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Introduction: Pulsed Radiofrequency (PRF) is a minimally invasive, non-neurodestructive interventional therapy commonly used in
pain management. However, the optimal PRF parameters have yet to be clearly defined, and the clinical efficacy of different PRF
settings in elderly patients with postherpetic neuralgia (PHN) remains uncertain. Therefore, this study aims to determine whether high-
voltage, long-duration PRF (HLPRF) can offer better pain relief, improve sleep quality, and reduce anxiety symptoms in elderly PHN
patients, without increasing the risk of PRF-related adverse events.

Methods: This investigator-initiated, single-center, randomized, two-arm clinical trial enrolls patients over 65 years of age with PHN
who are scheduled for PRF surgery. A total of 88 eligible patients will be randomly assigned to either the standard PRF group or the
HLPRF group. In the standard PRF group, the output voltage is set at 45 V with a pulse duration of 360 seconds. In the HLPRF group,
the output voltage is set at 85 V and the pulse duration at 900 seconds. All other parameters and treatment protocols are consistent
across both groups. Data for this trial were systematically collected at multiple time points, including at admission and at 4, 12, 26, and
52 weeks postoperatively. The primary outcome measure was the postoperative Numerical Rating Scale (NRS) score. Secondary
outcomes included several key indicators: postoperative Pregabalin dosage, Pittsburgh Sleep Quality Index (PSQI), 12-Item Short
Form Health Survey (SF-12), and Hospital Anxiety and Depression Scale (HADS). Adverse events occurring during the intraoperative
period and throughout the postoperative follow-up will be meticulously documented as critical safety indicators. Subgroup analyses
will be conducted post hoc to examine potential differences based on whether patients exhibit frailty, thereby providing nuanced
insights into the treatment outcomes among different patient populations.

Conclusion: The results of this study may provide evidence-based medical evidence for the use of HLPRF for the treatment of PHN
and may help to assist clinicians in selecting different parameters PRF for the treatment of PHN for clinical practice.

Trial Registration Number: ChiCTR2400086627.
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Introduction

Herpes zoster (HZ), commonly referred to shingles, is triggered by the reactivation of the latent varicella-zoster virus
(VZV) residing within the sensory ganglia. This reactivation manifests clinically as clusters of blisters that are typically
distributed unilaterally along the dermatomes, a pattern that reflects the innervation by the affected nerve roots.' On a
global scale, the incidence of HZ is estimated to range from 3 to 5 cases per 1000 person-years. Notably, this incidence
significantly escalates in individuals over the age of 50, reaching approximately 8 to 12 cases per 1,000 person-years by
age 80.% This age-related increase underscores the vulnerability of older populations to HZ.
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Most patients suffering from HZ experience a severe painful condition known as zoster-associated pain (ZAP). ZAP is the
most common form of pain associated with HZ and is often the primary reason for patients to seek medical attention. This type of
pain can significantly impact the quality of life and is a critical factor in the clinical management of HZ.* ZAP encompasses both
acute-phase pain and postherpetic neuralgia (PHN). Acute-phase pain is the pain experienced from the onset of HZ until the
lesions have healed. In contrast, PHN is defined as pain that persists for 1 month or more after the healing of the lesions and can be
both persistent and variable in its nature.” PHN is the most common complication of HZ, significantly affecting patients’ quality
of life and increasing economic costs.” PHN develops in roughly 20% of HZ patients,”* with risk factors such as advanced age,
immunosuppression, severe acute-phase ZAP, and diabetes mellitus.”'® Notably, the incidence of PHN escalates with age,
affecting 18% of HZ patients over 50 years and 33% of those over 80 years.'' Frailty represents an emerging age-related global
health burden, characterized by reduced physiological capacity in multiple organ systems, thereby increasing susceptibility to
stressors. Research indicates that frailty is associated with impaired immune responses, heightened susceptibility to infectious
diseases, and increased adverse reactions among the elderly. Moreover, frailty may exacerbate the risk of PHN.'*'® Therefore, in
geriatric populations, identifying frailty may have significant implications for the prevention and treatment of PHN.

Ion channel modulators, primarily represented by anticonvulsants such as gabapentin and pregabalin, serve as the mainstay
treatment for postherpetic neuralgia (PHN). Depending on the patient’s clinical progression, tricyclic antidepressants or
serotonin-norepinephrine reuptake inhibitors may be considered as adjunctive therapy. However, fewer than 50% of patients
achieve <50% pain relief. For refractory cases, the timely introduction of minimally invasive interventions in addition to
pharmacotherapy may yield greater benefits.'®'® Pulsed Radiofrequency (PRF) is a non-neurodestructive, minimally invasive
interventional therapy with good efficacy and safety in ZAP treatment.'” However, the optimal parameter settings for Pulsed
Radiofrequency (PRF) are still undetermined. Recent studies have found that high-voltage long-duration PRF (HLPRF) is
more effective for both pain relief and quality of life improvement in the acute phase of ZAP compared with standard PRF
(SPRF). Moreover, HLPRF does not increase the incidence of PRF-related adverse events.”’! However, the clinical efficacy
of HLPRF in elderly patients with PHN has not been supported by evidence.

Therefore, we propose a randomized controlled trial to investigate whether HLPRF for the treatment of elderly
patients with PHN provides better pain relief, improves sleep and anxiety symptoms, and does not increase the incidence
of PRF-related adverse events.

Methods

Study Design

This is a single-center, prospective, randomized, controlled clinical study to be conducted in the Pain Department of
Fuzhou University Affiliated Provincial Hospital. A total of 88 eligible patients will be randomly assigned to either the

standard PRF group or the HLPRF group. The reporting of this trial followed the Consolidated Standards of Reporting
Trials (CONSORT) Guidelines 2010** (Figure 1).

Ethics

The protocol was approved by the Medical Ethics Committee of Fujian Provincial Hospital prior to recruitment (approval
number: K2024-06-064). The study protocol has completed clinical trial registration in the China Clinical Trial Registry
(registration number: ChiCTR2400086627). All eligible patients were screened at admission. Eligible patients received
information about the trial procedures, potential benefits, and complications, voluntarily signed a clinical trial informed
consent form, and retained the right to withdraw at any time. This study was conducted in accordance with the
Declaration of Helsinki (2013). The protocol design complies with the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) statement (Supplementary 1) and IMMPACT recommended.”?

Patient Recruitment

Inclusion criteria: (1) age >65 years; (2) meeting the diagnostic criteria for PHN; (3) persistent severe pain, ie, Numeric
Rating Scale (NRS) pain score >6, accompanied by localized cutaneous nociceptive hypersensitivity, numbness, or
sensory abnormality; and (4) poorly controlled pain with medication.
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Figure | Consolidated Standards of Reporting Trials (CONSORT) flow diagram describing patient progress throughout the study.

Exclusion criteria: (1) localized infection at the treatment site; (2) coagulation disorders; (3) history of severe
cardiopulmonary, hepatic, or renal insufficiency; (4) severe thoracolumbar spinal stenosis, compression fracture, or
scoliosis; (5) psychiatric disorders, inability or refusal to cooperate, or refusal to participate; and (6) substance abuse.

Withdrawal criteria: (1) unwillingness to continue participation or inability to follow the initial treatment plan; (2)
inability to obtain any primary outcome data for any reason.

Randomization and Blinding

An independent researcher utilizing SAS 9.4 software will randomize eligible patients into two groups in a 1:1 ratio,
assigning them either to the HLPRF group or the SPRF group. The allocation will be sealed by the investigator in
sequentially numbered, sealed, and opaque envelopes. The sealed envelope containing the group assignment should be
given to the surgeon prior to the procedure. It should be unsealed by the designated researcher to reveal the randomiza-
tion group. The treatment plan is not to be disclosed to the patient during the operation. The surgeon, who is not
responsible for recruiting patients, obtaining informed consent, and conducting the randomization, will be informed of
the allocation results.
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The study was unblinded only to the physicians who performed the PRF treatment. Although blinding was
implemented, differences in the voltage and duration parameters between the two groups may have inadvertently
revealed the group allocation to the patients. Outcome assessors and statisticians were blinded to the group assignments
and operated independently of each other. This means that other individuals involved in the study, including outcome
assessors, ward medical staff, and statisticians, remained blinded to the group assignments.

Interventions

The patient was observed in a prone position during a computed tomography (CT) scan. Continuous monitoring of the
electrocardiogram (ECG), blood pressure, and heart rate was conducted, and intravenous access was established. The
dorsal root ganglion (DRG) nerves targeted for treatment were identified based on areas of skin hyperpigmentation
caused by HZ infection. This condition typically manifests with nociceptive hypersensitivity or abnormal pain. Thin-
layer (2 mm) CT-guided guidance was employed to determine the location of the medial margin of the upper middle third
of the intervertebral foramen corresponding to the target nerve. This information was used to design and define the
puncture path. Following the induction of local anesthesia, PRF trocar needles (specifically, 20-gauge, 15-cm electrodes
with a 10-mm active tip, model PMF-20-150-10, manufactured by Baylis Medical Inc., Montreal, QC, Canada) were
carefully inserted until the tips reached the mid-upper intervertebral foramen. Subsequently, three-dimensional CT
reconstruction was performed. The tip of the needle, connected to a PMG-230 pain therapy generator (Baylis Medical
Inc., Montreal, QC, Canada), was moved slowly in sensory testing mode (50 Hz). When abnormal sensations (primarily
soreness, numbness, heat, and occasional twitch-like or tingling sensations) were observed below 0.5 V and no
myokinesis was observed above 1.0 V in the area of the skin where nociceptive sensitization was occurring, we
confirmed that the tip of the needle was appropriately located on the target nerve of the DRG. Subsequent settings
used on the pain treatment generator were as follows: in the S group, the output voltage was set to 45 V and the pulse
duration to 360 seconds. In the HL group, the output voltage was set to 85 V, and the pulse duration was 900 seconds.
Other parameters were consistent. At the end of the RF procedure, an analgesic compound (1% lidocaine 1 mL + saline
1.7 mL + 0.3 mL compound betamethasone) was injected into the DRG. The RF needle was removed at the end of the
pulsed RF, and the wound was pressed for 2 minutes and then covered with a dressing.

Data Collection

The required data will be collected by trained researchers as per the participant schedule outlined in Table 1. The data
will initially be recorded on paper Case Report Forms (CRFs) and subsequently stored in an Excel digital format. Follow-
up visits will be conducted by researchers either in person or by telephone to enhance compliance with the intervention
program. All CRFs will be retained for a minimum of 5 years post-study termination. Two independent researchers will
enter all information into an Excel sheet on a password-protected computer. The final dataset will be accessible to the
researchers and statisticians involved in the study.

Baseline Characteristics

After signing the informed consent form, the blinded investigator will record the patient’s demographics, disease
characteristics, and other relevant data on the CRF at the time of admission. Demographic data will include age, gender,
body mass index (BMI), HZ site, disease duration, and frailty score. The frailty score will be measured using the FRAIL
scale, which consists of five items: (1) fatigue; (2) resistance: difficulty in walking up one flight of stairs; (3) decline in
free mobility: inability to walk for one block; (4) coexistence of multiple illnesses: >5; and (5) weight loss: reduction of
>5.0% of body weight over one year. This scale categorizes older adults into three stages: healthy, pre-frailty (presence of
1 or 2 items), and frailty (3 or more items satisfied).

Outcomes

Primary Outcome

The primary outcome of this trial will be measured using the NRS. The NRS allows patients to quantify the intensity of
pain on an 11-point scale ranging from 0 to 10, where a score of 0 indicates no pain and a score of 10 represents the worst
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Table | Schedule of Enrollment, interventions, and Assessments

Time Point Research Contents
Day Before Allocation Allocation Post Allocation
Enrollment w4 Wi2 W26 W52

Enrollment

Enrollment screen x
Informed consent x
Randomisation X

Intervention

HLPRF group x

SPRF group x

Assessment

Demographic data x x x x x
NRS x x x x x
Pregabalin dosage x x x x x
PSQI x x x x x
SF-12 x x x x x
HADS x x x x x
PRF complications x x x x
Other complications x x x x

pain imaginable.** The time points for measuring the primary outcome will be at admission, and at 4 weeks, 12 weeks,
26 weeks, and 52 weeks PRF treatment. The minimum clinically important difference (MCID) from baseline to follow-
up will be 2 points.*® Pain recovery is defined as the complete or almost complete disappearance of symptoms,
corresponding to an NRS score between 0 and 1.

Secondary Outcomes
Pregabalin Dosage: The dosage of pregabalin was recorded at specific time points, including admission and at 4, 12, 26,
and 52 weeks following PRF treatment.

Pittsburgh Sleep Quality Index (PSQI): The PSQI is a widely used tool to assess the quality of sleep in subjects over
the past month. It consists of 18 self-assessment items, which are integrated into 7 components: sleep quality, sleep
latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. Each
component is scored on a scale of 0 to 3, with higher scores indicating worse sleep quality. The total PSQI score is the
sum of these component scores, ranging from 0 to 21.?® In this study, PSQI scores were recorded at multiple time points:
at admission and at 4, 12, 26, and 52 weeks following peripheral radiofrequency (PRF) treatment. Data collection was
conducted by a dedicated individual at each time point for both study groups.

12-item Short Form Health Survey (SF-12): The SF-12 is a comprehensive tool used to evaluate eight dimensions of
health-related quality of life: physical functioning, role limitations due to physical health, bodily pain, general health
perceptions, vitality, social functioning, role limitations due to emotional problems, and mental health. From these eight
dimension scores, separate total physical health scores and total mental health scores can be derived.?” In this study, SF-
12 scores were recorded at specific time points: at admission and at 4, 12, 26, and 52 weeks PRF treatment in both study
groups. Each score was documented by a dedicated individual at each designated time point.

Hospital Anxiety and Depression Scale (HADS): The HADS is a self-assessment tool that consists of two subscales:
HADS-A (Anxiety) and HADS-D (Depression), totaling 14 items. Seven items are specifically designed to assess
anxiety, and another seven items are aimed at evaluating depression. Each item is rated on a 4-point Likert scale
based on the frequency of symptoms experienced over the past month. The scoring ranges from 0 to 3 for each item, with
higher scores indicating more severe symptoms of anxiety or depression.”® In this study, HADS scores were system-
atically recorded at admission and at 4, 12, 26, and 52 weeks PRF treatment, in both study groups.
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Security Indicators

Potential complications of surgery: (1) Intraoperative complications: These encompass intraoperative arrhythmias,
nausea/vomiting, dizziness, excessive or decreased blood pressure, and puncture-related complications such as pneu-
mothorax and intradural or paravertebral hematomas. (2) Postoperative complications: These include localized redness
and swelling, puncture site infection, increased pain intensity, and numbness. We documented postoperative complica-
tions during the hospital stay and follow-up periods, treated them promptly, and recorded their recovery progress.

Sample Size Calculation

The sample size was determined based on the NRS scores after PRF treatment. Using an 80% test efficacy and a two-
tailed alpha of 0.05, we aimed to detect a minimum difference of 1 point on the NRS, with a standard deviation of 1.5.
The calculated sample size required for each group was 37 participants. Accounting for a 20% dropout rate, a total of 88
participants (44 per group) were ultimately recruited.

Statistical Analysis

Data were analyzed using SPSS 26.0 and R4.3.2. Continuous variables were presented as mean + standard deviation
(x £ S) or median [25th percentile, 75th percentile] (M[Q1,Q3]). Independent samples t-tests were employed for
comparisons between groups with normally distributed data, while Mann—Whitney U-tests were used for non-normally
distributed data. Categorical data were expressed as counts (percentages) and analyzed using chi-square tests or Fisher’s
exact tests. Statistical significance was set at P < 0.05, with Bonferroni correction applied for pairwise comparisons
across multiple time points. For primary and secondary outcomes, mixed effects models were employed for analysis. To
quantify the overall treatment effect during the follow-up period, t-tests were used to compare between-group differences
in the area under the curve (AUC) for each outcome measure. Subgroup analyses were conducted in post hoc fashion
based on whether patients were debilitated. The primary analyses were performed upon completion of the study, adhering
to the intention-to-treat principle.

Data and Safety Monitoring Committee (DSMC)

Participants’health was monitored by the DSMC, which had the authority to suspend or terminate the trial to safeguard
participants in the event of serious or unexpected adverse events. The DSMC meetings were chaired by Rongguo Liu, a
pain physician.

Protocol Changes

Any significant protocol alterations will be promptly communicated to pertinent stakeholders, including the Medical
Ethics Committee of Fujian Provincial Hospital, the Chinese Clinical Trials Registry, academic journals, and principal
researchers.

Discussion
The primary objective of this study was to investigate the analgesic efficacy of HLPRF in elderly patients diagnosed with
PHN, and to assess its impact on sleep quality and anxiety symptoms in this population.

Current research on High-Intensity Pulsed Radiofrequency (HLPRF) has primarily focused on retrospective studies.
Notably, Wang et al’® conducted a prospective randomized controlled trial to compare the efficacy and safety of two
different PRF modalities for the neuromodulation of the semilunar ganglion in elderly patients with acute trigeminal HZ.
Their findings indicated that HLPRF significantly improved Visual Analog Scale scores and SF-36 quality of life scores,
while also reducing the dosage of pregabalin, without increasing the incidence of adverse effects. Euasobhon et al*’
reported that NRS demonstrated the highest sensitivity and stability for assessing chronic pain in patients. Consequently,
we selected the NRS score as the primary outcome indicator in our study. Although the SF-36 has demonstrated utility
for various assessment purposes, its length and complexity can pose challenges for patients, particularly in follow-up
settings. To address this, the SF-12 was developed as a abbreviated version of the SF-36, reducing the questionnaire

7092 e Journal of Pain Research 2025:18



Li et al

length by two-thirds while maintaining a high degree of measurement accuracy and consistency.”’ Furthermore, the SF-
12 has been validated in Chinese populations,®® making it a suitable choice for assessing both physical and mental health
in this study.

In recent years, a strong correlation between sleep disorders and pain has been widely recognized. Studies have reported
that 67-88% of patients with chronic pain disorders experience sleep problems.**?%2!32 Additionally, up to 60% of chronic
pain patients exhibit negative mood changes, such as anxiety and depression.*® Pain and mood disorders interact and reinforce
each other, with pain being a major risk factor for the development of depression, and depression exacerbating pain.*** These
interactions can lead to increased disability and economic burden.”® Recent studies have shown that PRF can effectively
improve sleep quality and mood disorders in patients with acute-phase ZAP.>’>° However, the effect of HLPRF on sleep
quality and mood disorders in patients with PHN remains unexplored. Therefore, we propose to investigate the role of HLPRF
in improving sleep quality and mood disorders in patients with PHN.

The selection of parameters for PRF treatment is primarily based on previous studies.”*?'** Typically, the duration
for HLPREF is set to 900 seconds; however, the voltage output varies across studies, ranging from 60 to 100 volts. In the
present study, we referenced findings from previous animal studies conducted in our group.*' These studies involved the
application of PRF at different voltages to the DRG of neuropathic rats. We observed that 85 volts of PRF was most
effective in alleviating pain, even surpassing higher voltages of 100 volts. This improved efficacy might be attributed to
the restoration of DRG damage and the enhancement of DRG ultrastructure.** Furthermore, considering the clinical
experience accumulated in our center, we opted for an output voltage of 85 volts for the HLPRF treatment of the DRG in
patients with PHN. This choice is supported by both experimental evidence and practical clinical applications, aiming to
achieve optimal pain relief and functional improvement while minimizing potential adverse effects.

Frailty and pain constitute significant clinical and social challenges, and recent research has increasingly highlighted a
robust association between these two conditions.*' Kilgore et al*? reported that among elderly patients undergoing
microvascular decompression for trigeminal neuralgia, the presence of preoperative frailty may serve as a predictor of
elevated postoperative pain levels. Similarly, in patients undergoing major noncardiac surgery, preoperative frailty was
associated with an almost fivefold increased risk of developing chronic postoperative pain compared to non-frail patients.
In light of these findings, the present study conducted a post hoc analysis to examine the influence of preoperative frailty
on the outcomes of HLPRF treatment.

Limitations

It is the first randomized controlled clinical trial of HLPRF in elder PHN patients with the aim to prove the potential analgesic
effect of HLPREF in this setting. The study is subject to several inherent limitations. Initially, the trial was conducted as a single-
center, small-sample, prospective, randomized controlled trial, which may constrain the overall strength of the evidence.
Future research could enhance the robustness of the findings by including large-sample, multicenter trials. Secondly, to assess
the long-term effects of the intervention, a one-year follow-up period was established. However, the extended duration might
inadvertently increase the rate of patient dropout, thereby potentially biasing the results. Finally, the current study solely
examined the differential impacts of HLPRF and SPRF without delving into the independent roles of voltage and time course
in the treatment efficacy of PRF. Future investigations should aim to elucidate these independent factors to provide a more
comprehensive understanding of PRF’s therapeutic effects.

Conclusion
The results of this study may provide evidence-based medical evidence for the use of HLPRF for the treatment of PHN
and may help to assist clinicians in selecting different parameters PRF for the treatment of PHN for clinical practice.

Trial Status
This is version 1.0 of the protocol, dated June 27, 2024. Recruitment began on July 8, 2024. Recruitment is anticipated to
end on December 31, 2025. This study is still in progress.
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Data Sharing Statement

The data of this study are available from the Rongguo Liu upon reasonable request.
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