
Background: Trigeminal postherpetic neuralgia is a severe neuropathic pain and often refractory 
to existing treatment, it develops secondary to herpes zoster-infected Gasserian ganglion. 
Therefore, it is important to prevent the transition of acute/subacute zoster-related pain to 
trigeminal postherpetic neuralgia. Despite numerous studies, the optimal intervention that reduces 
trigeminal postherpetic neuralgia incidence is still unknown.

Objectives: This study aimed to evaluate the efficacy and safety of high-voltage, long-duration 
pulsed radiofrequency (PRF) on the Gasserian ganglion in patients with acute/subacute zoster-
related trigeminal neuralgia.

Study Design: Prospective, randomized, double-blinded study. 

Setting: Department of Pain Medicine, the First Affiliated Hospital of China Medical University.

Methods: Ninety-six patients with acute/subacute zoster-related trigeminal neuralgia were 
equally randomly assigned into 2 groups. The electrode needle punctured the Gasserian ganglion 
guided by computed tomography in every patient. High-voltage, long-duration PRF at 42°C for 
900 seconds was applied in the PRF group (n = 48). It was also applied in the sham group (n = 
48) without radiofrequency energy output. The therapeutic effects were evaluated using a visual 
analog scale (VAS) and the 36-Item Short Form Health Survey (SF-36) at different time points. The 
average dosage of pregabalin (mg/d) administrated within the first month after treatment was also 
recorded.

Results: The postprocedure VAS scores in the PRF group were significantly lower than those in the 
sham group at different time points after treatment (P < 0.01). The SF-36 scores, which included 
physical functioning, physical role, bodily pain, general health perceptions, vitality, social function, 
emotional role, and the mental health index, were significantly improved at the sixth month 
after treatment in the PRF group compared with the sham group (P < 0.01). The average dosage 
of pregabalin administered (mg/d) within the first month after treatment was also significantly 
reduced in the PRF group compared with the sham group (P < 0.01). There were no bleeding, 
infection, or other severe side effects in both groups. 

Limitations: Single center study, relatively small number of patients.

Conclusions: High-voltage, long-duration PRF on the Gasserian ganglion is an effective and safe 
therapeutic alternative for patients with acute/subacute zoster-related trigeminal neuralgia. 
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Inclusion Criteria
Eligible patients were aged > 60 years and had a 

HZ history < 90 days. Additional inclusion criteria com-
prised individuals with HZ who had been refractory to 
formal treatment, such as antiepileptic medicine, anti-
depressants, opioids, or physical treatments, according 
to the International Association for the Study of Pain 
guidelines (17), and a visual analog scale (VAS) score ≥ 5 
on a scale of 0 to 10.

Exclusion Criteria
The exclusion criteria included intolerance to the 

study procedures, coagulation disorders or applied an-
ticoagulant, uncooperative behavior (i.e., the patient 
did not provide an immediate response), or the intel-
lectual inability to complete the  self-evaluation ques-
tionnaires (VAS and 36-Item Short Form Health Survey 
[SF-36]).

Randomization and Sequence Generation
A total of 143 patients were initially enrolled. How-

ever, 47 patients had to be excluded because of refusal 
to participate or they did not meet inclusion criteria 
(29 patients did not meet inclusion criteria, 10 patients 
declined to participate, and 8 patients for other rea-
sons). Therefore, 96 patients were finally enrolled and 
randomly assigned by means of a computer-generated 
random allocation sequence into one of 2 groups: a 
PRF group in which high-voltage, long-duration PRF on 
the Gasserian ganglion was applied (n = 48), or a sham 
group in which the method was followed as in the PRF 
group except that radiofrequency energy was not ap-
plied (n = 48) (Fig. 1).

Description of PRF
All patients were treated in the supine position 

and received 3 L per minute of oxygen. Oxygen satura-
tion, heart rate, and respiratory rate were monitored 
continuously after they reached the operation room.

Computed tomography (CT) was used to deter-
mine the route of percutaneous insertion. The inser-
tion point was marked on the skin of the cheek. After 
sterilization and local anesthesia with 0.5% lidocaine, 
a 20-G insulated needle (14.5 cm, with a 10-mm active 
tip, Baylis Medical Company, Montreal, Canada) was 
inserted and slowly advanced toward the foramen 
ovale along the designated path. When the depth of 
the needle reached the predefined depth, a new CT 
scan was performed to confirm the proper location of 
the needle tip. Thereafter, electrical stimulation was 

HHerpes zoster (HZ) is caused by the reactivation 
of varicella zoster virus after being latent in the 
sensory ganglia (1,2). Postherpetic neuralgia 

(PHN) is the most common and severe syndrome 
resulting from HZ. Painful trigeminal neuropathy 
attributed to HZ was described as unilateral facial 
pain of < 3 months duration in the distribution(s) of 
one or more branches of the trigeminal nerve, caused 
by and associated with other symptoms and/or clinical 
signs of acute HZ (3). Patients with trigeminal PHN 
often suffered more severe facial pain and had a poor 
quality of life (4,5). The mechanism of trigeminal PHN 
was multiple (6,7), however, there was no effective 
treatments to cure trigeminal PHN (8).

There are several risk factors associated with a 
higher risk to develop PHN (9,10) such as older age, 
severe acute pain, and severe rash. However, effective 
management for PHN remains largely obscure. There-
fore, it is better to avoid the transition of acute/sub-
acute HZ pain to PHN, and this prevention strategy is in 
line with international perception concerning chronic 
pain management (11,12).

Pulsed radiofrequency (PRF) is a novel therapeutic 
strategy that has recently been used (13) by pain prac-
titioners as a non- or minimally neurodestructive tech-
nique in which short bursts of high-frequency current 
are applied to nervous tissue. PRF is delivered in a pulse 
of 20 ms followed by a silent period of 480 ms to avoid 
radiofrequency heat lesions (14). This novel therapeutic 
strategy has recently been used to treat PHN (15), and 
we have confirmed that high-voltage, long-duration 
PRF on dorsal root ganglions represents an effective 
and safe method for patients with PHN (16). Thus, 
the aim of this study was to verify high-voltage, long-
duration PRF on the Gasserian ganglion could improve 
acute/subacute zoster-related trigeminal neuralgia.

Methods

Study Patients
In accordance with the ethical principles of the 

Declaration of Helsinki, the current study was designed 
as a prospective, randomized controlled clinical trial con-
ducted from June 1, 2016 to September 1, 2018. The study 
protocol was approved by the human ethics committee 
of the First Affiliated Hospital of China Medical University 
(No: 2016-175-15). All patients read the informed con-
sent form and agreed to the therapeutic protocol. This 
trial was registered with chictr.org.cn (number ChiCTR-
IPR-16015375. Consent forms were signed by patients.
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Fig. 1. Flowchart showing assignment of  96 patients randomly assigned to the intervention and control groups.

performed (sensory [50 Hz] and motor [2 Hz]) and the 
needle position adjusted until the stimulation elicited 
paresthesia in the affected area (Fig. 2).

After the Gasserian ganglion were attained, PRF 
treatment was performed using the Pain Management 
Generator (PM-230, Baylis Medical Company). The PRF 
mode with the basic settings of 42°C, 2 Hz, 20 ms, and 
900 seconds was used. The initial electric voltage was 
40 V, which was then gradually increased until the pa-
tients could not tolerate the abnormal sensations (e.g., 
burning pain). All patients tolerated their individual 
maximal voltage (60-90 V) until the 900 second PRF was 
terminated.

Blinding 
The PRF procedures were performed by the same 

investigator (T.S.) and all follow-ups were performed by 

another investigator (W.C. and D.D.). The doctors par-
ticipating in the PRF treatment or follow-up activities 
were unaware of the groupings or the mode of the PRF 
used for each patient. The instrument was operated 
by a nurse (Y.S.) of our pain management center. The 
high-voltage, long-duration PRF was applied to the PRF 
group, with the same procedure applied to the sham 
group without any energy output. The nurse did not 
participate in any other therapeutic and follow-up ac-
tivities or trial discussions.

Drug Administration
The patients were administered pregabalin after 

treatment for pain control according to the severity 
of the pain. The other medication treatments were 
avoided. The dosage was increased or reduced accord-
ing to the alteration of the pain severity.
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Fig. 2. Representative CT image of  the electrode needle 
puncturing the Gasserian ganglion.

Outcome Measures

VAS
The VAS scores were evaluated before treatment 

and in the morning on days 3, 7, and 14, and month 1, 
3, and 6 after treatment.

SF-36 Score Evaluation 
The SF-36 health survey (12,18) was used to assess 

the health of the patients with PHN. Patients needed 
only 6 to 9 minutes to complete the test. The SF-36 as-
sesses nearly all conceptual domains of the substantially 
longer generic patient-based assessments, which have 
been used in other studies (19). The scores, including 
physical functioning, physical role, bodily pain, general 
health perceptions, vitality, social function, emotional 
role, and mental health index, were also evaluated 
before treatment and on day 7, and month 1, 3, and 6 
after treatment.

Average Dosage of Rescue Medication
Pregabalin 50-100 mg once every 12 hours orally 

was used as rescue medication for pain control at VAS 
≥ 3 and when the frequency of acute pain flares was 
> 3 times per day. The average dosages of pregabalin 
(mg/d) were collected on days 1, 3, 7, 14, and 28 after 
the treatment in each group. 

Side Effects
Any side effects, including bleeding at the punc-

ture site, infection, intracranial hemorrhage, and other 
adverse reactions were recorded at days 1, 3, and 7 
after treatment.

Statistical Analysis

Sample Size
According to our pilot study, the effective rate 

of the peripheral nerve adjustment in the test group 
was 70%, and the effective rate in the positive control 
group was 20%, so the difference between the effec-
tive rates in the 2 groups was 50%. Based on this infor-
mation, we then calculated that the estimated sample 
number was at least 23 in each group, which provided 
80% power and a level of statistical significance of 0.05 
(α = 0.05). Quantitative data were presented as mean 
and standard deviation (SD).

Data Analysis
Numeric variables are expressed as mean ± SD 

values and the number of observations. Categorical 
variables are described using the number of frequen-
cies and percentages. To assess whether group differ-
ences were compatible with pure chance, exploratory 
tests were performed. Therefore, all reported P values 
are descriptive. Associations of age with categorical 
variables were assessed by the 2-sample Wilcoxon test. 
Association of categorical variables was tested using 
the Fisher exact test. Statistical analysis was performed 
using the Statistical Package for Social Sciences Version 
19.0 (IBM Corporation, Armonk, NY). A P value < 0.05 
was considered to be statistically significant.

Results

Patient Demographics
The demographic characteristics of the patients, 

such as age, gender, weight, disease duration, pain 
scores, and trigeminal neuropathy distribution before 
treatment were similar between the 2 groups (Table 1). 
One patient in the sham group and one patient in the 
PRF group survived < 6 months, and 1 patient dropped 
out at 3 months in the PRF group, so we will eliminate 
their experimental data.

VAS
There was no significant difference in mean VAS 

score before treatment in the 2 groups. After treat-
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Fig. 3. Significantly decreased mean VAS scores after 
treatment. 
*P < 0.01 indicates pre-VAS versus post-VAS. #P < 0.01 indicates 
PRF group versus sham group.

Table 1. Baseline characteristics of  the patients (mean ± SD).

Patients
Sham Group

n = 48
(completed 47)

PRF Group
n = 48

(completed 46)

Age (years) 64.87 ± 15.21
(65.96 ± 13.66)

66.01 ± 12.28
(65.54 ± 13.28)

Female/male, n 28/20
(27/20)

25/23
(25/21)

Weight (kg) 67.46 ± 10.23
(68.19 ± 11.67)

65.98 ± 12.98
(65.64 ± 11.47)

Disease duration (days) 62.88 ± 18.21
(63.14 ± 18.53)

59.95 ± 21.72
(59.28 ± 16.64)

Average pain scores 7.23 ± 2.50
(7.31 ± 2.39)

7.35 ± 2.27
(7.32 ± 2.33)

Trigeminal distribution 
( I/II/III branch), n

7/15/26
(7/15/25)

6/17/25
(5/17/24)

ment, there was significant decline in both groups at 
different time points (*P < 0.01; Fig. 3), but VAS scores 
significantly declined at each time point after treatment 
in the PRF group compared with the sham group (#P < 
0.01; Fig. 3). 

SF-36
There was no significant difference in baseline of 

SF-36 scores before treatment in the 2 groups, but the 
index scores in general health, social function, emotion-
al role, mental health index, bodily pain, physical func-
tion, and physical role exhibited significant improve-
ments at different time point after treatment in both 
groups (*P < 0.01; Fig. 4). Thus, these index scores could 
significantly improve at each time point after treatment 
in the PRF group compared with the sham group (#P < 
0.01; Fig. 4).

Rescue Drug Dosage
The rescue drug (pregabalin) dosage administra-

tion per day was lower in the PRF group than those in 
the sham group at each time point after treatment (*P 
< 0.01; Fig. 5).

Side Effects
The main adverse reactions during PRF treatment 

included pain, tachycardia, and high blood pressure (es-
pecially when the field strength was enhanced). Drugs 
were administered to treat these symptoms, and the in-
tensity was slowly increased to reduce the adverse reac-
tions. Three patients in the PRF group and one patient 
in the sham group suffered bradycardia (heart rate < 
60) during puncturing through the foramen ovale; after 
they were administered atropine (0.5 mg), the heart 
rate returned to 60 to 70 beats per minute. No patients 
withdrew during the treatment because of an adverse 
reaction. 

After treatment, there was no bleeding at the 
puncture site, infection, intracranial hemorrhage, or any 
other serious adverse effects. Seven patients in the PRF 
group and 14 patients in the sham group suffered ec-
chymoma on the face; however, they rapidly recovered 
without adverse effects during the follow-up period.

Discussion

PHN is a refractory chronic neuropathic pain that 
can develop following an acute HZ infection. It is 
neuropathic pain, which appears spontaneously, and 
is accompanied by allodynia and hyperalgesia in the 
damaged area (20). There is no definitive treatment 

algorithm devised for all patients with PHN (21-24). 
Therefore, it is important to find a method in treat-
ing acute/subacute episodes of HZ-associated pain and 
preventing their further development to PHN. 

Following HZ infection, the virus damages sensory 
neurons, which causes alterations in the composition, 
distribution, and functional characteristics of the trans-
membrane ion channels of sensory neurons. These 
damaged sensory neurons produce abnormal electric 
impulses, which are transmitted to the spinal cord and 
induce spontaneous pain (25,26). Cell dehydration, 
decreased cell number, chronic inflammatory cell infil-
tration, and other pathological changes may occur in 
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Fig. 4. Significantly improved 
mean SF-36 scores after 
treatment. 
*P < 0.01 indicates pre-VAS versus 
post-VAS. #P < 0.01 indicates PRF 
group versus sham group.

the dorsal root ganglion (27). The Gasserian ganglion is 
the affected target in trigeminal HZ, thus, we treat the 
Gasserian ganglion as the therapeutic site. 

PRF is a technique that uses a discontinuous pulse 
current (20 ms, 2 Hz ). Tissue temperature diffuses during 
intermittent time, and neuromodulation is used to relieve 
pain after nerve injury (28). Previous studies have report-
ed some microdamage in axons (abnormal morphology of 
membrane and mitochondria, injury and disintegration of 
microfilaments and microtubules), and the higher extent 
of damage in C fibers compared with A-δ fibers (29). PRF 
can selectively affect the axons of small diameter C and 
A-δ nociceptive fibers, and can increase the expression of 
activating transcription activator 3 of C and A-δ fibers (30). 

There is no significant correlation between its biological 
effects and thermal damage.

We have confirmed that bipolar high-voltage, 
long-duration PRF on diagnosis-related groups repre-
sents an effective and safe method for patients with 
PHN in our previous studies (16). Thus, in the current 
study, the voltage was gradually increased from 40 V 
to a maximum level according to the patient’s indi-
vidual level of tolerance (i.e., the level at which the 
patient was unable to tolerate the burning feeling, 
which represents thermal inductance from PRF). The 
absolute maximum was 100 V. Previous research (31,32) 
has demonstrated that increasing the exposure time to 
PRF current produced a significant anti-allodynic effect; 
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thus, the longest PRF (900 seconds) for each patient 
was adopted in the current study.

In our study, we found that the patients in both 
groups obtained significantly decreased VAS scores 
after treatment (P < 0.01) and experienced significantly 
improved quality of life (P < 0.01). The comparison 
of indices in the 2 groups at each time point showed 
that the improvement in the PRF group was more 
significant, whereas that in the control group was less 
significant; the difference was statistically significant (P 
< 0.01), thus suggesting the effectiveness of PRF treat-
ment. The dosage of pregabalin administered per day 
was significant lower in the PRF group than those in 
the sham group at each time point after treatment (P < 
0.01). Therefore, PRF in the acute/subacute phase of HZ 
could be important for preventing the occurrence and 
development of PHN.

However, there were several limitations in our 
current study design, which should be addressed in 
future trials. First, the patients were recruited from a 
single center, and the sample size was relatively small. 
Second, the patients were only followed for 6 months 
after treatment. Future studies should include a large, 
prospective study across multiple sites and a longer 
length of follow-up. However, the current findings 
provide strong preliminary evidence that PRF is an 
effective pain relief method for acute/subacute zoster-
related trigeminal neuralgia. 

Conclusions

High-voltage, long-duration PRF on the Gasse-
rian ganglion can obviously relieve the pain of acute/
subacute zoster-related trigeminal neuralgia, thus im-
proving the quality of life and reducing the necessary 
dosage of antiepileptic drugs.

Fig. 5. Significantly decreased mean dosages of  pregabalin 
after treatment. 
*P < 0.01 indicates PRF group versus sham group.
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