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Purpose: Globally, the incidence of herpes zoster (HZ) is increasing, and the resulting zoster-associated pain (ZAP) severely affects 
the quality of life of patients. Therefore, active treatment of ZAP and prevention of postherpetic neuralgia (PHN) are very important 
for patients in the early stage of the disease. This retrospective observational study aimed to evaluate the effect of CT-guided pulsed 
radiofrequency (PRF) combined with ozone injection on zoster-associated pain.
Patients and Methods: From 2018 to 2020, 84 patients with AHN (n=28), SHN (n=32), or PHN (n=24) underwent PRF combined 
with ozone injection treatment after pharmacologic and conservative therapies failed. The visual analogue scale (VAS), the Pittsburgh 
Sleep Quality Index (PSQI), and pregabalin consumption were recorded at baseline, post-PRF, and at 1, 3, 6, and 12 months after 
treatment. The number of remediations performed and adverse reactions were recorded, and treatment inefficiency was calculated 
using a VAS score greater than 3 as the criterion.
Results: The pooled results demonstrated statistically significant decreases in VAS scores, PSQI scores and consumption of pregabalin 
post-PRF and at 1, 3, 6, and 12 months follow-up (P<0.05). Compared with the PHN group, both the AHN and SHN groups showed 
clinical and statistical improvement in VAS scores and PSQI scores and in consumption of pregabalin (P< 0.05). At 1 year after the 
operation, the PHN group had a significantly greater number of remediation events and greater treatment inefficiency than the other 
two groups. No serious adverse events were observed during the procedure or during the follow-up period.
Conclusion: CT-guided PRF combined with ozone injection is safe and effective for individuals with ZAP, and its short-term and 
long-term effects are significant. In a sense, early PRF combined with ozone injection is more effective.
Keywords: herpes zoster, zoster-associated pain, postherpetic neuralgia, radiofrequency, ozone

Introduction
Herpes zoster (HZ) is caused by the reactivation of dormant varicella zoster virus (VZV), which lurks in sensory ganglia such as 
the dorsal root ganglia (DRG) and the trigeminal ganglion. Following VZV infection, an inflammatory reaction of the ganglion 
and peripheral nerves occurs, and corresponding tissue injury occurs along the descending sensory nerve.1,2 The incidence of HZ 
is age-related, ranging from 1.2 to 3.4 per 1000 persons per year among younger adults and from 3.9 to 11.8 per 1000 persons 
per year in elderly patients.3 Postherpetic neuralgia (PHN) is one of the most common and debilitating complications of HZ, 
greatly decreasing the quality of life of patients and bringing serious burdens to medical systems worldwide.4 PHN is associated 
with long-lasting neurohypersensitivity that can have undesirable mental consequences such as depression, fatigue and sleep 
disorders.5 Therefore, improving therapeutic effectiveness, preventing the occurrence of PHN, and achieving rapid pain relief for 
patients with zoster-associated pain (ZAP) have been a focus of attention for pain physicians.
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Currently, multiple drugs are available for the treatment of ZAP; however, the therapeutic effectiveness of these drugs is 
not compelling, and their side effects are sometimes intolerable.6 Especially for elderly patients and those with digestive 
system dysfunction, large skin lesions, or underlying disease, oral medication has a poor effect, and these patients are more 
prone to develop long-term PHN.7 Alternatively, interventional procedures are appropriate for patients who are suffering 
from unsatisfactory drug curative effects or intolerable side effects.8 Pulsed radiofrequency (PRF) is a minimally invasive 
and repeatable technique in which a transient PRF current of 300–500 kHz is applied together with an intermittent PRF 
current of 480 milliseconds to provide sufficient heat dissipation time, ensuring that the treated tissue does not reach 
a temperature higher than 42°C and ensuring the complete preservation of the structure and function of nerve fibres. Thus, 
complications such as skin sensation, skin numbness, and motor nerve damage rarely occur.9 The DRG are considered 
latent infection sites of VZV since they contain primary sensory afferent neurons. When the immune system is weakened, 
the latent virus in the DRG proliferates and destroys axons, resulting in demyelination and changes in transmembrane ion 
channels.10 Thus, abnormal electrical impulses are produced by the damaged sensory nerve, inducing hyperalgesia when 
they are transmitted to the spinal cord.11 Positive therapeutic effects of PRF treatment of the DRG have been achieved in 
managing ZAP, and application of pulsed radiofrequency to the DRG has become an attractive treatment option for 
individuals with ZAP.12,13

Ozone is believed to be the strongest naturally occurring oxidant. Various studies have proven the favourable effects of 
ozone in the treatment of chronic viral infections and circulatory diseases.14 Ozone at concentrations of approximately 30 
µg/mL improves oxygen supply and reduces the inflammatory reaction to pain-producing mediators at the disease site, thus 
reducing ischaemia and oedema of the nerve root.15–17 Recent studies have shown that ozone treatment can effectively 
relieve acute and chronic pain through its anti-inflammatory and immune modulating effects.18 In particular, injection of 
ozone into the intervertebral foramen (IVF) as a treatment for chronic intractable PHN has resulted in excellent outcomes, 
with significant reduction in spontaneous pain and mechanical allodynia as well as improved quality of life.19

Despite the use of multiple therapies in the treatment of ZAP to date, no therapy has been proven to be fully effective. 
Thus, more efficient therapeutic approaches, including combination therapy, should be considered. However, the effects of 
administering a combination of PRF and ozone injections in patients suffering from ZAP have not yet been studied. We 
performed a retrospective observational study in which we assessed the therapeutic effects of the use of a combination of 
PRF and ozone injections near the DRG in patients suffering from ZAP. These results will be helpful for ZAP treatment.

Methods
Patients
Data in our study were prospectively collected and retrospectively analysed. The study was reviewed and approved by 
the Ethics Committee of Shanxi Bethune Hospital (YXLL-2022-119) and conducted in accordance with the Declaration 
of Helsinki. A total of 106 patients with zoster-associated pain (ZAP), including 42 males and 64 females 35–84 years of 
age, were selected at the Pain Department of the Shanxi Bethune Hospital from January 2018 to January 2020, and 84 
patients met the inclusion criteria (Figure 1). The patients’ baseline data were collected through the electronic medical 
record system of the hospital, and the questionnaire data were collected from the patients at various time points via 
telephone, WeChat and outpatient follow-up visits. The patients were divided into three groups according to the duration 
of their disease: acute herpetic neuralgia (AHN, <30 days), subacute herpetic neuralgia (SHN, 30–90 days) and 
postherpetic neuralgia (PHN, >90 days). Treatment of all patients with pulsed radiofrequency and ozone injection was 
performed by the same physician.

Inclusion and Exclusion
The inclusion criteria were as follows: (1) clinically diagnosed with zoster-associated pain (Figure 2) that affected sleep; 
(2) less than 84 and more than 35 years of age; (3) the region affected by herpes zoster involved only the unilateral 
somatic nerve (Figure 3); (4) preoperative oral administration of pregabalin and other conservative methods did not 
relieve the pain; (5) underwent PRF combined with ozone injection under CT guidance and able to objectively evaluate 
the perceived pain and complete the follow-up.
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The exclusion criteria were as follows: (1) ZAP involving the trigeminal nerve; (2) other minimally invasive 
treatments such as spinal cord stimulation and secondary PRF administered during the one-year follow-up period; (3) 
severe endocrine system disease or long-term use of hormone or immunosuppressive therapy; (4) severe organ dysfunc
tion or organic disease.

Procedure
All patients received oral pregabalin before treatment and were treated according to the consensus of Chinese experts on 
HZ, but their pain remained moderate to severe. For patients who underwent routine drug therapy who experienced 
temporary pain relief, the DRG at the relevant spinal level were treated with PRF combined with ozone injection. The 
patient lay on the bed of the CT scanner in a lateral position with the operated side facing up. During the entire operation, 
continuous nasal oxygen inhalation and ECG monitoring were performed. The positioning grid was fixed with adhesive 
tape to the affected herpes side. PRF of the DRG within three segments was performed; the treatment centred on the 
segment that experienced the most severe pain and extended to the adjacent top and bottom segments. CT scanning was 

Figure 1 Flow diagram presents study design and patient flow. 
Abbreviations: PRF, pulsed radiofrequency; AHN, acute herpetic neuralgia; SHN, subacute herpetic neuralgia; PHN, postherpetic neuralgia.

Figure 2 Herpes zoster in different distribution areas. 
Notes: (A) Herpes zoster of left upper limb; (B) herpes zoster on right front chest and back; (C) herpes zoster of left lower limb.
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used to locate the upper 1/3 of the DRG outside the intervertebral foramen as the target; based on this, the needle entry 
angle and the needle entry point on the skin were calculated, and the needle entry point was marked. Following routine 
skin sterilization, draping, and local anaesthesia with 1% lidocaine, the RF trocar (20 G, length 100 mm, active end 
length 10 mm) was slowly introduced and advanced under CT guidance. Finally, the needle tip was positioned in the 
upper quadrant of the vertebral foramen, and the location of the puncture needle was verified by two-dimensional 
(Figure 4) and three-dimensional reconstruction (Figure 5).

The core of the radiofrequency puncture needle was removed and drawn back without removing blood, gas or liquid. 
The sensory and exercise tests were conducted at voltages of 0.1–1.0 V; a high-frequency current of 50 Hz and a low- 
frequency current of 2 Hz were used in the sensory and exercise tests, respectively. Symptoms such as soreness, swelling, 
numbness or tingling in the original pain area can be induced by the sensory test, and the exercise test may cause 
fibrillation and pulsation of the trunk muscle fibres in relevant segments. The temperature, time, pulse width, and 
frequency were set at 42 °C, 360 s, 20 ms, and 2 Hz, respectively.

When PRF had been completed, the electrode core was pulled out. There was no blood, gas or liquid in the puncture 
needle. A therapeutic solution (40 mg of 2% lidocaine hydrochloride and 1 mL of mecobalamin diluted into 0.9% normal 
saline; total volume 9 mL) was injected into each section. Following injection of the therapeutic solution, 3 mL of 30 µg/ 
mL ozone was administered to each segment, and its diffusion was verified by CT (Figure 6). Finally, the needle was 
pulled out while compressing the puncture point. The patient was returned to the ward after 20 minutes of observation.

Figure 3 The picture shows the distribution of the skin nodes in the innervated area, and the distribution of the nerve skin nodes involving C2-S1 in herpes zoster patients 
is located in one limb.
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Patients who still had pain after surgery and were unable to tolerate oral analgesics were treated by subcutaneous 
injection of drugs into the damaged area. The specific drug used for this purpose was a combination of triamcinolone 
acetonide (10 mg) and 0.5% lidocaine (20 mL). This was injected subcutaneously at the site at which the patient was 
experiencing the most pain (2 mL for each part and up to 10 parts to cover the entire pain area).

Efficacy Assessment and Follow-Up
Baseline demographic characteristics were collected, including age, sex, side on which the pain was distributed, nerve branches 
affected, disease duration, and concomitant disease. The VAS (visual analogue scale) was used to measure the severity of pain 
(0 = no pain and 10 = intolerable pain). The patients were evaluated at baseline (T0), post-PRF (T1) and at 1 month (T2), 3 months 

Figure 4 CT guided neck (A), chest (B) and lumbar (C) puncture (two-dimensional display shows that the needle tip is located outside the intervertebral foramen). 
Note: The red arrow indicates the current position reached by the puncture needle, and the blue arrow indicates the intervertebral foramen.

Figure 5 CT guided neck (A), chest (B) and lumbar (C) puncture (three-dimensional imaging shows that the needle tip is located outside the intervertebral foramen). 
Note: The red arrow indicates the current position reached by the puncture needle, and the blue arrow indicates the intervertebral foramen.

Figure 6 CT showed that ozone diffused well in ipsilateral epidural and intervertebral foramen; (A) ozone diffused well around the dorsal root ganglion of the neck; (B) 
ozone diffused well around thoracic dorsal root ganglion; (C) ozone diffused well around the lumbar dorsal root ganglion. 
Note: The red arrow indicates the ozone position.
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(T3), 6 months (T4), and 12 months (T5) after PRF. The quality of the patients’ sleep was assessed using the Pittsburgh Sleep 
Quality Index (PSQI), which consists of 19 individual items weighted on a 0-to-3 interval scale; this index yields scores ranging 
from 0 to 20, and lower scores denote better sleep quality. The items on the PSQI were summed to create a total score that 
measured overall sleep quality.

The dose of pregabalin and the total number of subcutaneous injections were observed and recorded at each 
observation time point. The total ineffective treatment rate was defined as a pain score ≥ 3/10 with the need for 
continuous analgesia or other remedies. All adverse events, including numbness, haemorrhage, infection, pneumothorax, 
and spinal injury, were recorded. A physician who was blinded to patient status was responsible for data collection.

Statistical Analysis
SPSS 26 (IBM Corporation, Armonk, NY, USA) was used to perform statistical analysis of the demographic and clinical data. 
The Shapiro‒Wilk (SW) test was performed to analyse the normality of the measurement data. Normally distributed measure
ment data are presented as mean±SD. The differences between the two groups were compared using the t-test, and the differences 
between more than two groups were analysed by repeated ANOVA. Counting data are expressed as frequencies and rates, and 
categorical variables were tested using the chi-square test or Fisher’s test. Measurement data that show a nonnormal distribution 
are presented as the median (quartile) [M (Q25, Q75)], and the Kruskal‒Wallis rank sum test was applied. Multiple comparisons 
were made using the Bonferroni test. This study is a retrospective analysis. All statistical analyses and charts were prepared using 
GraphPad Prism 8.0 and Adobe Photoshop CS6. P<0.05 was considered to indicate statistical significance.

Results
General Characteristics of Patients
Eighty-four patients were included in this retrospective study. The patients were divided into 3 groups (AHN: 13.860 
±3.923, SHN: 54.940±6.550, and PHN: 102.710±6.524) according to the disease phase. The patients’ age, gender, sex, 
dermatome involved dermatome, VAS scores, comorbidities, and duration of pain are summarized in Table 1. All patients 
successfully underwent PRF combined with ozone injection. The key difference across the 3 groups was the duration of 
pain. One patient in the SHN group and one in the PHN group were lost to follow-up 6 months after surgery.

Table 1 Baseline Characteristics of the Study Patients

Demographic Information AHN Group SHN Group PHN Group P value

Age, years, mean±SD 61.960±12.300 61.060±12.187 62.630±14.598 0.902

Gender, n, male/female 8/20 14/18 9/15 0.476

Pain duration, days, mean±SD 13.860±3.923 54.940±6.550 102.710±6.524 <0.001

Left/right, n 14/14 15/17 11/13 0.951

Involved dermatome, n 0.168

Cervical, n 4 (14.3%) 3 (9.4%) 2 (8.3%)

Thoracic, n 15 (53.6%) 18 (56.2%) 7 (29.2%)

Lumbosacral, n 9 (32.1%) 11 (34.4%) 15 (62.5%)

Pain VAS score, mean±SD 6.73±0.94 6.68±1.11 6.47±1.32 0.682

Comorbidities (n,%) Hypertension 3(10.7%) 3(9.4%) 4(16.7%) 0.687

Comorbidities (n,%) Diabetes 5(17.9%) 6(18.8%) 7(29.2%) 0.548

Comorbidities (n,%) Tumour 3(10.7%) 3(9.4%) 4(16.7%) 0.687

Note: Numeric values are expressed as numbers (%). 
Abbreviations: AHN, acute herpetic neuralgia; SHN, subacute herpetic neuralgia; PHN, postherpetic neuralgia.
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VAS Scores
Compared with the preoperative VAS, the postoperative VAS in all three groups decreased significantly (P < 0.05) 
(Figure 7A). This difference was maintained for up to one year. Compared with the PHN group, the VAS scores of the 
AHN group and the SHN group were lower at each time point after the operation, and the difference was statistically 
significant (#P < 0.05) (Figure 7B). There was no significant difference in VAS score between the AHN group and the 
SHN group (P > 0.05) (Figure 7B).

Pittsburgh Sleep Quality Index (PSQI) Assessment
Compared with the PSQI scores before the operation, the PSQI scores of the patients in all three groups were decreased, 
and sleep quality was significantly improved (P < 0.05) (Figure 8A). There was no significant difference between the 
AHN group and the SHN group in PSQI score on the day after the operation (P > 0.05) (Figure 8B). Compared with the 
PSQI scores of the AHN and SHN groups, the PSQI scores of the patients in the PHN group increased at each time point 
after the operation, and the difference was statistically significant (#P < 0.05) (Figure 8B).

Figure 7 Change in visual analogue scale(VAS). (A) The average VAS score for all patients with ZAP decreased significantly after PRF combined with ozone injection 
treatment; (B) the mean VAS scores in the AHN and SHN groups dropped significantly compared with the VAS score of the PHN group at the time of post-PRF combined 
with ozone injection treatment. T0: at baseline; T1: post-PRF; T2: 1 months after PRF; T3: 3 months after PRF, T4: 6 months after PRF; T5: 12 months after PRF; #P < 0.05. 
Abbreviations: ZAP, zoster-associated pain; AHN, acute herpetic neuralgia; SHN, subacute herpetic neuralgia; PHN, postherpetic neuralgia; VAS, visual analogue scale.

Figure 8 Change in Pittsburgh Sleep Quality Index (PSQI). (A) The average PSQI scores reduced significantly after PRF combined with ozone injection treatment; (B) the PSQI scores 
in the AHN and SHN groups decreased more significantly compared with the score in the PHN group at any time point after PRF combined with ozone injection treatment. T0: at 
baseline; T1: post-PRF; T2: 1 months after PRF; T3: 3 months after PRF; T4: 6 months after PRF; T5: 12 months after PRF; #P < 0.05. 
Abbreviations: ZAP, zoster-associated pain; AHN, acute herpetic neuralgia; SHN, subacute herpetic neuralgia; PHN, postherpetic neuralgia; PSQI, Pittsburgh Sleep Quality Index.
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Consumption of Pregabalin and Remediation Events
The data (Figure 9A) showed that the daily dosage of oral pregabalin in the three groups gradually decreased with the passage of 
time. However, compared with the AHN group and the SHN group, the daily dosage of oral pregabalin was higher in the PHN 
group during postoperative follow-up (#P < 0.05) (Figure 9B). The results showed that three individuals in the PHN group 
received rescue treatment on the second day after the operation, while the patients in the AHN and SHN groups received no 
subcutaneous injections (Figure 10). The follow-up results showed that the numbers of remediations performed in the patients in 
the AHN group at 1 month, 3 months, 6 months and 12 months after surgery were 6, 21, 24 and 25, respectively. In the SHN 
group, the numbers of remediations were 7, 22, 25 and 26 at 1 month, 3 months, 6 months and 12 months, respectively. In the 
PHN group, we observed that the number of remediations was significantly increased to 23, 45, 54 and 60 at 1 month, 3 months, 
6 months, and 12 months after surgery, respectively (Figure 10).

Ineffective Therapeutic Rate
The total ineffective therapeutic rate was calculated based on patient pain VAS score >3/10 and a need for ongoing 
medical remedy or subcutaneous injection. The total ineffective therapeutic rates in the AHN group were 0% (0/28), 

Figure 9 Consumption of pregabalin doses before and after treatment. (A) The dosage of pregabalin was significantly reduced in patients with ZAP after operation 
compared with that before operation; (B) the daily oral dose of pregabalin was higher in the PHN group during postoperative follow-up than in the AHN and SHN groups. 
T0: at baseline; T1: post-PRF; T2: 1 months after PRF; T3: 3 months after PRF; T4: 6 months after PRF; T5: 12 months after PRF; #P < 0.05. 
Abbreviations: ZAP, zoster-associated pain; AHN, acute herpetic neuralgia; SHN, subacute herpetic neuralgia; PHN, postherpetic neuralgia.

Figure 10 Comparison of remedy times. 
Abbreviations: AHN, acute herpetic neuralgia; SHN, subacute herpetic neuralgia; PHN, postherpetic neuralgia.
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7.14% (2/28), 17.85% (5/28), 17.85% (5/28), and 14.28% (4/28) post-PRF and at 1, 3, 6, and 12 months of follow-up, 
respectively. In the SHN group, the rates were 0% (0/32), 12.50% (4/32), 18.75% (6/32), 19.35% (6/31), and 16.13% (5/ 
31) at the same follow-up points, and in the PHN group they were 8.33% (2/24), 20.8% (5/24), 33.33% (8/24), 30.43% 
(7/23), and 30.43% (7/23) (Table 2).

Side Effects
No serious adverse events were observed during the procedure or during the follow-up period. Potential serious adverse 
events included leakage of cerebrospinal fluid, numbness, haemorrhage, infection, pneumothorax, and spinal injury. Only 
one patient experienced a minor complication during treatment. This patient, who underwent ozone injection near the DRG 
at C5, experienced dizziness, nausea, vomiting, pale face and abrupt haemodynamic deterioration. This deterioration 
manifested as a decrease in blood pressure (BP) from 135/82 mmHg to 80/55 mmHg and a decrease in heart rate (HR) from 
75 bpm to 53 bpm. The puncture needle was immediately removed from the patient’s neck, he was immediately returned to 
a supine position, and the intravenous infusion rate and the oxygen uptake concentration were increased. After approxi
mately 5 minutes, the patient’s HR and BP returned to the initial level, and the above symptoms disappeared. After 20 
minutes of observation, the patient was returned to the ward safely without further adverse reactions.

Discussion
ZAP, neuropathic pain associated with HZ in patients during and after HZ healing, causes a certain burden to families and 
to the medical system and affects the quality of life of sufferers for a prolonged period of time.20 Therefore, it is 
particularly important to implement minimally invasive interventional therapy as early as possible in patients for whom 
conventional drug treatment and conservative treatment are ineffective.

The retrospective study reported here included 84 patients with ZAP who received PRF combined with ozone 
injection in our hospital. The patients were divided into 3 groups according to the duration of their illness; there were 28 
cases in the AHN group, 32 cases in the SHN group, and 24 cases in the PHN group. It was found that the VAS and PSQI 
scores of all patients were lower at each observation point after the operation than they had been before the operation, 
indicating that this operation has a good therapeutic effect on patients with ZAP. The VAS and PSQI scores of the 
patients in the AHN and SHN groups were lower than those of the patients in the PHN group post-PRF and at 1, 3, 6, and 
12 months after the operation. The results show that application of this minimally invasive surgical method greatly 
improves the quality of life and the sleep quality of patients with ZAP and results in a shorter course of the disease.

The DRG, which contain neurons with many receptor channels, are sensory ganglia. The DRG are also the location at 
which latent VZV lies dormant. As a consequence, they are primary targets for relieving ZAP.21 Individual DRG were 
selected as the target of minimally invasive interventional PRF therapy in this study. Ozone injection around the DRG 
should be accurate. It is also desirable that part of the ozone injection enter the lateral dural cavity, where it can act on the 
posterior horn of the spinal cord. Therefore, the accuracy of tip positioning is very important. CT guidance of tip 

Table 2 Occurrence of Ineffective Therapeutic Rate at Various Time Points

Ineffective Therapeutic Rate (%) Group

AHN Group SHN Group PHN Group

Post-PRF 0/28, 0% 0/32, 0% 2/24, 8.33%

1 month 2/28, 7.14% 4/32, 12.50% 5/24, 20.8%

3 month 5/28, 17.85% 6/32, 18.75% 8/24, 33.33%

6 month 5/28, 17.85% 6/31, 19.35% 7/23, 30.43%

12 month 4/28, 14.28% 5/31, 16.13% 7/23, 30.43%

Note: Numeric values are expressed as numbers (%). 
Abbreviations: AHN, acute herpetic neuralgia; SHN, subacute herpetic neuralgia; PHN, postherpetic neuralgia.
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positioning is safe and accurate. CT two-dimensional imaging and three-dimensional localization can enable the 
practitioner to accurately find the target, thereby minimizing complications and benefitting patients.

A recent retrospective study found that it may be difficult to ensure long-term efficacy of early adjuvant analgesic drugs 
in the treatment of ZAP.22 Clinically, some patients with ZAP find that they must reduce or stop medication because of the 
side effects of the drugs used. For such patients, nondrug therapy is very important. Therefore, we selected patients with 
poor response to drug therapy and other conservative treatments and treated them with PRF combined with ozone injection 
therapy. We found that the shorter the course of the patients’ disease was, the higher the effective rate and the lower the 
number of remediations applied. This indicates that early surgical intervention is very important for patients with ZAP.

PRF therapy for ZAP achieves its analgesic effects through neural regulation.23,24 The mechanism of these effects may 
be related to generation of the nerve thermal disconnection effect, to changes in synaptic transmission, cell morphology or 
c-fos gene expression in the superficial layer of the spinal dorsal horn, to weakening of microglial activation, and/or to 
reverse blocking of abnormal impulse transmission by small unmyelinated nerve fibres. The effects may also be related to 
an increase in norepinephrine and 5-hydroxytryptamine, neurotransmitters that activate the spinal descending inhibitory 
system, regulate the level of central pain mediators, and affect the expression of neuronal genes.8,25,26 Therefore, in this 
study, the DRG at the cervical intervertebral foramen, the thoracic intervertebral foramen and the lumbar intervertebral 
foramen were treated with PRF. During the operation, the abnormal sensation in the original area in which the patient 
experienced ZAP was replicated accurately, and radiofrequency treatment of three consecutive ganglia was performed at 
the same time to ensure coverage of the entire pain area and achieve good surgical results.

Ozone has been comprehensively used in the treatment of chronic pain because of its strong oxidizing activity. Local injection 
of ozone can quickly relieve pain, nerve congestion and oedema, and it also reduces the local tissue temperature and increases the 
supply of oxygen to the tissue.27,28 Ozone kills bacteria, inactivates viruses and spreads easily.29 In this study, ozone was injected 
around the spinal nerve. This can effectively eliminate pain-inducing factors such as substance P, bradykinin, and interleukins 
around the spinal nerve root and the DRG, reduce the production of local inflammatory mediators, improve the local oxygen 
state, and promote repair of the injured nervous system tissue.30,31 The use of ozone near the DRG is very safe, and it can be 
injected around the intervertebral foramen. Ozone destroys the cell membranes of bacteria by oxidizing phospholipids and 
lipoproteins; it also inhibits the growth of fungi, destroys viral capsids, and disrupts the viral reproductive cycle by destroying the 
oxidative contact between viruses and cells.32–34 Our follow-up results showed that the VAS scores of the patients in the three 
groups were decreased both on the day after the operation and at 1, 3, 6, and 12 months after the operation, and their daily dosage 
of pregabalin was reduced, indicating that PRF combined with ozone injection has good clinical efficacy in the treatment of ZAP.

Interestingly, a 12-month retrospective analysis of patients with different courses of disease found that the VAS scores 
of patients in the AHN and SHN groups decreased more significantly than those of patients in the PHN group at each 
time point after the operation and that pregabalin dosage was lower in the AHN and SHN groups. In that study, the sleep 
quality of the PHN treatment group was worse than that of the other two groups after the operation, indicating that early 
implementation of PRF combined with ozone injection can significantly improve the sleep status of ZAP sufferers and 
improve their quality of life. Therefore, early application of PRF combined with ozone injection may result in earlier 
repair of peripheral nerve fibres, alleviate neurogenic inflammatory reactions, reduce peripheral and central nerve 
sensitization, inhibit plastic changes in the nervous system, and block progression to chronic pain.

For patients who experienced poor surgical effects and were unable to tolerate oral drug treatment, we used local 
injections of lidocaine and triamcinolone acetonide to remedy the damaged skin. Lidocaine works by partially inhibiting 
the voltage-gated sodium channels of damaged or dysfunctional unmyelinated C fibres and small myelinated A fibres.35 

Corticosteroids have a potent anti-inflammatory effect that might alleviate nerve damage and thereby relieve HZ pain and 
prevent PHN.36 In comparison, subcutaneous injection of lidocaine and triamcinolone is a simple and safe method that 
blocks abnormal impulse transmission by the injured peripheral nerve and reduces inflammation and pain. After 1 year, 
the total number of remediations performed in the three groups were 25, 26, and 60, indicating that subcutaneous 
injection was relatively effective at relieving pain in the early stage of ZAP.

In terms of complications, one patient with HZ in the upper limbs had an adverse reaction after ozone injection during the 
operation. This may be related to stimulation of the carotid sinus after ozone injection, injury to the vertebral artery and its 
branches, or to the rapid rate at which the ozone was injected, which may have caused the epidural pressure to increase, 
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resulting in increased intracranial pressure. This finding prompts us to pay attention to the following in future operations: (1) 
the ozone should be injected slowly; (2) contrast media should be used before ozone injection to further predict the distribution 
of the injected drug and reduce the risk of its entering the blood and damaging other surrounding tissues; (3) during the 
operation, ozone should be injected intermittently, and the patients’ feelings should be monitored constantly so that adverse 
reactions can be identified and handled in time; and (4) when a high spinal cord segment is being treated, the amount of ozone 
injected can be reduced appropriately according to the size of the spinal canal and the intervertebral foramen.

Limitations
Our study has several limitations. First, it has a retrospective design with a small sample size and a long follow-up 
interval. There may be some uncontrolled confounding factors in data collection. More high-quality prospective clinical 
trials with large sample sizes and long observation times are needed for further research and exploration. Second, we only 
included patients with HZ located in the cervical to lumbosacral areas. The effect of PRF combined with ozone injection 
on patients with facial HZ remains unknown. Third, this study cannot provide standardized guidelines regarding the use 
of PRF, such as treatment cycle, set frequency or accurate intervention time.

Conclusions
CT-guided PRF combined with ozone injection is safe and effective for ZAP patients, and its short-term and long-term 
effects are significant. In a sense, early PRF combined with ozone injection is more effective.

Abbreviations
AHN, acute herpetic neuralgia; BP, blood pressure; DRG, dorsal root ganglia; HR, heart rate; HZ, Herpes zoster; IVF, 
intervertebral foramen; PHN, postherpetic neuralgia; PRF, pulsed radiofrequency; PSQI, Pittsburgh Sleep Quality Index; 
SHN, subacute herpetic neuralgia; T0, at baseline; T1, post-PRF; T2, at 1 month after PRF; T3, at 3 months after PRF; 
T4, at 6 months after PRF; T5, at 12 months after PRF; VAS, visual analogue scale; VZV, varicella zoster virus; ZAP, 
zoster-associated pain.
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