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Background: Patients with herpes zoster neuralgia (HZN) and comorbid diabetes mellitus (DM) often experience persistent pain that
markedly undermines quality of life. Most of these patients respond poorly to oral anticonvulsants or conventional pulsed radio-
frequency (PRF). Repeated application of high-voltage PRF may offer superior clinical benefits and improve patient satisfaction.
Objective: This retrospective study aimed to analyze the outcomes of single versus repeated high-voltage PRF for thoracic HZN in
patients with DM.

Patients and Methods: We retrospectively analyzed data from 109 thoracic HZN patients with DM who underwent CT-guided high-
voltage PRF targeting the thoracic selective dorsal root ganglia (DRG) during a one-week hospitalization period. Outcome measures
included the incidence of clinically meaningful postherpetic neuralgia (PHN) and the HbAlc level at 12 weeks post-PRF, Numeric
Rating Scale (NRS) score, Pittsburgh Sleep Quality Index (PSQI) score at baseline (pre-PRF) and 1, 4, 8, and 12 weeks following PRF
(post-PRF), and the adverse events associated with PRF.

Results: 56 patients received the single high-voltage PRF group (one PRF session, Group SHV-PRF) and 53 patients received the
repeated high-voltage PRF group (two PRF sessions, Group RHV-PRF). The incidence of clinically meaningful PHN at 12 weeks
post-PRF was lower in group RHV-PRF than in group SHV-PRF (20.8%vs 41.1%, P < 0.05). NRS and PSQI scores were lower in
group RHV-PRF than in group SHV-PRF at 1, 4, 8, and 12 weeks post-PRF (P < 0.05). The HbAlc level at 12 weeks post-PRF was
lower in group RHV-PRF than in group SHV-PRF (P<0.05). No severe adverse events were recorded in either group.

Conclusion: Repeated high-voltage pulsed radiofrequency confers favorable therapeutic outcomes for thoracic herpes zoster
neuralgia in patients with diabetes mellitus, with an acceptable safety profile.
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Introduction

Herpes zoster (HZ) is an acute, painful dermatomal vesicular eruption caused by reactivation of latent varicella-zoster virus
(VZV)." In China, the pooled incidence of HZ is 4.28 per 1000 person-years overall and 11.69 per 1000 person-years among
individuals aged >60 years.? Herpes zoster neuralgia (HZN) represents the most common and distressing symptom, typically
described as lancinating, burning, or electric-shock-like pain restricted to the affected dermatome.” When neuralgia persists
for 90 days or more after rash onset, it is defined as postherpetic neuralgia (PHN).* The pathophysiology of PHN is
multifactorial and remains incompletely elucidated; consequently, treatment responses are often unsatisfactory, resulting in

significant deterioration of patients’ physical and psychological well-being.’
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Diabetes mellitus (DM) is a prevalent chronic metabolic disorder. In 2021, approximately 521 million people worldwide
and 141 million individuals in China were living with DM, with global prevalence projected to reach 1.31 billion by 2050.°
Patients with DM carry a significantly elevated risk of HZ development (84—164%),”® and a 23-31% higher likelihood of
progression to PHN.”'® Given the considerable age-related overlap between DM and HZ, the co-occurrence of DM and HZN
often leads to more severe and refractory clinical presentations, posing substantial therapeutic dilemmas. A dual-focused
strategy is typically advocated: optimization of glycemic control alongside prompt and effective pain relief.

Pulsed radiofrequency has emerged as a well-established neuromodulatory technique for HZN management.!' High-voltage
pulsed radiofrequency (HV-PRF) has been shown to provide superior analgesic efficacy in HZN.'*'* however, its efficacy in
patients DM complicated by HZN remains suboptimal.'* As such, the efficacy of HV-PRF in this high-risk population has
become a key research focus. Recent studies suggest that repeated HV-PRF (RHV-PRF) can significantly improve clinical
outcomes in patients with HZN and PHN;'>'® Nevertheless, whether RHV-PRF yields meaningful long-term benefits specifi-
cally for thoracic HZN in patients with DM is still unclear. In this study, we retrospectively observed the clinical efficacy and
safety of RHV-PRF for thoracic HZN in patients with DM, and compare the outcomes with a single HV-PRF treatment.

Patients and Methods

Study Patients

This study received approval from the Ethics Committee of Hangzhou Third People’s Hospital (2026KA026) and
registered with the Chinese Clinical Trial Registry (ChiCTR2600119064) conducted in accordance with the
Declaration of Helsinki. Patients were informed and signed the informed consent forms. We collected clinical data
from the hospital database and analyzed the records of thoracic HZN patients with DM who underwent HV-PRF in the
pain department from March 2022 to October 2025.

Inclusion criteria: (1) Age >18 years; (2) Diagnosed with thoracic HZN; (3) Duration of HZN <1 month; (4) Established
diagnosis of type 2 diabetes mellitus;'” (5) Numeric Rating Scale (NRS) score >5 on a 0—10 numerical pain scale.

Exclusion criteria: (1) Unable to reliably report pain intensity or characteristics due to language barriers, neuropsy-
chiatric disorders, or other cognitive impairments; (2) History of preexisting chronic neuralgia unrelated to the HZN; (3)
Concomitant ketoacidosis or diabetic hyperosmolar coma; (4) Contraindications to percutancous needle procedures,
including coagulopathy, local infection at the intended puncture site, or underlying malignancy; (5) Loss to follow-up or
failure to complete scheduled postoperative assessments.

At admission, patients were informed that they could receive either a single session or repeated sessions of HV-PRF
treatment during the one-week hospitalization. The treatment modality was selected by patients based on considerations
such as concerns about surgical risks and treatment costs. Accordingly, patients were divided into two groups: the single
HV-PRF group (one PRF session; Group SHV-PRF) and the repeated HV-PRF group (two PRF sessions were performed
two consecutive days, Group RHV-PRF).

Clinical Procedure

Patients were positioned prone on the treatment bed. Blood pressure, heart rate, pulse oximetry, and electrocardiography were
monitored continuously throughout the intervention. The target thoracic dorsal root ganglion (DRG) was identified based on
the distribution of cutaneous hyperpigmentation corresponding to the herpes zoster (HZ) dermatome. Using thin-slice (2-mm)
CT guidance, the image plane containing the upper-middle portion of the corresponding intervertebral foramen was selected as
the optimal puncture plane. The puncture path was designed on this plane image, the upper-middle portion of the correspond-
ing intervertebral foramen was designated as the puncture target, and a line was drawn from this target to avoid the lung; the
intersection of this line with the skin served as the puncture point. The distance between the puncture point and the target (the
needle penetration depth) and the angle between the line and the sagittal plane (the puncture angle) were measured using the
software tools provided by the CT, thereby determining the optimal puncture angle and depth. Following local anesthetic
infiltration, a PRF trocar (22gauge, 10 cm electrode with a 10 mm active tip, PMF-22-100-10, Baylis Medical Inc., Montreal,
QC, Canada) was advanced under intermittent CT guidance until CT image confirmed that the radiofrequency needle tip was
positioned at the upper-middle segment of the intervertebral foramen (Figure 1).
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Figure | Image of puncture and CT shows the needle to the target position.

Connected to an RFE4 radiofrequency generator in sensation-testing mode, sensory paresthesia (including pain, numb-
ness, thermal sensation, and occasional twitching or tingling) in the cutaneous territory innervated by the target nerve could
be evoked at a stimulation voltage within 0.5V, and in motor-testing mode, no muscle twitching was observed in the
corresponding innervated region at stimulation voltages exceeding 1.0V, verified that the needle tip was accurately
positioned at the target dorsal root ganglion (DRG). High voltage was defined as an initial PRF output voltage of 50V,
which was gradually increased until the patient’s tolerable upper limit of abnormal sensation (eg, burning pain) was
reached.'? The manual PRF mode was employed with the following basic settings: pulse width 20 ms, pulse frequency
2 Hz, PRF duration 600 seconds, pulse temperature limit 42 °C, and impedance range 150-300 €, the initial PRF voltage was
set to 50V and increased in 5-10V increments until the high voltage was achieved, and treatment was then delivered.
Impedance remained stable (variation <10%) throughout the procedure, so automatic adjustment was not required.

In both groups, pregabalin was tapered and discontinued within two weeks after treatment. Rescue tramadol (100 mg)
was permitted when NRS >6. Glycemic management was overseen by the same endocrinologist; basal insulin was
adjusted based on fasting glucose, and prandial insulin was modified according to post-prandial glucose excursions every
1-3 days. Oral hypoglycemic agents were individually adjusted. After discharge, patients continued their regular
medications and attended scheduled follow-ups.

Outcomes

Demographic and disease-related information, including age, gender, disease duration, affected side, hemoglobin Alc (HbAlc)
level, fasting blood glucose, dose of pregabalin before PRF and PRF voltage were retrieved from the electronic medical record
system. The NRS ranges from 0 to 10, and the Pittsburgh Sleep Quality Index (PSQI) total score ranges from 0 to 21.

The primary outcome was the incidence of clinically meaningful PHN at 12 weeks post-PRF*(clinically meaningful PHN,
dermatomal pain persisting at least 90 days after the appearance of the acute herpes zoster rash, usually a NRS score of 3 or
higher on a scale ranging from 0 (no pain) to 10 (worst possible pain)). Secondary outcomes included the NRS and PSQI
scores at pre-PRF, 1, 4, 8, and 12 weeks post-PRF, the HbAlc level at 12 weeks post-PRF, and the adverse events associated
with PRF (eg, nerve damage, hemopneumothorax, hematoma, and local infections).

Statistical Analysis

SPSS 20.0 software (SPSS, Illinois, United States) was used for data analysis. Enumeration data were presented as
counts, and rates were compared using the y* test, odds ratio with 95% CI was provided. All quantitative data were
evaluated for normality with the Shapiro—Wilk test and assessed for homogeneity of variance using Levene’s test. Data
followed a normal distribution were presented as mean + standard deviation and compared using the #-test, and to assess
variable data at different time points, a repeated measures analysis of variance (RM-ANOVA) was conducted, and the
mean difference with its 95% confidence interval (CI) was reported. Data did not follow a normal distribution were
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Figure 2 Flow diagram of the study patients.
Abbreviations: SHV-PRF, single high-voltage pulsed radiofrequency; HVR-PRF, repeated high-voltage pulsed radiofrequency.

presented as median (interquartile range) and compared using the Mann—Whitney U-test. P < 0.05 was considered
statistically significant.

Results

A total of 119 patients were enrolled in this study. Among them, 6 patients were lost to follow-up, and 4 patients
withdrew (Figure 2). Ultimately, 109 patients were included in the analysis. 56 patients received the SHV-PRF group and
53 patients received the repeated RHV-PRF group.

The baseline characteristics of patients, including age, gender, duration of HZN and DM, affected side, pre-PRF
HbA 1c level, dose of pregabalin, fasting blood glucose, and PRF voltage exhibited no significant differences between the
two groups (P > 0.05, Table 1).

The incidence of clinically meaningful PHN at 12 weeks post-PRF was lower in group RHV-PRF than in group SHV-
PRF (20.8%vs 41.1%, OR=2.661 (1.136, 6.232), P < 0.05). Moreover, NRS scores were lower in group RHV-PRF than
in group SHV-PRF at 1, 4, 8, and 12 weeks post-PRF (mean difference: 1.710, 1.601, 1.700, and 1.566; 95% CI: 1.316
—2.104, 1.260-1.943, 1.297-2.103, and 1.185 —1.946; P < 0.05) (Table 2), and PSQI scores were lower in group RHV-
PRF than in group SHV-PRF at 1, 4, §, and 12 weeks post-PRF (mean difference: 3.080, 2.413, 2.152, and 2.278; 95%
CI: 2.401-3.759, 1.893-2.934, 1.681-2.623, and 1.844-2.712; P < 0.05) (Table 3). The HbAlc level at 12 weeks post-
PRF was lower in group RHV-PRF than in group SHV-PRF (mean difference: 1.548, CI: 1.102-1.994, P<0.05) (Table 4).
Additionally, no serious adverse events and no rescue analgesic measure were reported in either group.

Table | Basic Characteristics of the Participants

General Conditions Group SH-PRF | Group RH-PRF | y%Z/t-value | P-value
(n=56) (n=53)

Age, (years, Average * SD) 65.7+8.4 67.9+8.7 —1.306 0.194
Gender, n (%) 0.078 0.780
Male 26 (46.4%) 27 (50.9%)

Female 30 (53.6%) 26 (49.1%)

Duration of HZN, (days, Average + SD) 23.0+7.6 20.8+6.4 1.586 0.116
Affected side, n (%) 0.193 0.660
Right 22 (39.3%) 24 (45.3%)

Left 34 (60.7%) 29 (54.7%)

Duration of DM, (years, Average + SD) 9.9+34 10.5+4.5 —0.801 0.425
HbAlc, (%, Average * SD) 8.8%1.4 84+£1.2 1.518 0.132
Fasting blood glucose, (mmol/L, Average * SD) 11.3+£3.3 10.4+2.8 1.467 0.145
Pregabalin before PRF, (mg/day, Median (Ql, Q3)) 150 (150, 225) 150 (150, 225) —0.049 0.961
PRF voltage, (V, Average * SD) 66.8+4.8 65.9+5.3 0.870 0.386
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Table 2 The NRS of the Patients in the Two Groups

Group(n) Pre-PRF | |1 Week Post-PRF | 4 Weeks Post-PRF | 8 Weeks Post-PRF | 12 Weeks Post-PRF
Group SHV-PRF (n=56) .3x0. 3.8+0.8 3.4+0.8 2.9%1.0 2.7x1.0
Group RHV-PRF (n=53) | 7.4£1.0 2.1x1.2% I.8£1.1%* 1.3£1.1% 1.1£0.9%
t-value —0.592 8.604 9.30 8.369 8.148

P-value 0.555 <0.001 <0.001 <0.001 <0.001

Notes: *P < 0.05, compared with Group SHV-PRF.

Table 3 The PSQI of the Patients in the Two Groups

Group (n) Pre-PRF | | Week Post-PRF | 4 Weeks Post-PRF | 8 Weeks Post-PRF | 12 Weeks Post-PRF
Group SHV-PRF (n=56) | 14.9£2.5 8.312.1 6.7£1.5 6.0£1.3 5.8%1.4

Group RHV-PRF (n=53) | 15.6+2.2 5.2+ 4% 4.3].3% 3.8£1.2% 3.5+0.9%
t-value —1.535 8.991 9.20 9.058 10.404

P-value 0.128 <0.001 <0.001 <0.001 <0.001

Notes: *P < 0.05, compared with Group SHV-PRF.

Table 4 The HbAIlc Level of the Patients in the Two

Groups
Group (n) Pre-PRF | 12 Weeks Post-PRF
Group SHV-PRF (n=56) 8.7+14 7.7£13
Group RHV-PRF (n=53) | 8.5%1.2 6.1%1.0%
t-value 0.859 6.88
P-value 0.392 <0.001

Notes: *P < 0.05, compared with Group SHV-PRF.

Discussion

Diabetes mellitus impairs glucose metabolism, activating the polyol pathway, compromising cellular immunity, and
promoting microangiopathy, all of which increase susceptibility to VZV reactivation.'®'® Furthermore, neuralgia and
infection trigger elevations in counter-regulatory hormones (glucocorticoids, glucagon, catecholamines),”® exacerbating

21.22 and enhances

hyperglycemia. Hyperglycemia, in turn, upregulates pro-inflammatory cytokines (NF-kB, TNF-a, IL-6)
oxidative stress via nitric oxide and superoxide production, leading to nitrosative damage and neuronal injury.”*** These
pathological cascades worsen demyelination and axonal degeneration in sensory fibers, intensifying pain and establishing
a bidirectional vicious cycle of “neuralgia—hyperglycemia”. Consequently, managing both pain and glucose control
becomes extremely challenging for thoracic HZN in patients with DM.

Optimal glycemic management in these patients requires reassessment by an endocrinologist, adjustment of the medication
regimen, and efforts to maintain a stable glycemic range. The use of continuous glucose monitoring system is recommended to
dynamically and accurately monitor glucose level, allowing for the timely implementation of precise glycemic management
strategies.”> Pharmacological management of thoracic HZN in patients with DM presents unique clinical challenges, as these
patients often exhibit reduced drug tolerance and increased susceptibility to adverse reactions associated with anticonvulsants
and analgesics. Consequently, achieving therapeutic doses becomes difficult, leading to poor treatment response and delayed
disease resolution. This, coupled with prolonged disease duration and severe pain that necessitates the combination of multiple
treatment modalities, increases healthcare resource utilization and cost burden.?®

Our study demonstrated significant improvements in NRS and PSQI scores from baseline in both groups, corroborat-
ing the effectiveness and precision of HV-PRF therapy for HZN. PRF delivers an intermittent high-frequency current that
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acts on nerve tissue for short durations, inhibiting excitatory afferent input from dorsal root C-fibers, upregulating c-fos
gene expression in dorsal root neurons, and modulating neural synapses.27 These mechanisms contribute to the peripheral
long-term analgesic effects of pain modulation. Increasing the PRF voltage, and thereby the electric field strength,
induces changes in neural plasticity and significantly enhances its efficacy.”®

Our findings indicate that repeated HV-PRF resulted in significantly lower NRS and PSQI scores at all follow-up
timepoints and lower incidence of clinically meaningful PHN at 12 weeks post-PRF. HZN is a complex neuropathic pain
condition, and patients frequently experience multiple types of pain simultaneously, therefore, a single PRF has a limited
regulatory effect on the nervous system and cannot fully address all pain signals. Repeated PRF stimulation can act on
injured nerves multiple times, promoting neurorepair, resolving neuroinflammation, normalizing aberrant discharges, and
enhancing neuroplasticity while reducing central sensitization.”” Two sessions within one week deliver cumulative,
prolonged DRG stimulation, consolidating therapeutic effects and enabling more thorough modulation of residual pain,
thus offering a stepwise, individualized management approach.

The HbAlc level at 12 weeks post-PRF was lower in group RHV-PRF than in group SHV-PRF, though confounding
factors (eg, baseline glycemic severity, medication changes) were not rigorously controlled, so this result should be
interpreted cautiously. However, the difference in this indicator between the two groups represents an important finding.
Severe and persistent pain acts as a chronic stressor, activating the sympathoadrenal and hypothalamic-pituitary-adrenal
(HPA) axis, which leads to surges in counterregulatory hormones (cortisol and catecholamines) that induce peripheral
insulin resistance and glucose volatility. We speculate that RHV-PRF, by providing superior analgesia and restorative
sleep, may interrupt this deleterious feedback loop, thereby promoting better autonomic balance and metabolic stability.
This “analgesic-metabolic” benefit is especially important for diabetic patients, in whom glycemic management serves
both as a therapeutic goal and a prerequisite for neural repair.

In this study, no adverse events associated with PRF, including puncture site infection, hematoma, bleeding, or
pneumothorax occurred in either group. The puncture angle and trajectory were designed based on preoperative CT
scans, and real-time CT guidance was used during the procedure to ensure full visualization and precise execution
throughout the entire surgical process. Furthermore, the unique mechanism of PRF generates temperatures that do not
damage nerves or surrounding tissues.

Despite these encouraging results, we advocate preventive measures for diabetic patients, including regular glucose
monitoring, immune assessment, health education, and HZ vaccination,*® especially in those with a family history.

The study has several limitations that should be addressed in future research. First, the study was non-randomized and
retrospective in design, it cannot avoid confounders that may independently influence outcomes. Second, patients were
recruited from a single center, resulting in a relatively small sample size, expanding the sample size and engaging in
multicenter collaboration would be beneficial. Third, the decision to administer two treatment sessions within one week of
hospitalization was based on inpatient logistical considerations and a previous study on trigeminal neuralgia,' the optimal
interval and number of repeated treatments remain to be determined. Fourth, we did not include a separate standard PRF or
non-PRF treatment (eg, pharmacological optimization alone) control group, the inclusion of a control group would enhance
the significance of this study. Finally, glucose-related indicators were exploratory endpoints, and confounding factors such as
diet, exercise and medication regimen were not strictly controlled, the causal relationship should be interpreted with caution,
yet it warrants further investigation.

Conclusion

In this retrospective study, repeated high-voltage pulsed radiofrequency was associated with a lower incidence of
clinically meaningful PHN and superior pain and sleep outcomes compared with a single session for thoracic HZN in
patients with DM. However, treatment session assignment was not randomized, these results should be interpreted as
exploratory associations. A well-designed prospective randomized controlled trial is warranted to confirm the therapeutic
advantage of repeated HV-PRF in this population.

Data Sharing Statement

Data used to support the findings of this study are available from the corresponding author (Bo Wang) upon request.
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