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Background: Fibromyalgia (FM) is a chronic pain syndrome with limited response and delayed onset to current treatments. 
Esketamine (ESK) shows potential as a rapid-acting analgesic in FM patients, but previous low-dose studies have had limited efficacy 
and are constrained by single-center designs, monotherapy approaches, and small sample sizes. The efficacy of higher-dose ESK 
administered as an adjunct to guideline-recommended pharmacotherapy in FM remains unclear.
Study Design: Multicenter, prospective, randomized, controlled, open-label, blinded-endpoint trial.
Methods and Analysis: A total of 92 adult FM patients will be randomized in a 1:1 ratio to either the treatment group (single 
intravenous infusion of ESK plus oral pregabalin and venlafaxine) or the control group (oral pregabalin and venlafaxine alone). In the 
treatment group, ESK will be administered as a single intravenous infusion at a dose of 1 mg/kg on the day of enrollment. Both groups 
will follow identical dose titration regimens for pregabalin and venlafaxine, with dose escalation individualized according to patient 
tolerability and clinical response. Plasma concentrations of ESK and its metabolites will be measured at the end of infusion to enable 
a limited characterization of systemic exposure and to support exploratory exposure-response analyses. Participants will be followed 
for 12 weeks. The primary outcome is the change from baseline in the mean pain intensity during the first week after treatment. The 
secondary outcomes include average pain intensity, worst pain intensity, and proportion of patients achieving ≥50% and ≥30% pain 
reduction, median pain relief time, maximal tolerated doses of pregabalin and venlafaxine, patient-reported outcomes (Revised FM 
Impact Questionnaire, Hospital Anxiety and Depression Scale, Short Form 36 Health survey, Multidimensional Fatigue Inventory, and 
Medical Outcomes Study Sleep Scale), plasma concentrations of ESK and its metabolites at the end of infusion, and adverse events 
throughout the study period.
Trial Registration: ClinicalTrails.gov identifier: NCT07230171. Registered on November 13, 2025 (https://www.clinicaltrials.gov/ 
search?term=NCT07230171).
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Introduction
Fibromyalgia (FM) is a chronic condition characterized by generalized musculoskeletal pain, sleep disturbance, fatigue, 
and frequently comorbid depression.1 Its diagnostic criteria have evolved substantially over the past three decades, with 
the 2018 American Pain Society of Pain Taxonomy emphasizing multisite pain count at ≥6 sites, sleep disturbance, and 
fatigue lasting for over 3 months, with depression as a core associated symptom.2–4 FM affects approximately 2%~4% of 
the population,2,5–7 yet its etiology remains unclear, impeding development of targeted etiologic therapies.2,7

Due to heterogeneity of FM, a multimodal treatment approach is essential. Non-pharmacological therapies including 
education, cognitive behavioral therapy, and exercise, etc,8 are the first-line therapy for the management of FM.6 

Pharmacological treatment is used when non-pharmacological therapies does not work.9 The American Pain Society, 
as well as the European League Against Rheumatism recommended the used of antiepileptics, tricyclic antidepressants, 
serotonin norepinephrine reuptake inhibitors (SNRIs), and selective serotonin reuptake inhibitors.9 However, the above 
drugs generally require gradual dose titration and often work slightly more slowly compared with rapid-acting agents 
such as esketamine (ESK), leading to a decline in patient compliance. Moreover, only a small proportion of patients 
achieve substantial pain relief.10 Consequently, there is a pressing need for a treatment strategy for FM that provides 
more rapid pain relief while also increasing the proportion of patients achieving significant pain relief.

The pathophysiology of FM is multifactorial, with central sensitization and dysregulation of neurotransmitters such as 
serotonin and norepinephrine potentially being key mechanisms.3,5,8,11–13 This pathophysiology underlies the close 
association between FM and depression, with up to 40% of patients experiencing depressive symptoms at any time 
and lifetime prevalence rates exceeding 70%14,15 Shared pathophysiological pathways and treatment responses have led 
to the view that FM and depression may represent differential expressions of a common underlying process.15 The high 
comorbidity between FM and depression further complicates management and supports the use of agents with dual 
analgesic and antidepressant properties. Accordingly, drugs possessing rapid-onset antidepressant effects represent 
promising candidates for rapid FM therapy.

Ketamine as a noncompetitive antagonist of N-methyl-D-aspartate (NMDA) type glutamate receptor that induces 
dissociative effects and is used for depression therapy and pain conditions, such as FM, phantom limb pain, and chronic 
migraine.16,17 A recent systematic review demonstrates the effectiveness and safety of ketamine in FM patients in short 
term.18 However, the widespread clinical use of ketamine for chronic pain management has been limited, largely due to 
concerns regarding its psychotomimetic adverse effects and potential for abuse, as well as the availability of better- 
tolerated alternatives.19 Attention has thus shifted to its enantiomers. ESK, the S-enantiomer of ketamine, has twice as 
potent as the racemic mixture and a four times higher affinity for the NMDA receptor compared to the 
R-enantiomer.16,20,21 At subanesthetic doses, ESK has demonstrated rapid and robust antidepressant effect with accep
table short-term tolerability.16,20,22 These pharmacological properties make ESK an attractive candidate for the treatment 
of chronic pain conditions characterized by central sensitization, such as FM. In this context, Noppers et al demonstrated 
that a low-dose intravenous ESK infusion (0.5 mg/kg over 30 minutes) produced a rapid analgesic response in FM 
patients, with a significantly higher proportion of patients achieving more than 50% pain reduction within 45 minutes 
after infusion compared with midazolam.23 This finding positioned ESK as a promising strategy for rapid-onset FM 
treatment, particularly during the early phase of treatment when conventional pharmacotherapies have not yet reached 
full efficacy. In deed, combination therapy with SNRIs and pregabalin represents an effective regimen for FM, but is 
limited by a delayed onset of analgesic benefit, often requires weeks of dose titration.24 Therefore, a rapid onset agent, 
such as ESK, may bridge this initial therapeutic gap, accelerating pain relief and enhancing overall efficacy compared to 
standard therapy.

Notably, no prior study has investigated ESK as an adjunct to guideline-recommended pharmacotherapy for FM. 
Moreover, the pioneering work by Noppers et al was constrained by small sample size, monotherapy design, lack of 
concurrent optimization of guideline-recommended therapies, and the use of relatively low dose of ESK, which may have 
contributed to the limited efficacy observed, with no sustained benefit beyond one week. In contrast, a randomized trial in 
patients with complex regional pain syndrome employing a more intensive intravenous ESK infusion regimen (up to 
0.35 mg/kg/h for 4 hours daily over multiple days) demonstrated significant and sustained reductions in pain parameters 
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lasting up to several weeks, suggesting that greater cumulative exposure or higher-dose ESK regimens may confer more 
durable analgesic benefits than lower-dose infusions.25 However, evidence regarding higher-dose ESK administered as 
adjunctive therapy in FM remains absent. Together, these limitations underscore the need for further investigation of 
higher-dose ESK (eg, 1 mg/kg) administered as an adjunct to standard pharmacological treatment, which aligns with the 
multi-modal therapeutic principle underlying FM management.

Therefore, we designed a multicenter, prospective, randomized, controlled, open-label, blinded-endpoint trial to test 
whether a single high-dose (1mg/kg) ESK infusion used as adjunctive therapy to standard pharmacotherapy for FM 
patients, results in a greater reduction in pain intensity during the first week after treatment compared to standard 
pharmacotherapy alone. In addition, plasma concentrations of ESK and its metabolites will be measured to enable 
a limited systemic exposure and to support exploratory exposure-response analyses, rather than comprehensive pharma
cokinetic modeling. If the results support our hypothesis, ESK adjunctive to standard pharmacotherapy could become 
a superior treatment regimen for FM patients.

Methods
Study Design and Setting
A multicenter, prospective, randomized, open-label, blinded-endpoint (PROBE) trial will be performed to investigate 
whether a single intravenous infusion of high-dose ESK (1mg/kg) as adjunctive therapy to standard SNRI (venlafaxine) 
and antiepileptic (pregabalin) results in a greater reduction in pain intensity during the first week after treatment for FM 
patients compared to standard treatment. The study will be conducted at Beijing Tiantan Hospital, Beijing Ditan Hospital, 
and Beijing Sanbo Brain Hospital. All participating pain physicians will undergo standardization training to ensure 
consistency in clinical assessment and protocol execution. The study protocol has been approved by the Institutional 
Review Board of Beijing Tiantan Hospital (KY2025-217-03) and the local ethics committees of all participating centers 
following the criteria required by the Declaration of Helsinki. The study has been prospectively registered at https://www. 
clinicaltrials.gov (NCT07230171). The flowchart is briefly shown in Figure 1, and all trial procedures are summarized in 
Table 1.

Recruitment and Informed Consent
Eligible patients will be screened during their initial outpatient visit by experienced pain physicians from the multicenter 
site, according to the predefined inclusion and exclusion criteria. Histories of prior treatment with pregabalin and/or 

Assessed for eligibility(n=?)

Randomized (n=92)

Excluded:       n=?
Patient refusal or inability to consent (n=?)
Secondary FM (n=?)
Psychiatric disorder (n=?)
Obstructive sleep apnea syndrome / STOP-Bang ≥3 (n=?)
Prior pregabalin, venlafaxine, ketamine, or esketamine (n=?)
Other painful conditions (n=?)
Uncontrolled systematic disease, or esketamine contraindications (n=?)
Drug abuse, alcoholism, or illicit drug use (n=?)
Pregnant or lactating (n=?)
Allergy to study drugs (n=?)

Treatment group (n=46)
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Analysis

Assessment time: 1 week, 2 weeks, 4 weeks, 8 weeks, and 12 weeks after treatments
Outcome
• Primary outcome: change from baseline in the mean pain intensity during the first week after 

treatment
• Secondary outcomes: average pain intensity, worst pain intensity, proportion of patients

achieving pain reduction at 50% and 30%, median pain relief, maximal tolerated doses of
pregabalin and venlafaxine, Revised FM Impact Questionnaire, Hospital Anxiety and
Depression Scale, Short Form 36 Health survey, Multidimensional Fatigue Inventory, Medical
Outcomes Study Sleep Scale, Plasma concentrations of esketamine and its metabolites at the end
of infusion, and adverse events.

Control group (n=46)

Figure 1 Flowchart of enrollment, allocation, intervention, and assessment.
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venlafaxine for any indication, prior intravenous ketamine or ESK treatment for chronic pain, and prescription drug 
abuse, alcoholism, or illicit drug use will be assessed during screening through structured patient interviews and verified 
against available medical records where applicable. Participants meeting any of these criteria will be excluded before 
randomization. A screening period of up to 1 week will be allowed to ensure adequate evaluation of eligibility criteria 
and to provide sufficient time for participants to consider study participation. Participants who meet all inclusion criteria 
and do not meet any exclusion criteria, and who provide written informed consent, will be randomized after the screening 
period.

All potential participants will receive a detailed verbal explanation of the study objectives, procedures, benefits, and 
potential risks, and will be given ample time to inquire about the study and consider their participation before enrollment. 
Informed consent will be obtained from all participants before trial participation. Participation will be entirely voluntary, 

Table 1 The Schedule of Enrollment, Interventions, and Assessments

Screening Day 0 Week 1 Week 2 Week 4 Week 8 Week 12

Enrollment

Eligibility screening ✓

Informed consent ✓

Allocation ✓

Intervention

Treatment group 

Esketamine plus pregabalin and venlafaxine

✓ ✓ ✓ ✓ ✓ ✓

Control group 

Pregabalin and venlafaxine

✓ ✓ ✓ ✓ ✓ ✓

Assessment

Baseline data ✓

Change from baseline in the mean pain intensity* ✓

Average pain intensity ✓ ✓ ✓ ✓ ✓

Worst pain intensity ✓ ✓ ✓ ✓ ✓

Proportion of responders achieving ≥ 30% and ≥ 50% 
reduction from baseline in average pain intensity

✓ ✓ ✓ ✓ ✓

Median pain relief time ✓ ✓ ✓ ✓ ✓

Maximal tolerated doses of pregabalin and venlafaxine ✓ ✓ ✓ ✓ ✓

Revised Fibromyalgia Impact Questionnaire ✓ ✓ ✓ ✓

Hospital Anxiety and Depression Scale ✓ ✓ ✓ ✓

Short-Form 36 Health Survey ✓ ✓ ✓ ✓

Multidimensional Fatigue Inventory ✓ ✓ ✓ ✓

Medical Outcomes Study Sleep Scale ✓ ✓ ✓ ✓

Plasma concentrations of esketamine and its 

metabolites at the end of infusion

✓

Adverse events ✓ ✓ ✓ ✓ ✓

Note: *Primary outcome.
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and participants will retain the right to withdraw from the study at any time without any effect on their subsequent 
medical care.

Study Population
Inclusion Criteria

1. Patients between ages over 18 years with proper cognitive function and language skills for the study;
2. Patients diagnosed with FM according to the 2016 revisions to the 2010/2011 American College of Rheumatology 

diagnostic criteria;26

3. Patients who have experienced insufficient symptom relief with non-pharmacological treatments and have not 
previously received recommended pharmacological treatment for FM;

4. A score of ≥ 4 on the average pain intensity over 7 days on the numeric rating scale (NRS) at baseline.

Exclusion Criteria
1. Patient refusal;
2. Inability to sign informed consent;
3. Had other secondary FM, this is, hypothyroidism, nutritional deficiency, diabetes mellitus, connective tissue 

disorder;
4. Had psychiatric disorder, this is, schizophrenia and other psychotic disorder, bipolar disorder, or personality 

disorder;
5. Obstructive sleep apnea syndrome or a STOP-Bang score ≥ 3;27

6. History of treatment with pregabalin and/or venlafaxine for any disease;
7. History of treatment with intravenous ketamine or ESK for chronic pain;
8. Presence of other painful ailments such as inflammatory rheumatic disease;
9. Uncontrolled diabetes, refractory hypertension, malignancies, narrow-angle glaucoma, hyperthyroidism, severe 

cardiovascular disease or any other contraindications to ESK;
10. History of prescription drug abuse, alcoholism or illicit drug use;
11. Pregnant or lactating women;
12. Allergic to any of the study drugs.

Withdrawal Criteria
1. Voluntary withdrawal;
2. Lost to follow-up;
3. Unanticipated adverse events (AEs).

Randomization and Blinding
Participants who fulfill the criteria and complete informed consent will be randomly assigned to either the treatment 
group (ESK plus pregabalin and venlafaxine concomitant therapy) or the control group (pregabalin and venlafaxine 
concomitant therapy) in a 1:1 ratio. Randomization will be performed using a computer-generated, stratified block 
randomization sequence (block size of 4) via a secure, centralized web-based system. To minimize variability across trial 
sites, randomization will be stratified by center. Allocation will be implemented in real time after eligibility confirmation 
and written informed consent, ensuring that investigators responsible for recruitment and treatment have no access to 
upcoming allocation sequences.

This study adopts an open-label design. Therefore, participants and treating physicians will be aware of treatment 
allocation. To minimize bias, outcome assessors will remain blinded and independent of treatment procedures, and 
outcome will primarily be deprived from standardized patient-reported measures and daily pain diaries. Assessors will be 
instructed to avoid discussing treatment allocation with participants.
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Intervention
All participants will initiate combination pharmacological treatment with pregabalin and venlafaxine. Dose titration will 
follow a standardized titration protocol and will be individualized according to patient tolerability and clinical response, 
with the aim of reaching the maximal tolerated dose (MTD) or the maximum daily recommended dose. The maximum 
recommended daily doses will be 450 mg28 for pregabalin and venlafaxine will be 225 mg. Dose escalation will be 
performed gradually.29 At each contact, pain intensity and AEs will be recorded and classified as mild, moderate or 
severe. In case of moderate-to-severe AEs, tolerability will be assessed. If AEs are tolerable, participants will be 
instructed to maintain the current dose for an additional 2–3 days to allow for possible adaptation. If AEs are intolerable, 
the dose will be reduced to the last tolerable level, and further escalation will be attempted during subsequent follow-up 
contacts.

Participants assigned to the treatment group will additionally receive a single intravenous infusion of ESK on the day 
of enrollment. Participants will be instructed to refrain from food or drink at least 4 hours prior to ESK administration.23 

Esketamine Hydrochloride Injection (Hengrui Medicine Co., Ltd, Jiangsu, China) will be prepared at a dose of 1 mg/kg, 
diluted in 20 mL of normal saline.30 The infusion will be administered at a rate of 30mL/h over 40 minutes under the 
supervision of an experienced anesthesiologist in the day-care surgery unit.30 To reduce infusion-related adverse effects, 
such as nausea and vomiting, ondansetron (8 mg) will be administered prophylactically. In the event of psychotomimetic 
symptoms (eg, hallucinations), remimazolam (0.5–2 mg) will be given as needed. Continuous monitoring, including 
pulse oximetry, non-invasive blood pressure, and electrocardiography, will be performed throughout the infusion. All 
AEs will be documented and managed according to standard clinical practice. After completion of the infusion, 
participants will be transferred to a recovery unit and monitored for at least 2 hours or longer if clinically indicated.23 

In the absence of ESK-related adverse effects, participants will be discharged. Given the anesthetic nature of the 
intervention and the potential need for airway and hemodynamic support, ESK administration will be conducted 
exclusively in the day-care surgery unit rather than in the outpatient clinic, ensuring immediate access to appropriate 
equipment and trained medical personnel. In the treatment group, a venous blood sample will be collected at the end of 
infusion to capture early systemic exposure to ESK and to support exploratory exposure-response analyses.31

Follow-Up
Participants will undergo structured follow-up assessments combining outpatient visits and telephone consultations to 
monitor treatment response, safety, medication titration, and adherence over the 12-week study period.23 A screening 
period of up to 7 days will be conducted prior to randomization to assess eligibility and obtain informed consent. 
Following this period, participants will be randomized and treatment will be initiated on day 0. Scheduled post- 
randomization assessment time points will be conducted at day 0, week 1, week 2, week 4, week 8, and week 12. The 
designated research assistants will guide dose titration of pregabalin and venlafaxine, assess tolerability, and record AEs.

Telephone follow-up will be performed at weeks 1 and 2 to monitor AEs, assess initial efficacy, and provide guidance 
for dose titration as needed. Outpatient clinic visits will be conducted at weeks 4, 8, and 12 for comprehensive evaluation 
of treatment efficacy and safety. During each outpatient visit, pain intensity and multidimensional patient-reported 
outcome measures will be assessed, including the Revised FM Impact Questionnaire (FIQR), Hospital Anxiety and 
Depression Scale (HADS), Short-Form 36 Health Survey (SF-36), Multidimensional Fatigue Inventory (MFI), and 
Medical Outcomes Study Sleep Scale (MOS). Face-to-face consultations will also be used to review medication 
adherence, adjust pharmacological treatment if necessary, document AEs, and provide prescriptions for subsequent 
medications.

Data Collection
Baseline assessments will be performed on the day of enrollment prior to the intervention. Demographic and clinical 
characteristics, including age, gender, weight, height, body mass index, duration of symptoms, number of tender points, 
and history of over-the-counter analgesic use (eg, paracetamol, non-steroidal anti-inflammatory drugs, tramadol), will be 
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collected. In addition, patient-reported outcome measures, including the FIQR, HADS, SF-36, MFI, and MOS, will be 
assessed at baseline.

At each participating center, trained research assistants will conduct patient assessments using the following 
instruments:

Pain intensity will be measured using the NRS, where 0 indicates no pain, and 10 represents the worst imaginable 
pain. All participants will be instructed to complete a daily pain diary, recording their average pain intensity and worst 
pain intensity over the preceding 24 hours using the NRS. In both groups, pain diary data will be collected throughout the 
12-week follow-up period, with scheduled study visits at weeks 1, 2, 4, 8, and 12. These diary records will be used to 
determine the time to pain relief and to calculate weekly average and worst pain intensity.

The FIQR will be used to assessed health status and functional disability.32 FIQR is a 21-item self-administered 
questionnaire, based on symptoms reported within the preceding 7 days. FIQR total score ranges from 0 to 100, with 
higher values indicating worse health status.

The HADS will be used to assess anxiety (7 items) and depression (7 items).33 Scores range from 0 to 21 on each 
subscale, with higher scores indicating worse symptomatology.

Quality of life will be assessed via the SF-36, which provides scores for eight dimensions (physical functioning, role- 
physical, role-emotional, bodily pain, general health, vitality, social functioning, and mental health), and a remaining item 
on the perception of health change. Each score ranges from 0 to 100, with a higher score implying better health status.34

Fatigue will be evaluated using the MFI,35 a 20-item assessment tool with five domains. Higher scores indicate 
a higher degree of fatigue.

The MOS is a questionnaire comprising 12 items that assess various aspects of sleep using a 6-point ordinal scale (1 
indicating permanence and 6 indicating absence).36

AEs will be defined as any untoward medical occurrence following study intervention, regardless of causality. All 
AEs will be systematically recorded at each study visit and follow-up contact using a structured approach, including both 
open-ended questioning and targeted symptom checklists focusing on known ESK-related AEs. All AEs will be recorded 
in standardized case report forms. The severity of AEs will be graded according to the Common Terminology Criteria for 
AEs. The causal relationship between AEs and the study intervention will be assessed using the WHO-UMC system. 
Safety reporting will follow CONSORT recommendations for harms.37

Data Management and Quality Control
All study data will be collected by trained investigators at each participating site using standardized case report forms 
specifically designed for this protocol. To ensure data accuracy, completeness, and integrity, all information will be 
entered into a centralized electronic database (EpiData Manager, Version 4.6.0.6; EpiData Association, Denmark) 
through an independent double-data entry process. Discrepancies between the two entries will be identified automatically 
and resolved by verification against the original source documents.

An independent Data and Safety Monitoring Committee will be established to provide objective oversight of trial 
conduct and participant safety. The committee will convene at six-month intervals to review cumulative safety data, 
assess data quality and protocol adherence, and evaluate the overall progress of the study. Based on these reviews, the 
committee will issue formal recommendations to the Steering Committee regarding continuation, modification, or early 
termination of the trial.

Outcomes
Primary Outcome
The primary outcome will be the change from baseline in the mean pain intensity during the first week after treatment, 
calculated as the average of daily 24-hour pain intensity scores recorded in patient diaries over 7 consecutive days 
using NRS.

Secondary outcomes
1. Average pain intensity at weeks 1, 2, 4, 8, and 12;
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2. Worst pain intensity at weeks 1, 2, 4, 8, and 12;
3. Proportion of patients achieving pain reduction at 50% and 30% at weeks 1, 2, 4, 8, and 12;
4. Median pain relief time, defined as the time of 50% decrease in NRS score from baseline.
5. The MTDs of pregabalin and venlafaxine;
6. FIQR, HADS, SF-36, MFI, and MOS scale at weeks 4, 8, and 12;
7. Plasma concentrations of ESK and its metabolites at the end of infusion;
8. AEs throughout the trial.

Patient and Public Involvement
Patients and the public were not involved in the conceptualization, design, or conduct of this study. Recruitment will be 
managed via physician referral and screened by clinical investigators. Findings will be shared through academic 
publications and professional presentations. Participants may request a lay summary of the study results after trial 
completion.

Statistical Plan
Sample size calculation was performed using the PASS software (V 15.0; NCSS, LLC, USA). The primary efficacy 
outcome for this study is the change from baseline in the mean pain intensity during the first week after treatment. Given 
the lack of existing data comparing ESK plus standard therapy versus standard therapy alone in FM, estimates were 
conservatively derived from prior ketamine trials.38 In the randomized trial by Noppers et al, weekly FM Impact 
Questionnaire pain scores were assessed during follow-up. However, detailed numerical data for the week-1 change 
from baseline were not systematically reported.23 Therefore, we conservatively assumed a mean reduction of 3.0 points 
in the ESK combination group and 1.5 points in the control group during the first week after treatment, with an assumed 
standard deviation of 2.0. Using a two-sample t-test with unequal variances, a two-sided significance level of 0.05, 90% 
power, and an allocation ratio of 1:1, 39 patients per group were required. To account for an anticipated dropout rate of 
15% during treatment and follow-up, the final sample size was increased to 46 patients per group, resulting in a total 
sample size of 92 patients.

The final conclusion will be determined in line with the intention-to-treat principle in accordance with the CONSORT 
guideline. All analyses will be performed using both the modified intention-to-treat and per-protocol principles. All 
randomized patients will be included in the efficacy analyses if they have received at least one dose of the study 
medication and have at least one post-baseline assessment of any efficacy parameter. For the safety population analysis, 
all randomized patients who receive at least one dose of the study medication will be included.

Categorical variables will be presented as numbers and percentages. Analyses will be performed using the Chi-square 
test or Fisher’s exact test. Continuous variables will be presented as a mean and standard deviation or median and 
interquartile range, as appropriate. Normality will be assessed using the Shapiro–Wilk test. Between-group comparisons 
will be performed using Student’s t test for normally distributed variables and the Mann–Whitney U-test for non- 
normally distributed variables.

The primary outcome, defined as the change from baseline in the mean pain intensity during the first week after 
treatment, will be analyzed using an analysis of covariance model, with treatment group as a fixed effect and baseline 
pain intensity as a covariate. The adjusted between-group difference in least squares means and corresponding 95% 
confidence intervals will be reported. Pre-defined subgroups analyses will be conducted according to age, sex, course of 
FM, baseline pain intensity. Treatment-by-subgroup interactions will be evaluated using interaction terms in the 
regression models. P < 0.05 will be considered statistically significant for treatment–covariate interactions. These 
analyses are exploratory in nature, as the study is not powered to detect differences within subgroups. Baseline 
characteristics will be summarized descriptively. No routine adjustment for baseline imbalances will be performed. If 
substantial and clinically relevant imbalances are observed, adjusted analyses will be conducted as sensitivity analyses. 
Moreover, missing data will be handled using appropriate statistical methods, such as multiple imputation under the 
assumption that data are missing at random.
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In addition, patients achieving a ≥ 50% reduction in pain intensity from baseline were defined as responders. To 
investigate the relationship between ESK exposure and analgesic efficacy, plasma concentrations at the end of infusion 
were treated as surrogate indicators of systemic exposure. Concentrations will be compared between responders and non- 
responders using Student’s t tests or Mann–Whitney U-tests, as appropriate. In addition, exploratory analyses were 
performed to examine the association between plasma ESK concentrations and changes in pain intensity using Pearson or 
Spearman correlation coefficients, depending on the distribution of the data. All tests will be performed with SPSS (V 
27.0; IBM Corporation; Armonk, NY, USA). A two-sided P value < 0.05 will be considered statistically significant.

Discussion
The multicenter, randomized, controlled trial evaluates the efficacy and safety of adjunctive single high-dose ESK 
infusion in patients with FM using a rigorous design with a relatively larger sample size. Given the limitations of oral 
pharmacotherapies, notably their delayed onset and modest rates of substantial pain relief, this study aims to determine 
whether the addition of ESK can provide more rapid and effective symptom control compared to conventional 
medication escalation alone.

To reconcile methodological rigor with feasibility, an open-label design is adopted while implementing blinded- 
endpoint assessment to minimize observer bias in outcome evaluation. The primary outcome is the change from baseline 
in the mean pain intensity during the first week after treatment. This endpoint is adapted from a randomized, double- 
blind, multicenter, placebo-controlled phase III trial of pregabalin in patients with FM,39 and is consistent with outcome 
measures used in other randomized trials of neuropathic pain, including studies of mirogabalin and crisugabalin.40,41 

Given the rapid onset of analgesic effects observed with ESK in previous studies,23 the change in mean pain intensity 
during the first week after treatment is considered an appropriate endpoint to capture early treatment response.

Despite its prospective design, this study has several constraints. The open-label protocol risks introducing perfor
mance or ascertainment bias, though the blinded-endpoint mitigates some interpretive bias. Additionally, the 12-week 
treatment window precludes conclusions about long-term outcomes. Extended follow-up studies with larger populations 
will be essential to confirm these preliminary findings. Finally, plasma ESK concentrations will be measured only at the 
end of infusion to capture early systemic exposure.31 This design aligns with prior study.42 However, due to the limited 
sampling point, the exposure-response analyses will be considered exploratory. Confirmatory conclusions will require 
future investigations with more intensive pharmacokinetic sampling. Future research should specifically investigate the 
optimal therapeutic regimen, including dosage, treatment duration, and session intervals.

Study Status
The trial has been initiated and is currently in the early recruitment phase. No outcome data have been analyzed at the 
time of manuscript submission. The protocol has been revised in response to peer review to improve methodological 
clarity and rigor.

Data Sharing Statement
This is the protocol only; no participant data are included.

Patient Consent for Publication
Obtained.
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