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Introduction: Trigeminal neuralgia (TN) is a severe neuropathic pain disorder characterized by unpredictable pain paroxysms,
significantly impairing patients’ quality of life through associated anxiety and depression. Electroacupuncture (EA) has demonstrated
clinical value in managing chronic neuropathic pain. However, its specific efficacy as a pharmacotherapy-sparing strategy for TN
remains to be systematically evaluated. This study aims to evaluate the short-term effectiveness and safety of an EA regimen for TN,
and to examine changes in exploratory neuro-immune biomarkers, including IL-6 and 5-HT, related to pain and affective symptoms.
Methods and Analysis: This is a multicenter, randomized, double-simulation, placebo-controlled trial designed to compare the
efficacy of EA plus placebo with sham EA plus carbamazepine (CBZ) for TN. A total of 126 adults with TN, maintained on a stable,
low-to-moderate CBZ dose (200400 mg/day) to control for baseline medication-masking effects, will be randomly allocated to the
EA plus placebo group or the sham EA plus CBZ group at a 1:1 ratio. Participants in the EA plus placebo group will receive EA plus
placebo for 2 weeks, while those in the sham EA plus CBZ group will receive sham EA plus active CBZ on the same schedule,
followed by a 6-week follow-up. The primary outcome will be the proportion of participants achieving a >50% reduction in visual
analog scale (VAS) score at week 2. Secondary outcomes will include daily pain diary metrics (attack frequency, intensity, rescue
medication use), Patient Global Impression of Change, Brief Pain Inventory-Facial, Short-Form McGill Pain Questionnaire, and
psychological assessments (Self-Rating Anxiety and Depression Scales). Furthermore, plasma biomarkers (interleukin-6 and seroto-
nin) and safety profiles (hepatic and renal functions) will be evaluated at baseline and week 2. All analyses will be conducted in
accordance with the intention-to-treat principle.

Trial Registration: ClinicalTrials.gov Identifier: NCT06977932 (March 2, 2026).
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Introduction

Trigeminal neuralgia (TN) is a chronic neuropathic pain disorder characterized by sudden, severe paroxysms of pain
within the distribution of the trigeminal nerve. Clinically, TN presents with highly distinctive features: the pain is
typically unilateral, described as electric shock-like, stabbing, or burning, and is often precipitated by innocuous stimuli
such as speaking, chewing, or washing the face.! The global lifetime prevalence of TN ranges from 0.16% to 0.3%, with
a 1-year prevalence of 0.5% to 1%, and a significantly higher prevalence in women than in men.>> The unpredictability
and severity of attacks frequently lead to patient psychological comorbidities, including anxiety and depression, which in

turn impair social functioning and markedly reduce quality of life.*
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Currently, therapeutic strategies for TN primarily comprise pharmacological and surgical approaches. Carbamazepine
(CBZ) remains the first-line pharmacological agent,” effectively reducing the frequency and severity of paroxysmal pain.
However, managing TN remains challenging. Current medications often fail to simultaneously address refractory pain
and its emotional burden. Furthermore, long-term administration is frequently limited by drug tolerance and severe
adverse effects, including sedation, ataxia, hepatic and renal impairment, hyponatremia, and bone marrow suppression.5
Moreover, complex drug—drug interactions require careful consideration.® Consequently, patients who are refractory to or
intolerant of these medications often require surgical management, such as microvascular decompression, stercotactic
radiosurgery, or percutaneous procedures.” However, advanced age and significant medical comorbidities render many
patients ineligible for these procedures.'® Even when surgery is performed, postoperative recurrence, along with
complications such as facial numbness, masticatory weakness, and olfactory disturbances, remains prevalent.”
Additionally, psychological factors, including fear of surgery, further limit the widespread adoption of surgical treatments
as first-line strategies.

Due to the risks of surgical interventions and cumulative toxicities of long-term pharmacotherapy, effective non-
pharmacological treatments are required. To objectively evaluate how these alternative therapies alleviate both physical
pain and psychological comorbidities, recent studies have targeted biomarkers within their shared neurobiological
pathways. Consequently, the neuro-immune axis and neurotransmitter networks have emerged as critical evaluative
targets.'®!" Specifically, interleukin-6 (IL-6) acts as a key mediator of neuroinflammation; elevated serum levels strongly
correlate with pain severity, making it a reliable biomarker for assessing therapeutic response.'? Concurrently, serotonin
(5-HT) plays a pivotal, dual role in this pathology. While peripheral 5-HT directly enhances trigeminal nociceptor
activity and genetic polymorphisms in its transporter are linked to TN susceptibility,'* central 5-HT dysregulation is also
widely recognized as a primary driver of the associated anxiety and depression.

Acupuncture, a Traditional Chinese Medicine technique widely utilized for pain management, is increasingly
recognized for its clear efficacy in alleviating neuropathic pain.'*'> Electroacupuncture (EA), developed by integrating
traditional acupuncture with electrical stimulation, is extensively applied in clinical practice owing to its favorable safety
profile and sustained analgesic effects.'®"'® Building on our prior research in the symptom management of TN, ' we have
previously demonstrated the efficacy of EA through a randomized controlled trial. However, previous studies mainly
focused on the analgesic effect of EA itself, and direct comparisons with guideline-recommended first-line medications
under individualized treatment regimens remain limited. In addition, the effectiveness of a short-term intensive EA
regimen for rapid pain relief in TN has not been fully clarified. Accordingly, we designed this multicenter randomized
controlled trial to evaluate a short-term EA regimen within a double-simulation design comparing the EA plus placebo
group with the sham EA plus CBZ group.

Methods and Analysis

Study Design

In this multicenter randomized controlled trial, eligible participants will be randomly assigned in a 1:1 ratio to receive
either EA plus placebo or sham EA plus CBZ. Figure 1 presents the study flow diagram, and Table 1 summarizes the
schedule of enrollment, interventions, and assessments. The protocol has been prepared in accordance with the SPIRIT
(Standard Protocol Items: Recommendations for Interventional Trials) statement.?® Furthermore, the final trial results will
be reported in adherence to the CONSORT?' (Consolidated Standards of Reporting Trials) guidelines and its STRICTA
(Standards for Reporting Interventions in Clinical Trials of Acupuncture) extension to ensure standardized reporting.??

Ethical Standards and Registration

This multicenter trial was approved by the ethics committee of the Third Affiliated Hospital of Zhejiang Chinese Medical
University (lead committee; approval No. ZSLL-KY-2025-040-05) and by each participating site: Pingyang County
Hospital of Traditional Chinese Medicine (approval No. 12026-011-01) and Jiaxing Hospital of Traditional Chinese
Medicine (approval No. S1-2025-0024-4). The trial was prospectively registered with ClinicalTrials.gov
(NCT06977932), consistent with international standards for clinical trial transparency.

2 htps: Journal of Pain Research 2026:19



Chen et al

rec

Patients
ruitment and

screening

Eligible patients

’

R

andomized
(1:1)

fm——————
|
|

Excluded

|
| * decline

v

EA plus placebo group

(n=63)

v

_1 * not meeting the inclusion criteria

I« other reasons

to participate

Biomarkers:
5-HT, IL-6

Monitoring:

|

|

I
Safety F

I

|

)

Sham EA plus CBZ group

(n=63)

;

TO
(Baseline

accessment)

T

(after 2 weeks of
intervention)

v

T2

(4 weeks follow-up)

v

T3

(8 weeks follow-up)

v

Data management & Statistic analysis

Figure | Flow chart of the study process.

Participant Recruitment
Participants will be recruited from three clinical sites: the Third Affiliated Hospital of Zhejiang Chinese Medical University
(coordinating center), Pingyang County Hospital of Traditional Chinese Medicine, and Jiaxing Hospital of Traditional Chinese

|
I Clinical Outcomes: l
-1 VAS, Pain Diary Card, PGIC, !
i BPI-Facial, SF-MPQ, SAS, SDS |
|

Medicine. Recruitment strategies include WeChat advertisements and posters placed in participating hospitals and surrounding

communities. All eligible participants must provide written informed consent prior to undergoing baseline assessments.

Eligibility Criteria

Diagnostic Criteria

Diagnostic criteria for TN will be defined according to the International Classification of Headache Disorders, 3rd edition
(ICHD-3), published by the International Headache Society (IHS) in 2018:% (1) Recurrent paroxysms of unilateral facial
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Table | Schedule of the Trial Based on the SPIRIT Standard Protocol Items for Interventional
Trials

Time Point Baseline | Allocation | Treatment Period | Follow-Up Period

Window period (day) -7~0 0 14£3 28+3 563
Enrollment
Eligibility screening
Informed consent
Demographic data
Case data collection

Prior treatment history

X X X X X X

Blood sample collection
Allocation x
Interventions
EA plus placebo group x x
Sham EA plus CBZ group
Assessments

VAS

Pain diary card

PGIC

BPI-Facial

SF-MPQ

SAS

SDS

Liver and renal function
5-HT

IL-6

Safety Evaluation

x

X X X X X X X
X X X X X X X

X X X X X X X X X X X

Compliance Evaluation
Concomitant Medication x x
Blind Success Rate Evaluation

X X X X X X X X X X X X X X X

Adverse Events x x x x

Notes: “x” indicates that the item is performed, assessed, or recorded at the corresponding time point. Continuous items
were recorded throughout the study period.

Abbreviations: EA, electroacupuncture; CBZ, Carbamazepine; VAS, Visual Analog Scale; PGIC, Patient Global Impression
of Change; BPI-Facial, Brief Pain Inventory—Facial; SF-MPQ, Short-Form McGill Pain Questionnaire; SAS, Self-Rating Anxiety
Scale; SDS, Self-Rating Depression Scale.

pain localized to the distribution of one or more divisions of the trigeminal nerve, with no radiation beyond the trigeminal
territory, and fulfilling criteria (2) and (3); (2) Pain characterized by all of the following: () Paroxysms lasting from
a fraction of a second to 2 minutes; @ Severe intensity; ® Electric shock-like, stabbing, or sharp quality; (3) Paroxysms
may be provoked by innocuous stimuli within the affected trigeminal distribution; (4) Not better accounted for by another
ICHD-3 diagnosis of facial pain.

Inclusion Criteria

Participants will be eligible for inclusion if they met all of the following criteria: (1) Meet the diagnostic criteria for TN;
(2) Aged 18 to 80 years, inclusive, of any sex; (3) Receiving CBZ at a stable dose of 200400 mg/day; (4) Conscious,
able to perceive and discriminate pain, and capable of basic communication; (5) Willing to participate voluntarily and
provided written informed consent, either personally or through a legal guardian/authorized representative.

Exclusion Criteria

Participants will be excluded if they met any of the following criteria: (1) Comorbid epilepsy, head injury, or other
relevant neurological disorders; (2) Severe cardiac, hepatic, or renal impairment; (3) Cognitive impairment, aphasia,
psychiatric illness, or inability to adhere to study procedures; (4) Poorly controlled hypertension or hyperglycemia; (5)
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Recent diagnosis of severe anxiety or depression; (6) Pregnancy or breastfeeding; (7) Cardiac pacemaker or other
contraindications to EA;(8) Concurrent enrollment in another clinical trial.

Randomization and Allocation Concealment

Eligible participants will be randomly assigned to the treatment or control group in a 1:1 ratio. Randomization will be
performed using a computer-generated permuted block randomization with a block size of 4. To ensure strict allocation
concealment, investigators or designated study personnel at each site will enroll participants and then log into
a centralized randomization system to obtain group assignments. The randomization sequence generation and data
management will be overseen by an independent third party, Sluxin (Shanghai) Information Technology Co., Ltd.

Blinding
Given the nature of the acupuncture intervention, the acupuncturist will be necessarily aware of group assignment and
could not be blinded. However, blinding will be maintained for all other parties, including patients, outcome assessors,
data entry personnel, and statisticians. The success of patient blinding will also be evaluated. To preserve blinding
integrity, each patient will be treated individually whenever possible to minimize opportunities for discussion of
treatment procedures, needling sensations, or therapeutic responses among participants.

Emergency unblinding: Emergency unblinding procedures will only be permitted in cases of severe medical
emergencies where knowing the group assignment is crucial for the participant’s immediate clinical management. The
principal investigator must be notified within 24 hours of any unblinding event.

Intervention

Eligible participants will be randomly assigned to receive either EA plus placebo or sham EA plus CBZ. Both groups
will undergo a 2-week treatment period followed by a 6-week follow-up. Participants in the EA plus placebo group will
receive EA administered for 5 consecutive days per cycle, with a 2-day interval between cycles, for a total of 2 cycles
(2 weeks). Placebo will be taken daily throughout the 2-week treatment period. Those in the sham EA plus CBZ group
will receive an identical schedule of sham EA sessions, along with daily CBZ for 2 weeks.

All acupuncture procedures will be performed using disposable stainless steel needles (Hwato), Suzhou Medical
Supplies Co., Ltd., Suzhou, China; specifications: ¢0.18 x 25 mm and ¢0.25 x 40 mm; both NMPA-approved). Electrical
stimulation will be delivered using a transcutaneous and acupoint electrical stimulator (FANGS-100, Hangzhou Dalishen
Medical Devices Co., Ltd., Hangzhou, China). All treatment procedures will be administered by 10 licensed Traditional
Chinese Medicine practitioners with 5 years or more of clinical experience in acupuncture. These practitioners hold
nationally recognized Traditional Chinese Medicine (TCM) practitioner licenses and have undergone standardized
training in point localization, acupuncture manipulation techniques, and EA procedures.

EA Plus Placebo Group

Patients will be treated in a supine position. Local point selection includes Siba (ST2), Xiaguan (ST7), and Dicang (ST4)
on the affected side, supplemented by branch-specific points: Tongziliao (GB1) for the ophthalmic branch, Quanliao
(SI18) for the maxillary branch, and Jiache (ST6) for the mandibular branch. Distal points Hegu (LI4) and Waiguan
(TES) will be selected bilaterally. At local sites, 0.18%x25 mm needles will be inserted superficially using a cluster
needling technique along the affected trigeminal nerve branches; deqi sensation will not be required, and manipulation
will be kept gentle to avoid triggering points—hypersensitive areas identified through prior patient communication. At
distal points, 0.25%40 mm needles will be inserted perpendicularly to a depth of 20-30 mm to achieve deqi, followed by
the reducing method (10 repetitions of rotating and lifting-thrusting). During acute pain episodes, distal acupoints will be
needled first, using reducing manipulation to achieve initial pain relief, followed by needling of the local acupoints.

For EA stimulation, pairs of local points (ST7 + GB1, ST7 + SI18, or ST7 + ST6) and distal points (LI4 + TES) will
be connected to an electrical stimulator (FANGS-100), which will deliver dense-and-sparse waves at 2/100 Hz for
60 minutes, with the current intensity adjusted within a range of 0.1-0.6 mA according to patient tolerance.
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CBZ placebo (manufactured by Zhejiang CONBA Pharmaceutical Co., Ltd., 100 mg/tablet), identical in appearance
to active CBZ but without therapeutic effect, will be administered to participants in the placebo group. Patients will
continue their pre-enrollment CBZ dosage using placebo tablets, with doses individually packaged, vacuum-sealed by
study personnel, and dispensed accordingly. No separate CBZ tapering phase will be performed before randomization.

Sham EA Plus CBZ Group

Participants assigned to the sham EA plus CBZ group will not receive active EA, although they will be informed of this
after trial completion and will be offered 2 weeks of complimentary active EA as compensation. For sham acupuncture,
needles will be superficially inserted (0.5—1 mm) at non-acupoints located 1 cm lateral to the acupoints used in the active
EA group (avoiding trigger points). No manual needle manipulation will be performed. Electrodes will be attached to
pairs of local points (sham ST7 + sham GBI, sham ST7 + sham SI18, or sham ST7 + sham ST6) and distal points (sham
LI4 + sham TES5) in the same manner as in the active EA group; however, the electrical stimulator will remain off
throughout the 60-minute treatment session, delivering no current. The treatment frequency and session duration will be
identical to those in the active EA group. Regarding medication, participants continue their pre-enrollment CBZ dosage
using active CBZ tablets, with doses individually packaged, vacuum-sealed by study personnel, and dispensed
accordingly.

The Position and Function of Acupoints

Acupuncture points will be selected and localized in accordance with the National Standard of the People’s Republic of
China (GB/T 12346-2021). Figure 2 depicts the precise anatomical locations of the acupoints, and Table 2 summarizes
the acupoints, their anatomical landmarks, and positioning guidelines used in this study.

Emergency Treatment

Concomitant analgesic therapy is prohibited throughout the trial period. Rescue medication (including but not limited to
CBZ) may be permitted only in cases of severe, intolerable pain that significantly impairs daily functioning; if CBZ is
administered, the maximum total daily dose must not exceed 1200 mg. All rescue medication use, including drug name,
administration date, time, and dosage, must be accurately documented by the patient.

sT7

g-mncte

a b C

Figure 2 Acupoints and locations.
Notes: (a) Anterior view of the face illustrating the anatomical locations of acupoints GBI, ST2, and ST4. (b) Lateral view of the face indicating the positions of ST7, SI|8,
and STé. (c) Lateral view of the upper limb showing TE5 and LI4.
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Table 2 Categories of Acupoint Selection, Acupoint Localization, Needle Selection, and Depth of Insertion in Electroacupuncture

Therapy
Category Acupoints Location Needle Depth of Needle
Spec. Penetration (mm)
Main Sibai (ST2) Below the pupil, in the depression at the infraorbital foramen ©0.18%25mm 5-10
Points Xiaguan (ST7) | Anterior to the ear, in the depression between the zygomatic arch
and mandibular notch
Dicang (ST4) Lateral to the corner of the mouth, directly below ST2
Adjuvant Tongziliao Lateral to the outer canthus, in the depression on the lateral ©0.18%x25mm 5-10
Points (GBI) orbital margin
Quanliao Below the outer canthus, on the lower border of the zygomatic
(S118) bone
Jiache (ST6) One finger-width anterior to the mandibular angle when teeth
clenched
Distal Hegu (LI4) On the dorsum of the hand, between the Ist and 2nd metacarpal | ¢0.25%40mm 20-30
Points bones
Waiguan (S)5) | 2 cun proximal to the dorsal wrist crease, between ulna and radius
Outcomes

Primary Outcome

VAS Responder Rate

The primary outcome is the VAS responder rate,”* defined as the proportion of participants achieving a >50% reduction
in the VAS score from baseline to the end of week 2. Week 2 was selected as the primary endpoint because it corresponds
to the end of the short-term intensive intervention and is intended to capture the immediate analgesic response to the
assigned treatment strategy. The VAS will be used to assess the average pain intensity experienced over the preceding
24 hours on a continuous 10-cm scale, ranging from 0 (“no pain”) to 10 (“worst imaginable pain™).?> Higher scores
indicate more severe pain. At each assessment time point, patients will rate their average pain intensity over the
preceding 24 hours, and investigators will record the specific values.

Secondary Outcome

Changes in VAS Scores

Changes in VAS scores from baseline will be evaluated to assess the specific trend of pain reduction. The VAS score will
reflect the average pain intensity experienced over the preceding 24 hours, ranging from 0 to 10, with higher scores
reflecting worse pain outcomes. Assessments will be conducted at baseline and weeks 2, 4, and 8.

Pain Diary—Derived Outcome Measures

Participants will complete a 24-hour pain diary”® on a daily basis from baseline to week 8. The diary will record the
frequency of pain episodes, average pain intensity over the preceding 24 hours, highest pain intensity over the preceding
24 hours, and rescue medication use. These daily records will be used to derive the following outcome measures: average
daily frequency of pain episodes, average daily pain intensity, highest daily pain intensity, and total number of days of
rescue medication use.?’

Changes Value in the Patient Global Impression of Change (PGIC)

The PGIC scale evaluates the patient’s perceived change in overall health status. The scale uses a 7-point Likert format (1
= “vyery much worse” to 7 = “very much better”).”® Scores of 1-3 indicate disease progression, 4 indicates functional
stability, and 5—7 represents clinical improvement. Because it assesses changes relative to pre-treatment, assessments will
be conducted only at weeks 2, 4, and 8.
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Changes Value in the Brief Pain Inventory-Facial Scale (BPI-Facial)

The BPI-Facial is a validated multidimensional instrument for facial pain assessment. It evaluates both pain intensity and
pain-related interference, including the impact of pain on general daily activities and face-specific function. Given that
TN often affects facial activities such as eating, chewing, talking, and oral hygiene, the BPI-Facial is useful for assessing
the functional burden associated with pain. Higher scores indicate greater pain severity and functional impairment. This
instrument has shown sound psychometric performance in patients with TN.>> Assessments will be conducted at baseline
and weeks 2, 4, and 8.

Changes Value in the Short-Form McGill Pain Questionnaire (SF-MPQ)

The SF-MPQ is a well-established multidimensional pain questionnaire used to assess the sensory and affective
dimensions of pain.® It includes 11 sensory descriptors and 4 affective descriptors, each rated from 0 to 3, yielding
a total Pain Rating Index ranging from 0 to 45. Higher scores reflect more severe pain and greater affective distress. This
questionnaire is particularly useful for characterizing the qualitative features of pain and the subjective pain experience in
patients with trigeminal neuralgia. It has previously been used in the assessment of TN and related facial pain
conditions.®' Assessments will be conducted at baseline and weeks 2, 4, and 8.

Changes Value in the Self-Rating Anxiety Scale (SAS)

The SAS is a self-report instrument used to assess the severity of anxiety symptoms. The raw score is multiplied by 1.25
to obtain a standard score ranging from 25 to 100. According to commonly used Chinese criteria, a standard score of >50
indicates clinically significant anxiety. Higher scores reflect more severe symptoms.** Assessments will be conducted at
baseline and weeks 2, 4, and 8.

Changes Value in the Self-Rating Depression Scale (SDS)

The SDS evaluates the severity of depressive symptoms. Similar to the SAS, the raw score is multiplied by 1.25 to derive
a standard score ranging from 25 to 100. Based on Chinese normative data, a standard score of >53 indicates clinically
significant depression. Higher scores reflect more severe symptoms.* Assessments will be conducted at baseline and
weeks 2, 4, and 8.

Biochemical Outcomes

Venous blood samples will be collected to explore the potential neuroimmunological mechanisms underlying the
intervention. Specifically, 5 mL of venous blood will be obtained from each participant in the morning at baseline and
at the end of week 2. The samples will then be processed according to standard operating procedures, stored at —80°C,
and assayed in duplicate by investigators blinded to group allocation.

(1) IL-6: Plasma IL-6 concentrations (pg/mL) will be measured using enzyme-linked immunosorbent assay (ELISA)
to assess neuroinflammation.
(2) 5-HT: Plasma 5-HT levels (ng/mL) will be measured using ELISA to evaluate neurotransmitter regulation.

Safety Evaluation

Incidence of Treatment-Related Adverse Events (AEs)

Safety will be rigorously evaluated by continuously monitoring the incidence of treatment-related AEs from baseline up
to week 8. Comprehensive safety profiling will encompass three main domains: (1) acupuncture-related events, including
severe needling pain, subcutaneous hematoma, syncope, and needle-site complications; (2) CBZ-associated adverse
reactions, encompassing neurological/cognitive symptoms, gastrointestinal distress, visual disturbances, and systemic
reactions; and (3) laboratory abnormalities. Specifically, clinically significant alterations in liver function tests (LFT) and
renal function tests (RFT), assessed at baseline and the end of week 2, will be documented as AEs. All untoward events
will be systematically recorded in the case report forms, categorized by severity, and managed according to standard
clinical practice. In addition, whether the participant continues in the trial, discontinues the intervention, or withdraws
from the study because of the AE will be documented in detail.
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Assessment of Treatment Expectancy and Adherence

Prior to the initial acupuncture session, participants’ treatment expectancy will be evaluated using a 6-point Likert scale
(ranging from 0 to 5), with higher scores indicating greater confidence in therapeutic efficacy. Participants reporting no
belief in acupuncture will be requested to provide written justification for their skepticism. At the end of week 2, upon
completion of the acupuncture intervention, treatment adherence will be evaluated based on session attendance and
calculated as: Adherence Rate = (number of completed sessions / total prescribed sessions) x 100%.

Blinding Evaluation

Regarding blinding integrity assessment, participants will be queried at the conclusion of the second week following
acupuncture intervention to identify their group allocation perception (true acupuncture, sham acupuncture, or uncertain),
with comparative analysis of the distribution percentages between study arms.

Data Collection and Management

Data will be collected and recorded using standardized case report forms (CRFs) by trained assessors who are blinded to
group allocation. Follow-up assessments will be conducted through an internet-based follow-up platform. Trained data
management staff, who are also blinded to treatment allocation, will subsequently enter the data from the CRFs for
statistical analysis.

Quality Control

A standardized operating procedure for acupuncture will be established prior to trial initiation. All treatments will be
delivered by practitioners with at least three years of independent clinical experience. Investigators from the three sites
attended a centralized training session to ensure consistency in intervention delivery and outcome assessment. Data
collection and verification will be performed by trained study personnel and overseen by an independent data manage-
ment company. To control inter-site variability, monthly on-site monitoring and quarterly multicenter audits will be
conducted throughout the trial. An independent Data and Safety Monitoring Board, comprising a neurologist, an
acupuncturist, and a statistician unassociated with the trial, will be established to periodically review cumulative safety
data and ensure the ongoing validity and integrity of the trial.

Statistical Methods

Sample Size

Based on response rates observed in our prior study'’—40% (2/5) in the sham EA plus CBZ group and 67% (2/3) in the
EA plus placebo group—we estimated that approximately 105 participants in total would provide 80% power to detect
a between-group difference of 27 percentage points at a two-sided o of 0.05. The sample size calculation was performed
using PASS software (version 15.0, NCSS, LLC). After increasing the estimated sample size by 20% to account for
potential dropout, the final target sample size will be 126 participants in total, with 63 participants in each group. These
response estimates were obtained from our previous randomized trial;'® however, the small preliminary sample may
introduce uncertainty in the assumed effect size.

Statistical Analysis

De-identified outcome data will be analyzed by an independent statistician blinded to group assignments using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA). Efficacy analyses will be conducted on both the intention-to-treat (ITT)
population and the per-protocol (PP) population (participants completing > 8 of 10 acupuncture sessions and the week-2
primary assessment).

Continuous data will be presented as the mean (standard deviation, SD) or median (interquartile range, IQR), and
categorical data as frequencies and percentages. Baseline characteristics and independent continuous outcomes will be
compared between groups using the Student’s #-test or Mann—Whitney U-test, as appropriate. Categorical variables will
be analyzed using the Chi-square test or Fisher’s exact test. For continuous outcomes measured repeatedly over time,
linear mixed-effects models (LMM) will be utilized to assess fixed effects (treatment group, time, and group-by-time
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interaction) while adjusting for baseline covariates and within-subject correlations. Generalized estimating equations
(GEE) or appropriate nonparametric tests will be applied for repeated non-continuous or ordinal data. Missing data will
be addressed using multiple imputation methods. All statistical tests will be two-sided, with a pre-specified significance
level of p < 0.05. Exploratory analyses will not be adjusted for multiple comparisons and will be interpreted as
hypothesis-generating.

Discussion

TN is a debilitating neuropathic pain disorder in which recurrent paroxysmal attacks not only cause severe physical
suffering but also trigger a cascade of psychological consequences.*® Unlike many other chronic pain conditions, TN is
uniquely characterized by the unpredictable, stimulus-evoked nature of its attacks, which generates persistent anticipatory
fear and avoidance behavior, progressively restricting patients’ daily activities such as eating, speaking, and facial
hygiene.*® This behavioral withdrawal, compounded by ongoing pain, contributes to a high prevalence of comorbid
anxiety and depression, and these negative emotional states often intensify as pain progresses, while in turn aggravating
pain symptoms and perpetuating a vicious cycle.*® Current pharmacological management with CBZ, though often
effective initially, is frequently limited by poor long-term tolerability. Real-world data indicate that adverse effects
occur in approximately 43.6% of CBZ-treated patients, and cohort studies suggest that side effects may necessitate dose
reduction or treatment withdrawal in a substantial minority of cases.>’ Surgical approaches, while offering sustained
relief for selected patients, are constrained by strict eligibility criteria and procedure-related morbidity.*® This therapeutic
gap—particularly for patients maintained on suboptimal medication doses due to tolerability constraints—provided the
primary motivation for the current trial, which was designed to evaluate a short-term EA regimen within a double-
simulation comparison with CBZ-based treatment for TN.

The rationale for investigating EA in this context is grounded in accumulating clinical and mechanistic evidence.
A large-scale individual patient data meta-analysis including over 20,000 patients established that acupuncture produces
clinically meaningful analgesic effects in chronic pain that persist beyond the treatment period.>® In TN, several meta-
analyses have suggested that acupuncture or EA may reduce pain intensity compared with CBZ alone, although the
quality of included trials was generally rated low.** Mechanistically, EA exerts analgesic effects through promotion of
endogenous opioid release, suppression of glial cell-mediated neuroinflammation, and modulation of descending
inhibitory pathways.*' Building on this evidence base, our group previously conducted a randomized controlled trial
demonstrating that a 4-week EA regimen was efficacious for TN compared to fixed-dose CBZ."” However, that trial
employed a standardized CBZ dose (300 mg/day) that does not reflect individualized dose titration in clinical practice,
and did not comprehensively assess psychological outcomes or explore underlying biomarker changes. The current trial
was specifically designed to address these limitations by comparing the EA plus placebo group with the sham EA plus
CBZ group under patients’pre-existing individualized CBZ dosing schedules, while incorporating psychological assess-
ments and measuring neuro-immune biomarkers.

The acupoint selection in this trial was designed to reflect the neuroanatomical specificity of TN. The core local points
—ST2, ST7, and ST4—are all located within the trigeminal nerve distribution territory on the affected side, enabling
direct stimulation of the peripheral branches involved in nociceptive transmission. Notably, a branch-specific supple-
mentation strategy was adopted: GB1 for the ophthalmic branch, SI18 for the maxillary branch, and ST6 for the
mandibular branch. This individualized approach allows the intervention to target the specific trigeminal division
responsible for each patient’s pain, which is clinically important given that the maxillary and mandibular branches are
affected in the vast majority of TN cases, while isolated ophthalmic involvement is rare.** Among the local points, ST7
deserves particular attention: it is anatomically situated at the depression anterior to the mandibular condyle, in close
proximity to the mandibular nerve trunk as it exits the foramen ovale, and is one of the most frequently reported
acupoints for TN treatment in published clinical trials.**** For distal points, LI4 and TE5 were selected bilaterally. LI4 is
classically indicated for orofacial pain conditions and has been shown to modulate pain processing in the trigeminal
system.** TE5 is traditionally paired with local facial points to enhance analgesic effects in head and face disorders.*

The outcome measures were selected to capture the multidimensional burden of TN and to align with TN-specific
clinical characteristics. The VAS-based primary endpoint was chosen not only for its established validity in neuropathic
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pain assessment,*® but also because the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) consensus identifies this threshold as representing clinically meaningful improvement.*’ Critically, TN pain
is paroxysmal and fluctuates substantially within and between days; a single cross-sectional pain rating may therefore fail
to capture the true disease burden. For this reason, daily pain diaries recording attack frequency, intensity, and rescue
medication consumption were incorporated to provide a longitudinal, ecologically valid representation of symptom
control—an approach endorsed by current pain-trial methodology.”®> The BPI-Facial was specifically selected over the
generic BPI because TN-related functional interference concentrates on orofacial activities that are not adequately
captured by generic pain interference scales; the BPI-Facial has been validated in TN populations with established
clinically important difference thresholds.”® The SAS and SDS were included because, unlike generic quality-of-life
instruments, they specifically quantify affective symptom severity and have demonstrated sensitivity to change in pain
intervention studies.*®*’ Plasma IL-6 and 5-HT were selected as exploratory biomarkers based on their specific relevance
to TN pathophysiology rather than as generic inflammatory markers. IL-6 upregulation has been directly demonstrated in
trigeminal ganglia in TN animal models,*® contributing to nociceptive sensitization, while 5-HTTLPR polymorphisms
have been specifically associated with TN susceptibility.'* This biomarker strategy was designed to generate preliminary
mechanistic hypotheses linking pain relief with affective symptom changes, acknowledging that peripheral markers
provide indirect evidence of central processes.

Several additional methodological considerations merit discussion. First, the dose-anchored eligibility criterion (CBZ
200-400 mg/day) was adopted to address a design limitation specific to TN trials: because observed pain intensity is
inherently conditioned on concurrent anticonvulsant exposure, conventional pain-cutoff enrollment may inadvertently
select patients at heterogeneous points on their dose-response curves. Anchoring eligibility to a defined dose range
reduces this confounding and ensures a clinically homogeneous population of patients with ongoing tolerability
constraints. Second, the double-simulation design (EA plus placebo medication versus sham EA plus active CBZ) was
implemented to maintain blinding integrity while enabling a direct comparison between two active treatment strategies.
Third, rescue medication is permitted to reflect real-world practice; accordingly, the primary estimate represents the
effectiveness of each assigned strategy under pragmatic conditions. Fourth, blinding will be formally evaluated using
a blinding assessment index, with expectancy assessment incorporated to contextualize subjective outcomes, as complete
blinding remains a recognized methodological challenge in acupuncture trials. Because active EA may generate
perceptible needling and electrical sensations that are difficult to fully mimic, the blinding assessment and treatment
expectancy ratings will be used to contextualize the interpretation of subjective outcomes.

This study has several limitations. First, although this is a multicenter trial, all three participating centers are located
within Zhejiang Province, which may introduce geographic bias and limit the generalizability of the findings. Future
studies should expand the trial network to more diverse regions. Second, the assessment of treatment efficacy relies
predominantly on patient-reported outcomes. While plasma biomarkers were incorporated to provide objective biological
evidence, the sensitivity of these peripheral markers in reflecting central neuropathological changes requires further
validation. Future research should consider integrating neuroimaging modalities such as functional MRI to enable
evaluation across neural circuit levels, thereby strengthening the mechanistic interpretability of treatment effects. In
addition, the relatively short 2-week intervention period may limit the evaluation of longer-term durability, although
follow-up assessments at weeks 4 and 8 are included. Moreover, the double-simulation design involves temporary CBZ
placebo substitution in the EA plus placebo group, which may introduce potential bias related to medication manipula-
tion; therefore, rescue medication use and pain diary data will be considered when interpreting pain-related outcomes.
Despite these limitations, this trial is expected to provide clinical evidence for the application of EA in TN management
and inform the design of future confirmatory trials.
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