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Abstract
Background: Trigeminal postherpetic neuralgia (PHN), developed from herpes zoster virus infected on
gasserian ganglion, is a severe neuropathic pain and often refractory to existing treatment. Pulsed
radiofrequency (PRF) is known to be effective for treating acute/subacute zoster-related pain, but the
effectiveness of different PRF mode has not been tested.

Objective: This study aimed to investigate the e�cacy and safety of different PRF modes on gasserian
ganglion in patients with acute/subacute zoster-related trigeminal neuralgia.

Methods: 120 patients were equally randomized into 2 groups (n = 60): high-voltage, long-duration
PRF(HL-PRF) group and standard PRF(S-PRF) group. One cycle high-voltage, long-duration PRF was
applied in HL-PRF group and three cycles standard PRF were performed in S-PRF group. Visual analog
scales (VAS), 36-item short form health survey scores (SF-36) and average doses of pregabalin were
recorded at different time points. 

Results: There were signi�cant declined in VAS and SF-36 scores in both two groups at different time
point after PRF treatment (P < 0.001). The scores of VAS and SF-36 in HL-PRF group were signi�cantly
lower than those in S-PRF group at different time points after treatment (P < 0.05). The dosages of
pregabalin were also lower in HL-PRF group at days 3, 14 and 28 after treatment (P < 0.05). There was no
serious adverse effect in either group.

Conclusion: High-voltage, long-duration PRF on gasserian ganglion is more effective than standard PRF
for acute/subacute zoster-related trigeminal neuralgia patients.

Clinical Trial Registration: ChiCTR2000038775

Background
Herpes 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 resulted from HZ,
manifesting as a persistent spontaneous, knife-like pain or paroxysmal burning that seriously affects a
patient’s quality of life(3). HZ infection of the trigeminal nerve is a high risk factor for trigeminal PHN(4)
and patients often suffered more severe facial pain with a poor quality of life (5,6).

Several risk factors, such as older age, severe acute pain, severe rash, immunocompromised etc, were
associated with higher risk to develop from HZ to PHN(7,8). The mechanism of trigeminal PHN was
multiple (9,10), thus there was no effective treatments to cure trigeminal PHN (11). Therefore, it is
essential to avoid the transition from acute/subacute HZ pain to PHN, and this prevention strategy is in
line with international perception concerning chronic pain management (12,13).

Pulsed radiofrequency (PRF) is a novel therapeutic strategy that has recently been used(14) by pain
practitioners as a non- or minimally neurodestructive technique. PRF is delivered in a pulse of 20
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milliseconds (ms) followed by a silent period of 480 ms to avoid radiofrequency heat lesions(15).
Previous researches demonstrate that standard mode PRF was an effective therapies for treating
PHN(16–18), thus our studies have con�rmed that high-voltage, long-duration PRF on ganglions
represented an effective and safe method for PHN patients(19,20). Nevertheless, it is still not clear that
which mode of PRF could get better pain relief. Hence, the aim of this study was to compare the clinical
effect of two modes in treating acute/subacute zoster-related trigeminal neuralgia.

Methods
Study Participants

In accordance with the ethical principles of the Declaration of Helsinki, the current study was designed as
a prospective, randomized controlled clinical trial conducted from February 14, 2019 to March 31, 2020.
The study protocol was approved by the Human Ethics Committee of the First A�liated Hospital of China
Medical University (No: 2018 − 308). Informed consent forms were signed by all patients. This trial was
registered with chictr.org.cn (number ChiCTR2000038775). Consent forms were signed by all patients.

Inclusion Criteria

(1) Patients were older than 60 years. (2) Trigeminal HZ course less than 3 months and conservative
treatment, such as antiepileptic medicine, antidepressants, opioids, or physical treatments, according to
the international association for the study of pain guidelines(21), was ineffective. (3) Skin lesions had
healed, but there was still persistent, intense and intractable pain, local skin hyperalgesia, numbness, and
sensory abnormalities. (4) Visual analog scale (VAS) score ≥ 5points in 24 hours.

Exclusion Criteria

(1) Patients were intolerance to the study procedures, coagulation disorders or applied anticoagulant,
uncooperative behavior (i.e., the patient did not provide an immediate response). (2) Patients suffered
severe liver and kidney dysfunction or severe cardiopulmonary disease. (3) Drug abuse. (4) Patients were
intellectual inability to complete the self-evaluation questionnaires [VAS and 36-item Short Form health
survey (SF-36)].

Randomization and Sequence Generation

157 patients were initially enrolled, but 37 patients had to be excluded for this study (19 patients not
meeting inclusion criteria, 10 patients declined to participate and 8 patients for other reasons). Therefore,
120 patients were �nally enrolled and randomly assigned by means of a computer-generated random
allocation sequence into two groups: high-voltage, long-duration PRF(HL-PRF) group in which one cycle
high-voltage, long-duration for 900 seconds PRF was applied was applied (n = 60) and standard PRF(S-
PRF) group in which three cycles standard PRF for 120 seconds were performed (n = 60) (Fig. 1).

Description of PRF
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All patients were treated in the supine position and received 2 L/minute of oxygen through nasal catheter.
Heart rate, respiratory rate and oxygen saturation (SaO2) were monitored continuously during the
treatment.

Computed tomography (CT) was used to determine the route of percutaneous insertion. The insertion
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) was inserted and
slowly advanced toward the foramen ovale along the designated path. When the depth of the needle
reached the prede�ned depth, a new CT scan was performed to con�rm the proper location of the needle
tip. After the tip of needle puncture through the site of the foramen ovale no more than 1.0 centimeter.
The electrical stimulation was performed to assure coverage of affected area: (1) sensory [50 Hz], 0.1–
0.3 V, to induce paresthesia in the herpes area. (2) motor [2 Hz] 0.3–0.5 V, jaw tremor will be induced
when V3 division is affected. The needle tip was adjusted slowly until the sensation and movement
determined that the affected area was completely covered and other normal areas were avoided to cover
(Fig. 2).

After the gasserian ganglion were attained, PRF treatment was performed using the Pain Management
Generator (PM-230, Baylis Medical Company, Montreal, Canada). In HL-PRF group, PRF treatment was
initiated with following parameters: 42 °C, 2 Hz, 20 ms pulses in a 1-second cycle, and 900 seconds
duration time. The initial voltage output was 40 V, which was then gradually increased until the patients
could not tolerate the abnormal sensations (i.e., burning pain). The maximal voltage output ranged from
60 to 100 V according to the patient's individual tolerance until the 900-seconds PRF treatment was
terminated. In S-PRF group, PRF treatment was as following settings: 42 °C, 2 Hz, 20 ms pulses in a 1-
second cycle, and 120 seconds duration time. Three cycles were performed as auto standard mode
(Fig. 3).

Blinding

The surgical and PRF procedures were only performed by the same investigator (Dr. 1) and others did not
know which PRF mode was chosen. All follow-ups were performed by another investigator (Dr 2 and Dr
3). The instrument was operated by a nurse (Nurse 1) of our pain management center. The two mode PRF
were applied to two groups. The nurse did not participate in any other therapeutic and follow-up activities,
or trial discussions.

Drug administration

All the patients were treated with pregabalin if the patient suffered severe pain after treatment. The other
medication treatments were avoided to be used. The dosage was increased or reduced according to the
alteration of the pain severity.

Primary Outcome

VAS
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The VAS scores were evaluated before treatment and in the morning on days 3, 7, and 14, and months 1,
3 and 6 after treatment.

Secondary outcomes

SF-36 Score Evaluation

The SF-36 health survey(13,22) was used to assess the health of the PHN patients. Patients needed only
6–9 minutes to complete the test. It assesses nearly all conceptual domains of the substantially longer
generic patient-based assessments (PBAs), which have been used in other studies (23). The scores,
including bodily pain, general health, mental health, physical function, physical role, role-emotional, social
function and vitality, were also evaluated before treatment and on days 7, and months 1, 3, and 6 after
treatment.

Average dosage of rescue medication (mg/d)

The initial oral dose of pregabalin was 50 mg every 12 hours. We could gradually increase the dose in the
event of the VAS scores were ≥ 3or when the frequency of acute pain �ares was more than 6 times per
day. The average dosages of pregabalin (mg/d) were collected on days 1, 3, 7, 14, and 28 after the
treatment in two groups.

Side Effects

Any side effects, including bleeding at the puncture 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 previous study(24), the effective rate of semilunar ganglion adjustment in the test group
was about 90%, and the effective rate in the positive control group was about 52%, so the difference
between the effective rates in the 2 groups was 38%. Based on this information, Thus, we determined that
a sample size of at least 28 in each group would enable us to detect a signi�cant difference with a power
of 0.8 and a type-I error of 0.05. We estimated the potential maximal dropout rates as 5%, thus set the
�nal sample size of 120.

Data analysis

Numeric variables are expressed as mean ± standard deviation (SD) values and the number of
observations. The normal distribution of the continuous variables was tested using the Kolmogorov-
Smirnov test and all measurements fell in normal distribution. Values are expressed as mean and 95%
con�dence interval (CI). Categorical variables were tested using Fisher’s exact test. Statistical analysis
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was performed using the Statistical Package for Social Sciences version 19.0 (SPSS Inc., Chicago, IL,
USA). A p value < 0.05 was considered to be statistically signi�cant.

Results
Patient Demographics

There was no signi�cant difference in demographic characteristics, such as ages, gender, weights,
disease duration and pain scores, in the two groups (Table 1). 1 patient in HL-PRF group was survived
less than 6 months; 2 patients in HL-PRF group and 2 patients in S-PRF group were dropped out during
follow-ups, so we will eliminate their experimental data (Fig. 1).
VAS

There was no signi�cant difference in mean VAS scores before treatment in two groups. After treatment,
there were signi�cant declined in both two groups at different time point (*P < 0.001; Fig. 4). But VAS
scores were signi�cantly declined at day 4, 7 and months 3, 6 after treatment in HL-PRF group compared
to S-PRF group(#P < 0.05; Fig. 4).
SF-36

There was no signi�cant difference in baseline of SF-36 scores before treatment in two groups, but the
scores of bodily pain, general health, mental health, physical function, physical role, role-emotional, social
function and vitality were signi�cantly improved at different time point after treatment in both two groups
(*P < 0.01; Fig. 5). Thus the scores of all other than role-emotional and vitality could be signi�cantly
improved at some time points after treatment in HL-PRF group compared to S-PRF group(#P < 0.05;
Fig. 5).

Rescue drug dosage (mg/d)
The rescue drug (pregabalin) dosage administration was lower in HL-PRF group than those in S-PRF
group at days 3, 14 and 28 after treatment (*P < 0.05; Fig. 6).

Side Effects

No patient was withdrawn the test duo to any adverse reaction. After treatment, there was no bleeding at
puncture site, infection, intracranial hemorrhage, or any other serious adverse effect in two groups. 7
patients in S-PRF group and 11 patients in HL-PRF group suffered ecchymoma on face; however, they
rapidly recovered without adverse effects during the follow-up period.

Discussion
PRF on Gasserian ganglion not only effectively relieved pain, but also signi�cantly improved the quality
of life for patients with acute/subacute zoster-related trigeminal neuralgia in this study. Our results also
demonstrated that high-voltage, long-duration PRF mode provides better analgesic effect and
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improvement of life quality than standard mode. No signi�cant difference was observed in other adverse
reactions between the two groups.

PHN is a severe pain syndrome that develop from re-activation of the herpes zoster virus. With the
damage caused by the virus, cell dehydration, decreased cell number, chronic in�ammatory cell
in�ltration and other pathological changes may occur in the primary sensory neurons, which lead to
neuropathic pain (25). PHN appears spontaneously, and is accompanied by allodynia, and hyperalgesia
in damaged area(26). The etiology and mechanism of PHN remains not completely clear, hence there are
no de�nite effective therapeutic drug or treatment for these patients(27–30).

The �fth cranial nerve, called the trigeminal nerve, is the dominate facial and orofacial sensory nerve. The
virus dormant in gasserian ganglion can reactivate and replicate when the body immune system weakens
at any point(31). Compared to PHN in other areas of the body, trigeminal herpes zoster pain has a high
probability of developing into PHN(32) and is more di�cult to get well pain relief with drugs and nerve
blocks treatment. Therefore, it is an essential strategy to treat acute/subacute episodes of HZ-associated
pain as early as possible to avoid the further development to PHN.

With a discontinuous pulse current (20 ms, 2HZ), PRF is a minimally invasive treatment(33) and acts as a
kind of neuromodulation to exert long-term analgesic effects(34). Previous studies have reported some
microdamages in axons (abnormal morphology of membrane and mitochondria, injury and disintegration
of micro�laments and microtubules), and the higher extent of damage in C �bers compared to A-δ after
PRF treatment on peripheral nerves(35). Both clinical and basic research have suggested that PRF could
be used to treat neuropathic pain. In some studies patients got better analgesic effect after PRF on
gasserian ganglion(36), hence we chose gasserian ganglion as therapeutic target in this study.

We have con�rmed that high-voltage, long-duration PRF mode on gasserian ganglion was an effective
and safe method for acute/subacute zoster-related trigeminal neuralgia in our previous studies(20). In
that study, the therapeutic voltage was gradually increased from 40 V to a maximum level according to
the patient’s individual level of tolerance. Every patient was treated with individualized voltage-dose and
obtained better therapeutic effect. Thus in other studies(36,37), standard PRF mode on gasserian
ganglion was applied to patients. All the patients were treated with same voltage-dose and obtained
better therapeutic effect as well. However, the question is that does these two PRF mode get same
therapeutic effect? This clinical trial was designed to verify this question.

Patients received high-voltage, long-duration PRF for 900 seconds in HL-PRF group but patients were
administered standard PRF for 120 seconds in 3 cycles in S-PRF group. Other treatment parameters
except voltage were the same in two groups. We found that the patients in both two groups obtained
signi�cantly decreased VAS scores after treatment (P < 0.001) and experienced signi�cantly improved
quality of life (P < 0.001). The comparison of VAS scores showed that there was a signi�cantly declined
at day 4, 7 and months 3, 6 after treatment in HL-PRF group compared to S-PRF group (P < 0.05). The SF-
36 scores of body pain, general health, mental health, physical function, physical role and social function
could be signi�cantly improved at some time points after treatment in HL-PRF group compared to
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another group (P < 0.05). The dosage of pregabalin administered was also signi�cant lower in HL-PRF
group compared to S-PRF group at days 3, 14 and 28 after treatment (P < 0.05). Therefore, we considered
that high-voltage, long-duration PRF could get better therapeutic effect for acute/subacute zoster-related
trigeminal neuralgia. There might be the following reasons: 1. Patients in HL-PRF group obtained long-
term neuromodulation on gasserian ganglion than those in S-PRF group. 2. Higher output voltage and
electrical �eld intensity might be another reason for better analgesic effect.

Nevertheless, 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 centers and a longer length of follow up.

Conclusion
In summary, high-voltage, long-duration PRF mode on gasserian ganglion could get better therapeutic
effect for acute/subacute zoster-related trigeminal neuralgia compared to standard PRF mode. There was
no difference in security for the two PRF modes.
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Table 1. 
Baseline characteristics of the participants (mean ± SD)

Patients S-PRF group

n = 60

(completed 58)

HL-PRF group

n = 60

(completed 57)

Age (years) 67.37±18.35

(67.96±18.66)

65.01±15.28

(65.54±16.02)

Female/male, n 22/26

(20/26)

25/23

(23/22)

Weight (kg) 69.36±11.23

(68.19±10.67)

67.98±12.98

(67.64±12.47)

disease duration(days) 60.88±19.21

(62.14±18.53)

56.95±21.72

(57.28±19.64)

Average pain scores 7.53±2.68

(7.61±2.49)

7.30±2.27

(7.39±2.43)

Figures
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Figure 1

Flowchart showing assignment of 120 patients randomized patients to 2 groups.
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Figure 1

Flowchart showing assignment of 120 patients randomized patients to 2 groups.
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Figure 2

Representative CT image of the electrode needle puncturing arrives gasserian ganglion.
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Figure 2

Representative CT image of the electrode needle puncturing arrives gasserian ganglion.
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Figure 3

Representative image of two different PRF mode.
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Figure 3

Representative image of two different PRF mode.
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Figure 4

Signi�cantly decreased mean visual analogue scale (VAS) scores after treatment *p<0.001 indicates Pre
VAS vs. Post VAS. #p<0.05 indicates HL-PRF group vs. S-PRF group.



Page 20/24

Figure 4

Signi�cantly decreased mean visual analogue scale (VAS) scores after treatment *p<0.001 indicates Pre
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Figure 5

Signi�cantly improved mean SF-36 scores after treatment *p<0.001 indicates Pre VAS vs. Post VAS.
#p<0.05 indicates manual PRF group vs. auto PRF group.
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Figure 6

Signi�cantly decreased mean dosages of pregabalin after treatment*p<0.001 indicates Pre VAS vs. Post
VAS. #p<0.05 indicates manual PRF group vs. auto PRF group.
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