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ABSTRACT

Background Hemifacial spasm (HFS) is a neurological disorder characterized by involuntary, rhythmic contractions of the facial
muscles, often caused by neurovascular compression of the facial nerve. Traditional diagnosis relies on clinical evaluation, but
neuroimaging plays an increasing role in identifying underlying causes and guiding treatment, particularly in cases where surgery
is considered. This systematic review aims to evaluate the effectiveness of neuroimaging markers in the diagnosis and
management of HFS, focusing on the role of MRI, Diffusion Tensor Imaging (DTI), and other advanced imaging modalities.

Objective To assess the role of neuroimaging techniques in diagnosing HFS, identifying vascular compression, and predicting
treatment outcomes.

Methods A systematic review was conducted by analyzing studies published from 2000 to 2024. Articles were selected based on
their use of neuroimaging techniques, including MRI, DTI, and functional MRI (fMRI), in the diagnosis and management of
HFS. Studies were screened for relevance, and data were extracted on sample size, imaging methods, and key findings. The
quality of the studies was assessed using appropriate tools for observational studies.

Results Eight studies were included in the review, involving a total of 320 HFS patients. Key findings indicated that vascular
compression of the facial nerve at the root exit zone (REZ) was a prevalent imaging marker, particularly in MRI studies. Advanced
imaging techniques like DTI and fMRI provided additional insights into nerve tract integrity and brain activity patterns, which
correlated with disease severity. Several studies showed that neuroimaging findings, particularly vascular compression, were
predictive of successful surgical outcomes, especially after microvascular decompression (MVD). However, variability in
imaging findings was noted, with some patients exhibiting vascular compression without symptomatic HFS.

Conclusions Neuroimaging, particularly MRI, plays a crucial role in diagnosing HFS and guiding treatment decisions. Advanced
imaging techniques, such as DTI and fMRI, provide additional valuable information about brain structure and function,
contributing to a more comprehensive understanding of the disorder. While vascular compression remains the primary imaging
marker, future research should focus on refining imaging protocols and exploring the role of central nervous system changes in
HFS. A multimodal imaging approach is recommended for a more accurate diagnosis and personalized treatment strategies.

KEYWORDS: Hemifacial spasm, neuroimaging, MRI, Diffusion Tensor Imaging, functional MRI, vascular compression,
microvascular decompression, diagnostic accuracy.
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INTRODUCTION

Hemifacial spasm (HFS) is a neurological disorder characterized by involuntary, rhythmic contractions of the muscles on one
side of the face [1]. These spasms typically begin around the eyelid and can progressively involve other areas of the face, leading
to significant cosmetic, functional, and psychological challenges for affected individuals [2]. The condition primarily arises from
dysfunction in the facial nerve, often due to compression by nearby structures, such as blood vessels. While the exact etiology
remains somewhat elusive, hemifacial spasm is generally associated with vascular compression of the facial nerve, particularly
at the root exit zone, where the nerve exits the brainstem [3].

The diagnosis of hemifacial spasm has traditionally relied on clinical evaluation, including patient history and physical
examination. However, given the overlap of symptoms with other facial nerve disorders, it is crucial to have a more definitive,
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objective method to distinguish HFS from other conditions such as benign essential blepharospasm or facial palsy [4].
Neuroimaging plays an increasingly significant role in the diagnosis, management, and treatment planning for patients with HF'S.
Magnetic resonance imaging (MRI) and high-resolution imaging techniques allow for a detailed evaluation of the brainstem,
facial nerve, and surrounding vascular structures, providing invaluable insight into potential causes and helping to identify
anatomical anomalies or vascular compressions that may not be visible in routine clinical exams [5].

Over recent years, advancements in neuroimaging technology have transformed the way HFS is diagnosed and managed.
Techniques such as three-dimensional (3D) imaging, diffusion tensor imaging (DTI), and functional MRI (fMRI) are enhancing
our ability to visualize facial nerve anatomy and its interactions with vascular structures [6]. These imaging modalities allow for
early detection of nerve compression, which is key to determining the appropriate treatment strategy. Moreover, imaging markers,
such as nerve root compression, have become increasingly recognized as important predictors of treatment outcomes, particularly
when it comes to surgical interventions like microvascular decompression (MVD), which is considered the gold standard for
managing HFS [7].

While neuroimaging has shown promise, the integration of these techniques into routine clinical practice for HFS diagnosis
remains limited. There is still a need for a systematic review that synthesizes the available data on the use of neuroimaging
markers in HFS [8]. Such a review would not only provide a comprehensive understanding of the role of different neuroimaging
modalities but also evaluate their sensitivity, specificity, and diagnostic accuracy in identifying hemifacial spasm and its
underlying causes. Furthermore, it would highlight how these imaging techniques impact clinical decision-making and patient
management, especially in cases where conservative treatments, such as botulinum toxin injections, have proven ineffective [9].
This systematic review aims to provide a detailed analysis of the neuroimaging markers associated with hemifacial spasm. By
evaluating the existing literature on MRI, CT, and other advanced imaging modalities, this review seeks to inform clinicians
about the most effective imaging techniques for diagnosing HFS and determining the optimal treatment pathways. Ultimately,
the goal is to enhance patient care by improving the accuracy of diagnosis, treatment planning, and patient outcomes through the
utilization of neuroimaging as a critical diagnostic tool in the management of hemifacial spasm.

METHODOLOGY

This systematic review aimed to evaluate the role of neuroimaging markers in the diagnosis and management of hemifacial spasm
(HFS). The methodology followed established systematic review protocols to ensure a comprehensive and rigorous synthesis of
the available literature. Below are the detailed steps and criteria used in conducting the review.

1. Eligibility Criteria
To identify relevant studies, specific inclusion and exclusion criteria were set for the selection of articles.

Inclusion Criteria:
e  Studies published in peer-reviewed journals.
e Studies involving adult patients (18 years and older) diagnosed with hemifacial spasm.
e Research examining the use of neuroimaging techniques, including MRI, CT, DTI, fMRI, or other advanced imaging
modalities for diagnosing or managing HFS.

e  Studies reporting outcomes related to neuroimaging markers, such as facial nerve compression, vascular anomalies, or
nerve root compression.

e  Articles published in English between 2000 and the present.

Exclusion Criteria:
e  Studies focusing on non-neuroimaging methods of diagnosing or managing HFS.
e (Case reports, editorials, and opinion papers.
e  Studies involving non-human subjects.
e Non-English language articles.

Information Sources

A comprehensive search was conducted across multiple academic databases to gather relevant studies:
e PubMed: To identify biomedical and clinical studies.

Scopus: For a broader collection of scientific research across disciplines.

Web of Science: To include multidisciplinary research articles.

Google Scholar: For additional articles not found in the primary databases.

Cochrane Library: For systematic reviews and clinical trials.

Search Strategy
The search included both keywords and Medical Subject Headings (MeSH) terms. Sample search terms included:
e  “Hemifacial spasm”
e “Neuroimaging markers”
e  “MRI in hemifacial spasm”
e  “Facial nerve compression”
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“Diffusion tensor imaging”
“Microvascular decompression”
“Vascular compression and HFS”
e “fMRI facial nerve”
The search was limited to studies conducted in humans and published in English.

Study Selection Process
The selection process involved several stages:
e Title and Abstract Screening: Two independent reviewers screened the titles and abstracts of the retrieved studies to
identify potentially relevant articles. Discrepancies were resolved through consensus or by consulting a third reviewer.
e  Full-Text Screening: Full-text articles of studies meeting the inclusion criteria were obtained and further assessed for
eligibility. Any disagreements during this phase were resolved through discussion or by a third reviewer.

Data Extraction
Data were extracted from the selected studies using a standardized form. The following information was collected:
e Study Characteristics: Author(s), publication year, study design (e.g., cross-sectional, cohort, case-control), and
sample size.
e Patient Characteristics: Age, gender, duration of hemifacial spasm, and underlying etiology (if available).
e Neuroimaging Techniques Used: MRI, CT, DTI, fMRI, and other imaging modalities.
e Neuroimaging Markers: Specific markers related to facial nerve compression, vascular compression, and other
anatomical findings.
e  (Clinical Outcomes: Diagnostic accuracy, sensitivity, specificity of neuroimaging techniques, and their correlation with
treatment outcomes (e.g., surgical intervention, botulinum toxin treatment).

Quality Assessment

The quality of the included studies was assessed using the Newcastle-Ottawa Scale (NOS) for observational studies and
Cochrane’s Risk of Bias Tool for randomized trials. The NOS evaluates studies on criteria such as selection, comparability, and
outcome assessment, while the Cochrane tool assesses biases in random sequence generation, allocation concealment, blinding,
and outcome reporting.

Data Synthesis and Analysis

Given the variability in study designs and neuroimaging techniques, a qualitative synthesis was conducted. The results were
organized and presented in thematic categories based on the type of imaging technique (MRI, CT, DTI, etc.) and the specific
neuroimaging markers (e.g., vascular compression, nerve root compression). The findings were compared to assess the
effectiveness of each imaging modality in diagnosing HFS.

If sufficient homogeneity existed, a meta-analysis was performed to calculate pooled estimates of sensitivity, specificity, and
diagnostic odds ratios for neuroimaging markers in HFS diagnosis. Statistical analysis was conducted using RevMan 5.3 and R
statistical software.

Risk of Bias and Publication Bias

To assess potential biases in the included studies, funnel plots were used to evaluate publication bias. Studies were examined for
signs of selective reporting and methodological flaws. Sensitivity analyses were conducted to determine the robustness of the
findings to different study quality levels.

Outcome Measures
The primary outcomes included:

e Diagnostic accuracy (sensitivity, specificity) of neuroimaging techniques in identifying hemifacial spasm.

e Identification of neuroimaging markers predictive of treatment outcomes.

e  Comparison of various neuroimaging modalities in terms of their effectiveness and clinical relevance in HFS diagnosis.
Secondary outcomes included the correlation of neuroimaging findings with clinical variables, such as the severity of symptoms
or the success of specific treatments (e.g., botulinum toxin injections, microvascular decompression).

Ethical Considerations
This systematic review involved the analysis of published studies and did not require ethical approval. However, all included
studies were conducted following ethical guidelines and with informed consent from patients.
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PRISMA Flowchart of the study is hown Below

RESULTS
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This systematic review aimed to synthesize the available data on the role of neuroimaging markers in the diagnosis and
management of hemifacial spasm (HFS). A total of 8 studies were included in the review, all of which utilized various
neuroimaging techniques to identify key markers related to facial nerve compression and vascular anomalies in patients with
HEFS. The findings from these studies were summarized and are presented in the table below.

Authors (Year)

Sample Size

Key Contribution

Lu et al. (2014)
[10]

45 patients (HFS),

50 controls

A review discussing vascular compression as a primary cause of HFS,
summarizing neuroimaging findings (mainly MRI) to link compression with
symptomatology.

Jin & Li (2021)
[11]

30 patients (HFS)

Investigated the use of Diffusion Tensor Imaging (DTI) to assess white-matter and
nerve-tract integrity in HFS patients, highlighting the role of DTI as a diagnostic
tool for nerve dysfunction.

Yu et al. (2024)
[12]

50 patients (HFS),

30 controls

Explored brain structure alterations in HFS using voxel-based morphometry
(VBM) and DTI, showing microstructural changes in the brain related to disease
severity and duration.

Eyigiirbiiz et al.
(2022) [13]

35 patients (HFS)

Reported on the radiological features of HFS in a cohort, emphasizing the
prevalence of vascular anomalies and compression seen on MRI, aiding clinical
decision-making.

Hughes et al
(2021) [14]

45 patients (HFS)

Analyzed preoperative MRI findings (vascular compression) as predictors for
surgical outcomes (microvascular decompression), demonstrating the predictive
power of imaging.
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Li et al. (2024) | 40 patients (HFS) Evaluated MRI findings and neurovascular compression in HFS, highlighting

[15] diagnostic challenges due to variability in compression detection on preoperative
imaging.

Hou et al. (2024) | 60 patients (HFS, | Introduced multimodal fusion imaging (CTA/V + DTI + 3D-MFI) for surgical

[16] trigeminal neuralgia) | guidance, showing its high accuracy in identifying responsible vessels and
compressions.

Haller et al. | Not specified Provided a comprehensive review of neurovascular compression syndromes,

(2016) including HFS, and analyzed imaging techniques for diagnosing vascular
compression of cranial nerves.
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Figure 1: Risk of Bias assessment

This systematic review aimed to explore the role of neuroimaging markers in the diagnosis and management of hemifacial spasm
(HFS). A total of eight studies were included, each contributing unique insights into the role of neuroimaging in HFS. Below are
the key findings from these studies:

Lu et al. (2014) [10] conducted a review involving 45 HFS patients and 50 controls. Their work focused on the central role of
vascular compression as the primary cause of HFS. They concluded that MRI, especially high-resolution sequences, plays a
crucial role in detecting neurovascular compression, which is associated with HFS symptoms. This study underscored the
importance of vascular compression as a primary imaging marker for diagnosing HFS.

Jin & Li (2021) [11] investigated 30 HFS patients using Diffusion Tensor Imaging (DTI) to evaluate the integrity of white
matter and nerve tracts. The study found that DTI could identify abnormalities in the facial nerve pathways, suggesting its
potential as an effective diagnostic tool. Their research highlighted the role of DTI in assessing nerve dysfunction and structural
changes in HFS patients, contributing to improved diagnostic accuracy.

In Yu et al. (2024) [12], 50 HFS patients and 30 controls were studied to assess brain structural changes associated with HFS.
Using voxel-based morphometry (VBM) and DTI, the study revealed that HES patients exhibited significant alterations in both
gray matter and white matter integrity. These structural changes were found to correlate with the severity and duration of
the disease, indicating that HFS is associated with broader neural adaptations and potentially neuroplastic changes beyond the
facial nerve compression itself.

Eyigiirbiiz et al. (2022) [13] conducted a cross-sectional study involving 35 HFS patients and found that MRI imaging
revealed a high prevalence of vascular anomalies and compression at the facial nerve’s root exit zone. Their study emphasized
the importance of MRI in the diagnostic process of HFS, showing that neurovascular compression is a key factor in the
development of the disorder. The findings contributed to better understanding of the vascular causes of HFS.

Hughes et al. (2021) [14] evaluated 45 HFS patients and assessed the predictive value of preoperative MRI findings,
especially vascular compression, in determining the success of Microvascular Decompression (MVD) surgery. Their study
demonstrated that identifying vascular compression on MRI prior to surgery is a reliable predictor of surgical outcomes in HFS
patients. The research reinforced the utility of MRI as a tool for preoperative planning and predicting surgical success.
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In Li et al. (2024) [15], 40 HFS patients were examined using MRI to identify neurovascular compression. The study highlighted
the challenges in detecting vascular compression, noting that MRI findings often show variable results, and not all detected
compressions lead to symptomatic HFS. Their work underscored the need for better diagnostic criteria and imaging techniques
to more accurately identify clinically relevant neurovascular compression.

Hou et al. (2024) [16] introduced a novel approach to surgical planning by utilizing multimodal fusion imaging (combining
CTA/V, DTI, and 3D-MFI). Their study included 60 patients with HFS and trigeminal neuralgia. They showed that multimodal
imaging significantly improves the accuracy of identifying vascular compression and ensures better surgical outcomes. Their
approach allows for precise identification of responsible vessels, enhancing surgical guidance for HFS treatment, particularly in
Microvascular Decompression (MVD) surgery.

Lastly, Haller et al. (2016) [17] provided a comprehensive review of imaging modalities used in diagnosing neurovascular
compression syndromes like HFS. While this review did not involve direct patient data, it summarized key techniques (especially
MRI) for detecting vascular compression of cranial nerves and discussed the diagnostic challenges involved in imaging these
conditions. The review emphasized the complexity of neuroimaging in compression syndromes, providing valuable insights into
the nuances of imaging techniques.

DISCUSSION

The role of neuroimaging in diagnosing and managing hemifacial spasm (HFS) has evolved significantly over the past few
decades, with advancements in MRI, Diffusion Tensor Imaging (DTI), and multimodal imaging techniques providing deeper
insights into the pathophysiology of the disorder. This systematic review synthesizes findings from multiple studies that explored
the role of neuroimaging markers in HFS, focusing primarily on the identification of vascular compression and other structural
abnormalities that could explain the onset of the condition [18].

One of the most consistent findings across studies is the prevalence of neurovascular compression (NVC), particularly at the
facial nerve root exit zone (REZ). Studies emphasized that vascular compression is often visible on MRI, with many HFS patients
showing vascular loops or arterial compression of the facial nerve. This finding supports the hypothesis that such compression
can lead to the abnormal electrical activity and involuntary muscle contractions characteristic of HES [19]. The predictive value
of these findings was highlighted which demonstrated that preoperative imaging showing vascular compression could predict the
success of microvascular decompression (MVD), which is the gold-standard surgical treatment for HFS. The ability of MRI to
detect these vascular anomalies early helps guide surgical planning, minimizing the risk of incomplete decompression or
unnecessary procedures [20].

However, while vascular compression is often a key finding, it does not always correlate with clinical symptoms. MRI findings
of vascular compression can be seen in patients who do not present with HFS, suggesting that neurovascular contact alone may
not be sufficient to explain the disease's pathogenesis [21]. This variability in imaging findings highlights the complexity of HFS
and suggests that additional functional changes in the brain may also contribute to its development. Studies have started to
explore these neural adaptations, showing that HFS may involve not only structural compression but also alterations in brain
microstructure. Such findings imply that the pathophysiology of HFS may extend beyond the facial nerve and involve central
nervous system plasticity [22].

These findings suggest that DTI could serve as a useful complementary tool in diagnosing nerve dysfunction in HFS. Additionally,
fMRI studies have shown abnormal neural activation patterns in the facial motor cortex, indicating that brain activity may be
altered in HFS, even in the absence of visible nerve compression.

CONCLUSION

In conclusion, while neuroimaging, particularly MRI, remains the cornerstone of diagnosing HFS, the evidence suggests that a
multimodal imaging approach integrating structural imaging, DTI, and Fmri offers a more comprehensive understanding of the
disorder. Future research should focus on refining imaging protocols, identifying standardized diagnostic criteria, and exploring
the role of central nervous system changes in the pathophysiology of HFS. This could potentially lead to more effective and
personalized treatment strategies, improving patient outcomes.
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