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Objective: To compare the application effects of short-term peripheral nerve stimulation (st-PNS) and pulsed radiofrequency (PRF)
technology in postherpetic neuralgia (PHN).

Methods: A retrospective analysis was conducted on the clinical data of 127 PHN patients from our hospital. Based on the treatment
interventions received, patients were divided into a control group (n=63, treated with PRF) and an observation group (n=64, treated
with st-PNS). The clinical treatment effects, pain conditions, sleep quality, inflammatory factors [interleukin-6 (IL-6)] levels, quality of
life levels, and complication rates were compared between the two groups.

Results: The observation group showed significantly higher total treatment effectiveness (93.75%) compared to the control group
(80.95%) (P < 0.05). VAS and PSQI scores were significantly improved at 1 week, 1 month, and 3 months post-treatment in both
groups (P < 0.05), with the observation group consistently showing better outcomes. Additionally, IL-6 levels decreased significantly,
and SF-36 scores improved more in the observation group (P < 0.05). No significant difference was found in complication rates
between the two groups (P > 0.05).

Conclusion: Compared to PRF treatment, the st-PNS treatment method further improves patients’ pain and sleep quality, reduces
inflammatory responses, and enhances quality of life, while also demonstrating better safety.

Keywords: short-term peripheral nerve stimulation, pulsed radiofrequency technology, postherpetic neuralgia, application effects,
comparative study

Introduction
Herpes zoster (HZ) is an acute viral dermatological disease caused by the reactivation of varicella-zoster virus (VZV) latent in
nerve ganglia.' It is primarily characterized by a rash distributed along a single nerve segment and severe neuralgia. Although
the rash of HZ usually heals within a few weeks, about 20% of patients develop postherpetic neuralgia (PHN), a persistent or
intermittent neuralgia that can last for months or even years.” The pathogenesis of PHN is complex, involving nerve damage,
inflammation triggered by viral reactivation, immune responses, and pathological changes in the central nervous system.> Due
to the diversity of its pathological mechanisms, PHN treatment remains a clinical challenge. Traditional treatments include
medications (such as anticonvulsants, antidepressants, opioids), nerve blocks, physical therapy, and psychological interven-
tions, but their effectiveness varies, and they often come with significant side effects.*>

In recent years, with the rapid development of neuromodulation technologies, short-term peripheral nerve stimulation
(st-PNS) and pulsed radiofrequency (PRF) technology have gradually gained attention in the treatment of PHN. Both
methods have shown certain efficacy in clinical applications,®’ but further research is needed to compare their specific
effects and advantages. This study aims to compare the clinical effects of these two technologies in the treatment of PHN
through a retrospective analysis, providing more references and optimized treatment options for clinical management
of PHN.
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Materials and Methods

This study was approved by the medical ethics committee the First People’s Hospital of Zunyi City. Informed consent
was obtained from all study participants. All the methods were carried out in accordance with the Declaration of
Helsinki.

Baseline Profiles

A retrospective analysis was conducted on the clinical data of 127 PHN patients treated at our hospital between
February 2022 and March 2024. Inclusion criteria: (1) All patients met the clinical diagnostic criteria for PHN;® 2)
Pain duration >1 month with minimal improvement in pain after standard basic treatment (VAS score >4); (3) Age >18
years, no gender restriction; (4) Complete and authentic clinical data available for analysis. Exclusion criteria: (1) Severe
dysfunction of vital organs; (2 Severe abnormalities in coagulation, hematopoietic, and endocrine functions; 3
Concurrent malignant tumors; (® Concurrent spinal deformities or lesions; (5) Severe infections; (6) Allergic reactions
or contraindications to the study medications or methods; (7) Concurrent cognitive impairment, consciousness disorders,
and/or mental illnesses. Based on the treatment interventions received, patients were divided into a control group (n=63)
and an observation group (n=64). (Table 1)

Methods

Control Group

In the PRF group, patients were positioned in the supine position, and the surgical site was exposed. Under C-arm fluoroscopic
guidance, the right supraorbital foramen was identified. After local anesthesia with 0.5% lidocaine, a single-use radio-
frequency ablation needle was inserted under imaging guidance into the right supraorbital notch. A radiofrequency electrode
was connected, and impedance was tested. Sensory stimulation was performed using a 50 hz current until a sensory response
was elicited. The voltage was then set to 0.5V to reproduce a numbness and pain sensation in the ophthalmic branch of the
trigeminal nerve. Pulsed mode was used with a needle tip temperature of 42°C. Two 2 hz, 60-second thermal coagulation
treatments were applied. During the procedure, patient responses were closely monitored and adjustments were made as
necessary. Postoperatively, patients returned to the ward for local ice application and bed rest for 2 hours. The treatment
continued for one week.

st-PNS Group (Observation Group)
In the st-PNS group, patients were also placed in the supine position, with the surgical site exposed. After local anesthesia with
0.5% lidocaine, the puncture point was identified above the right lateral canthus. Under C-arm fluoroscopic guidance, an

Table | Comparison of Basic Data ((¥ £ ), n [%])

Control (n=63) | Observation (n=64) t/x? P
Gender - - 0.067 | 0.794
Male 30 (47.62) 29 (45.31) - -
Female 33 (52.37) 35 (54.69) - -
Age (years) 65.37+6.89 64.937.14 0.353 | 0.724
Disease Course (months) 16.74+4.63 16.95+4.51 0.258 | 0.796
Nerve Segment - - 0.183 | 0.668
Trigeminal Nerve 10 (15.87) 12 (18.75) - -
Cervical Nerve 18 (28.57) 16 (25.00) - -
Thoracic Nerve 28 (44.45) 27 (42.19) - -
The baseline data of the two groups were 7 (11.11) 9 (14.06) - -
comparable (P>0.05), as detailed in Table |. Lumbar Nerve
Side - - 0.207 | 0.649
Left Side 36 (57.14) 34 (53.12) - -
Right Side 27 (42.86) 30 (46.88) - -
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8-contact electrode was inserted along the eyebrow arch and bone direction. The electrode (Medtronic, Model: Medtronic
Pisces-Quad 3487A-28) was slowly advanced to the supraorbital nerve exit, and the needle was withdrawn. The electrode lead
was then connected to an external stimulator. The stimulation parameters were adjusted according to the patient’s tolerance
and the area covered by the electrode. Typically, the stimulation amplitude was set between 5-10 V, pulse width between
200-500 ms, frequency between 25—70 hz, with stimulation lasting 5—10 seconds and interstimulus intervals of 8—15 seconds.
Once the stimulation current covered the pain distribution area of the ophthalmic branch of the trigeminal nerve, the electrode
was fixed in the right temporal region, just above the eye. Imaging was used to confirm electrode placement, after which the
patient was returned to the ward for 2 hours of bed rest. During the treatment, the current intensity was adjusted based on the
patient’s pain levels, current tolerance, and the area of skin affected by the pain. The electrode was removed after one week of
treatment. Routine intravenous antibiotic prophylaxis was administered to prevent infection.

Outcome Measures

Clinical Treatment Effect

The therapeutic efficacy was assessed based on pain improvement at three months post-treatment. A significant effect
was defined as a reduction in the Visual Analog Scale (VAS) score of more than 75% following treatment. An effective
outcome was indicated by a VAS score reduction between 30% and 75%, while an ineffective outcome was characterized
by a reduction of less than 30%. The total effective rate was calculated as 100% minus the proportion of ineffective cases
relative to the total number of cases.

Pain Status
VAS scores were utilized to evaluate pain levels prior to treatment and at one week, one month, and three months post-
treatment. The VAS scores range from 0 to 10, with higher scores reflecting greater pain intensity.

Sleep Quality
The Pittsburgh Sleep Quality Index (PSQI) was employed to assess sleep quality before treatment and at one week, one month,
and three months post-treatment. PSQI scores can range from 0 to 21, with higher scores indicating poorer sleep quality.

Inflammatory Factor Levels

Blood samples (3 mL) were collected from fasting participants before treatment and one week post-treatment. The
supernatant was separated via standard centrifugation and analyzed using enzyme-linked immunosorbent assay (ELISA)
to measure interleukin-6 (IL-6) levels.

Quality of Life Levels

The Short Form 36 (SF-36) Health Survey was administered prior to treatment and one week post-treatment to evaluate
the patients’ quality of life. This instrument comprises eight dimensions, with scores ranging from 0 to 100, where higher
scores correlate with improved quality of life.

Incidence of Complications

The occurrence of complications—including pneumothorax, hematoma, local infection, peripheral nerve injury, spinal
cord injury, and skin numbness—was meticulously recorded by designated medical personnel during treatment and
throughout the three-month follow-up period.

Statistical Analysis

GraphPad Prism 8 was used for graphing; SPSS 22.0 was used for data analysis. Measurement data were described using
(x £ 5), and comparisons between groups were made using independent sample t-tests, while paired t-tests were used for
comparisons within the same group. Repeated measures analysis of variance was used to compare different time points
between the two groups. Count data were described using n (%), and chi-square tests were used for analysis. P<0.05
indicated statistically significant differences.
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Table 2 Comparison of Clinical Treatment Effects [n (%)]

Group (n) Significant Effect | Effective | Ineffective | Total Effective Rate
Control (n=63) 24 (38.09) 27 (42.86) 12 (19.05) 51 (80.95)
Observation (n=64) 29 (45.31) 31 (48.44) 4 (6.25) 60 (93.75)

x? - - - 4.722

P - - - 0.029

Results

Comeparison of Baseline Data Between the Two Groups

In the comparison of baseline data between the two groups, no significant differences were observed in terms of gender,
age, duration of illness, and distribution of affected nerve segments. This similarity in baseline characteristics indicates
that both groups were comparable at the time of enrollment, which enhances the validity and reliability of the subsequent
treatment effect comparisons. Such homogeneity in baseline demographics is crucial for accurately assessing the efficacy

of the treatment modalities being studied.

Comparison of Clinical Treatment Effects
The total effective treatment rate in the observation group (93.75%) was significantly higher than that in the control
group (80.95%) (P < 0.05), as shown in Table 2, as shown in Table 2.

Comparison of Pain Conditions

VAS scores at 1 week, 1 month, and 3 months post-treatment were significantly lower than pre-treatment scores in both
groups (P < 0.05). Furthermore, the observation group showed significantly lower VAS scores than the control group at
all time points (P < 0.05), as illustrated in Figure 1.

Comparison of Sleep Conditions

The PSQI scores at 1 week, 1 month, and 3 months after treatment were significantly reduced compared to baseline in
both groups (P < 0.05). At these time points, the observation group demonstrated significantly lower PSQI scores than the
control group (P < 0.05), as shown in Figure 2.

Il Control group
Observers group

After 3 months of treatment 4AA
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Figure | Comparison of Pain Conditions (X = ).
Note: Compared with the control group at the same time point, *P<0.05; compared with the same group before treatment, #P<0.05; compared with the same group
| week after treatment, AP<0.05; compared with the same group | month after treatment, AP<0.05.
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Figure 2 Comparison of Sleep Conditions (X =+ s).
Note: Compared with the control group at the same time point, *P<0.05; compared with the same group before treatment, #P<0.05; compared with the same group
I week after treatment, AP<0.05; compared with the same group | month after treatment, AP<0.05.
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Figure 3 Comparison of Inflammatory Factors (X =+ s).
Note: Compared to before treatment, *P<0.05; between groups, #P<0.05.

Comparison of Inflammatory Factors
The levels of IL-6 in both groups decreased 1 week after treatment compared to before treatment, with a greater change
observed in the observation group (P<0.05), as shown in Figure 3.

Comparison of Quality of Life
The SF-36 scores in both groups increased 1 week after treatment compared to before treatment, with a greater change
observed in the observation group (P<0.05), as shown in Figure 4.

Comparison of Complication Incidence
The overall incidence of complications in the control group was 6.35%, lower than that in the observation group
(10.94%), but no statistically significant difference was observed (P > 0.05), as shown in Table 3.

Discussion

PHN is a chronic neuropathic disorder primarily characterized by persistent pain, and its pathogenesis involves complex
interactions between the central and peripheral nervous systems. PHN often develops following the infection of the spinal
dorsal root ganglia by VZV, leading to extensive viral replication, sensory nerve fiber damage, and disruption of the
spinal cord’s inhibitory function. This process results in the transmission of excessive excitatory signals to the central
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Figure 4 Comparison of Quality of Life (¥ =+ s).
Note: Compared to before treatment, *P<0.05; between groups, #P<0.05.

nervous system, which, in turn, activate sympathetic efferent fibers and increase the excitability of primary receptors.
Consequently, patients experience continuous burning, cutting, or stabbing pain, often accompanied by severe
neuralgia.” ! Despite the availability of traditional treatments such as oral medications, topical agents, and nerve blocks,
their efficacy in managing PHN remains limited.'*"?

Recently, neuromodulation techniques like st-PNS and PRF have emerged as promising alternatives for pain management
in PHN patients. These techniques target excessive neuronal excitability through different mechanisms. For st-PNS, short-
term electrical stimulation is applied around the nerve to regulate nerve conduction and reduce abnormal excitability.
Mechanistically, st-PNS achieves pain relief by blocking the transmission of pain signals, inducing the production of
endogenous opioids to elevate the pain threshold, and exerting an anti-inflammatory effect that reduces pro-inflammatory
cytokines and alleviates neural inflammation.'*'® On the other hand, PRF works by intermittently applying high-frequency
electromagnetic waves to the nerve, altering neuronal membrane potentials to reduce pain transmission. PRF also induces
plastic changes in neurons, reducing their sensitivity to pain, and generates a mild thermal effect that modulates nerve function
without causing tissue damage.'”'®

In this study, we compared the effectiveness of st-PNS and PRF in treating PHN. Our results showed that st-PNS provided
a significantly higher total effective treatment rate compared to PRF. Specifically, the VAS and PSQI scores in the observation
group (st-PNS) were significantly lower than those in the control group (PRF) at 1 week, 1 month, and 3 months post-
treatment. Additionally, the SF-36 scores, which assess overall quality of life, were significantly higher in the st-PNS group at
1 week after treatment. These findings suggest that both st-PNS and PRF effectively relieve pain and improve sleep quality, but
st-PNS appears to offer more pronounced benefits in terms of pain relief and overall well-being. The mechanisms behind these
differences may be explained by the ability of st-PNS to directly act on damaged peripheral nerves through electrical
stimulation. This stimulation suppresses abnormal neuronal discharge, rapidly blocks pain signal transmission, and likely
plays a role in inducing neuroplastic changes within the central nervous system. These long-term changes in neural networks
may contribute to sustained pain relief, even after the stimulation ends.'®? In contrast, while PRF also modulates nerve
function and reduces pain sensitivity, its effect may not be as direct or long-lasting as st-PNS.

Table 3 Comparison of Complication Incidence [n (%)]

Complication Control (n=63) | Observation (n=64) x? P
Pneumothorax 2 (3.17) 0 (0.00) - -
Hematoma I (1.59) 2 (3.13) - -
Local Infection 0 (0.00) 2 (3.13) - -
Peripheral Nerve Injury 0 (0.00) 1 (1.56) - -
Spinal Cord Injury 0 (0.00) 0 (0.00) - -
Skin Numbness I (1.59) 2 (3.13) - -
Total Incidence 4 (6.35) 7 (10.94) 0.844 | 0.358
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Furthermore, our study also revealed that the incidence of complications was comparable between the two groups,
suggesting that both treatments are relatively safe and well-tolerated. This is important, as safety profiles play a crucial role
in the clinical decision-making process for PHN management. Research has shown that an imbalance between pro-
inflammatory and anti-inflammatory factors is a key contributor to persistent neuropathic pain in PHN.?' Interleukin-6 (IL-
6), a pro-inflammatory cytokine, is significantly elevated in response to nerve injury and plays a central role in both acute and
chronic inflammatory responses. IL-6 contributes to local inflammation and can exacerbate pain perception by affecting the
central nervous system through the blood-brain barrier.*>** In our study, we observed that the IL-6 levels in the st-PNS group
were significantly lower than those in the PRF group 1 week after treatment (P < 0.05). This suggests that st-PNS may have
a more potent effect on regulating inflammatory responses, potentially offering additional benefits in alleviating pain
associated with inflammation.

Limitations: Despite the promising results, this study has some limitations. First, the sample size was relatively small
(n = 127), which may limit the generalizability and statistical power of the findings. Second, the retrospective design of
this study may introduce biases such as treatment selection and information bias, which weakens the validity of the
conclusions. Third, the study was conducted at a single center, and the results may not be universally applicable across
different medical institutions. Lastly, although we have observed the efficacy of st-PNS over PRF, the exact mechanisms
behind the inflammatory modulation and neuroplastic changes remain unclear. Future studies should explore these
mechanisms in greater depth, possibly through mechanistic investigations and larger, randomized controlled trials to
validate and optimize these findings.

Conclusion

st-PNS appears to be more effective than PRF in managing PHN, with better outcomes in pain relief, sleep quality, and
quality of life. Moreover, st-PNS may reduce inflammatory responses more effectively, although further studies are
needed to elucidate the underlying mechanisms. We recommend that future research include larger sample sizes, multi-
center trials, and more focused mechanistic studies to validate the results and refine treatment strategies.
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