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Background: Neuropathic pain (NP) is recognized as one of the most difficult pain syndromes which lacks a safe, well-tolerated and
effective treatment. Pulsed radiofrequency (PRF), a novel and minimally invasive interventions, has been introduced to alleviate
various types of NP. Previous studies reported PRF with higher voltage could further improve the treatment efficacy. Therefore, we
conducted this systematic review and meta-analysis to determine whether high-voltage PRF is superior to standard-voltage PRF for the
treatment of NP patients.

Methods: Databases published from the date of inception until 15 March 2022 on PubMed/MEDLINE, EMBASE, Web of Science
and the Cochrane Library were searched for RCTs comparing high-voltage PRF and standard-voltage PRF in NP patients. The primary
outcome measures were the efficiency rates of NP patients with high-voltage PRF or standard-voltage PRF treatment. Data analysis
was conducted using the Review Manager software (RevMan V.5.3).

Results: Six RCTs involving 423 patients were included in our meta-analysis. Compared with standard-voltage PRF group, the high-
voltage PRF group attained a higher efficiency rate at 1 month (P = 0.04; I = 0%), 3 months (P = 0.04; I? = 0%), 6 months (P = 0.002;
I? = 0%) post-procedure respectively. There was no significant difference in the complications between the two groups.
Conclusion: Our study supported that high-voltage PRF attained more satisfactory efficacy than standard-voltage PRF without
increased side effects. High-voltage PRF could be a promising, effective, minimally invasive technology for NP patients.
Keywords: trigeminal neuralgia, pulsed radiofrequency, high-voltage, standard-voltage, efficacy

Background

Neuropathic pain (NP) is recognized as one of the most difficult pain syndromes due to involvement of somatosensory
system.'? It is reported that the incidence rate of NP ranged from 0.9% to 17.9% worldwide.> The characteristic of NP is
usually electric shock-like, burning, pricking and squeezing sensations which leads to sleep disturbances, anxiety and
depression and seriously impairs patients’ quality of life (QoL).*> Pharmacological treatments, such as antiepileptic drugs,
y-aminobutyric acid (GABA) inhibitors, serotonin-noradrenaline reuptake inhibitor or tricyclic antidepressants remain first-
line therapy for peripheral and central NP.*” However, unsatisfactory efficacy and several adverse effects associated with
oral medication limit its clinical utility." Patients who respond poorly to pharmacological treatments often receive invasive

therapy including microvascular decompression (MVD), gamma knife radiosurgery, percutaneous micro-balloon
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compression or partial sensory rhizotomy. Nevertheless, surgical interventions are of high risk for occurrence of
complications.* '° Hence, there is an overwhelming requirement for developing a safe, well tolerated, and effective
treatment option for NP.

Pulsed radiofrequency (PRF), a novel and minimally invasive interventions, has been introduced to alleviate various
types of NP.!'"'* Different from conventional radiofrequency (CRF), PRF exerts its analgesic effect through electric
fields by interfering with action potential generation and ectopic firing of neuronal membrane without affecting the
structural integrity of the nerve.''"'> The standard PRF parameters are an output voltage of 45 V, a pulse frequency of 2
Hz, output frequency of 500kHz with a continuous current action and an intermission period of 480 ms. Within the
interval period, the heat of the electrode tip can be dissipated, and the temperature will not exceed 42°C.'®'” Thus, PRF
has been regarded as a safe and promising technique for the treatment of NP.

However, some studies reported that the effective rate of standard PRF for the treatment of NP was not
satisfactory.'®'® In recent years, it is demonstrated elevating the output voltage of PRF could improve the treatment
efficacy.'”?* Since then, we conducted this systematic review and meta-analysis to determine whether high-voltage PRF
is superior to standard-voltage PRF for the treatment of NP patients.

Methods

We performed this systematic review and meta-analysis in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines™ (see Supplemental Table 1). The protocol of the systematic review
was registered in the PROSPERO database (registration number: CRD 42022297804) and published on BMJ open.**

Search Strategy and Information Sources

We primarily searched relevant studies published from the date of inception until 15 March 2022 on PubMed/MEDLINE,
EMBASE, Web of Science and the Cochrane Library. The conference proceedings for relevant abstracts, clinical trials
registers (ClinicalTrials.gov) and the WHO’s International Clinical Trial Registry Platform were also retrieved to identify
ongoing studies. All studies were published in English. The search included a broad range of terms and keywords

relevant to “pulsed radiofrequency”, “high-voltage”, “neuropathic pain” and “RCT”. Detailed search strategy was shown
in Supplemental Table 2.

Eligibility Criteria
We included randomized controlled trials (RCTs) involving PRF for the treatment of NP. The diagnostic criteria for NP
was defined by the International Association for the Study of Pain (IASP).? Experimental animal studies and studies
reported no data/results were excluded. The intervention was high-voltage PRF treatment, and the comparator was the
standard PRF treatment.

Study Selection and Data Extraction

We determined the specific criteria for selecting studies according to the Population, Intervention, Comparison, Outcome
model (PICO) model. Two reviewers independently screened titles and abstracts to identify potential articles.
Subsequently, reviewers identified studies meeting the eligibility criteria via screening the full texts. Any discrepancies
between the two reviewers were resolved by the involvement of a third reviewer.

A standardized template for data extraction was developed by a researcher. Two researchers independently extracted
the data into the electronic form. Original information included name of the first author, sample size, year of publication;
baseline characteristics, including age, gender, disease duration, preoperative pain intensity; follow-up period; as well as
the efficacy and safety of the treatment.

Outcome Measures

The primary outcome measures were the efficiency rates for NP patients undergoing PRF treatment. The effective rate
was defined as the proportion of patients with >50% reduction in pain score after the procedure compared with baseline.
Secondary outcome measures included include numeric rating scale (NRS) or visual analogue scale (VAS) score, QoL
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using a health questionnaire (SF-36) including physical component summary (PCS) and mental component summary
(MCS) as well as related complications.

Risk-of-Bias and Quality-of-Evidence Assessment
The Cochrane Risk of Bias (RoB) tool”> was used to assess the potential bias for included studies. Two independent
reviewers analyzed RoB and discrepancies was resolved by a third reviewer.

Two reviewers independently evaluated the overall quality of the body of evidence according to the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) methodology.”® According to the GRADE,
quality of evidence was rated as high, moderate, low or very low. In cases of disagreements, a third researcher was
involved in the discussion.

Statistical Analysis and Data Synthesis
The meta-analysis was conducted utilizing the RevMan 5.3 software (The Nordic Cochrane Center, The Cochrane
Collaboration, Copenhagen, Denmark). With regard to continuous outcomes, standardized mean differences (MD) and
95% Cls were calculated. For dichotomous data, the pooled risk ratio (RR) and 95% ClIs were estimated. Continuous data
expressed as median (interquartile ranges) were transformed into mean and standard deviation (SD) using mathematical
operations. A P value < 0.05 was considered statistically significant.

Heterogeneity was assessed using forest plots and measured by the I” statistic. The I> values >50% was considered
with substantial heterogeneity, and the random effects model was applied to analyze the outcomes. Otherwise, a fixed-
effect model was used for analysis of the data. A funnel plot or Egger test were utilized to evaluate publication bias.

Results

Literature Search
A total of 854 studies were identified through the initial search. After removing duplicate records, 735 studies remained
and 707 were excluded by screening abstracts and title. A total of 28 studies remained for full-text screening. Finally, 6

20-22,27-29

studies with 423 patients were included for data extraction and final analysis (Figure 1).

Study Characteristics

Table 1 showed the characteristics of six included RCTs. The number of patients in included studies ranged from 52 to
115. There were 211 participants in the high-voltage PRF group, and 212 participants in the standard-PRF group. All
studies were single center conducted in China. The proportion of male was between 36.8% and 47.2% and the average
age was ranging from 60.53 to 72.81 years.

The Efficiency Rates

Compared with standard-voltage PRF group, the high-voltage PRF group attained a higher efficiency rate at 1 month
(RR: 1.44, 95% CI: 1.13-1.85; P = 0.004; I> = 0%), 3 months (RR: 1.44, 95% CI: 1.13-1.85; P = 0.004; I> = 0%), 6
months (RR: 1.51, 95% CI: 1.22-1.87; P = 0.0002; I> = 0%) post-procedure respectively. There was no significant
difference in the effective rate at 1 year postoperatively (RR: 1.88, 95% CI: 0.92-3.84; P = 0.08; I* = 77%) (Figure 2).

Postoperative Pain Score

The NRS or VAS scores in the high-voltage PRF group were significantly lower than that in the standard-voltage PRF
group at 1 week (MD: —0.83, 95% CI: —1.21—0.44; P < 0.0001; 12:58%), 2 weeks (MD: —0.94, 95% CI: —1.17—0.70;
P < 0.00001; I’=20%), 1 month (MD: —0.86, 95% CI: —1.33—0.40; P = 0.0003; >=80%), 3 months (MD: —1.08, 95% ClI:
—1.28—0.88; P < 0.00001; I’=26%) and 6 months (MD: —1.34, 95% CI: —1.57—1.10; P < 0.00001; 1°=42%) post-
operatively. There was no significant difference in the NRS or VAS score at 3 days postoperatively (MD: —0.24, 95% CI:
—0.53-0.04; P = 0.09; I = 13%) (Figure 3).
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Figure | Flowchart of study selection.

SF-36 Score

PCS Score

The PCS score in the high-voltage PRF group were significantly higher than that in the standard-voltage PRF group at
1 week (MD: 5.54, 95% CI: 2.6-8.48; P = 0.0002; 1220%), 3 months (MD: 7.5, 95% CI: 5.39-9.62; P < 0.00001;
1’=0%) and 6 months (MD: 10.31, 95% CI:8.07-12.55; P < 0.00001; I’=0%) after the procedure. There was no
significant difference in the PCS score at 1 month postoperatively (MD: 4.32, 95% CI: —5.31-13.95; P = 0.38; I’=95%))
(Figure 4).

MCS Score

Patients in the high-voltage PRF group attained higher MCS Score than that in the standard-voltage PRF group at 1
month (MD: 6.73, 95% CI: 0.28-13.18; P = 0.04; 12:90%) and 3 months (MD: 10.15, 95% CI: 6.74-13.57; P < 0.00001;
I>=56%) post-operation. There was no significant difference in the MCS score at 1 week (MD: 7.59, 95% CIL: —1.32—
16.5; P = 0.09; 1°=88%) and 6 months (MD: —1.65, 95% CI: —17.52-14.22; P = 0.84; 1’=98%) postoperatively
(Figure 5).

Safety Evaluation

There was no significant difference in the complications associated with the PRF operation including intraoperative
bradycardia, intraoperative tachycardia, numbness, swelling, worst pain, ocular anesthesia and corneal abrasions
(Figure 6).
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Table | Included Trials Characteristics

Study Luo et al 201577 Luo et al 20172 Han et al*® Li et al*® Wan et al?' Wang et al*®
H-PRF S-PRF H-PRF S-PRF H-PRF S-PRF H-PRF S-PRF H-PRF S-PRF H-PRF S-PRF
(n=30) (n=30) (n=30) (n=30) (n=36) (n=36) (n=26) (n=26) (n=57) (n=58) (n=32) (n=32)
Publication year 2015 2017 2020 2021 2021 2021
Recruitment Year 2012 2013-2015 2017-2019 2017-2020 2019-2020 2019

Centers

Single center

Single center

Single center

Single center

Single center

Single center

Types of neuropathic pain

Idiopathic Trigeminal Neuralgia

Infraorbital Nerve

Postherpetic Neuralgia

Trigeminal Postherpetic

Trigeminal Postherpetic

Acute Herpes Zoster

Neuralgia Neuralgia neuralgia Neuralgia

Pain Duration 5.10+4.42 5.80+3.57 35432 2.943.1 3.38+£ 0.93 3.08+ 1.07 58.85+16.62 56.69 £13.70 67.28+19.64 | 65.14+18.53 NR NR

years years years years months months days days days days
Male, No. (%) 13 (43.3) 14 (46.7) 11 (36.6) | 14 (46.6) | 16 (44.4) 17 (47.2) 12 (46.2) 10 (38.5) 21 (36.8) 23 (39.7) 15 (46.9) 13 (40.6)
Age (years) 60.53 £11.94 63.47+ 13.02 61£12 65+14 68.19£10.42 67.67+6.77 66.62+8.21 64.15%12.29 70.54+ 14.02 | 69.96+13.66 | 72.81+5.92 71.42+543
Pain side, Left, No. (%) 14 (46.7) 13 (43.3) 9 (30) 13 (43.3) | 17 (47.2) 18 (50) 8 (30.8) 10 (38.5) NR NR NR NR
Weight (kg) NR NR NR NR 68.63+8.72 70.82+7.36 66.00+14.42 65.17+10.88 67.64+12.47 | 68.19£10.67 | NR NR
The output voltage of high- | 71.52+ 7.97 96 + 9 65 65 60-100 76.50+5.61 V
voltage PRF (V)
Preoperative pain (NRS/ 8(7-10) 8(7-10) 8(7-9) 8(7-9) 7.67£0.72 7.54+0.88 6.92+1.16 7.15£1.16 7.39£2.08 7.35£1.93 7.25+0.83 7.09£1.05
VAS score)
Preoperative PCS score NR NR NR NR 46.3617.43 46.8616.55 41.34+9.44 39.08+12.35 34.24+7.00 34.76+6.09 NR NR
Preoperative MCS score NR NR NR NR 33.24+5.33 34.13x6.1 40.61+9.46 36.07x11.21 37.99+4.17 38.92+3.94 NR NR

Abbreviations: H-PRF, high-voltage pulsed radiofrequency; S-PRF, standard-voltage pulsed radiofrequency; NRS, numeric rating scale; VAS, visual analogue scale; PCS, physical component summary; MCS, mental component summary;

NR, not reported.
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Figure 2 (A) The effective rate at | month post-procedure; (B) The effective rate at 3 months post-procedure; (C) The effective rate at 6 months post-procedure; (D) The
effective rate at | year post-procedure.

A
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Highvoltage PRF  Standard.voltage PRF Mean Difference Mean Difference joh-voltage Mean Difference
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E F
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‘Wang et al 2021™ 114 133 32 249 102 32 11.9% -1.35(1.93,-0.77) ‘Wan et al 2021 197 085 57 k¥ 101 58 581% -1.24[1.55,-0.93] —-—
Total (95% CI) 151 152 100.0% -1.08(-1.28,-0.88] < Total (95% C1) ) 120 100.0% -1.34[-1.57,-1.10] >
Heterogeneity. Chi*= 4.03, df= 3 (P = 0.26), F= 26% S S S S Heterogeneity. Chi*= 347, df= 2 (P = 0.18), F= 42%
Test for overall effect 10.55 (P < 0.00001)

Testfor overall effect Z= 11.08 (P < 0.00001)

2 A 1 2 Rl 1
Favours [experimental] Favours [control Favours [experimental] Favours [control)

Figure 3 (A) The NRS or VAS score at 3 days post-procedure; (B) The NRS or VAS score at | week post-procedure; (C) The NRS or VAS score at 2 weeks post-

procedure; (D) The NRS or VAS score at | month post-procedure; (E) The NRS or VAS score at 3 months post-procedure; (F) The NRS or VAS score at 6 months post-
procedure.
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Figure 4 (A) The PCS score at | week post-procedure; (B) The PCS score at | month post-procedure; (C) The PCS score at 3 months post-procedure; (D) The PCS
score at 6 months post-procedure.
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Figure 5 (A) The MCS score at | week post-procedure;
score at 6 months post-procedure.

(B) The MCS score at | month post-procedure; (C) The MCS score at 3 months post-procedure; (D) The MCS
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Figure 6 (A) The occurrence rate of bradycardia; (B) The occurrence rate of tachycardia; (C) The occurrence rate of numbness; (D) The occurrence rate of swelling; (E)
The occurrence rate of worsened pain; (F) The occurrence rate of ocular anesthesia; (G) The occurrence rate of corneal abrasions.

Risk of Bias

Quality assessment of the 6 RCTs was based on the Cochrane Collaboration’s RoB tool and most of them had a low risk
of bias across most domains (Figures 7 and 8). Moreover, GRADEpro Guideline Development Tool was used to create
summary of findings for the comparison of high-voltage PRF versus the standard-voltage PRF group for NP patients
(Table 2). Funnel plot results for the outcomes reported were illustrated in Supplementary Figures 1-18.

Subgroup Analysis
A subgroup analysis of the MCS score was conducted based on acute or chronic pain. Studies focusing on patients with
chronic NP were included in the subgroup analysis. The result revealed that patients in the high-voltage PRF group attained
higher MCS score than that in the standard-voltage PRF group at 3 month (MD: 12.23, 95% CI: 8.99-15.46; P < 0.00001;
12=0%). There was no significant difference in the MCS score at 1 month (MD: 6.96, 95% CI: —6.36-20.28; P =0.31; 12:92%)
and 6 months (MD:1.01, 95% CI: —24.82-26.85; P = 0.94; I’=97%) postoperatively (Supplementary Figures 19-21).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
0% 25% 50% 75%  100%
.Low risk of hias DUnclearrisk of hias -High risk of bias

Figure 7 Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.
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Figure 8 Risk of bias summary: review authors’ judgements about each risk of bias item for each included study (Green symbols represented low risk, red symbols
represented high risk, and yellow symbols represented unclear risk).

Discussion
Our meta-analysis focused on NP patients receiving different output voltage of PRF from previous 6 RCTs, and the
results demonstrated high-voltage PRF was associated with higher efficiency rate, lower pain score, higher PCS Score
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Table 2 GRADE Evaluation

Outcomes RR or MD (95% CI) No. of Participants | Certainty of the
(Studies) Evidence (GRADE)

The effective rate

| month post procedure 1.44 [1.13, 1.85] 120 (2 RCTs) High

3 month post procedure 1.44 [1.13, 1.85] 120 (2 RCTs) High

6 month post procedure 1.51 [1.22, 1.87] 172 (3 RCTs) High

| year post procedure 1.88 [0.92, 3.84] 120 (2 RCTs) High

NRS or VAS score

3 days post procedure —0.24 [-0.53, 0.04] 187 (2 RCTs) High

| week post procedure —0.83 [-1.21, —0.44] 231 (3 RCTs) High

| week post procedure —0.94 [-1.17, -0.70] 179 (2 RCTs) High

| month post procedure —0.86 [—1.33, —0.40] 303 (4 RCTs) High

3 months post procedure | —1.08 [—1.28, —0.88] 303 (4 RCTs) High

6 months post procedure | —1.34 [-1.57, —1.10] 239 (3 RCTs) High

PCS score

| week post procedure 5.54 [2.60, 8.48] 167 (2 RCTs) Moderate

I month post procedure 4.32 [-5.31, 13.95] 239 (3 RCTs) High

3 months post procedure | 7.50 [5.39, 9.62] 239 (3 RCTs) High

6 months post procedure 10.31 [8.07, 12.55] 239 (3 RCTs) High

MCS score

| week post procedure 7.59 [-1.32, 16.50] 167 (2 RCTs) Moderate

| month post procedure 6.73 [0.28, 13.18] 239 (3 RCTs) High

3 months post procedure 10.15 [6.74, 13.57] 239 (3 RCTs) High

6 months post procedure | —1.65[-17.52,14.22] 239 (3 RCTs) Moderate

Notes: GRADE Working Group grades of evidence: High certainty: we are very confident that the true effect lies close to
that of the estimate of the effect. Moderate certainty: we are moderately confident in the effect estimate: the true effect is
likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty: our
confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect. Very
low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from
the estimate of effect.

Abbreviations: RR, risk ratio; MD, mean difference; Cl, credibility interval; RCT, randomized controlled trials; NRS,
numeric rating scale; VAS, visual analogue scale; PCS, physical component summary; MCS, mental component summary.

and MCS Score. There was no difference in complications related to PRF between the two groups which revealed that
high-voltage PRF would be a promising, minimally invasive therapy with satisfactory efficacy and safety for NP patients.

NP treatment is very tricky due to underlying complex mechanisms.’® Several NP patients respond poorly to
traditional analgesics and suffer from intolerable spontaneous pain.’' In recent years, PRF have been increasingly used
because of satisfactory analgesic effect with minimally invasive approach. However, some studies reported PRF
treatment on NP patients could not achieve satisfactory efficacy in the long duration due to high recurrence rate.**>>
Increasing the output voltage of PRF could increases the output energy of the electric field effect and thus achieve better
analgesic effect.** Consistent with previous reports, our meta-analysis based on 6 published RCTs revealed NP patients
undergoing high-voltage PRF attained significantly alleviated pain which could provide more reliable evidence for the
choice of PRF modes in clinical practice for pain physicians.

SF-36 is a practical instrument applied to measure patients’ physical and mental health and it was widely used for
evaluating the QoL for patients with NP.>>>¢ The results of our study showed patients who received PRF at a higher
voltage attained higher PCS score and MCS score at different time points after the operation. We hypothesize that the
significant improvement of QoL is due to the better analgesic effect in high-voltage PRF group. When conducted
a subgroup analysis of the MCS score based on chronic pain, the subgroup analysis result revealed that there was no
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significant difference in the MCS score at 1 month (P = 0.31). However, based on both acute and chronic pain, it was
demonstrated that patients in the high-voltage PRF group attained higher MCS score than that in the standard-voltage
PRF group at 1 month (P = 0.04). The MCS score have been applied to assess predict depression and mood disorders in
various populations including patients with NP.>*>7 And there is strong evidence that a lower preoperative mental health
status results in poorer functional and pain scores.>® Up to now, there is a lack of study comparing the differences of
mental health status between acute and chronic NP after receiving PRF treatment. We hypothesized it might be patients
with chronic NP suffered from a longer duration of pain and required longer recovery period to achieve the improvement
of mental health status.

PRF therapy was well tolerated because it could release pain via “modulation” rather than thermal destruction of
nerve tissue.>? Previous studies demonstrated PRF treatment was a non-neurodestructive and safe technique without
serious complications.'*'*3**2 In our study, a few patients developed complications such as intraoperative bradycardia,
intraoperative tachycardia, numbness, swelling, etc. Similarly, the degree of these side effects was mild and could
improved in a short period. Moreover, there was no statistically significant difference in the complications between the
two groups suggesting high-voltage PRF was a fairly safe and effective treatment for NP patients without increasing the
risk of intraoperative and post-operative adverse events.

All of the RCTs included in our meta-analysis performed the PRF procedure under the guidance of CT which could
prevent neurovascular injury result from inaccurate puncture. However, patients were inevitably exposed to radiation
when receiving treatment which is an important problem worthy of attention. In recent years, ultrasonography and
electromagnetic navigation was gradually applied to puncture guidance of radiofrequency without the risk of radiation
exposure to both patients and hospital staff.*** In the future, prospective, randomized controlled clinical trials are
needed to furtherly explore the more optimal imaging tool for the guidance of PRF treatment in NP patients.

It is reported that heterogenous device and procedure might affect the analgesic effect of PRF treatment.***” In

a randomized controlled study, Vigneri et al**

performed high-voltage PRF through multifunctional electrode on dorsal
root ganglion and attained satisfactory pain relief for the treatment of chronic lumbosacral radicular pain. In our meta-
analysis, PRF procedure in all included studies were needle mediated. Further research is required to determine the
specific differences in the treatment of NP via different devices.

At present, there is no standard optimal parameters for PRF procedure on the treatment of NP. Several research have
been conducted to determine the ideal parameters including output voltage, exposure time, treatment targets and so on.
The animal experiment and clinical study all supported that increasing exposure time could improve the analgesic effect
of PRF treatment.*’** Our previous study and Ding et al’s study showed patients with acute zoster-related trigeminal
neuralgia who received PRF therapy on gasserian ganglion attained more satisfactory effect than treating peripheral
nerves.’*>' Moreover, PRF treatment seems to be more effective when performed in the earlier stages.*>! In the future,
research remains to be conducted to evaluate whether increasing exposure time, choosing the more suitable treatment
location or receiving the procedure in earlier stages could furtherly improve the therapeutic effect of high-voltage PRF
for NP patients.

Limitation

Our study has several limitations need to be mentioned. First, all of the 6 RCTs were single-center trials with relatively
small sample size, power to evaluate cross-center differences was probably not enough. Secondly, we only included
studies published on English, which could also have increased the publication bias. Thirdly, all of the clinical trials
included in this study were conducted in People’s Republic of China which limited racial/ethnic diversity of our study
population. Moreover, the heterogeneous pathophysiology among different studies increased the heterogeneity of our
meta-analysis and made it difficult for additional analysis.

Conclusions
Compared with standard-voltage PRF, high-voltage PRF attained more satisfactory efficacy without increased side
effects. Our meta-analysis suggested high-voltage PRF was a promising, effective, minimally invasive technology for
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patients suffering from NP. In the future, prospective, multi-centered, high-quality RCTs with large sample size is
required to provide more reliable evidence for the effectiveness and safety of high-voltage PRF for the treatment of NP.

Abbreviations

NP, neuropathic pain; QoL, quality of life; MVD, microvascular decompression; PRF, pulsed radiofrequency; CRF,
conventional radiofrequency; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT,
randomized controlled trial; IASP, International Association for the Study of Pain; PICO, Population, Intervention,
Comparison, Outcome model; NRS, numeric rating scale; VAS, visual analogue scale; RoB, Risk of Bias; GRADEL
Grading of Recommendations Assessment, Development and Evaluation; MD, mean differences; RR, risk ratio; SD,
standard deviation.
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