph: authors'judgements about each risk of bias item presented as percentages across all

included studies. b Risk of bias summary and overall quality

remained consistent and robust, regardless of the
exclusion of any individual study, thus affirming the
stability and reliability of these findings (Additional
file 7a). Egger’s test was performed to assess the pres-
ence of publication bias in the obtained effective rate
(Additional file 7b), and the results revealed a signifi-
cant indication of publication bias (P=0.000).

Various outcomes were employed to assess the efficacy

in single-arm trials

Three single-arm studies [25, 32, 34] included 137
participants used global clinical improvement (GCI)
scores as effect indicators (Fig. 4b). Patients rated the
GCI on a 0-3 scale at each interaction (0=no effect,
1=slight improvement, 2=moderate improvement,
3 =marked improvement). Based on the heterogeneity
(I>=62.6%, P=0.069), random effects model was used.
The forest plot showed that the patient’s symptoms
indicated by GCI scores were improved significantly
after BoNT injection (CGIL: 2.60, 95% CI: 2.46, 2.74)
(Fig. 4b).

VAS was another outcome in the retrospective study
[38], which revealed that patients expressed a 73.7%
(range: 0-100) improvement. In the prospective stud-
ies, severity and consciousness scores were evalu-
ated by Tung, T [47], that demonstrated a significant
improvement (Severity scores: pre 3.32+0.73, post
0.89+£0.75; Awareness scores: pre 3.69*0.51, post
1.02 £0.95). The remission rate was regarded as main
indicator in other 2 studies [46, 48], which showed the
efficacy of BONT treatment was more than 96%.

BoNT administration showed significant improvement

in the quality of life and mental state of HFS patients

Facial symptoms of HFS would deteriorate health-related
quality of life via multiple processes, including invol-
untary eye closure or facial expressions, social embar-
rassment, and mental health issues [54]. In addition to
relieving face symptoms, the effects of BONT on health-
related quality of life during HES treatment required fur-
ther exploration practitioners in a real-life therapeutic
environment.

Various questionnaires were used to evaluate the
changes in quality of life in HFS patients after BoNT
treatment (Table 2 and Additional file 3), such as the
HFS-36 questionnaire, BDI and CMI self-assessment
questionnaire. Seven single-arm studies involving 406
participants were analyzed for changes in quality-of-life
indicators before and after treatment. The indicators
were classified into 7 categories: general life satisfaction,
satisfaction with health, physical health, metal health,
depression scale, anxiety scale and total scale. The relative
index SMD was chosen to provide an intuitive display of
the summary results, allowing the same indications to be
normalized across multiple scales.

Two one-arm experiments with 126 participants meas-
ured the general life satisfaction before and after BONT
injection [50, 51] with 126 participants. The effect sizes
revealed no significant difference (SMD: 0.66, 95%CI:
-0.13, 1.45, P=0.002) (Fig. 5a). The total score of the
questionnaire was used in two trials with 150 partici-
pants [49, 54]. The combined effect size (SMD: -0.64,
95%CI: -0.87, -0.41, P=0.766) showed a significant differ-
ence in overall quality of life in HFS patients after BONT
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Fig. 4 Forest plots of the effectiveness of BONT in single-arm trials. a The favorable response of HFS patients with BoNT injection. b GCl index of HFS

patients with BoNT injection

refraction compared with before injection, indicating the
improvement in patient’s life problems (Fig. 5b).
Depression and anxiety, as major comorbidities of HFS,
are often described in conjunction. Anxiety scale was
evaluated in 3 reports with 208 participants. Accord-
ing to the respective effect sizes there were significant
improvement in anxiety scale after BoNT injection
compared with before (SMD: -1.50, 95%CI: -2.19, -0.80,

P<0.001) (Fig. 5c). Depression scale was evaluated in 6
reports with 406 participants [49, 51-54]. According to
the respective effect sizes there was significant improve-
ment in depression scale after BoNT injection (SMD:
-0.85, 95%CI: -1.34, -0.35, P<0.001), but with great het-
erogeneity (I>=91%) (Fig. 6a). Subgroup analysis consid-
ering region and gender was conducted (Fig. 6b). It was
suggested that the proportion of women might have an
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Fig.5 Forest plot of BoNT's effect on HFS-related quality of life. The forest plot for the effect of BONT on (a) general life satisfaction, b total scale,

and c anxiety scale

impact on heterogeneity. The sensitivity analysis which
employed for evaluating the robustness of the outcomes
showed that the exclusion of any single study did not
affect the estimate of the overall effect (Fig. 6c).

Adverse reaction after BoNT injection in HFS treatment
Fixed effect model was used to combine 2 RCTs (I=0%).
In terms of the common side effect “mouth drooping’,
there was significant difference between the lower facial
BoNT group and the placebo group (OR:0.3, 95%CI: 0.11,
0.81, P=0.843) (Fig. 7).

The adverse events following BoNT intervention in
one-arm studies occurred more frequently was ptosis
(14 out of the 25 reports) (Additional file 3), which was

probably caused by toxin diffusion to the levator palpe-
brae superioris muscle [38]. Other side effects were also
listed, including facial weakness, diplopia, facial asymme-
try, etc. These effects are reversible, mild and transient.
No systemic side effects have been recorded.

Discussion

BoNT has become the preferred therapeutic option for
HES, owing to its efficacy and safety characteristics [56].
BoNT treatment could mitigate symptoms in a vast
majority (85%—95%) of HFS patients [11]. Through a
comprehensive review, our analysis integrated qualitative
and quantitative data to evaluate symptom alleviation fol-
lowing BoNT injections. Despite the scarcity of RCTs for
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Fig. 7 Meta-analysis of the association of common side effects- mouth drooping

a definitive efficacy assessment, a meta-analysis of 17 sin-
gle-arm studies (ES: 0.882, 95% CI: 0.83, 0.926, P<0.001)
confirmed previous findings, consolidating BoNT’s repu-
tation as an effective therapy strategy for HFS. The het-
erogeneity among these studies was large (I°=89.2%,
P<0.001). Meta-regression and subgroup analyses were
performed to explore the source of this heterogeneity.

Across all studies, female participants constituted a
majority, exceeding 50%, mirroring established epidemi-
ological patterns regarding the gender and age distribu-
tion of HFS incidence [10]. Given this concordance, age
and gender were excluded as potential moderators in the
subgroup analysis. Instead, the investigation focused on
geographic variability, the mean dose administered per
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injection site, and the duration of follow-up as potential
sources of heterogeneity. Regrettably, these factors did
not correlate with observed heterogeneity. We posit that
the heterogeneity could emanate from intrinsic features
of single-arm trial designs and the paucity of comprehen-
sive literature in this domain.

In our meta-analysis of single-arm trials, we observed a
potential publication bias (Additional file 7b). In the con-
text of single-arm trials, the impact of publication bias
is particularly pronounced. This might result from that
such studies often lack a control group, and are primar-
ily used to evaluate the safety and preliminary efficacy of
new therapies or interventions. The sensitivity analysis
indicated that the study’s findings are likely robust (Addi-
tional file 7a), meaning that publication bias, even if pre-
sent, is unlikely to significantly alter the conclusions.

HEFS imposes not only physical discomfort but also
severe social burdens on patients. Neuroscience research
showed correlation between HFS and alterations in the
basal ganglio-thalamocortical motor circuit [53], along
with bilateral thalamic glucose hypermetabolism, impli-
cating regions associated with anxiety and depression
[57]. Individuals with HES exhibit higher prevalence rates
of depression and anxiety [12, 56]. While the emergence
of such comorbidities may result from neurobiological
mechanisms, definitive therapeutic targets for alleviat-
ing depressive and anxious symptoms in HFS patients
remained elusive.

When evaluating modifications in quality of life (QoL),
it is recommended to employ the HFS-36 questionnaire,
CMI self-assessment questionnaire, WHOQOL-BREF
TR, and other validated instruments. Anxiety and depres-
sion symptom scores were assessed using BDI, HDRS,
HAS, SAS, and SDS criteria. The findings of our study
indicated that the administration of BoNT injections
resulted in significant improvements in both the physi-
cal and mental well-being of patients, which is consist-
ent with previous research studies [12, 51]. We included
6 single-arm studies which summarized changes in
depression in HFS patients before and after BONT injec-
tion and showed significant improvements (SMD: -0.85,
95%Cl: -1.34, -0.35, P<0.001), but with great heterogene-
ity (I*=91%). There was great heterogeneity among the
reports, and subgroup analysis suggested that the pro-
portion of females might be related. Significant variability
was evident among the reports, with subgroup analyses
hinting at a potential correlation with the female pre-
dominance. It is noteworthy that women afflicted with
HFS tend to be postmenopausal, thus susceptible to hor-
monal influences, and demonstrate heightened disease-
related concerns [52].

Inevitably, BoNT injections’ effectiveness declined
with time, necessitating re-injection at regular intervals.
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The collation and analysis of the data revealed that the
intervals between injections clustered around 20 weeks
(Fig. 2c). Necessity for repeated administrations might
be explained by the neuroscience mechanism underly-
ing BoNT’s activity. BONT operates as a highly effec-
tive endotoxin, selectively blocking the acetylcholine
release at the neuromuscular junction, which induces a
diminution in motor unit contraction [58]. The dynamic
turnover of neuromuscular junctions is expedited in the
aftermath of BoNT exposure, precipitating a gradual
return of muscular function, which typically commences
around 3 months post-treatment and reaches completion
by 6 months. This recovery is underpinned by collateral
sprouting at the nerve terminal, enabling the resumption
of acetylcholine release and consequent muscle activity
[59]. Notably, it was reported that an increase in BoNT
resistance was observed in the treatment of craniocer-
vical muscle spasms or blepharospasm, especially when
patients received frequent, repetitive, high-dose or life-
time injections [60]. Regarding the treatment of HFS,
there have been no case reports published that could
serve as an indicator for future attention.

In addition to the intervals between injections, factors
such as the injection sites, follow-up durations, onset
times of effects, and evaluation metrics varied consider-
ably across different studies. Comprehensive summary
of the included studies revealed that the orbicularis oculi
muscle is the predominant target for BoNT injections
in HFS management (Tables 1 and 2). Occasionally, this
is complemented by injections into the orbicularis oris,
frontalis, and mentalis muscles; however, these adjunc-
tive sites are less common due to the risk of inducing
lower facial muscle weakness [26]. Especially, the two
RCTs included confirmed the necessity of orbicularis
oculi muscle injection, and also pointed out that BoNT
perioral therapy is still necessary for patients with severe
facial spasm.

Aside from accurate targeting, judicious dosing is
essential to achieve optimal outcomes while minimizing
adverse effects in HFS patients. Here, the average total
injection dose was mostly around 20 U (Fig. 2b), with
clinical benefits enduring for approximately 20 weeks
(Fig. 2c). Recent study has presented a novel BoNT injec-
tion paradigm based on conventional treatments [39].
By taking into account factors such as the etiology, dura-
tion, electrophysiological features and patient’s age, the
strategy incorporated combined injections into multi-
ple muscular regions to enhance therapeutic outcomes.
Concurrently, personalized dose adjustments are imple-
mented to prevent adverse reactions that may result from
excessive medication use. Employing this innovative
method resulted in a protracted duration of therapeutic
effect, with an average sustained benefit of 28.6 weeks
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[39]. Such studies highlight the significance of personal-
ized precision medicine in the context of BoNT treat-
ment for HFS.

Based on a comprehensive review of the included lit-
eratures, the brands Dysport® and BOTOX® are rec-
ommended for the treatment of HFS. The average total
injection dose typically ranged around 20 U, with the
injection interval determined by the specific circum-
stances of each patient, primarily when symptoms recur.
The dose variation of BONT was mentioned in two stud-
ies [27, 46]. It was reported that the doses of BONT used
in the second and fifth years increased compared to the
first year, though these increases were not significant.
Over a period of two years, patients with HES showed the
highest response rate of sustained benefit [27]. Another
report indicated a decrement in the mean dose for each
subsequent injection following the initial treatment. Dur-
ing the ten years of treatment, the average injection dose
was reduced by approximately 0.5 U annually [46]. This
aspect was not addressed in the other included literature,
thus insufficient evidence existed to support us in formu-
lating reasonable recommendations.

While the therapeutic benefits of BONT treatment in
HES are widely acknowledged, it is pertinent to address
the spectrum of adverse reactions reported in the liter-
ature. In our included reports, the main side effect was
ptosis and facial weakness (Additional file 3, Fig. 7). The
incidence of these adverse effects did not vary with the
duration of treatment, but might be related to the type
of disease [57]. Pandey, S. et al. suggested that patients
with secondary type of HFS suffered more side effects
than primary ones, even under lower BoNT dosage [42].
Furthermore, BONT might inadvertently spread due to
various factors, affecting adjacent muscles and eliciting
undesirable side effects. Influences on toxin dispersion
include injection sites, dilution volume, product-spe-
cific attributes, dosage, and application technique [61].
Here, no case of BoNT resistance or migration has been
reported in HFS treatment. And the reported side effects
were short-lived and reversible.

The main limitation of this review is the variability
between the included studies. Most included studies dif-
fered between injection methods and often no verified
objective scoring system was used in determining the
change in HES after therapy. Because of this, we were not
able to objectively compare results or draw clear conclu-
sions regarding the optimal treatment using BoNT. More
clinical studies, especially RCTs, are needed to further
investigate the optimal treatment timing, dose, formu-
lation and injection site of BONT to improve the treat-
ment of HFS. Moreover, both the evaluation indicators
and scales for HFS symptom relief and quality of life are
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mostly subjective ideas of patients and medical staff, and
there is a lack of objective evaluation indicators.

Conclusion

Our analysis supported that BoNT treatment demon-
strated notable efficacy in alleviating symptoms of HES,
enhancing quality of life, and improving mental state,
with a particularly significant effect on alleviating depres-
sive moods. Gender might be a primary factor influenc-
ing the effectiveness of BONT in mitigating depression.
The effects of BONT did not last indefinitely, requiring
re-injection at intervals. No significant adverse reactions
were reported following multiple injections. The most
common adverse reaction was ptosis, or drooping of the
eyelids, but this is transient. Although BoNT injections
have shown effectiveness and clinical safety as a treat-
ment for HFS, there was currently no standardized injec-
tion protocol, and evaluations of treatment outcomes
also varied widely. We have summarized factors affect-
ing treatment and injection techniques across different
studies, such as dosage, site, frequency, and follow-up
periods. This information could aid in the development
of standard guidelines, but more RCTs are needed to sub-
stantiate these findings.
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