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Objective: This study aimed to evaluate the prognostic accuracy of the Current Perception Threshold (CPT) in Acute Herpetic 
Neuralgia (AHN) patients receiving Pulsed Radiofrequency (PRF) therapy and to develop a corresponding prognostic model.
Methods: We retrospectively analyzed data from 106 AHN patients treated with PRF between January 2022 and May 2023. The 
occurrence of Postherpetic Neuralgia (PHN) after treatment categorized patients into non-PHN and PHN groups. The predictive role of 
CPT indices for PRF outcomes was assessed using the Receiver Operating Characteristic (ROC) curve and Area Under Curve (AUC). 
Then the dataset was split into a training set (n=74) and a validation set (n=32). Factors associated with PHN development were 
identified using univariate and multivariate logistic regression. A nomogram model was developed using significant predictors and 
internal validation was performed using valid set data.
Results: Among the 106 patients, 45 had a poor prognosis. Significant differences in age, preoperative Numerical Rating Scale (NRS) 
score, and 5Hz CPT ratio were observed between the groups (p<0.05). Logistic regression identified these factors as independent 
predictors for PRF prognosis (p<0.05). The 5Hz CPT ratio demonstrated predictive value (AUC= 0.764, 95% CI: 0.674–0.855). The 
nomogram model, incorporating these predictors, showed high AUC in both the training (0.863, 95% CI: 0.776–0.950) and validation 
sets (0.859, 95% CI: 0.721–0.998). Calibration curves indicated good model fit, and the Hosmer-Lemeshow test confirmed this 
(p>0.05). Decision Curve Analysis (DCA) highlighted the model’s predictive advantage.
Conclusion: The 5Hz CPT ratio can predict the prognosis of PRF in AHN patients. The nomogram model has high precision and 
clinical utility. It can help identify AHN patients with a poor PRF prognosis at an early stage and assist in clinical decision-making.
Keywords: current perception threshold, neuralgia, postherpetic, pulsed radiofrequency treatment, predictive model

Introduction
Herpes Zoster (HZ) is a disease caused by the reactivation of the Varicella Zoster Virus (VZV) that lies dormant in the 
sensory ganglia of the body.1 It typically affects a single ganglionic segment and presents as clusters of herpes 
accompanied by severe pain in the skin of the corresponding area.2–4 The thoracic back is the most commonly affected 
area, accounting for approximately 50–70% of cases.5 Herpetic neuralgia (HN) can manifest as pinprick, electric shock, 
or burning pain. The disease course distinguishes acute herpetic neuralgia (AHN), subacute herpetic neuralgia (SHN), 
and postherpetic neuralgia (PHN). PHN is a severe complication of viral infection affecting peripheral nerves, causing 
typical neuropathic pain. Approximately 10–25% of patients experience pain lasting over a year. PHN is more common 
in patients over 50 years of age who are immunocompromised with diabetes mellitus and have extensive lesions and 
severe pain in the acute phase.6 Numerous studies have shown that long-term chronic pain can lead to anxiety, 
depression, and even suicidal thoughts, which can be a heavy burden on both the family and society.7–9

Currently, the primary therapeutic approach for AHN involves drug therapy. Pregabalin, an ion channel blocker, is the 
first-line drug used in clinics.10 However, drug therapy is ineffective for 20–40% of patients.11 For patients with poor 

Journal of Pain Research 2024:17 3241–3253                                                                3241
© 2024 Zhao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research                                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 6 April 2024
Accepted: 19 September 2024
Published: 2 October 2024

http://orcid.org/0009-0001-4760-4042
http://orcid.org/0009-0007-9746-7342
http://orcid.org/0009-0000-5660-4813
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


drug efficacy, minimally invasive surgery is a commonly used treatment option. Pulsed Radiofrequency (PRF) is 
a minimally invasive neuromodulation technique that has been demonstrated to be a safe and effective method of 
controlling HN.12 Furthermore, it has been shown that PRF not only achieves significant pain relief but also does not 
cause nerve damage.13 Although PRF has demonstrated significant advantages in the treatment of HN, PHN still occurs 
in approximately 16% of patients after surgery.14 Therefore, it is necessary to identify these patients early.

The Current Perception Threshold (CPT) is a quantitative assessment of sensory nerve function that is non-invasive, easy 
to operate, objective, and accurate. Three distinct frequencies of current stimulation were employed to quantitatively assess 
peripheral nerve function. CPT 2000 Hhz was utilized to detect the function of large-diameter myelinated nerve fibers (class 
Aβ), which innervate light touch and pressure sensations. CPT 250 HhHz was employed to assess the function of small- 
diameter myelinated nerve fibers (class Aδ), which conduct Fast nociceptive, temperature and pressure sensations, and CPT 
5 hz was used to detect the function of unmyelinated nerve fibers (class C) innervating temperature, slow nociception and 
innervating autonomic functions. Therefore, CPT is capable of detecting all types of nerve fiber damage at an early stage. It has 
been widely utilized in various fields such as Parkinson’s disease, diabetic peripheral neuropathy, and spinal diseases.15–17 

Studies have demonstrated its utility in diagnosing diseases, evaluating treatment effectiveness, and forecasting outcomes.18

Although there is an emerging association between damage to sensory nerve fibers and the onset of HN, limited research 
has explored whether the extent of sensory nerve damage correlates with the prognosis of PRF therapy in patients with 
AHN. Therefore, the objective of this investigation was to assess the predictive capacity of CPT for PRF therapy and 
develop a clinical prognostic model for AHN patients, aiming to offer insights for tailored treatment strategies.

Materials and Methods
Patients
A total of 106 patients with AHN of the thoracic spine who received PRF treatment at the Pain Department of Jiaxing 
University Hospital from January 2022 to May 2023 were included in the study. The inclusion criteria were as follows: 
meeting the diagnostic criteria for herpes zoster, having the infection located on the chest and back, being aged between 
25 and 85 years, having a disease duration of less than one month, and having received ineffective medication for at least 
one week. The exclusion criteria encompassed individuals with chronic pain in the affected area, those with comorbid-
ities such as diabetes mellitus or peripheral nerve entrapment syndrome that could cause spinal cord or peripheral nerve 
damage, patients unwilling to undergo neurophysiological tests, and those who declined to participate in follow-up or 
provide clinical information. The research protocol adhered to by the study was reviewed and approved by the Ethics 
Committee of the affiliated hospital of Jiaxing University (2023LY571). Informed consent was obtained from all 
participants in accordance with the Declaration of Helsinki.

Observations and Follow-Up
In this study, general demographic data such as gender, age, herpes side, disease duration(day), body mass index (BMI), 
hypertension, numeric rating scale (NRS) score, number of lesioned ganglion segments, and preoperative CPT examina-
tion data were all recorded. To represent the degree of sensory nerve function impairment, the CPT ratio of the affected 
side to the healthy side at different frequencies was used, considering the variability in CPT values among individuals. 
Following discharge, patients were monitored monthly for a period of 3 months. Persistence of pain at the herpes site 
after this 3-month period was defined as PHN. Patients were then categorized into either a non-PHN group or a PHN 
group, based on the development of PHN, which was considered a poor prognostic indicator.

Pulsed Radiofrequency Treatment
All patients enrolled in this study underwent standard PRF treatment, which was performed by an experienced pain 
physician. The patients were positioned on the CT table with pillows placed beneath the abdomen, and the proposed 
nerve blocks and puncture points were identified according to the location of the skin lesions and pain sites. The 
procedure commenced with routine disinfection and local anesthesia. A puncture point was then made with radio-
frequency trocars, followed by a CT-guided puncture to the affected side of the intervertebral foramen of the upper one- 

https://doi.org/10.2147/JPR.S472535                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2024:17 3242

Zhao et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


third. The core of the needle was then extracted, and supporting electrodes were inserted along the trocars. Once the 
optimal position for the needle tip has been determined, the radiofrequency temperature should be adjusted to 42°C, with 
a duration of 300 seconds, a pulse duration of 40 milliseconds, a pulse frequency of 2 hz, and four cycles of pulse 
radiofrequency regulation. Once the radiofrequency treatment was complete, the needle core was removed, and 
a bandage was applied at the puncture site. The patient was observed for a period of fifteen minutes, after which he 
was returned to the ward if his vital signs remained stable.

CPT Examination
The Neurometer® CPT/C Sensory Nerve Quantification Tester is employed in conducting the CPT assay. Before conducting 
the test, the room temperature is carefully controlled within the range of 20°C to 24°C. The patient’s skin is sterilized and 
allowed to rest quietly for 15 minutes to prepare. Subsequently, the electrode sheet of the Quantitative Sensory Nerve 
Detector is positioned in the distribution area corresponding to the nerve endings affected by the patient’s rash. The patient’s 
body is then divided into two sides – the healthy side and the affected side – with the body’s midline serving as the boundary. 
Once the patient is briefed on the test procedure, they are handed the control button to operate. The patient is instructed to 
release the button promptly upon feeling pinprick-like stimulation. The instrument automatically displays the current size 
upon release of the button, providing both the real stimulation size and the blank pseudo-stimulation size to the patient 
multiple times. The patient must accurately identify the real stimulation five times consecutively to complete the cycle; 
failure to do so results in the instrument increasing the stimulation intensity. This process is repeated in a cyclic manner. The 
minimum CPT values on both the affected and unaffected sides of the patient are then recorded at three different frequencies: 
2000 hz, 250 hz, and 5 hz. The CPT ratio was calculated based on the CPT values.

Statistical Analysis
The statistical analysis was conducted using R 4.2.3 software. The normality of the data was assessed using the Shapiro–Wilk test 
and histogram. For normally distributed continuous data, mean ± standard deviation (SD) was used, while median and 
interquartile range (IQRs) were used for non-normally distributed continuous data. Categorical data were presented as numbers 
and percentages (%). Independent t-tests were employed for normally distributed continuous data, Mann–Whitney U-tests for 
non-normally distributed continuous data, and chi-square tests for categorical data. Then the data were randomly divided into 
a training set (n=74) and a validation set (n=32) at a ratio of 7:3. Variables such as patients’ gender, age, disease duration, 
comorbid hypertension status, preoperative NRS score, and various CPT ratios were included in the univariate analysis. 
Independent variables with p<0.2 in the univariate analysis were then used in the multivariate logistic regression analysis to 
identify influencing factors of PRF prognosis in patients with AHN. p<0.05 indicated statistical significance. The predictive 
ability of CPT for PRF prognosis in patients with AHN of the thoracic back was evaluated through the Receiver Operating 
Characteristic (ROC) curve. A nomogram model was developed by selecting variables from multifactor logistic regression 
results. The area under the ROC curve, calibration curve, and Decision Curve Analysis (DCA) were utilized to assess model 
sensitivity, specificity, and clinical utility. Lastly, the model was internally validated using data from the validation set.

Results
Comparison of General Information
Of the 106 patients who completed the follow-up period, 45 patients continued to develop PHN after PRF. When 
comparing the demographic data of patients with different prognoses, it was found that the differences between the PHN 
(n=45) and non-PHN (n=61) groups concerning sex, comorbid hypertension, disease duration, BMI, number of ganglion 
segments involved, side of the rash, 2000Hz CPT ratio, and 250Hz CPT ratio were not statistically significant (p>0.05). 
However, age, 5Hz CPT ratio, and preoperative NRS showed significant differences (p<0.05) between the two groups. 
Detailed information can be referenced in Table 1. Additionally, there was no significant difference (p>0.05) observed 
between the test and training groups in terms of gender, age, comorbid hypertension, disease duration, BMI, number of 
ganglion segments involved, side of the rash, 2000Hz CPT ratio, 250Hz CPT ratio, 5Hz CPT ratio, and preoperative NRS 
score. Further details are presented in Table 2.
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Table 1 Comparison of General Data of Patients with Different Prognoses of 
AHN After PRF

Variables Non-PHN (n = 61) PHN (n = 45) Statistic p

BMI 23.96 ± 2.76 23.49 ± 3.91 t=0.72 0.473

Duration 15.00 (6.00, 30.00) 20.00 (10.00, 30.00) Z=−1.73 0.084

2000Hz CPT ratio 1.21 (1.04, 1.51) 1.25 (1.12, 1.41) Z=−1.13 0.259

250Hz CPT ratio 1.22 (1.05, 1.42) 1.35 (1.11, 1.68) Z=−1.89 0.059

5Hz CPT ratio 1.19 (1.07, 1.38) 1.56 (1.24, 1.89) Z=−4.64 <0.001

NLGS 3.00 (3.00, 3.00) 3.00 (3.00, 3.00) Z=−0.21 0.831

NRS χ²=21.70 <0.001

<6 37 (60.66) 7 (15.56)

≥6 24 (39.34) 38 (84.44)

Age χ²=5.78 0.016

<65 45 (73.77) 23 (51.11)

≥65 16 (26.23) 22 (48.89)

Gender χ²=0.57 0.451

Male 24 (39.34) 21 (46.67)

Female 37 (60.66) 24 (53.33)

Hypertension χ²=2.65 0.103

No 42 (68.85) 24 (53.33)

Yes 19 (31.15) 21 (46.67)

Side χ²=0.02 0.882

Left 28 (45.90) 20 (44.44)

Right 33 (54.10) 25 (55.56)

Notes: Results are expressed as mean ± SD, number(percentage), or as median (IQRs). 
Abbreviations: CPT, current perception threshold; NRS, numeric rating scales; PHN, postherpetic 
neuralgia; BMI, body mass index, NLGS, number of lesioned ganglion segments.

Table 2 Comparison of General Information Between Training and Validation Sets

Variable Train set (n = 74) Valid set (n = 32) Statistic p

2000Hz CPT ratio 1.23 (1.08–1.48) 1.25 (1.10–1.52) Z=0.585 0.559

250Hz CPT ratio 1.27 (1.07–1.55) 1.24 (1.05–1.61) Z=0.114 0.910

5Hz CPT ratio 1.25 (1.15–1.66) 1.34 (1.09–1.59) Z=0.162 0.872

NLGS 3.00 (3.00–3.00) 3.00 (3.00–3.00) Z=1.731 0.212

BMI 23.54 ± 3.00 24.26 ± 3.88 t=−1.030 0.306

Duration 20.00 (7.00–30.00) 15.00 (7.00–30.00) Z=0.047 0.964

(Continued)
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Risk Factors for PRF Prognosis in Patients with AHN
A univariate logistic regression was conducted to determine the correlation between the occurrence of PHN and various 
independent variables among patients with AHN. The independent variables included age, sex, side of rash, presence of 
comorbid hypertension, preoperative NRS score, 2000Hz CPT ratio, 250Hz CPT ratio, and 5Hz CPT ratio. The results of the 
univariate analysis revealed significant associations between age, preoperative NRS score, and 5Hz CPT ratio with the 
development of PHN after PRF treatment (p< 0.05). Conversely, there was no statistically significant correlation found between 
PHN and gender, side of the rash, presence of hypertension, 2000 hz CPT ratio, and 250 hz CPT ratio (p> 0.05). Detailed 
information can be found in Table 3. Subsequently, a multivariate logistic regression analysis was conducted using stepwise 
regression with a significance level of p< 0.2 based on the results of the univariate analysis. The study identified the preoperative 
NRS score (OR = 9.57, 95% CI: 2.68–34.13, p< 0.001), age (OR = 3.65, 95% CI: 1.02–13.05, p= 0.047), and 5 hz CPT ratio (OR 
= 8.7, 95% CI: 1.80–42.06, p= 0.007) as independent factors influencing the prognosis of PRF treatment in AHN patients. 
Additional information is provided in Table 4.

Predictive Value of CPT for PRF Prognosis
The study analyzed the discriminative potential of the 5Hz CPT ratio by plotting the ROC curve, where it served as the 
independent variable, and the presence or absence of PHN was considered as the dependent variable. The calculated area 
under the curve (AUC) was 0.764 (95% CI: 0.674–0.855, p= 0.003), indicating its predictive accuracy. The best cut-off 
value was identified as 1.331, highlighting the significance of the 5Hz CPT ratio in distinguishing between patients with 
varying prognoses. For further information on the results, refer to Figure 1.

Table 2 (Continued). 

Variable Train set (n = 74) Valid set (n = 32) Statistic p

Gender χ²=1.069 0.301

Male 29 (39.19) 16 (50.00)

Female 45 (60.81) 16 (50.00)

Hypertension χ²=0.163 0.687

No 47 (63.51) 19 (59.38)

Yes 27 (36.49) 13 (40.62)

Side χ²=0.401 0.526

Left 35 (47.30) 13 (40.62)

Right 39 (52.70) 19 (59.38)

Age χ²=0.544 0.461

<65 45 (60.81) 17 (53.12)

≥65 29 (39.19) 15 (46.88)

NRS χ²=3.382 0.066

<6 35 (47.30) 9 (28.12)

≥6 39 (52.70) 23 (71.88)

Notes: Results are expressed as mean ± SD, number(percentage), or as median (IQRs). 
Abbreviations: CPT, current perception threshold; NRS, numeric rating scales; BMI, body mass 
index, NLGS, number of lesioned ganglion segments.
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The Nomogram Prediction Model Construction
The nomogram model created using the results of stepwise regression analysis is depicted in Figure 2. This model 
considers age, preoperative NRS score, and 5-Hz CPT ratio as independent variables to predict the risk of developing 
PHN after PRF. By summing the scores of each risk factor on the scale provided, the nomogram calculates a total score 
that reflects the patient’s prognosis after PRF. A higher total score on the nomogram signifies an increased probability of 
a poor postoperative outcome. Thus, the nomogram serves as a tool to predict the likelihood of a poor prognosis 
following PRF based on specific patient characteristics.

Evaluation of Nomogram Performance
The prediction accuracy of the nomogram model was evaluated using ROC curves. Figures 3 and 4 illustrate that the 
AUC of the ROC curve was 0.863 (95% CI, 0.776–0.950) for the training group and 0.859 (95% CI, 0.721–0.998) for the 
validation group. These results confirm the model’s good discriminative ability in both the training and validation sets. In 
the training set, the calibration curves demonstrate a close alignment between the predicted and measured values. The 
Hosmer-Lemeshow goodness-of-fit test yielded a non-significant result (p> 0.05), indicating a strong fit of the model to 
the observed data, as shown in Figure 5. Similarly, the validation dataset produced consistent findings, with the predicted 
values closely matching the measured values. The non-significant Hosmer-Lemeshow goodness-of-fit test (p> 0.05) in 
this dataset further affirms the model’s adequacy in fitting the observed data, as depicted in Figure 6. DCA analysis was 
then conducted on the selected predictor variables for poor postoperative prognosis using the nomogram prediction 
model. The results, presented in Figure 7, revealed that the nomogram was particularly advantageous in predicting the 
risk of poor postoperative prognosis following PRF in AHN patients when the threshold probability ranged from 0 to 
0.820. This broader range of selectable threshold probabilities underscores the model’s robust assessment capabilities.

Table 4 The Multivariate Logistic Regression Analysis of Prognostic Factors 
Influencing PRF in Patients with AHN

Variables Beta S. E Z p OR (95% CI)

2000Hz CPT ratio 0.95 0.75 1.26 0.208 2.58 (0.59–11.27)

5Hz CPT ratio 2.16 0.80 2.69 0.011 8.70 (1.80–42.06)

Age ≥65 1.29 0.65 1.99 0.040 3.65 (1.02–13.05)

NRS ≥6 2.26 0.65 3.48 <0.001 9.57 (2.68–34.13)

Abbreviations: CPT, current perception threshold; NRS, numeric rating scales.

Table 3 The Univariate Logistic Regression Analysis of Prognostic Factors 
Influencing PRF in Patients with AHN

Variables Beta S. E Z p OR (95% CI)

2000Hz CPT ratio 0.78 0.57 1.36 0.173 2.18 (0.71–6.73)

250Hz CPT ratio 0.37 0.55 0.68 0.495 1.45 (0.50–4.27)

5Hz CPT ratio 2.16 0.72 2.98 0.003 8.68 (2.10–35.90)

Gender Female 0.09 0.49 0.18 0.859 1.09 (0.42–2.84)

Hypertension 0.34 0.49 0.70 0.483 1.41 (0.54–3.70)

Side left 0.52 0.48 1.09 0.278 1.68 (0.66–4.32)

Age ≥65 1.08 0.50 2.15 0.031 2.95 (1.10–7.88)

NRS ≥6 2.26 0.58 3.87 <0.001 9.60 (3.05–30.19)

Abbreviations: CPT, current perception threshold; NRS, numeric rating scales.
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Figure 2 The nomogram to predict the prognosis of PRF in patients with AHN.

Figure 1 The receiver operating characteristic (ROC) curve of 5Hz CPT ratio to predict the prognosis of AHN after PRF.
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Discussion
The study results reveal that the 5Hz CPT index can effectively predict the prognosis of PRF in individuals with AHN. 
Independent risk factors associated with poor prognosis of PRF in patients with HZ on the thoracic back during the acute 
phase include age, preoperative NRS score, and preoperative 5Hz CPT ratio. Specifically, patients aged 65 years or older, 
presenting with a preoperative NRS score of 6 or higher, and exhibiting a higher 5Hz CPT ratio were found to have 
a more unfavorable prognosis for pulsed radiofrequency treatment. Notably, no significant associations were observed 
between prognosis and the 2000Hz CPT ratio or the 250Hz CPT ratio, as well as the patient’s sex, side of the rash, or 

Figure 3 ROC curve of the nomogram for predicting the prognosis of PRF in patients with AHN in the train set.

Figure 4 ROC curve of the nomogram for predicting the prognosis of PRF in patients with AHN in the valid set.
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presence of hypertension. These results emphasize the importance of early screening of patients with potential poor PRF 
treatment prognosis to enable adjustments in the treatment strategy or incorporation of interventions aimed at achieving 
improved clinical outcomes.

PRF is a neuromodulation technique known for its advantages, such as no nerve damage, high safety factor, and 
minimal complications. The specific analgesic mechanism of PRF remains incompletely understood. In a study con-
ducted by Protasoni, the rat dorsal root ganglion (DRG) underwent a 30-second PRF treatment, and immediate changes 
in DRG tissue structure were examined through light and electron microscopy after just one hour.19 The study revealed 
that myelinated axons exhibited pathological alterations, whereas unmyelinated axons maintained their normal morphol-
ogy and size. This observation suggested that PRF induced structural modifications in myelinated nerve fibers within the 
DRG, potentially contributing to its analgesic effects. Additionally, an animal experiment demonstrated that PRF could 
alleviate neuropathic pain by suppressing substance P expression in the spinal cord.20 Furthermore, Li discovered that 
pulsed radiofrequency elevated plasma β-endorphin levels, which might be associated with the analgesic actions of 
PRF.21 Another animal study found that PRF had the potential to reverse nerve demyelination and support nerve 
regeneration.22 Nonetheless, the complete extent of its capability to reverse nerve damage remains unclear. 
Consequently, it is plausible that the severity of sensory nerve damage could serve as a predictor for the prognosis of 
PRF therapy. Our research approach involved utilizing the CPT ratio of the unaffected side to objectively evaluate nerve 
injury on the affected side. The findings indicated that the 5-Hz CPT ratio exhibited a degree of predictive utility for the 
prognosis of PRF (AUC=0.764, 95% CI: 0.674–0.855).

Elderly patients with AHN, aged 65 years or older, and presenting with a preoperative NRS score of 6 or higher are at 
an increased risk of poor prognosis, corroborating previous studies on herpes zoster.23,24 The probability of viruses latent 

Figure 5 The calibration curve of nomogram model in the train set.
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in the nerves reactivating during early life is commonly linked to diminished immune function, thereby heightening the 
probability of developing PHN. Notably, advancing age frequently results in varying degrees of immune function decline 
within the body.25 Furthermore, the elderly population is more vulnerable to viral infections and may exhibit accelerated 
neurological deterioration, consequently escalating the likelihood of an unfavorable prognosis in PRF.

Preoperative NRS score is another risk factor that affects the prognosis of PRF. Severe and persistent pain can have 
many psychological effects, such as insomnia, anorexia, and irritability. As some patients may not experience complete 
pain resolution after surgery, psychological factors may negatively impact their prognosis. Additionally, severe pain may 
indicate a high degree of nerve damage. Acute phase pain is caused by the activation of latent VZV, which replicates in 
large numbers and proliferates rapidly, leading to necrosis of nerve fibers as a neuroimmune response.26 Stein 
investigated the process of VZV activation in human ganglia. They found evidence of an immune response to ganglion 
and nerve fiber involvement, with ganglia showing necrosis and hemorrhage, and heavy infiltration of CD4+ and CD8+ 
T cells in both ganglia and nerve fibres.27 Additionally, they observed upregulation of the expression of major 
histocompatibility complex (MHC-I and MHC-II) molecules on glial cells. The severity of the inflammatory response, 
nerve fiber damage, and destruction, as well as the signs and symptoms of neuralgia, are directly proportional to the 
intensity of pain experienced during the acute phase. Higher pain scores indicate a more severe condition, and these 
patients require urgent surgery and tend to have higher expectations of outcomes.28 Therefore, the use of pulsed 
radiofrequency alone may not be sufficient to restore neurological function and may increase the risk of poor prognosis.

The Neurometer® CPT/C Sensory Nerve Quantification Tester is employed in conducting the CPT assay, which is 
designed to identify sensory nerve functionality at distinct skin locations. This tester operates at three different 
frequencies: 2000 hz, 250 hz, and 5 hz, transmitting electrical stimuli to assess the functional status of Aβ, Aδ, and 

Figure 6 The calibration curve of nomogram model in the valid set.
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C nerve fibers.29 Through the data report generated by the device, the operator can quantitatively evaluate the extent of 
nerve impairment on the impacted side. Elevated CPT values typically indicate a positive correlation with the severity of 
nerve damage. In 1995, Watkins discovered demyelinating damage to the affected brachial plexus nerves in patients with 
HZ.30 In 2010, Gowrishankar observed persistent neuronal antibodies to VZV in sensory ganglia of deceased patients 
with HZ.31 It has been suggested that hypoesthesia is associated with an increased risk of PHN.32 Additionally, the results 
indicate that a high 5 hz CPT ratio is a risk factor for the prognosis of PRF treatment, which is consistent with previous 
research. The reason for the lack of significant correlation between the 2000 hz ratio or 250 hz ratio and PRF prognosis 
could be attributed to the virus selectively invading C unmyelinated fibers, which represent the majority of nerve fibers at 
80–90%, while Aβ and Aδ myelinated nerve fibers only account for 10%. This discrepancy underscores the importance 
of the 5 hz CPT ratio, as a larger difference between the affected and healthy sides indicates a more pronounced nerve 
damage, potentially leading to reduced effectiveness of pulsed radiofrequency neuromodulation and an elevated risk of 
developing PHN.

The study employed univariate and multivariate logistic regression analyses to identify clinically significant variables, 
thus constructing a formal nomogram for personalized predictive analysis of clinical events. It aimed to create a more 
accurate risk assessment model compared to traditional statistical methods.33 To assess the model’s performance, we 
randomly assigned eligible patients into a training group (n=74) and a validation group (n=32). The training group 
exhibited high performance, achieving an AUC of 0.861 in predicting the ROC curve represented by the model. 
Subsequently, the validation phase confirmed the reliability of the predictive model by showcasing good performance 

Figure 7 The decision curve analysis (DCA) of the nomogram for predicting prognosis in PRF.
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across high sensitivity, calibration, and clinical utility. Overall, these results demonstrate the nomogram’s effectiveness in 
accurately predicting clinical outcomes.

Among the 45 patients who developed a poor prognosis, 27 patients underwent repetitive high-voltage long-duration 
pulsed radiofrequency, 10 received radiofrequency thermocoagulation, 3 underwent spinal cord stimulation, and 5 
declined further treatment. All patients who received follow-up treatment demonstrated significant pain relief.

Limitations
This study has some limitations that need to be addressed. Firstly, due to the retrospective nature of the study, there is 
a lack of continuous and dynamic CPT data, making it unclear whether CPT indexes change with the condition of treated 
AHN patients. Secondly, the small sample size may have limited the ability of the univariate and multivariate regression 
analyses to account for other potential risk factors that could influence the prognosis of PRF treatment and may result in 
potential bias. Thirdly, the relatively small sample size may limit the generalizability of the findings to non-Asian 
populations. Consequently, further validation in non-Asian populations is required. Finally, the constructed model lacks 
external validation, highlighting the necessity for further prospective multicenter large-sample studies to validate the 
model.

Conclusions
The present investigation revealed that the 5Hz CPT ratio is a significant predictor of treatment outcomes after PRF 
therapy in individuals suffering from AHN. Notably, an elevated 5Hz CPT ratio is associated with an increased likelihood 
of PHN occurrence. In addition, the study successfully formulated and validated an accurate prognostic nomogram 
model. Consequently, this model offers a valuable tool for early detection and screening of unfavorable prognostic 
outcomes post-radiofrequency treatment in patients with AHN.
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